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PREFACE

The {ngineering Design Handbock Serf:s of the Army Matertel Command 1s a coordirated
series of mandhicks containing basis infomation snd fundamenta) data useful in the design
and devalopment of Army materiel any systems. The handbooks are authoritative refgrence
«0ks of prectical iaformation and quantitative Yacts heipful in the design and development
of Avwy materiel so chat 1t will meet the tactica! and tccimical needs of the Armed Forces.

AP 703177, Propertiss of Zxplosive: of Military Interest, is one of 2 series en
Explosives. One hundied ani ter explosive ompounds or mixtures are iisted herein, algha-
bettcally, with their properties, including composition variatiors. Thes: explosives were
selected because of their current or probabis anplication to military use.

vhe tabulated data reflect the results «f tasts, and were irst compiled for puvlica-
tion at Picatinny Arsemal, Dover, New Jersey, by W. R. "nmlinson, Jr. These data were
later revised Ly Oliver E. Sheftield, ulso of Picatinny Arsenal. fc* the Engineeri g Hand-
book Office of Duke University, prime ¢o tractor to the Army Matei:1 Ccmmend.

The Handbooks are readily availabls to all 2iements of AMC, ‘ncludiny personnel and
contractors having a need and/or requirement. The Army Materfel Command pclicy s to re-
lease these Engineering Design Handhcoks to (ther DOD activities and their contractors
and to other Government agencies in accordance with current Army Rrgulation 70-31, dated
9 September 1966. Procedures for acquiring these dandbooks folliow:

a. Activities within AN and other DOD agencies order direct on an official

form from:
Commandin, Officer
Letterkenny \rmy Depot, ATTN: AMXLE-ATD
Chambersbut 3, Pennsylvania, 17201

b. Contractors who ' ..ve Department of Defense contracis should submit their
nques" t: through their contracting officer pruper justification to the address
sted in par. a.

c. Government agencies other than DLD having need for the Handbooks may submit:
their requests directly to the address listea in par. a or to:

Commanding General

U. S. Army Materiel Command
ATTN: AMCAM-ABS
Washington, D. C. 20315

d. Industries not having Government contracts (this includes coyileges and
Unfversities) must forward their requests to:

Comnanding General

U. S. Army Materiel Command
ATIN: AMCRD-TY
Washington, D. €. 20315

e. A1l foreign requests must be submitted through the Washington, D. &.
Embassy to:

Assistant Chief of Staff for intelligence
Foraign Liaison (ffice
Department-of -the Army

_ Washington, 0. C. 20310

All requests, othey than those originating within DOD, must be acéempan’-ed by a
valid justificatiom. :

Comments and suggestions on this handbook are welcomed and should be addressed
to Army Research Office-Durhar, Box CM, Duk2 Statjon, Durham, North Caroline 27706.
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ABBREVIATIONS AND SYMBOLS

approximately. 1his symool is used before numbers.

Advisory Council on Scientific Resear:h and Develop-
ment, Great Britein. .

Americar Chemical Scciety.

American iron gnd Steel Institute.

Liebig's Annalen der Chemie.

Annsles de ckimie et de physique.

armor~piercing.

Aberdeen Proving Ground.

atmosphers; atmospheric pressure.

Beflstein Organische Chemie, 4th Edition.

Serichte der Deutschen Chemischen Gesellschaft.

British Intelligence Overseas Service or Objective
Subcommittee, Group 2, Halstead Exploiting Center.

Bureau of Mines, United States Department of Interior.

Bulletin de la societe chimique de France.

Chemical Abstracsks.

calculated.

Chemical and Metallurgical Engineering.

Chimie et Industrie.

Comptes rendus hebdomadsires des reances de
1'Acadenie des Sciences (Parie).

centipoice.

Comptes rendus hebdomadsires des seances de
1'acudenic des Sciences (Paris).

decennoses.

"difference in heat (i.e., heat avolved) by decomposition.

Deutsches Reiclispatent.

moduius of elesticity or “"Young's mcdulus”; longitudinal
siress/change in lengthk; (forse/nrea)/(elongation/
length); expressed in 1b/incli*.

same as £, but expressed in dyneslcnz.

Gazzetta Caimica Italiana.

generel purpose.

high explosive.

high explosive antitank.

Industrial & Engineering Chemistry.

Journal of the American Chemical Soclety

The Journal of the Soclety of Chemical Indusiry {London).

Journal of the Chemical Society (London). :

Journal of the Franklin Institute.

Journal of the Industrial Explosives Society (Japan).
Journal fiur praktische Chemie.
lead sz'de
Landolt-Bornstein Physikalish-Chewische Tabellen,
Sth Edition (Berlin).
molar.
Monatshefte fur Chemie (Wein).
Mémorial des poudres et asalpltres (Paris).
milligram.
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MW
NAVORD
NC
D
®20

NDRC
uroc
NG
NOL

ROTS

uRC

0B

ocHM

OSRD

PA

PATR

Phil Trans

Pogg Ann
Proe Roy Soc
Rec trav chis
RE

RI

SAE

SAP

sol

Spec

std dev

™

T™/TO

Trans Farad Soc
vac stab

Z angev Chem

7 anory Chem
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Z/s2e
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ABBREVI/TIONS AND SYMRCLS (comt'd)

ninimua.

nilliliter.

meters per secund.

molecular weighe,

Bureau of Ordnanca {¥. 8. yvy)
nitrocellulose,

indox of refraccion, wit® D band of sodium as light
source, st twventy dagrees centigrsde.

¥stionzl Defenss Ressarch Committee,

Naticnsl Firevorks Ordnance Corporation.

nitroglyzerin.

U. S§S- Naval Ordnance Laborstory, White Osk, Silver
Spring, Maryland,

U. S. Haval Ordnsnce Tast Station, Chins Lake, Calif.

Rastional Research Council.

oxygen balance.

Ordnance Committee Minutes.

Office of Scientific Research snd Development

Picstinny Arsenal.

Picatinny Arsenal Technical Report.

Phiiosophical Transactions of the Royal Society of
Londen.

Poggendorf's Annalen dex ?hycik.

Proceedings of the Royal Society c¢f iondea,

Recueil des travaux chimiques des Pays-Bas.

relative humidity. SN

Report of Investigacion. o

Socfety of automotive Engineers.

semi-armor-piercing. )

solution,

Specifications.

standard deviation.

Techuical Hanusl, Departuent of the Army.

joint publication, ss a TM and &8s « Department of the
Aix Yorce Technical Order.

Transactions of the Fareday Soci~cy

vacuum stabilicy.

Zeitschrift fir angewandte Chesmie. - -

2eitschrift fiir ancrganische und sllgemeine Chenic.
Zeitschrift fur das gesamte Schiess und Sprengstoff-
vesgsen {Munchen).

atoms of OXyge> per second. -
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o ?RGFER“ES OF EXPI.OSWGS OF MMTAW INTEREST
!NTRODUCTVON

. 1. A RRRORT OF STARDARD TRSTS. aomtmméatcmrmthcmniu
. IIE% %% open or classified securlty inforwation, on sy explosive. Hather, the
main resouive bas been re1oris from facilities using standard o well-known test procedures.

o

P Iue"‘ﬁM-ﬂ”‘~,nl~*" P BRI PRy Yy W gy k\t_-lrbrﬂ“b.\ A e v e S (Gt u g 2 Y T S

2 Compilation of dats resulting in this handbook vas undertaken by Ficatinny Arsenal T
‘ dssired to provide a manusl taddating the charscteristics of sxplosives, based
on tests, with regard to curreant, snd possible future, interest. -The first resulting Picatinny’
Aru?l pudlication wvas dated £0 Jube 1089, Revision 1, PA Technicel Report Bo. 1740, dated
v m\xgsa, vith revisions, provides the datu used harein.

%Erm__ Talulated Jata of tests ou one huudred and ten explosive compounds or mixtures
sensitivity to “riction, impact, heat; perforwance characteristics or effectivuness
iz weapots; physiocal and chenical properties; and method of preparatior, synthesis or menufsc-
ture, with comments on h storicel origin, and supplementary references.

m ﬁmnwsmm The references, as 0 sources of data or for more detsils N
n sted, vhen aveilable, at the &4 of each sectiou devoted to L
& giver mplosive compound, explosive mixture, or explosive ingrelient. Where no reference is

glven, it cen be sssumed that these data represent typical values obi.ined by standard proce-

Sures. Vhen avaiiable any reference should be consulted for more details in interpreting test ’

data. r

Also there are listed Picatinny Arsens]l Technical Reporis which contain »3diticeal informe-
, tion on the particular sxvlinsive. These report numbers are given in ascending ordsr, in columns . ]
™ corresponding to their tmiasinal digits, and in sccordance with the "Uniters Iidex” p: red for ,
Plcatinny Arsensl by Documentation Incorporated under Contract DAT-36-034-501-ORD-(F)-h2 {1955). %

5. %w TERMS AND METHODS OF THOTING. Data ure tabulated herein on three form-type
pages, in ng sequence ngs. ny of these terms are self-explanatory.
8. First tabular page.
(1) Bame of the explosive in each instance.

{2) "Composition.”
{3) "Impact Sensitivity, 2 Kg Wt."

e

4

(a) Impact sensitivity test for solida. (a)*

: . A smple (spproximstely 0.02 gram) of explosive is subjected to the actfon of s falling
' weight, usually 2 kilograms. A 20-milligram sample of exploruive is elweys used in the Buteau
> of Mines (BM) apparatus when tes'ing s0lid explosives. “he weight of sample used in the Pica-
: tinry Areenal (PA) apparatus is indicated in each case. The impant test value 18 the minimum
£
¥
’
¥
N #Reference publications (a through q), applyiag *o thic intradu-%ion. are ligted 2t the end of
? the introduci.on.
*

g 1
'
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petght at vhich v lemét one of 10 L.tals resulte fu éxpiveled. For the M apparatus, the unit o : SUER
of height 1s the contiveter; for the PA appuratus, it is the Inch. In & former, the axplo- Y B
* sive 1s held hetwean two flet, parsllel hardened (C 63 ¢ 2) ctecl surfaces; in the latter case, ;. Coeet

i 41t is placed in the Jepréesion of a ssall steel die-cup, cspped by & thin brese cover, in the : \

; centar of vhich ie placed a slotted-ventad-cylindrical steel plug, slotted side down. In the . I

: Pl opparecus, the iwpact impulse is transmitted to the sample by the upper flat surface, in the i

; PA, b3 the vanted piug. The mein ‘Aifferences betwveen the tvo tests are that the PA tet (1)

jnvolves greater confinement, (2) distributes the trsnsiationa)l impulse over & smeller sres

due to the inclined sides of the die-cup cavity), and (3) involves m friciicnal component .

Tagainst the inclined sides). ,

The best velue obteined with the PA apparatus depends, to & marked degree, on the sample
density. This value indicates the hazard to be expected on sudbjecting the particular semple
to an impect dlow, dut is of value in assessing a materisl's inherent sensitivity only if the
spparent density {charge weight) is recorded along with the impact test value. The values tebn- .
1ated harein were obtained o meterial screened between 50 and 100 megh, U. S. Standard Screens
vhere ningle component explosives are imvolved; and through 50 mesh for the mixtuies.

SO
.

(b) Impact sensitivity test for liguids. (b) .

The P/ Iwpact Test for liquids is run in the same way as for sclids. The die-cup 1s filled
and the top of the 1iquld meniscus adjusted to coinc!de with the plane of the top rim of the
die-cup, To date, this visual observstion has been found adequate to assure that the 1liquid
does not wot the Aie-cup rim sfter the brass cap has been set in placze. Thus far the repro-
ductbil ty-of data crteinad in this wey indicote that varietions in sample size cbtained are
not significant. )

et s i o - ok

" In the case of the BM apperetus, the procedure that was described for aclids is imed wvith
the folloving variations:

1. Tho weight of explosive tested is 0.007-gm. T -

- f't‘ - .
2. A disc of desiccated filter paper (Whatmer No. 1) 9.5-millimeter diameter; is lald on LN
sach arop, on the anvil, and then the plunger is loveryd om the semple sbsorbed in the filter
paper.

(b) "PFriction Pendulum Test.” (c)

A T.0-gm sample of explosive, 50-100 mesh, 18 exposed to the action of & steel, or fiber,
shoe swinging es & pendulum at the end of a long stoel rod. The behevior of the sample is
described gualitatively to indicate its reaction to this experience, i{.e., the most energetic
mion is explosion, and in decreasing order of severity of reaction: snans, cracks, and

'ected. .

-(5) "Rifte Bullet Impact Test." (d)

Approximetely O.S5-pound of explosive 1s lcaded in the sare manner as it is loaded for actual
use: thet is, cast, pressed, or liquid in a 3-inch pipe nipple (2-inch inside diemeter, 1/16-
inch wall) closed on each end by a cap. The losded item, in the standard test, conteins a small
air space vhich can, if desired, be filled by inserting 8 wax plus. The loaded item i3 sub-
Jected to the impact of & caliber .30 bullet fired perpendicularly to the long axis of the pipe
nipple, from a distance of 90 fe=t,
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(6} "Explosion Temperature.” (a) o '

A 0.02-gm sample (0.01-gm in the case of initiators) of explosive, ioose loaded in a No. 8 P
blasting cep, is .mmersed for a short period in o Wood ‘s metal tath. The temperature Jetermined - 1 Lo
is that which produces =amlosion, ignitiom or &ecc;‘pouﬁon o7 the sample in 5 seconds, wnd the

behavior of the sample is indicated by "Explodes” or "Ignites” or "Decouposes” placsd beside the

valuc. Where values were available for times other than 5 seconds, these have been included.

For 0.1-second values, no cap was used. but the explosive vas plasced directly on Wood's metal

bath, immediately after cleaning. 1The valus 0.1 secori is estimated, not determined, and Tepre-

sents an interval regarded as instantanevus to the cbserver's eye. Dashes indicate no action.

(7) "75°C internstional Heat Teat." (a)

A 10-gm sazmple is heated for 48 hours at 75°C. The sample a'ter this exposure is observed
for signs of decomposition or vuletility.

.

(8) "100°C Beat Test." (a)

A 0.6-gm sample is heated for two US8-hour periods at 100°C. It is also noted whether expo-~
sure at 100°C for 100 hours xesults in explosicm.

(9) "Flamntility Index.” (h)

The measure of the likelihood that . Lare cherce will catch fire vhen exposed to flames ie
the index of flammability. The test is made by brioging en cxyhydrogen flame to bear on the : ¢
explosive. The mAximm time of exposure which gives no ignition in 10 trisls and the minimum
exposure vhich gives ignition in each of 10 trials are determined. The index of flmmmability
is 100 divided by the menn of the two times in secomds. 'The most flammeble substances have high

TS e MG g R e e W AT e e g A G N A T gy iy P i
. .

i i

: Ladices, e.g., 250. i
t
P T, (10) "Hygroscoricity.” E
;w' - A 5- to 10-gm sample is expnsed for lnrsioecopic;'qy under the ctated conditions, until equili-
t brium 1s attained, or in cages vhere either the rate is extremely iow, or very large amounts of
) water are picked up, for the stated time. The sample, if solid, is prepared by sieving through
i a 50 and on & 100 mesh screen. )
»
: (11) "Volstility.” -
) .
f A J-gm sample ig expossd Tor volatility under the stated conditions. The sample if solid
: is prepured by sieving through a 50 and on 2 00 mesh sieve.
. (12) “Molecular Weignt.”
The molecular veight {I#) of » mixture can be calculated from the equation
- MW of mixture = 100
X L By S+ B
W BV  mwy  EWy
: viere &, b, ¢ and o ers the weight rurcents of the compenente, and mvy, mvp, mwy and mw, their
¢ corresponding moleculsar weights.
/ 3 W

e
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(13) "Oxygen Mlance.”
™e oxyges balance (0B) is cal lated from the empirical formuls of a compound in parcsztage

of ouygen reguired for camplete conversion of caruor to carton dicxide (or oarbon mevoxide) snd :
‘wirogen to vater. VWhen wetal is present the resciione are assimed to occur in the following
1\‘“’ .

W"'O —p Matal Oxile
C+BlQ ~———b O+ Y, ¢
g + Ky ——et €0 + Hgo
200 + Oy ——) 200,
Proosture for weiculsting uxygen belsnce i .to determine the number of grasatoms
are excess or dsficient for 100 grams of & compramnd. This number mul'iplied dy
of oxygen gives _
the cxypen balance: 1600 (2x+§.z)

of
the atomic veight

-I-Uhmhruuhtofaqwm-mmmnmtomzmngo, viere X = atoms of .rbom.
Y = atons of hydrogen, 7 = atoms of oxygen. The oxygen balance of a mixture is equal to the
sum of the peroent couposition times the oxygen balance for each component.

¥he oardon/hydrogen (C/¥)} ratio is calculated ss follows:

Ao T ) . ¢/E ratto ‘ .

{1%) "Density."” s
(15) "Meiting Point.”

(16) "Preesing Pr.iat."

(17) "Psiling Foint."

(18) "Refractive Index."

(19) ‘Vacuum Stability Test." (e)

A 5.0-gn samgle (1.C gm for inltiators), after having been carefully dried is heated for o
BO hours, in vacuo at the desired temperature. oo

(20) "200 Grex Bowb Sund Test."
(2) Sand test for solids. (a)

A O.iogn sample or explosive, pressed at 3000 pounds per square inch into a Ho. 6 cep, is
initiated by lesd azide, o mercury fulminate (or, if neccssary, Ly lead azide und tetryl), in
a sand test bomb containing 200 gm of "on 30 mesh" Ottawa sand. The amount of azide, or of
tetryl, that must be used, to insure that the samrle _cushes the maximuwm ret weight of sand, ' s
1s designated as 1its sensitivity to initiation end +hs net weight of esnd crashed, flaer tiwn S
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0 meeh, is termed the send test vclue. The net weight of cand crushed is obtained by sudb-
tracting from the total the amount crushed by the initiator vhen shot slone.

o

{3) Sand tsst for liquid~. (b)

The sand tast for liquids is mad . accordarce vith the procedure given for solids except
that the followi.¢ procedure for losaing the test samples is substituted:

Cut the clogad end from & No. 6 blasting cap and load one end of the resulting cylinder
with 0.20 gn of lead azide and 0,25 gm of tetryl, using a pressure of 3000 psi for comsoli-
dating each charge. With a pin, prick the powder trsin in oune end of a piece of miner's black
fuse 8 or 9 inches long. Crimp to the pricked end & loaded cylinder, taking care that
d of the fuse i3 held firmly agains: the charge in the csp. Crimp neer the mouth of the
as to avoid squeesing the charge. Trensfer a weighed portion of 0.400 gm of the teat
ive to an alvminum cep, taking precautiouns when the explosive is liquid to insert ‘ae
in such &« manner that as little as rossible adheres to the side walls of the cep, <nd 4
: 80114 mterial is being tested use material fine enough to pass through a No. 100 U. S. .
. Standerd Sieve. The cups used shall be of the foliowing dimensions: length 2.00 inches, in-
. ternal dismeter 0.248-fuch, wall thickness 0.025-inch. Press solid explosives, after insertion
* into the alumimum cep, by means of hand preseure to an apparent density of approximately 1.2 gm .
‘ per cudic centimoter. This was dooe by cxerting hand pressure on & wooden plunger until the |
plunger had entered the cep to a depth of 3.93 centimeters. Folloving are the dimensions ~f *
N the interior of the cap: height 5.00 cm, area of cross sectiom 0.312 square centimeters. In-
. sert the cylinder containing the fuse and explosive charge of tetryl and leed azide into the o 4
D alminum cap containing the test explosive for the determination of sand crushed. :

e e o w e e

ik

f (21) "Sensitivity to Initiation.” {

. . This 1s sensitivity to initiation as described under the preceding heading. The minimru
¢ detonating » in grems, required to detonate the explosive sample, ia given. 5

(22) "Ballistic Mortar, % TNT." (e)

The amount cf sample uider test which is necessary to raise the heavy ballistic mortar to <
the same height to which it %3 reised by 10 gm of trinitrotoluene {TNT) is determined. The
sample is then rated, on & proportiomate bagis, as having a certein INT valie, i.e., as being |
. & certain percent as effective azs INT in this respect. The formula is : ‘

T velue = 10 x 100.
sample welzht

The ballistic mortar consists of a long compound supporting rod, at the end of which is sup- i
ported a heavy short-nosed mortar. The mortar containg s chamber about 6 inches in diameter
and 1 foot long. A projectile occupies about 7 inches of the chasber and the sample to be
tested occupies & smll portion of the remsinder of the chamber. When the sample is detonated,
the projectile is driven into & sand bank, snd the mortar swings through an angle which is
marked on paper by a pencil attached to the mortar. The angle thus indicaies the neight to
which the pendulum is ~aised by the explosion, and this lu‘ter represents the energy measured :
by this test procelwe. ‘

» (23) "Treuzl Test, % THT." (4)
A saxple of the explosive to be tested (of the order of 10 gm) is exploded in a cavity, or ) |
borehole, 25-mm in diameter and 125-mm deep, in & lead block 200-mm in diameter and 200-mm in ’
height. The borehole i~ made centrally in the upr > face of each block, which i3 cast in a mold |
" from desilverized lead of *he best guality. Although these tests have been nmole :'‘nder s veriety {
|
1
i
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of conditions, vhere possible the data have been taken from or related to those of Reference f
(!lonm). Here a No. 8 blasting cap wvas usel for initiestion of the sample contained in gless.
The veight of sai,.e used was adjusted to give, with the initiator, a total expension of 250 to
300 cc, since within this range expansion and sample weight were linearly related under the con-
Aitions - Jaoum's test. Thus expansions for equivalent weights were readily calculaved, and
the tes’ alue expressel in percent of the expansion of an equivalent weight of TNT.

(24) "Flate Dent Test." (4)
Two methods were used for plate dent tests.

(2) . Method A - 1ne charge is contalned in a copper tue, having an internal dismeter
of 3/b-inch und 1/16-inch wall. This loeded tube is placed vertically on a equare piece of
cold-rolled steel plate, S5/8-inch thick; k-iach and 3-1/U-inch square plate gave tie same re-
sults. The steel plate ‘s in a hcrizontal position and rests in turn on a short length of
heavy steel tubing 1-1/2 inches ID and 3 inches OD. The charge rests on the centex of the
plate .:d the centeis of the charge, p.ate, and supporting tube are in the same line. A 20-gm
charge of the explosive under test iz boostered by a 5-gm pellet of tetiyl, in turn initliated
by a lNo. 8 detonator.

(b) Method B - A 1-5/8-inch diameter, S-inch long uncased charge is fired on a
1-3/k-4nch thick, 5-squure inch cold-rolled steel plate, with cne or more similsr plates us
backing. The charge 1s initiated with a Fo. 8 detonator and two 1-5/8-inck ditmeisr, 30-gm
tetryl boosters.

Plate dent test value, or relative brisance = le Dent Depth x 100. . ; Lo
Dent Dep or at 1. cee - '

(25) "miucation Rate.” (g)

ueing the rotating drum cemera, under the conditions stated, e.g., usually charges 1 inch in ; .
diameter, 20 inches long, wrapped in cellulose acetate sheet, and initiated by a system desigre? - .-
to produce high order stable detcnation at the meximum rete under the particular «mditions. A

t;wical initieting system for this consisted of four tetryl pellels 0.395 ipeh in ciameter, 0.T5

inch long, pressed tc 1.50 gn/cc, wvith a Corps of Engineers special blastirg cap placed in a

ce:tral hole in the end pellet.

st w4

i The detonation rates reported in the tables contained hereinu were determined principally by = - -

b.__Second tabular page.

(1) "Sooster Semsitivity Test.” (p) i ’ . -

The booster sensitivity test procedure is a scaled up modification of th: Brugeton metnod
(uncontined charge). The source of the shock consists of twc tetryl pellets, each 1.57 inches N
diameter by 1.60 inches high, of approximately 100 gm total weight. The initial shock is de-
graded through wax spacers of cast Acrawax B, 1-5/3 inches diameter. The test churges are 1-5/8
inches diameter by 5 inches leng. The value given is the thickness of wex in inches at the 50%
detonation point. The weight of tetryl pellet noted is the minimum which will produce detona-
tion with the spacer indicated. ~.

Heats of combustion and explosion are generslly determined on samples weighing of the order
of 1 to 2 gm, in standard calorimeter tombs such &s the Parr or Emerson, spproximately L0O-ce:
(for low loading density), or the Boas, approximately 45 cc (for high loeding density). For-

(2) "Heat of" (cslorimetric tes-s). (i) -

e
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" "  heats of combustion the ssmple is burned under sbout 40 atmospheres of oxygen; for heats of Lo Te
' explosion, nitrogen, or one atmosphere of air is used. ’ ‘ B

{3) "Specific Heat."
(4) "Burning Rate."
(5) "Thermal Conductivity.” . .,

(6) "Coefficient of Expansion.”
{7) "Bardness, Mohs' Scsle."
(8) "Young's Modulus."

»

(9) "Cowpressive Stucnath.”
(10) "Vapor Preasure.”

.

(11) "Decomposition Bquation.” o
(12) "Armor Plate Impact Test.” (J)
(a) - 60-mm Mortar Projectile.

A wodified 60-mm, Mi9A2, mortar projectile 1s loaded with :he explosive to be tested, drilled
to the proper depth (about 1/2 inch), snd e flat-based steel piug screwed into the projectile to
give o smooth close-fit between the plug base and the charge. The pert of the plug outuide the
projectile is rounded off in the form of a spherical section. The loaded projectile with {ins
attached is fired from a five foot length of 2-3/8 inches ID x 3-3/8 inches OD Shelby steel tub-

. The igniter und propellirg charge, consisting of an igniter for & 2.3-inch rocket (bazoo-
::?, S gn of 4F bl ck puwuer, and a quantity of shotgun propellant sufficient to give the dssired
velocity (read from a calibration chart) are conveniently loaded into the "gun” through a simple
breech plug. The velocities are measured electronically, and the reaction, inert or affected,
is determined by observation (e.g., whether or not flagh occurs on impact). Within the range of Eakh
flight stebility of the projectile, 200-1100 ft/sec, the 504 point is located. : R

)

CA
lmwmn.y -
"

(b) 500-1b General Purpose Bombs.
(13) "Bomb Drop Test.”

Bomb drops are mede using bombs assembled in the conventional manner, as for service usege,
ut containing cither inext or simrlated fuzes. The target is ususlly reinforced concrete.

s

et = B A TR R it et A " Mo s+ Al DA i s et g Y NS B

(1) "Fragmentation Test.” (1) ‘

The weight of each empty projectile and weight of water displaced by the explosive charge 1s i L - N
determined, and from this the specific gravity of the charge is calculated. All 3-inch and g -
90-mm nrojectiles are initiated by MPO Booster pellets, and those used with 3-inch HE, ¥h2Al,

Lot KC~5 and 90-mm HE, M7l, Lot WC-91 projectiles are controlled in weight and height es follows:

22.50 + 0.10 gm, and 0.480 to 0.485 ineh.

e e e e s w0t
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The projuctile assexbled with fute, sctusted by e Elasting Csp, Speciel, Type IT (Spec \9-
20) placed directly ou a ised of compareble diameter and dooster, are placed in boxes oon- .
structed of helf-inch pine. The 90-mm projsctiles ave fragmented in bdoxes 21 x 10-1/2 x 10-1/2
inches and the 3-inch projectiles in boxes 15 x 9 x 9 inches outside Ainausions. The box with
projectile is placed on sbuut b feet of sand in o slee)l fragmentation tub, the detorator wires
ere connected, snd the btox covered with approximately & feet more of saud. The projectile is
fired and the sand run coto & gyreting L-mesh screen on wvhich the fragments are recovered.

(2) "Pregment Velocuity.”

Charges 10-1/8 inches long and 2 inches in Memeter, containing s booster cevity, filled by
a T2-gn tetryl pellet (1-3/8 inches dlameter, 2 inches long, sverage density 1.594) are fired
in s model projectile of Shelby seamless tubing, 2 inches ID, 3 inches OD, SAE 1020 steel, with
& welded-on <014 rolled steel base. The projectile is so fired in & chamber, connected to &
corridor containing velocity statioms, that a desired wedge of projectile casing fregments can . R
be cbaerved. The fragment velocities are determined by shadow photogrephs, using flash bulbs, ‘
and rotating drum cameras, each behind three slits. The drum cameres huve & writing speed of
30 meters per aecond.

(3) "Blast (Relstive t~ TNT)."

The blast pressures and impulses given were determined almost exclusively with tourmsline
gages, and the usual necegsary specialized electrical circuits, shielded cc-axial cables,
oscillographs, #'c. Iz general, the date represent results of tests with large cased charges.

(s) “shaped Charge Effectivensas, TNT = 108." (k, m)

Unconfinsd chargss 2 inches in diameter and § inches long, boostersd by s 10-gm pressed
tetuyl pellet, set in a 20-mm pellet (truncated cone) of cast 60/h0 cyclotol, are shot against
3-1inch homogenecus armor plate at & 1-3/16 irnches standoff. The cones used are comsercisl Pyre.
glass Tunnels, senled off at the start of the stem, 2 inches in dfameter, 0.110 to 0.125 inch
well thickness.

rBE > e N

Unconfined charges 1.63 inches in dismeter and 6 inches long wre tested at a standoff of T
1.63 inches against stacks of 4 x 4 x 1 inch mild steel plates. MGAL steel cones are used.

Results are aversges of i trials.

(5) "Color.”

(6) "Principol Uses."

(7) "Method of loeding.”

(8) "Lomding Density."” . cos
(9) “Storage.”

Ammunitior and bulk explosives in storage represent varying degrees of hazarc and compsti- - :
bi{lity. 1lhis has led to their being divided into a number c? hazard classes and compatibidity S
groups &s 1ndicated in sudpsragraphs {b) aud [c) below.

(a) Method: Wet or dry.

(b) Bazerd Class (Quantity-Distance).
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Ammunition and bulk explosives are divided into guantity-distance classes, Clasc 1 through
12, sccording to the damsge expeciad if thay explode or ignite (Reference: Army Materiel Command
Regulation, AMCR 385-100, ANC Manual, chapter 17). All standard explosives in dulk ave
included in four of thece s 18 B, 2A, 9, and 12 (M 9-1910/T0 11A-1-3h).

{c) Cormmatibility Group. '

Explosives and ammnition are grouped for compatibiiity with respect to the following factors:

Bffects of explosion of the item.

Rate of deterioration.

™

Se~cativity to initiation.
Type of packing.
Bffects of fire involving the item.

| CAN Sl

Quantity of explosive per unit.
(a) Budation.
4. Niscellansous entries.

Where svailable and appropriate, the following or related dsta are given, in spece at
the dottom of the third form, or on plain pages.

(1) Solubility.

(2) Methods of msnufactire.

(5) Bistoriesl information.

(4) Bulk compressibility modulus. {q)

The direct experimental measurement of the dynamic bulk modulus of & 30lid 1¢ difficult, and
fev such msasuremsnts have been made. One spparatus has been deve at the saval Ordnence
Iaboretory and is described in detail in Reference Q. Bulk modulus (ite reciprocel is the com-
pressibility) s cufived as the ratio of stress to strain vhen the stress is & pressure sppiied
equally on all surfuces of the sample and the strairn is the zesulting change in volume per unit
volime.

- (5) Rydrolyeis tests. (o)

The 240-hour hydrolysis test is conducted as follove: A S-gm sample of the dry nitrocellu-
lose !5 weighed accurately in s tare-weighed 250-cc Fyrex flask heving &
for a Pyrex condenger. Then 100 cc of dis”illod water 1is added to the nitrocellulose in the
and the flask fitted t0 the condenser. The flask is placed in & steam bath in vhich the
water is kept boiling constantly t;- meens of aslectric Lotplates. At the end of 240 hours the
amount of s0lid developed by the hydrolysis of the ritrocellulose is messured by an electromstic
pE wathod.

(6) Sensitivity to initiatic. by electrostatic discherge. {n)

| .




)

T

AMCP 706-177

The saxples are tested under two amounts of confinewent, designated s unconfined and con-
fized. In the unconfined toat, a semple of approximately 0.05 gm is dumped int» a shallow de-
pression in a steel block and flattened out with e spatula. In the coufined tests (partly
confindd). ‘he sample of approximately 0.05 gm 13 introduced into soft-glass tudbe (~ 7 mm ID x
18 om long) vhich fits over ¢ metal peg. The volume of the space around the charge st zero gep
18 ~ 0.15 cc; at a gap of 0.6 mm; it L8~ 0.k cc. In addition to providiag moderate confine-
ment, this sy stem also minimizes dispersion of the sample by the test spark, and reduces the
effect of materiel bel. - repelled from the needle point by electrostatic field effect.

When & test is to be made, the needle point electrode is screwed up untii the gsp between
electrodes is greater than the critical gep discharge at the iast voltage. The sample is then
placed in position, the high-voltsge terminel of the charged condensor is ewvitched (o the point
electrode by means >f o mercury switch, end the electrode is screwed down until discharge occurs.

The sperk erergy (in joules), for zero probability of ignition, is determined.

(7) Destruction by chemical decompositicn.

Burning is the preferred method of destroying exglosives. Initiating type explosives (in
quentity) are usually destroyed by detonrtion with demolition blocks. Destruction of explo-
sives by chemical decomgosition can be effectivaly used vhere small laboratory quantities are
involved. Procedures given are standard for only lead azide, mercury fulminate aand nitrogly-
cerin.

(8) other information.

(9) Rcferences.
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1. J. E. nolvor, Fragwentation Test Frocedures, PA Testing Mamual 5-1, 2 jugust 1950.

®. Bastern Iabevatory, du Pont, Investigation of Cavity Bffect, Final Report, 18 September .
1943, NIRC Contrect ¥-5T2-ORD-3723.

n. F. ¥. Brown, D. H. Kusler, and F. . Gibson, Sensitivity of osives to Initiation
by Electrostatic Discharges, U. S. Department of Interior, ﬁ%\ '6? ﬁm, R. 1. P52, 19%6.

0. D. D. Sager, s*-% of Acid %uw snd Hydrolysis of Cellulose Eitrate end Cellulose
M’ PATR No, Y » anuery -

pe L. C. Sith and E. H. Eyster, cal Tes of losives, Part III, Miscellanscus
Sensitivity Tests, Perforsance Tests, . 'y . .

C. S. Santler, An Acoustic
city and Asgoclated Lo

; k. Eastern Iadatetory, 4u Pont, tion of Csvity Rffect, Section ITI, Variation of
Qurty Effect vith Gomposition, WIRG Bttt VOTEDBTIG e
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. W. S. Cramer, Bulk Coopressidility Data on Seversl Explosives, NAVORD Report Ne. 4380,
15 September 1956. ’
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ANCP 706177 i
Amstol, 80/20 ) \
g T— R
St W g
* Welgh: P |
Ammopnium ¥itrate 80 Tou & N |
7 20 <o % - | f |
Denslty: gm/cc Cast 146 .
Meling Pelat: *C }
C/H Ratio . Frasaing Point C ~
Impoct Soneitivity, 2 Kg Wt: = ‘
“ proratus, cm m .“” Polat: E
Semple Wt 20 mg Rolroctive index, nS :
Pleatinny Arsenol Apparoha, in. 15 2 ;
, = |
f
- Trected Yocuum Stebility Tast: ‘e
Foe S - <c/40 Hn, ot ! \
Fber Shos Unaffected 40 i
E . 100%c B
Rife Bullet impect Tost: 5 Triok tooe :9: g
: H
: us:c 6.8 :
:.m, 0 150°C . ;
0 200 Grom Bomb Send Tost: N :
d 100 Sand, gm %.5 ) S %
Mini AP
Explosion Yemparaturs: *C o %o Inltigiien: —r *
" Seconds, 0.1 (no cap used) Semsitivity - - |
' H
: - Lead hzide 0.20
‘: Totryl 0.0 |
' | ‘ :
20 Datlietic m, % TNT: (‘) ) 1@ :
Trous) "c % TNT: (b) 123 ; .
75°C intornetions! Hest Test: ’
% Loss in 48 Hrs 0.06 o ot o
| .
YOG Hout Test: Condition
% Loss, 15t 48 Hrs 0.03 Confined o
* Lou, and 48 Hrs 0.05 M"Y' '“I“
Explosion in 100 Hrs Bone T
Detonation Rete:
smmebility index: Confinemaent Nors sone
. plelty: Co-dition Cast cast
w" " - 61 Chorge Diameie-, in. Lo Lo
‘ (2 W“ 1-"6 1’50
Vi Nil M‘Ym' . L 10
] -’ :
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Amatol, 80/20 AMCP 706177
Frogmeniotion Toot: Shaped Chorge Rifostivencss, TNT = 100:
90 ma RE, M7Y Prgjontile, Lot WCHT: Gloss Cones  Stest Cones
Duratty, gm/cc Hole Volume
Chargs W, b Mole Dopth
Totel No. of Fragmente: -
For TNT Colory Buff.yellow
For Subject HE
\ Prinelpel Uses: Bombs, HE projectiles
3 inch HE, M22AY Projoctilte, Let KC-5: )
Dersity, gm/cc
Churge Wr, b
Mhdw of Cast
e TNY Methed of Losding:
For Subject HE
Leoding Density: gm/cc 1.4
Fragment Voloolty: ft/sec ()
AR ‘ 1900
Ar 28y o : 1750 Seregs:
Dersity, gm/cc
. Method Dy
Slnet (Relotive to TNT): Hozord Class {Quontity-Distonce)  Class 9
Al Compatibility Group Oroup T
Peak Pressure
Impusiee Exudation Does not exude at 65°C
Energy
Ale, Conflnsd: Booster Sensitivity Test: (o)
: Condition Pt:;;od
Tetryl, ga
Undor Weter: Wex, in. for 50% Detonati 0.83
Peok Pressurs Density, gm/cc o 1.65
impulss
Ene Hoat of: (4, ¢)
Combustion, o 1002
losion, ce Loos
Peck Pressure > vam'-,:)'zlp 930~
Impulss
Energy
#Calculated from composition of mixture.
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AMCP 706-177 Amatol, 60/h0
’ Co;pullux Meleculiar Weight: 100
Oxygen Bolence:
Ammonium Nitrate 50 €O, % . <18
by 5 1) Co % +2
Density: gm/cc Cast 1.60
Mehting Point: °C
C/H Ratio Froezing Peint: "C
lmpact Sensitivity, 2 Kg Wr: Seiling Peint: °C
Bursou of Mines Apparatus, cm 95
Sample Wt 20 mg Refractive Index, nf
Picatinny Arsenal Apparctus, in. 16 o
Somple W, mg 17 N
ng
Friction Pondulum Tost: Vecuum Stabitity Test:
Stesl Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
Rifle Bulter T 100°c
lmpoct Tost: rials 120°C
Explosions * 135°C
Partials 150°C
Burmed 200 Gram Bomb Send Test:
Unatfected Sand, gm 4.5
Explesion Temporeture: °C Sensitivity te Initiction:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 ’ Mercury Fuiminote
5 Decomposes 270 Leod Azide 0.20
10 Tetry! 0.06
15
20 Bollistic Mecter, % TNT: (2) 128
Trous! Tost, % THT:
75°C Intornations! Moot Tost:
% Loss in 48 Hrs Piste Dent Tost:
Method
100°C Moot Toot: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explasion in 100 Hrs Brisance, % TNT
Detonetion Rete:
Flommebility index: Confinemen. Yone
e Condition Cast
Hygroscopichy: % Charge Diometer, in. 1.0
Density, gm/cc 1.50
Velotitny: Fil Rate, meters/second 5760

O
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Amatol, sa/ko AMCP 706-177
Fregmentation Ton: Sheped Charge Effectivonass, TNT = 100:
90 mm NE, M71 Projectile, Lot WC-91: Gicss Cones  Steel Cones
Density, gm/cc 1.bo Hols Volume
Chorge Wt, lb 1.971 Hole Depth
Totel No. of Frogmaents:
For TNT 703 Coler: Buff-yellow
For Subjsct HE 583
. Principel Uses: Bombs, HE projectiles
3 inch HE, MA2AT Prejectile, Lot XC-5: :
Density, gm/cc 1.57
Charge Wt, Ib 0.827
Totel Mo, of Frepmonts: , Meothed of Looding: Cant
For TNT LY
For Subject HE 408
Lesding Denelty: gm/cc 150
Frogment Valocity: f1/3ec
Aeh )
Ar25% # Sterege:
Dersity, gm/cc .
Mathod Dry
Bloet (Relotive to TNT): Hozard Class (Quontity-Distonce)  Class 9
Al Compotibility Group Group 1
Pack Pressure 95
impulss 85 Exucation  Does nnt exude at 65°C
Energy 84
Alr, Confined: Heat of: {4, )
Impulse Combustion, cal/ga 1658%
- Explosion, cel/gm 633+
Undor Weoter: Car Volume, cc/gm S80%
Pock Pressure
impuizs
Energy
t
Pack Pressure
impulise
" Energy «

#Calculated from composition of mixture.
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AICP.MIW ;
: Amstol, 50/50 -
' T
“;!""‘" Molotuler Woight: 18 "
Guygen Salonce: :
Ammonivw 371 ate 50 €O % 27
i _ 56 0 % -3
Denelty: gm/cc Cast 1.5 :
: Molting Paint: *C .
CoH Ratio Fressing Point: °C
lmpost Semaliivity, 2 K W Belliag Pelat: °C
Burecu of Mines Agparatus, c» 95 )
Sompla Wt 0 mg ; Refractive lnder, nS
Picotinny Artenal Apporohs, in. 16 .
Somple W, mg hid na
' "2 )
R Vour: Vecwvum M:Td:
Steel Shoe Uneffected <£/40 Hrs, ot
Fiber Shos Uneffected 90°C
100°C 8.2
Aile Bulle’ Impest Ton: Tr:l 120°C Lo
Bxplosions 0 ‘35:‘:
Portiols 0 150°C _
 Bumed 0 200 Grash Bomh Send Tow: :
Unatfected 100 Sand, gm 2.5 <
Bnplosien Tomporatuse: °C Sencirivity te Initiation: LI,
Seconds, 0.1 (no ccp used) Minimum Detongting Charge, gm
! Maercury Fuiminote )
S Decompoe s 255 Lead Azide 0.20 .
3 .
20 Bellistic Muitar, % TNT: (a) 124
- Troual Test, % TT:
75°C lutorugtional tHeot Test: .
% Loss in 48 Hes Plate Dent Tost:
Method B
136°C Hoot Tout: Condition Cast
55 Loss, st 48 His Confined No
% oss, 2nd 48 His Dersity, pm/cc 1.55
Explosian in 100 Hrs Brisoncs, % TNT 52
’ : Detenation Rets:
» d Confinement None Roce
Condition Cast Cast
Yoencaplelty: % Ml Charge Diameter, in. 1.0 1.0
elotitiny; Dersity, gm/cc 1.55 1.55
v Rate, maters/sscond 6430 62%
16 ' f
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Amatol, 50/50 AMCP 706177
NM Sheped Chorge ffostivencm, THT = 1ol
90 mm KL, MYV Projostila, Lot WC-91: Glos Cores  Steel Cores  (8) -
Deraity, gm/cc 1.55 Hole Volume 53
C CrmgaWe, b 2,053 #ole Depth 69
Tedel Ko, of Fragments: =
Coler: * Buff.ye)l
For TNT 703 ey
For Subject HE : 6% .
Pringipel Usss:  Bombs, HE projectiles
3 lnch ME, MASAY Prajectile, Lot KC-3: N <
Density, gm/cc 1.5
Chorge Wi, & 0.819
Totol No. of Fragments: : it ot =
For TNT 514 od of Lookeg:  Ou )
For Subject HE B85 , f -
Leadieg Demally: gn/cc  1.59
r-q-uvm ft/snc
NZS%R Siornge:
Deruity, gm/'cc IS
) Method ry -
Slest (Radetive 3o TNT): Hazord Closs {Quontity-Distonce)  Cless 9
Al Compatibility Group Gooup I
Peck Pressure 97
impulse 81 Bxdotion Does uot exude at 65°C
Energy ‘
Booster Sensitivity Test: (2)
Alr, Confined: Condition Cast
impuise Tetryl, g~ 100.
Wax, in. for 50% Detomation 0.60
Under Weter: Density, gm/co 1.55
Peok Pressure Ru.t of: (a. e)
“Combustion, / 1990
puise Explosion, cal, TO3*
Energy 9 Gac Volume, cc/gw " 855%
*Calculated from cowposition of mixture.
Peok Precsure 104 cific Heat: euég( (1)
Impuise 104 %W" 0.383
Evergy 104 Bomk Trop Teet:
'I'T, 2000-117 Semi -Armor-Piercing
Bomb vs Concrete:
4000-5000

ax Safe Drop, f+
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“CP 7“-"7 Amatols BolgO, &/ho. 50_/50

Compatibility vith Me“als: ‘ o . S a
h ) Dcy - Matals unaffected are sinc, iron, tin, brass, bLress t’s plated, btrass NRT comted, - i- ) o :
43 breass sheliac coated, nickel sluminum, steel, steel rlated ' ith nickel, zinc or tin, stain- S .

‘ _lesa steel, Parkexized steel, and steel coated with acid-proof black paint. Metals slightly
° affected are copper, bronze, lead and copper plated ateel.

tionm:

In preparing amatols the proper granulation of &~ onium nitrete is required if tie =xirum e
density of the cest amatol is desired. The amuon*iu nitrate should bdbe dried so as to contain . i
ot moe than 0.25% molsture. It should be heated to abcut 90°C before being added o the b
appropriste weight of molten INT contained in 2 melting vessel eguipped vith an agitator. Con-
tisse mixing to insure uniformity and load by pouring snto shill or bombs.

ns
Developed by the kritish during world War I in order to couserve TNT.
References: 2 v
(s) L. C. Smith axd B. B. Eveter, Physicsl Testin: of Explosives, Part ITI, Miscellaneous .
Sensitivity Tests, Performence Tests, %ﬁpﬂﬁﬁf%—"‘—““——* .
{v) Report AC-1T7/Phys Bx 1. ’ '
(¢) Dc P. McLougall, Methods of Physicel Testing, OSRD Report No. 853, 11 August 19%2.

Y

S

P

L. C. Suith snd E. G. Ryster, Ph g of Explosives, Part 1I1 - Miscellanesus PN B3
Sensitivity Tests; Performance Tests, OGH 766, 27 December 1945. ?
(3) cCommsittee of Div 2 and 8, FIRC, Report on HBX and Tritoral, OSED Report No. 506, o Z

1 July 195, - - \ 3

(e} Pnilip C. Keensn and Dorothy Pipes, Table of Militsry High Explosives, Second Revieicn,
BAYORD Report No. 87-46, 26 July 19k6. —

{f) R. V. Dreke, nt Velocity and Panel Penetration of Several Explosives in Simuluted
Seslls, OSRD Report No. , 2 Januery 1946, -

(g3 Bastern Laborstory, du Port, Investigstion of Cavity Effect, Final Report, 18 September
1943, KDRC Conuract W-672-ORD-5723.

(h) Ale> see the following Picatinny _Arsenaf Technical Reports cn Amatolse:

] 1 2 3 3 3 [ I 8 2
240 i 132 Th3 364 65 266 1207 548 5hk9
350 731 182 173 694 L2s 556 1h5T 638 799
630 901 132 1313 [E) 695 666 1757 38 929
950 1051 1352 1323 574 715 986 1827 1098 1129

1300 1311 1372 1493 i T35 1376 2167 1148 1219
1530 1L51 1552 17683 1145 16 , 1388 1369
1651 1225 1636 1568 1559
1345 1796 1838
1455
1825

(1) ™ 9-1910/TG 11A-1-3k, Military Explosives, April 1955.

7‘gee footnote 1, page 10.
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Sta) Shoe
Fitior. Shoe

€€/ 40 Hrs, at
. 90°C
£100°C <

e

Rifte Bullet fupact Tush:  Tricls
z .
Explosions
Portiols
Burnod
Uncffected

135°C N \

e . -

1200 A

200 Gres Ramb Sand Teot:
~ Sond, gm - k7.8

Explesion Tempeorsture: *C
Seconds, 0.1 (no cop sed)

1
% Decompores 265

10
15
20

Semsitivity to lnRistion:
Minimum Dew‘ﬂg Chom, gm
Maercury Fulminate 0.20
Lsod Azide
Tetryl

Bsilistic Merter, % TNT: (e) 122

75°C Internations! Hoat Tast:
% Loss in 48 Hrs

Treusl Test, % TNT:

Plote Dant Tesi:
Method

100°C Hoot Tost:
% Loss, st 48 Hrs
% Loss, 2nd 48 Hrs
Explosion in 100 Hr

0.00
0.10
None

Condition
Confined
Density, gm/cc
Brisance, % TNT

 Floesmability Inden:

Detonstion Rete:
Confinement

 Wypreacepleley: %

Condition
Charge Diomete-, in.

Velatiilty:

Density, gm/cc
Rate, maters/second

19

L sAeagpel AMCR T06-157 - - ~
Coppeotient. 3 Mebcadee Walshe: e -
S T g N = Onypen Bud . )
o Acomonium Nitrete . ee ¢ CO, % Ty
N 67 ;J :\_co % ) 4 . 2%
Altsicoom 1n o - .
o Dewatis:: gm/ce o Cest 1.5 ¢ -
- C ot | Meltieg Pekdkitc e |
i, ac? Jomsitivity, 2 Kg WA 1 Belling Pelat; iC .
3 Bursov of Mines Apyarotus, em 9 .. — . —
. Somp.eWr20mg Rebroctive Index, n2 -
‘Picatinny Arsenal Apparatus, in. 7 11 g o S
Semple Wt, mg ) 30 e nS
Sin. v - _ '\»‘ Tl 3\!3 ‘\;mv .
1. Friction Ponduium Yau: I -
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AMCP 106-177 Asmonel
Feagmentetion Tost: Shaped Chorge Bffectivenams, TNT = 108:
90 mm NE, M71 Projostile. Let WC-01: Gloss Cones  Steel Conms
Denaity, gm/ec Hole Volume
Charge W1, b Hole Depth
Totel No. of Frogments: Cod
Far TNT )
For Subject HE ———
Prinaipol Uses: Projectiie filier
3 inoh M8, MA2AY Prajostite, Lot RC-S:
Dersity, gm/cc ) 1.65
Charga VW, b
Totel Ne. of Fragments: iathed of Losdh
For TNT 655 . Cast
For Subject HE 550
Loeding Density: gm/cc 1.65
Fragmant Velae®y: ft/sec ,
A9 ft
Ar 25% _ Surege:
Density, gm/cc
Method Dry
Blast (Relusive to TNT): Hozord Closs (Quontite-Distonce)  Tlass 9
Ale: Compatibility Group
Peok Fressure
Impulse Bxudation
Enavgy
Als, Confined Origin:
Impuise Castable mixture Geveloped in United States
during World Wer I.
Under Webor:
Peok Pressure References:
Impuise (s} W. R. Tomlinson, Jr., sicel and Ex-
En losive rties of Milita Of.ves
o R Mo, 1312, r 1943,
Undorground: (b) Also see the following Picatinny Ar-
Peck Presture senal Technical Reports on Ammonsls: 1108,
Impuise 1286, 1292, 1308 end 1783.
Energy
Lr_ezntion:
Procedure same as described under Ametcls,
except aluminum is added to the aumonTum n¥-
trete-TNT molten mixture under sgitation uu-
t1l uniformity in cowpcsition is obtained.
I.oldiﬁ is ccmluﬁd by pouring into the

csacr A& @ e
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Ammoniva Mitrete AMCP 706-1TY
m‘“ Molusulor Weilght: (\kos) 80
Oxygen Dalancs:
: > o -
B s nmz . +0
0 60 Deaehy: gm/cc  Crystal 1.T3
Maltiag Pelat: °C 170
C/H Ratio Frossing Pelut: *C
lmpast Senshivlty, 2 Kg We: Beiling Peint: *C
Bureou of Mines Apparotus, cm 100+
Somple W 20 mg Refesztive luden, S
Picatinny Arsenal Apparatus, in. n °
Sample W, mg 17 N
%
- Tout: Vecuum Stabilhy Tost:
Fiber Shoe Unaffected 90°C
120°C 0.3
Mo Bullet lmpoct Tt Trichs 120°C o3
%
Explosions 0 'SS:C
Pertiols 0 150°C 0.3
Bumed 0 200 Groms Bomb Send Tow:
Unoffected 100 Sand, gm "
Enplesion Tomporeture: *C Sencltivity to inltistion:
Seconds, 0.1 (no cop used) Minimum Detonating Cherge, gm
1 Mercury Fulminote
S Iguites 465 Laod Azide 0.20
10 Tetryl 0.25
1S
20 Ballistic Merter, % TNT: (a) 56
Trous! Tost, % TNT:
75°C latornctional Moot Tont: (s)
% Loss in 48 Hrs 0.0 Plate Dot Towt:
: Method
100°C Hoot Tont: . Condition
% Loss, Ist 48 Hrs 0.7h Confined
% Loss, 2nd 48 Hrs 0.13 Dersity, gm/cc
Explosion in 100 Hrs Fone Brisance, 9% TNT
Detenstion Rete: (v)
Y Index: Confinement None Strong
Condition Soli4d Liquid
Ny.;;ocm :! Extreme Charge Diometer, in. 1.25 4.5
v.u..u.,, Dersity, gm/cc e.9 1.h
) Decomposes at 210°C Rate, maters/second 1000 2500
21
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AMCP 706-177 Amscnius Nitrete . »»;;
Seester Semaltiity Tost: Devomposhion bquatha: (f) . 0 () - |
Condition Owygen, otome/sec 10 1083 :
Tated, g (Z/%0¢) :
&0, . :
Wax, in. for 30% Detonation mm,m > ®-3 :
‘Waex, gm Temperoturs Ronge, °C  243-261  217-867
Deralty, om/cc Phase Lieuid
Moot of: . ¥
Explasion, cal/gm N 60 man Mostoe Projoctile: : '
Gos Volume, cc/gm 980 50% Inert, Velccity, ft/sec. :
Formation, col/gen 1098 Aluminum Fineness L
Fusion, col/gm 18.23
$00-B Gonerel Purpese Bombe: ‘
Spesific Hest: col/gm/*C (e) - ;
o e Plote Thickness, inches -
-1 01% . 0 0.%7 i
'm 0- ” o.*l-‘% ' .
'” 0. 100 0.428 |% :
1% :
1% :
Suring Rete: , :
cm/esc ‘
Semb Drop Test: X
Tharmel Condustivity: f
col/sec/em/*C  2.9-3.9 x 107* 7, 2000-B Semi-Armor-Plorcing Somb vs Concrote: -~
H ’ .
Cooficiont of Max Safe Drop, ft -
Linear, %/°C 300-8 Goners! Purpase Bomb vs Concroter .
Volume, %/°C Meight, ft 0
‘ Trials .
Nordnass, Mohe’ Seale: :.
" Young's Modulus: ::hm ‘
€', dynes/cm® ’ d o
E, 1b/inch 1060-B Goners! Purpess Bemb v. Concrete: .
M"yu ’m/“ :
Height, ft .
Compressive Strength: 1b/inch* Trials .
Unatfected
Vaper Prassure: (s) Low Order )
C mm Mercury High Order
188 3.25
205 T.45
216 11.55
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RO Ansonius Nitrate AMCP 703177
i r{ "“.) A
L 3 Frogmentation Tost: Shaped Chraege Rifestivaneis, THY = 10l
o 90 mee NE, M7 Projoctils, Lot WEHT: Gioss Cons  Stesl Cones
\ Dersity, gpm/cc ] Hols Vohame
S ChorgeWt, b Holo Depth
i ‘t’;;;"w Color: Colorlesy
For Subject HE
E E Principef Uses: Explosive ingredient of
: mixtures used in bombs or large
, 2 . 3 tnch WE, MARAT Projoctile, Lot XC-5: caliber projectiles
: Density, gm/cc
§ Chorge W, B
1
{ Toto! Ne. of Fragme Mabod of Looding: Pressed or cest depending
5 For TNT on composition of mixture
? For Subject HE
: . Laeding Denslty: gm/cc Variadle
' Frogment Volack;: ft/sec
; A9 ft
3 At 25% o Storage:
Density, gm/cc
' Maethod Dry
5
3 TN, | Otest (Raletive te TNT: Hazard Closs (Quontity-Distance)  Cless 12
e N Al Compatibility Geoup Group D
! Peok Pressure
. Impulve Exudotion None
: £
’ Bffect of Temperature on Impact
’ Als, Confined: Sensitivity (Chemically pure grede): (b)
M Impuise
+
’ Tenp. PA Twpast Test
: Undor Weter: ~c_ 2K Wy, anches
LT Peck Prassure
25 31
; Impuise 75 28
. Energy 100 27
. 150 27
. 175 12
1
, r“" Pressure Compatibility with Metsls: (a)
4 In the presence of moisture, ammonium
. Energy nitrate reacts with copper, iron steel,
' brass, lead end cedmium.
' Entropy: (g)
: cal/mol at 25%C %.0
.
13
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AMCP 1706177 Ammcotun itrate
Sclability of emcoiue bitrete, grems in 100 grems (§) of: (e)
Wter ool Acetic Aotd Bitric Actd

o ° “

5 5 = & m o*o 5 %%

2 19 M 5 r.s 73. 91..7

% e 60 1.5 ao. 5.8 - 20.8

6o 2 T8 10.5 101.0 2.7 75 201 .6

80 g 120.0 125

100
Preparetion;

Ammonius nitrate is prepared by the neutielization of sn agueous solution of ammonia with
aitric acid and evaporation of the solution. The product vhich is very pure is dried in a
svaining kettle.

Origin:

Pirst prepared by Glauber in 1659 and first used as an explosive ingredient in 1867 wvhen a
Swedish patent was granted to Chlsson and Norrdin for a composite dynamite.

Pestrystion by Cheaicel Decomposition:

Ammonium nitrate is decomposed by strong alkslies with the liberation of ammcnis, and by
sulfuric acid with the formation of ammonium sulfste and nitric acid.

Refercnces: 3
(s) Departments of the Arwy and the Air Force ™ 9-1910/10 1la-1-3, Military Explosives,

(b) P. P. Macy, 7. D. Dudderar, E. F. Reese and L. H. Erfksen, Investigation of Swmsliivi
of Yeriilizer Grade Ammonium Nitrate to Explosion, PATR No. 1658, 1Ty &T.
(¢) D. P. 2echougall, Methods of Physical Testing, OSRD Repart No. 803, 11 August 19h2.

(8) L. C. Smith and B. G. Ryster, F
Seusitivity Tests; Performance Tests, OZRD Rep

{e) JInternetionsl Critical Tables, McGraw-Hill Book Co., N. Y., Land-Bornst.

G. D. Ciift eand B. T. Federoff, A Manual for Explosives Lavoratories, Vol. IX, Lefax
Society, Inc., Poiladelphia, 1943.

(£) R. J. Pinkelstein and G. Gemow, Theory of the Detonation Process, NAVORD Report Ho. 90-
L6, 20 April 1947,

(g) George Feick, The Disspcistion Pressure and Free Energy of Formetion of Ammonium Ni-
trate, Arthur D. Little, Inc., J Am Chen Soc, E, 5858-50 [I%).

(b) M. A. Cook and M. MTaylor Abegg, * Isothermal Decomposition of m'plouvu, University of
tah, Ind Bk Chem, June 1956, pp. 1090 to 1095.

J8ee footnote 1, page 10
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/gmwontum Nitret AMCP 706-177
’ Q (1) Also see the following Ploatirny Arsenal Technicel Reports ou Ammonium Nitreta:
- 8 i 2 a A 2 £ 1 8 2
- 0] 68 182 T3 »h 596 907 548 799
?0 ™ % . 133 9Bk lﬁg 666 17 6% 139
”ﬁ}‘ 1183 109k 1225 676 1947 938 1h09
1290 2183 121k the RS 267 3008
1720 LV 12% 1635 1106 108
i 1M 1% 1675 1696
it 1 1725
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AXCP 706-177 Ammonium Perchlorate
e-,;odam Maloswlar Weight: ~(m;,,:o,.)7 7.5
L 1.9 oqs . .
- 3.4 n,‘cm,‘ ' Deneliy: gm/cc 1.95"
) sh.5 Neking Polas: °C
C/H Ratio g ot 1C
lmpact Seasitivity, 2 Kg We: Beiling Polat; *C
Burecu of Mines Apparatus, cr 6T .
Sampls Wt 20 mg Refrective index, pS
Picotinmy: Arsentl Apporctus, in 2k e
Sample W, mg- 2s e
‘ ]
Frietion Pandulom Tost: Voruus Seadilty Tost: .
Stwel Shoe Snaps /45 Hrs, ot .
Fiber Shos YUnzitected L 90C - I
— 100°C S 70413
Rifle Bullot mpoct Test:  Triols 120°C 0.20
% ssec
ors | mse .
Burned 200 Grom Bomb S2nd oo )
Unaffected “Sond, gy . ° 6.0 ;
Explocion Tomporature: “C Sensltivity te fubistien;
Seconds, 0.1 (no cop used) Minimur Detonating Crarge, gm
5 b35 . Lead Azide 0.20
10 Tetryl - 0.25
5 - - -
20 Seltitic tortor, % TNT:
: — Yeowst Tont, % T
75°C ixdernstions! Hoot Tesi: -
% Loss in 48 Hrs Plote Dont Vesi:
160°C Hoot Tost: Cordition
% Loss, Ist 48 Hrs © 0.02 Confined
% Locs, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs Hone Brisance, % TNT
Datonation Rete:
Alaonebility Index: © Confinement
L. Condition
Hygrescopicty: % Charge Dicmeter, in.
Bensity, gm/cc
Yelotillty: Rate, meters/second
%
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{montum Perehiorste | ANcPrS1Y
WM ] $hoped Charge Eifestivenass, THT = 190:
umummumh ,‘ Gloss Cones  Stast Conss
Mr.p/ec i@ \ S Hole Volume
M’Mb ' Hole Depth
: N-nu Joagruvate; :J . Colorless

h&u Useas Explosive ingredient of
mixtures waed in pyrotochnics and
u\\mgetih filler

* Mathed of Loading:

Pressed or cast depending
on odiposition of mdxture

© Variable <

Matho Dry
Wcu/wiﬁ‘:aw.u) ~less 9
Compotitility Greup

Solubility in Water B >
gmo ce saturated soluiion;
»:s"e BN 2
=% 2
60% o k)
wo .. . B

Easﬂti on:

”ﬁe perchicretes ere prepcred by the action
of the acid on & suiteble bass; by the ther-
mel decorposition of certain chlontel, and
%y the eles‘volyzmis of chiorates {see origin).

Heai of:
S S

Farmtiéﬁ, cal/gm 665

hes
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R AMCP 706177 = Porchlorate

xagdat (o)
‘B Mitscherlich first prepared, in 1632, crystals of smmcaium perchlreete from berius
mn ond ammcnion sulfate (mum 85, 20). T. Schlosing trested a hot solution of
soiiun perciiorete vith esmonium chlcride, and on cooling, crystals of ammonius perchlorcte
were obteined (Comp remd, m,ﬁﬂﬁ U. Alviei treated & mixture of 76 parts of an-
amiom nitrets vith 213 of sodium perchlorste, and odtained o crep of sel. orystals of
oot te \hich were purified Ly recrystallisation from hot vater (German Patent,
103,993, 2838). A. Mlolati mixed megneeiua or celciue perchlorste vith emaceius chloride snl.
axy3’als of aumonium perchlorate eposited from the solution of very soluble mmgnesius o oml-
eitm chloride (Cersmn Patent, 112, 6B2, 1899).

Beferences; ¢

(u} V. B. Tomlinscn, Jr., Flysical nd Explosive Properties of Military mvu, PAIR
o 1372, 29 Novemder 1943.

{®) T L. Devis, The m of Powler and Explosives, Johu Wiley end Soas, Iuc.,-llu'
York, 1963.

(a) Also see the following Picetinny Arsenal Technical Reports on Ammonivm Perchivrate:

100 521 843 sk 1095 1726 1049
1783 5““5,; 1725 1969

ee footnote 1, page 10.
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P Baretol AMCP 706-177
. - \\ e—————
b
. Compesition: Molecular Waight: 125
%
‘ Oxygen Bolence:
:3 Barium nitrete 67 €O. % -3
; CO % +13
: INT 33
N Density: gm/cc Cast 2.55
»
: Meiting Peint: °C
' C/h Ratio Fraexzing Point: °C
N Impoct Seasitivity, 2 Ky We: Boiling Point: °C
! Bureau of Mines Apparotus, cm 35
; Sample Wt 20 mg Refractive Index, nS,
. Picatinny Arsenal Apparotus, n. 11 o
s Somple Wt, mg 24 . M
: n3
: Friction Pandulu=w Test: Vecuum Stebility Test:
¥ Steel Shoe cc/40 Hrs, ot
: Fiber Shoe 90°C
' 100°C
. Rifle Bullet impoct Test: Triols 120°C
: . % 135°C
H Explosions o
; Portiols 150
' Burned 200 Gram Bomb Sand Test:
. Unaffected Sond, gm .8
, Explosion Tempereture: ¢ Seusitivity to Initiation:
H Seccds, 01 {no cop used) tAinimum Detonating Chorge, gm
: ! Mercury Fulminate )
. S Ignites 385 Leod Azide 0.20 -
. 10 Tetryl 0.10
. 15
' 20 Bollistic MOI"O', * TNT:
: Trouz! Test, % TNT:
75 C internationo] Hoot Tect: "
% Loss in 48 Hrs Plote Den: Test: (a) 73:27
Method B
102°C Heat Test: Conditior ezt
. % Loss, 1st 48 Hrs Contined Ro
' % Loss, 2nd 40 Hrs Density, gni/cc ’:’.52
: Explosion in 100 Hrs Brisance, % TNT €1 )
: Detonciion Rete:
. Flammability Index: Corfinement
' Cendition
i "”W;’)’_: ??H 0‘ 00 Charge Diameter, in.
: b0 X F - Density. gm/cc
. Volatility: Rate, meters/second
249




AMCP 706-177

Fsaien :dfm 75/25 'Bu\tol ) ‘:-2.6‘;‘:‘.:'

. (Q)

M Hoot: mvw-c (&) 1;19.5 Barstol

- Goatficiont of

Max Safe Drop, #t

f‘;‘"“’" %7°C ; - m Mihmu Bomb n Cucm s
B B EEN L
- VO‘W!\\Q{.%/'C " - B Taas Height, ﬂ B B T
— - s i - ! ]
o . b . . el s
- .. : '“"\M: ” ,\:_- ;;: <oe ,; . ‘ HLW ()"o'“'d. AR
< | E dynessan B L ‘eh B " - ‘ o
BN " K W/inch? L i L xmbw .y M e Bomb vs Concrote:
Gﬂ’at/, em/fecc T T ) R o
. < - - LS _ : . .Hﬁizh', “ : . \':‘. -
- - m«w Ib/inch? =~ Frisk . v T )
L : G T Unafrectad . :
R Vﬁi;bhmo: S . . _ Low Order
SoTE e mm Mercory B Vigh Order




< Baratol AMCP 706-177

B . 1 . A R

Feagmentotion Test: Shoped Charge Effoctivences, TNT = 100:
0 ma: WL, M7V Projostiis, Lot WC-91: Gloss Cones  Steel Cones
Dby, gm/cc Hole Volume
~ Chorga Wi, B Hole Depth

Totel No. of Frogments:
For TNT . Color:

For Subject HE

Principel Uses:  Bomb filler

3 3 inch HE, MAAY Projectile, Lot KCJ: !
*? Deralty, gm/cc
N Chorge W, b
. Totol No. of Frogmonts:
N Mothod of L soding: Cast
it For TNT
) For Subject HE
i Leadisa D asilty: gm/cc  2.55
: Fragment Velocity: ft/sec
’ MY #
’ At 25% # Sterege:
'
N Dersity, gm/cc §
L ]
£ | blest (Reletive 4o TNT): Hazord Class (Quontity-Distonce) Class 9 2
’ i ?
» —e Al Compatibility Group Group I 5
: Peck Pressure
‘ Impuise Exudotion
»
| Energy
‘ , Abr, Confined: Preparstion:
Impulse
' The appropriate weight of barium nitrate
: heated to about 90°C is aided to molton TNT
.. Under Weter: contained in a melting vessel equipped with
. Peok Pressure sn agitator. Continue mixing until uniform,
4 Impulse and loed by pouring at the lowest practicel
R Energy temperature.
’ Origin:
) Undergrovad: RLE L
’ Peck Pressure Raratol, an explosive containing barium
’ Impuise nitrete and TNT, the proportions veried to
! Energy suit the i1equired pirposes, wes developed
. durirg World War I.

L R
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AMCP 706-177
Barstol
i
_l!_ofouneu:s '
(s) D P. MacDougall, Methods of Physicel Testing, OSRD Repcrt No. 803, 11 August 1942, :
(' L. C. Smith and B. G. Eyster, ﬁlﬁle&l Testing of %louivelg Part JII - Miscellenecus |
Sensivivity Tests; Performance Tests, . s r 1945. 3
{¢) Mo see the folloving Pica'inny Arsenal Technical Reports on Baratol: R .
I
0 3 s 8 ‘ :
2010 1783 2226 23 P T
2160 2233 : B
(4) C. Lenchitz, W. Beach and R. Valicky, Enthalpy Changes, Heat of Fusion and Specific o
Beat of Basic Bxplcvives, PATR No. 2504, Januery ﬁés. :
L3
. P4
o
\]
p —
h.
5See footnote 1, page 10,
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Baronal AMCP 706-177
Co;podﬂu: Molecular Weight: 111
O yom Belence:
Barjum nitrete S0 €O- % -2k
TNT 35 CO % -7
Alvminum 15 Dexsity: gm/cc 2.3
Melting Polat: °C
C/H Ratio Freezing Polat: °C
Impact Sensitivity, 2 Ky Wr: Builing Poiné: °C
Bureou of Mines Apparatus, cm 0
Sample Wt 20 mg Refractive Index, nS
Picatinny Arsenal Apporotus, in. 12 °
Sample Wt, mg 22 Na
' ng
Friction Pendulum Test: Vocuum Stebility Test:
Steel Shoe ¢c/40 Hrs, at
Fiber Shoe 90°C
100°C
Rifle Bullet Impoct Test:  Trials 120°C
% .
Explosions 135°C
. 150°C
Partiols )
Burned | 20¢C Grew Bomb Sand Teat:
Unaffected Sovid, ym .8
Explosion Tempereture: °C Se-uitivity te [nitiation:
Seconds, 0.1 (no cap used) Minimum De'onating Chorge, gm
1 Maercury Fulniinele
5 Ignites 35 Leod Atide 0.20
10 Tetryl 0.10
15
20 Bellistic Morter, % TNT: (a) 96
. Trouz! Test, %6 TNT:
75°C Iaternationa! Heat Test:
% Loss in 48 Hrs Plate Dent Test:
Method
100°C Heot Tost: Condition
% Loss, lst 48 Hrs C°"’f"'d
% Loss, 2nd 48 Hrs D.'M"y' gm/cc
Explasion in 100 Hrs Brisonce, % TNT
Detonetion Rete: (v)
Flommability Index: Confinement lione
Conditicet Cast
Hygroscopicity: % Chorge Diometer, in. 1.0
- Denv.itv, gm/cc 2.3
Volotitity: Rate, meters/second 5450

33
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AMCP 706-177

Frogmentetion Toer:

90 mum NE, M7) Projectile, Lot WC-91:
Dersity, gm/cc
Charge Wt, b

Tetel No. of Frogments:
Foe TNT

For Subject HE

3 nch NE, MA2AY Prcjectile, Lot KC-S:
Dersity, gm/cc
Charge W, b

Totel No. of Fragments:
For TNT

For Subject HE

Sheped Charge Rffectivencss, TNT = 100:

Gloss Cones  Stee! Cones
Hole Volume
Hole Depth

Color:

Principel Usea:  Bomb filler

Mothed of Losding: Cast

Frogme ¢ Velocity: #t/sec
At 9 ft
At 253 #

Dersity, gm/cc

Blast (Relative te TNT):

Al
Peok Pressure

Impulse
Energy

Alr, Conflned:
Impuise

Under Weter:
Peck Pressure

impulse
Energy

Sterege:
Method Dry
Hozord Closs (Quontity-Distace)  Class 9
Compatibility Group Group T
Exudation

Preparation:

Procedure same as described under Baratol

except aluminum is added to the barium ni-

trate-TNT molton mixture under agitation
until uniformity in comparison is obtained.

Booster Sensitivity Testi:

(<)

Condition Cast
Tetryl, gm 100
wax, in. for 50% Detonation 0.86
Dengity, gm/cc 2.3

Heat of:

Comb.stion, cel/gm 2099
Explosion, csl/gm 1135
Gag Yolume, oc/gu k1o

et
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3
g Beronal AMCP 706177 E
1 Q Beferences: ¢ - i

3 (a) L. C. Smith and B, G. Rystar, ol Testing of Bxplosivus, Part - Miscellansous

. Sensitivity Jests; Perforuance Tests, , . ’ » . g
E (b) G. .. Messerly, Tus Imte of Detopaticn of Verious Rxplosive Compo.:ls, OSKD Report No. ;5
! 1219, 22 Febrary 1943. '
}
: M D, Burvits, T OSRD Report i
I Ro. m, 15 January 19 . X
1 (¢) D P. MacDougall, Methods of Physioa) Jesting, OGRD Report No. 803, 11 August 19b2.

.

t

i

e e o e et Ty I, fopmelation of
- Compogition of Mixture with Performance, » Dh- s .
' (¢) 8. J. Lowell, ;mgum of Detooation in Long and Barrow Columns of Bxplosives, PATR
Ro. ﬂﬁ, mﬂ 195 . .

. P .
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v See fcotnote 1, page 10.
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AXCP 706-177

-3

Black Powder
Compasition: Melecular Weight: 8k
%
. Caygon Belence: :
Potassiun nitreta .0 CO; % - -22
co % -2
Sulfur 10.4
Density: g:/cc . Varisdle
Charcosl 15.6 -
Mebing Polnt: °C
C/H Ratio Prossing Peint: °C
Impact Sonsitivity, 3 Kg Wr: Beiling Point: °C
Buceau of Mines Apparatus, cm 32 -
Somple Wt 20 mg Refractive Index, nS
Picatinny Arsenal Apparatus, in. 16 o
Somple Wi, mg 16 N
ng
Fricrion Paad-tom Tost: Vecsum Stwbility Test:
Steel 5 e Snaps cc/40 Hrs, ot
Fiber Shos Unaffected 920*C
100°C 0.5
Rifie Dullot Impoct Test:  Trials 120*C 0.9
% .
Explosions 135.2.
Portials 150
Burned 200 Grem Bomb Sead Test:
Unaffected Sand, gm 8
Explesion Tompereture: °c Sensitivity to Initietion:
Seconds, 0.1 (no cop used) 510 Minimum Detonoting Charge, gm
] 490 Mercury Fulminate
5 Ignites ket L od Azide
10 356
15 senbillVe to 1gniting fuse
20 Ballistic Morter, % TNT: 50
Trouz! Test, % TNT:  (8) 10
75°C internstional Heot Tost:
% Loss in 48 Hrs 0.31 Plete Dent Test:
Mathod
160°C Heat Tost: Condition
% Lodx; Vst 48 Hrs Conffned
% Loss, 2nd 48 Hrs D‘"‘"'Y, gm/cc
Ex,-Josion in 100 Hrs Brisance, % TNT
Detonetion Rate:
Flammebility Index: Confinement
¥, TS R 0.7 Condition
Hygroscopicity: % %’C: 90% R 1'92 Charge Diamaeter, in
OC, 904 RH __ 2.51
Vetott Density, gm/cc 1.6
ey Rate, meters/second Loo

-
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Black Powder

AMCP 706-177

Frogmontetion Tost: Sheped Charge Effectivensee, TNT = 100:
90 sm HE, M7 Projoctile, Lot WC-91: Gloss Cones  Stes! Cones
Deruity, gm/cc Hole Volume
Chorge W, ib Hole Depth
Totel No. of Frogments: Color: Black
For TNT
For ME
-‘W Principel Uses: 1. Igniter powder
3 lnch NE, MAZAT Projoctile, Lot KC-5: 2. Tiwe rings (fuzes)
Dersity, gm/cc
Chorge Wt, Ib
Totel No. of Frogments: Mothod of Looding: 1. ILoose (granulated)
For TNT 2. Pressed
For Subject HE .
Leading Donelty: gm/cc psi x 10°
25 50 60 65 70 75
hmvm ft/sec 1.7h  1.8% 1.86 1.87 1.88 1.89
At 25% # Sterege:
Deraity, gm/cc
Maethod Dry
Blost (Relative 8o TNT): Hozard Closs (Quantity-Distonce) Class 9
Al Compatibility Group Group 0
Peck Pressure
Impulse Exudation None
Energy :
100°C Vacuum Stebility Test,
Alr, Confined: _cc gas/ho nrs:
Impuise Initial Value 0.5
After 2 hours at 65°C 0.86
Under Water: After 2 Lours st 65°C, 75% RH 1.46
Peok Sensitivity to Electrostatic
Impulse Discharge, Joules: {v)
Energy Unconfined »12.5
Confined 0.8
Mp,..:m Compatibility with Metsls:
impulse Dry - Corvetible with sll metals when
Energy moisture content is less thar 0.20%.

Initieting Efficiency:
Grems Required to Initiate

Wet - Attacks all common metals exc.pt
stainless eteel.

Heat of:
Igniter Comp K«3¥ 2.0 1osion, cal/ &8k
Comp Exp ) /am
Igniter k-29 2.3 Gas Volume, cc¢/gm 271

3
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AMCP 106177 . o
Black Powder '
4 CT om Lo ‘
Preparation:

Willov or alder charccal, flour of sulphur and 2-3% of water are plsced in s tusbling barrel
. and mixed for a short period {sbout 1/2 hour). The mixture is transferre® to s "vheel mill" snd
f crystalline potassium nitrate containing 3-4% moisture is added and the mirture is in orporeted :
for eevarel hours. During the incorporetion period the mixture is kept damp (2-3% moisture) by ",
232 ,g vater at intervals. The mili cake 15 then pressed at 5000 .psi between sluminum plates. .
The pressed cakes are broken up betuesn rudbber or wood rolls. The materisl is soreened snd thne
various particle sizes are seperated as desired. The screened materisl is then trenaferred to
canvas trays and Aried in hot air ovens at §0°C. 1If it is desired to glaze the black powder,
the material before arying is polished by rotation in & tumbling barrel to give it a smooth
surface. It is next scresned to remove the dust. The amooth particles sre then plsoced in s
wooden barrel and rotated with grephite. The material is sgain screened to remove the axcess
graphite, and dried. Naterial finer than #40 U. S. Sieve is not graphited.

WARNING :
| The batches of black powder must be of sufficient size to cover the bed of the "wheel mill." - :
; If the vheels run off on the bare bed, explosions usually result. N «

Origing

The exact date of the discovery of black powder is unknown. Hiatorians sttribute its dis- . i
covery to che Chinese, Hindus or Arsbs. The Greeks uged it during the Tth Century. Marcus .

i Graecus in the 9th Century and Roger Bacou in the 13th Century described compositions similar
L o " to the present powder. Beginning with the 16th Century, the composiiion of black powder con-

taining potassium nitrate, charcoal and sulfur has vemained unchanged with respect to the pro- :
portionality (75/15/10) of the ingredients. -
Destruction by Chemical Decomposition: e g

Black powder can be desensitized by leaching with water to dissolve the potassium nitrate. 5, . :‘a
The washings must be disposed of separstcly because the residue of sulfur snd charcosl is com- *
bustible but not explosive. :
References: ’

(a) Pu. Neoum, Nitroglycerine and Nitroglycerine Explosives, Baltimore, 1528.

(v) F. V. Brown, D. H, Kusier and F. C. Gibson, Sensitivitv of Explosives to Inftiation by
Electrostatic Dischsrges, U. S. Department of the Interior, Bureau o &8 A B

(c) Also see the following Picatinny Arsenal Technical Reports on Black Powder: -

7§;e footnote 1, page 10.
o’
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Black Powder AMCP 706-177
« gi ; T
gl e H 2 3 ) H 6 I 8 g .
250 N -] 163 35k 65 56 ¥ 168 319 ;
o M1 e ¥ M ks a7 dor  m6  did 5
850 éa »2 b53 5hk 55 356 k37 128 839 !
1010 901 A72 3 554 605 686 5h7 558 8ig
1hs0 mn hoe 1043 1145 Thé 75T 598 859
ek 582 153 59k 1275 1256 847 899
152 762 3 654 1815 1316 1097 618 1259
155 812 1333 1885 15% 1737 698 1309
1T 1002 1493 T4 1905 1576 1797 838 1339
91 1622 1533 1915 1586 1807 139
1951 ne 3 un 1946 18g7 3 158¢
2051 18ce 1813 115k 1388 179
92 3 12h4 15088 1863
1973 1504 1778 1889
1808
1838
. 1928
2178
4
&
5]
l(’
- ]
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AMCP 706-177 1,2,b-Butanetriol Trinitratc (BYTN) Liguid
Composition: Moleculer Weight: (Ch“7“3°9) 2u1
q,
d 19.9 Oxygon Bolence:
I‘iec-Ovi)2 - CO: % 17
H 2.9 | €O % 10
HaC
N 17.5 / Denellty: gm/cc Liqul.i 1.52
HC-OMQ
0 59.7 Malting Peint: °C
H,,C-0N0,
C/HRatic  g,13 Fraezing Peiar; °C
Impact Sensitivity, 2 Kg Wi: Beiling Point: °C
Burecu of Mines Apporatus, cm 58
Sample Wt 20 mg Refrective Indes, n2 1.473
Picotinny Arsenol Apporatus, in. =1 °
Somple Wt, mg o
n%
Friction Pendulum Test: Vecwum Stabitity Test:
Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C 2.33
Rifle Bullet Impy =? Test:  Triols 120°C
% (Xl
Explosiors :::3'2
Partials
Burnud 200 Gram Somb Send Test:
Unoffected Sond, gm 18.6
Explecion Tomperoture: °C Sensitiviiy te Inltiotion:
Seconds, 0.1 (no cop used) Minimum Dstonating Charge, gm
1 Mercury Fulminote
S Decomposes 230 Lead Azide 0.20
10 Tetry! 0.10
15
20 Ballistic Mester, % TNT:
T-ouz! Test, % TNT:
75-C Intornutionsl Heet Tast:
% Loss in 48 Hrs Plote Dent Test:
Mathod
100 C Hoot Tost: c°"d_i"°"
% Loss, 15t 48 Hrs 1.5 Confined
% Loss, 2nd 46 Ars 1.2 Demity, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detonotion Rete:
Flammebility Index: Confinement
Condition
"”mo?k“,_: 4% b(a) L Chorgs Diameter, in
100%F, 95% RiH, 24 hrs 0.1 Dens:ty, gm/cc
VR e/ on?/n u Rate, maters/second

el
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1,2,b-Butanetrivl “rinltinte (BNN) Lig.ld AMCP 706-177
N Fragmentotion Test: Shopud Chorge Effectivenass, TNT - 100:

90 cam HE, M?1 Prejectice, Lot WC-91: Glass Cones  Steel Cones
Density, gm/cc Hole Volume
“harge Wt, Ib Hole Depth
T.:" .:_:;.F ¥ Color: Yellow o1l

For 0
For Subject MHE
Peincipal Uses:  Fxplesive plesticizer for

3 inch HE, M42AY Projectile, Lot K5 nitrocell:lose
Dersity, gm/rc
Charge Wt, 1b

Totel Ne. of Fragmeats: Method of Looding:

For TNT
For Subject 4E
Looding Density: gm/cc L.58
Frogment Velocity: {t/sec

At 9 ft

At 254 f Storege:

Dessity, gm/cc

rAethod
Blest (Reletive to TNT): Hazard Class (Quantity-Distance)

Ale: Compatibility Group
Peak Pressure
‘mpuise Exudation
Energy —

Solubl i+, i~ Wuter, (8}

Alr, Confined: 2:«”'100 T, B
iroviive Lol s '

’éO\ ¢ 0.0~

Under Weter: e 0.15
Peck Pressure Solutili* of Water f:, (e)
Impulse 56/ 100 gm: 0.0~
Eneryy Selubilier, su/l00 .

-

Underground:
Peak Pressure a
impulse ershlearol
Energy

I Hen . of: A (E} Viz oo ¢ 5 . {;‘
Come se.ig., ~al/-u o . 2o
s ooeien, enl/on et
Gen Volume, o0 o B

e
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AMCP 706-177 1,2,4-Butanctriol Trinitrate (B7IX) I1quid

tion {Iadborw H

To & cooled mixture of 73.3 gm of 100§ nitric scid, 6.2 gme of 106.2¢ sulfuric acid and
60.0 gm of 96.1% swifuric acid, 0 gxs of the origimul {or redistilled) 1,2,h-butanetriol was
8dded dropvise with agitation for & period of thirty minutes. The temperature of the resction
mixture ves kept at 09-59C. When the agitation was completed. stirring was coctinued for cue
and one-half hours. The aixture vs poired Into ice water, anl the resulting oil suspension
was extrected vith three 100 mdlliliter portious of ¢ther. The combined ether extrects were
washed vith vater, then with & 5% scdium bicarbonate solution ané finally with water. The nau-
tralised extract ws dried vith enhydrous :slcium chloride and then the ¢ther was evaparated.
The yellov oil was dried in & vacw'm desicostor over anhydrous celofum chloride antil the mate-
risl wvas brought to constant weight.

origtn:

1,2,k-butanetriol was Yirst synthesized by Wegner and Ginsberg in 189% by oxidizing allyl
carbinol vith potassium peroanganate under mild conditions (Ber 27, 2437). Recently the U. S.
Subber laboratory, under tha direction of P. Tawney, devised # uev synthesis carried out with
8llyl acetate and formsldehyis to give 1,2,4-butane triscatate vhich ves iwadily hydrolysed t:
butanetriol (U. S. Rubber Company Gaarterly Report, May 1948). Working with pure 1,2,h-butane-
1riol prepared by an improved technigue of the Wagver method, the U. S. Nuval Leboratory in
1348 nitrated the butanetricl on a laburutory snd & pilot plant scale (Fefersuce e).

;R_‘_x_fereneu:a

(a) J. A. Gallaghan, F. lacri, J. Bednarik, snd F. McCollum, T.e thesis of 1,2,h-Butane-
triol and the Bvaluation of Tts Trim:trate, U. S. Naval Powder Pactory mm
10 Geptember 1948,

(5) Also see the following Picatinny Arsens. Technical Reports on Butsnetriol Trinitrate:
1755 and 1785.

BSee iootnote 1, page 10,
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Compoeition A-3 AMCP 706-177
Compasition: Meleculer Weigh?: 27
a
Oxygen Belence:
RDX 91 CO: % -h8
COo % -23
Wax 9 o
Desslty: gm/cc 12,000 pei 1.65
Melting Peict: °C
C/H Ratio Freszin; Poimt: 'C
impoct Semeitivity, 2 K9 Wr: Belling Peint: ‘C
Bureou of Mings Apporatut, cm 100+
Sample Wt 20 mg Refrective Index, n2
Picotinny Arsanol Apporatus, in. 16 °
Somple Wt, mg 17 P=
n%
Friction Ponduium Test: Vecrsm Stobility Test:
Stee! Shoe Unaffected ¢c/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 0.3
Rifls Bullet Impect Test:  Triok 120°C 0.6
% .
3 e
Portials [s]
Bumed 0 200 Geam Bomb Sond Test:
Unoffected 100 Sand, gm 51.5
Explesion Tompereture: *C Sansitivity to Initiation:
Seconds, 0.1 (no cop used) Minimum Detcnating Charge, gm
H Mercury Fulminote 0.22%
S  Decomposes 250 Lead Azide 0.25%
10
1s Lo Al&z’-&'tive initiating cherges
2 Bellistic Morter, % TNT:  (a) 13,
Traux! Test, % TNT:
75°C internotionsi Hoot Tont: .
% Loss in 48 Hrs Plate Dent Ti t: (v)
Maethod B B
100°C Heot Test: Cond-mon freued P-essed
% Loss, Ist 48 Hrs 0.15 Confined ‘o No
% Loss, 2nd 48 Hrs 0.15 Density, gm/cc 1.61 1;20
Explosion in 100 Hrs None Brisance, % TN1 120 T5
Detoustion Rate: (c)
Flammebliity Index: 195 Confinement None
Condition Pressed
Hygrescopicity: % 30°C, 905 RH 0.C Charge Diamater, in. 1.0
De:sity, gm/cc 1.59
” o 3l
Velotillty: 50°C, 15 da3s .02 Rote, meters/second 8100
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AMCP 706-177 Composition A-3
Frogmentotion Test: Shopeu Sharge Effectivencss, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Glass Cones  Steel Cones
Density, gm/cc 1.62 Hole Volume
Charge Wt, ib 2.102 Hole Depth
Total No. of Frogments:
Foe TNT 703 Color: White-buff
For Sut iect HE 1138
Principel Uses: HE, SAP, AP projectiles;
3 inch HE, M42A1 Projectile, Lot KC-5: Snaped Charges
Density, gm/cc 1.64
Charge Wt, Ib 0.561
Totel No. of Fragmentr:
Method of Looding: Pressed
For TNT 514
For Subject HE 710 —
Loeding Density: gm/cc psi x 10
3 12
Fragment Valocity: ft/sec 1.b 1.6
At 9 ft 2800 1 2
Ar 25% f+ 2530 Storage:
Density, gm/cc 1.61
Mathod Dry
Blest (Relative to TNT): ivazord Closs (Quantity-Cistance)  Class 9
Alr: Compatibiiity Group Group I
Peck Pressure
impulse B Jotion . 3 not exude at 65°C when wates
Eneroy mlting sherply at or sbove 75°C sre used.
Preraration:
Alr|, Con':i:d: A water glurry of RDX is heated to 100°¢C
mpu with sgitat:on. Wax and & wetting szent sre
sdded and the mixture, under sgitmtion, is
Under Water: ccoled beiow the melting polnt of the wax.
Peok Pressure The wax costed RDX is rollected on & filter
Impulse and aiy dried et 759C.
Energy Effect of Temperature on
rate of Detonatjon: (e)
Underground: 16 hrs at, °C -54 21
Peak Pressure De-sity, gm/ce 1.51 1.51
Impuise Rate, m/sec 7600 7620
Energy Beoster Sengitivity Tes:: (a)
Zondi tion Pressed
Tetryl, gm 100
vax, in. ftor > Deicnation 1.70
Density, gr/ce 1.62
Heat of:
rorustlon, cel/zm 1210
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AMCP 706177

Composition A-3

Coupatibility with Metals:

Dry -~ Aluminum, stainless steel, mild steel, mild steel coated vith acid-{root black paint
and mild steel plated with nickel or zinc are unaffected. Copper, magnesium, magnesium-aluminuz
alloy, brass and mild steel plated with cadmiuc. or coproi are siightly affected.

Wet - Stainless steel is unaffected. Copper, alvminum, magnesium, brase, mild steel, widd

steel coated wit. acid-proof black paint and mild rteel plated with copper, cadmium, nickel or
zinc are slightiy affected.

Origiu:
Developed by the British during World War II as RDX and beeswax. Subsequent changes in the

~ United States replaced beeswax vith synthetic war~-, chansed the granulation of RDX and improved

the method of manufacture.

Destruction by Chemical Decomposition:

RDX Cocposition A-3 (RDX/wax, 91/9) is decomposed by adding it slowly to 25 times 1ts weight
of boiling 5% sodium hydroxide. Boiling of the solution is continued for one-half hour.

References: 9

(2) L. C. Smith and E. G. Evster, Physical Testing of Explosives, Paurt 111 - Miscellaneous
Sensitivity Tests; Performance Tests, OSKD Report No. 574b, 27 December 1955.

(t) D. P. MacDougall, Methods of Physicel Testing, OSRD Report No. 803, 11 August 1942,

(c¢) G. H. Messerly, _'me Rate of Detonation of Various Explosive Compounds, OSRD Report No.
1219, 22 February 1943.

M. D. Hurwitz, The Rate of Detonation of Various Compounds ard Mixtures, OSRD Report
No. 5611, 15 January 19L&,

() . C. Smith snd S. R. Walton, A Consideration cf RIX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, dated 1) June 1949.

(e) W. F. McGarry and T, W. Stevens, Detouation Ret .3 of the More Important Military Explo-
sives at Several Different Temperatures, PATR No. 2303. November 1956.

(£) Also see the following Picatinny Arsenal Technical Reports oc RDX Composition A-3:

0 1 2 3 4 5 6 z 8 2
1380 1k51 1492 1493 L2k 1325 1556 1607 1336 1639
1310 1751 2112 1€1% 1585 1936 1747 1338 2179

163k 1595 1137 173
215k iTLE 1835
1635
2235

R e
See footnote 1, page 1C.
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AMCP 706-177 Composition B
Compesiion: Melecule: Weight: <
%
Oxygen Belance:
RIX 60 €O, % -h3
CO % 10
™T W
Denslty: gm/cc .6
Wax, added 1 Cost 1.6
Melting Poiee: °C (1) 78-80
C/H Rotio Freezing Point: *C
impoct Sensitivity, 2 Kg Wi: Selling Pelat: °C
Bursou of Mines Apparetus, cm 75
Somple Wt 20 mg Refrective Index, n2,
Picotiny Arseno! Apparatus, in. 1% o
Somple Wt, mg 19 A
5
Steel Shoe Unaffected cc/40 Hrs, at
Fibar Shoe Unsffected 90°C
160°C 0.7
Rifle Buliet Impect Test:  Trials 120°C 0.9
% .
— : e
is 13 11+
Burned b 200 Grem Somb Send Tost:
Unaffected 8o Sand, gm sk.0
Explesion Tompereture: °C Sensitivity te Initietion:
Seconds, 0.1 (no cop used) 526 Minimum Detonating Charge, gm
1 368 Maercury Fulminote 0.22»
5 Deccaposes 278 Leod Azide 0.20%
10 255 Tetryl
18 » 250 » A1fephative injtiatirg charges
20 = 250 Bellistic Morter, % TNT: /a) 133
Troux! Test, % INT: (v) i3
75°C internations] Heat Toor:
% Loss in 48 Hrs Plote Dent Tost: (e)

Method B
100°C Heot Tout: Condition Cast
% Loss, Ist 48 Hs . 0.2 Confined No

% Loss, 2nd 48 Hrs 0.2 Density, gm/cc 1M
Explotion in 100 Hrs Nor.e Brisance, % TNT 132
Detonation Rote:

Clammebility Index: 177 Confinement None
r—- 5 Condition Cast
Hygrescoplcity: % 30°C, 90% RH 0.02 Charge Diamater, in. 1.0

v Density, gm/cc 1.68
elotiiey: Rate, meters/second T840

T —

:
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; Graposition B AMCP 706-177
\{' £ ) .
: N Roscter Sc.aktivity Yesi. (a) Decomponition Equetion:
A Conditi- Cest Oxygen, atorra/sec
. (Z/3ec)
s Tetryl, gm 100 Heat, kilocolorie/mole
Y Waex, in. for 50.% Detonation 1.ko (4N, kcol/mol)
: Wox, gm Temperature Range, °C
. Density, gm/cc 1.6¢ Phase
j Hoet of. (e) "
: vion, cal/gm 2790 Armer Plate Impoct Tost: (e)
, Explosion, cal/gm 12k0 60 mm Mertar Prejoctiie:
. Gos Volume, cc/am 50% Inert, Velocity, ft/sec 209
' Formation, col/gm Aluminum Tineness
. Fusion, cal/gm {1) 6.0
* $00-B Gene-ol Purpose Bambe:
. Spacific Host: cal/gm/*C  {})
. o¢ Go Plote Thickness, inches
. a—— - Trials ﬁ Inert
<15 0.235 15 0.376 ) [ 100
. 0 0.220 85 0. 354 1" 6
25 0.25¢ 90 0.3 %a 50
. 50 0.305 100 0.312 A 2 0
x 13 0
: Suming Rete:
* cm/sec
~. Bomb Drep Test:
el Conductivity:
’ nc.:»l-;.uc/an/ °C T7, 2000-it: Semi-Armer-Piorcing Bomb vs Concro'e:
) Cos of & iou: Maox Safe Drop, #t
) Lineor, %/°C S00-Ib Genersl Purpose Bemb vs Concrete:
‘ Ho Seal  Seal
; Volume, %/°C rieight, f1 kooo LT
. - Trialk 65 »
: He Scale: Una*r scted 58 3%
. " Low Order 2 2
' Young's y High Order 5 1
£, dynes/-m*
E, Ib/inch? 1000-1b Generel Purposs Bomb vs Concrete:
Density, gm/cc

Compressive Strerqpth: Ib/inch® (b)
’ Density, gm/ce

1610-2580
1.68

Veoper Pressure:
. C

mm Mercury

Height, ft
Trials
Unaffected
Low C fer
High Order




AMCP 706-177 Composition B
Fragmentation Test: Shoped Charge Effectiveness, TNT = 100:

90 mm HE, M71 Projectile, Lot WC-91:

(g) (n)
Gloss Cones  Steel Cone:

Density, gm/cc 1.65 Hole Volume 178 162
Charge Wt, Ib 2.187 Hole Depth 123 1L8
Tc ol No. of Frogments:
for TNT o 1703 Color: Yellow-brown
For Subject HE 998
Principol Uses: Fragmentation bombs, HE
. projectiles, grenades, shaped
3 inch HE, M42A1 Projectile, Lot KC-5: cherges
Density, grm/cc 1.67
Charge Wt, Ib Qec02
Total Ne. of Fisgments: Miethod of Looding: P
For TNT 51k
For Subject HE 701
Loading Density: gm/cc 1.68
Fregment Velscity: ft/sec
At 9 fr 2940
Ar2si. f 2680 Storege:
Density, gm/cc 1.68
Method Dry
Blese (Reletive to TNT): (£) Hozard Class (Quantity-Distance) Cless 9
Alr: Cornpotibility Group Group I
Peok Pressure 110
Impulse 110 Exudation Very slight when gtored at 71°C
Energy 116
Origin:
Air, Confined: =&
Impulse 75 RDX Composition B was developed bty the
Britieh betveen World Wer I snd World Wer I..
Under Weter: Tt wae standardized by tre United Stetes
Peck Pressure 10 early in World Wer II.
Impulse 108 Effect of Temperature on
Energy 121 Rete of Metonation: (1)
16 hrs at, °C -3 2
Underground: Density, gm/ce 1.9 1.69
Peok Pressure 104 Rete, m/sec 7720 7660
[ i g
mpulse 7 Bulk Modulue st Room ()
Energy Tempers ture {25°-30°C):
“rater rsilus cubed 107
% Wax in_Comp B 1 2 3
roeslemt x 107190 5010 2sn 2.3
Dengity, +m/ecc 1.72 1.70 1.5
Vigscosit/, poises:
Temp, =307 3.1
. e 2.7

48
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AMCP 706-177
Composition B

Compatibility with Metals:

Dry - Magnesium, sluminum, magnesium-sluminur slley, mild steel, itainless steel, mild steel
coated with acid-proof black paint and mild steel plated vith zinc or nickel are unaffected.
Ccpper, lLrass and mild steel plated with copper or csdmium are slightly sffected.

Wet - Aluminum and stainless steel are unaffected. Crpper, brass, mild steel, mild cteel
coated with acid-proof black paint and mild steel plated with cedmiu:, copper, nickel or zinc
are slightiy affected. Magunesiim end megnesium-sluminum elloy sre more heavily affected.

Preparation:

Water wet RDX is added slowly with stirring to molten T melted in & steam-jacketed kettle
at a temperature of 1009C. Some water is poured off and heating and stirring are continued un-
til all moisture is evaporsted. Wax is then added and when thoroughly mired, the composition
ig cooled to & satisfactory pouring temperature. It is cast directly into smmunitior components
or in the form of chips when Composition B is to be stored.

Destruction by Chemical Decomposition:

RIX Composition B is decomposed in 12 parts by weight of technical grade scetone heated to
45°C. Wnile this is stirred vigorously, there is added 12 parte of a solution, heated to 70°C,
of 1 part sodium sulfide (NeoS'9Hp0) in b parts water. The sulfide solution 1s mdded slovly so
that the temperature of the acetone sclution does not rise above 60°C. Alter add‘tion . com-
plete, stirring is continued for one-hslf hour.

References: 16

(a) L. C. Smith snd E. G. Eyster, Physical Testing of p_cglosivee, Part III - Miscellaneous
Sengiti..ty Tests; Performance Tests, OuRD Report No. 5146, December 1945.

(b) Philip C. Keenan snd Dorothy Pipes, Tsble of Militery High Explosives. Second Revision,
NAVORD Report No. 87-46, 26 July 1945.

(c) D. P. MecDougall, Methods of Physical Testing, OSRD Keport No. 803, 11 August 1942,
2L

(d) L. C. Swith and S. R. walton, A Consideration of RDX/Wax Mixtures &s a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 Jure 1949,

(e) ~.mmittee of Divisions 2 end 8, NDRC, Report on HE” and Tritonal, ["RD Report No. 5406,
31 July 1945. ;

'éf) W. R. Tomlinson, Jr., Blast Effects of Bouwb Explusives, PA Tech Div Lecture, 9 April
1948,

(8) Eastern laborstory, du Pont, Investigetion of Cavity Effect, Sec 11, Varistion of Cavi-
ty Effect with Explosive Composition, NDRC Coniréct WT2-0ORD-5723.

(h) Eastern Laboratory du Pont, Investigation of Cavity Fffect, Finsl Report. E Lab du Pont,
Contract W-672-ORD~5723, 18 September 19%3,

(1) W. F. McGerry and T. W. Stevens, Detonstion Rates of the More Impartent Militsros Frplo-
slvge at Jeveral Different Temperatures, PATR No. 2333, November, 1950,

) See footnote 1, page 10.
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AMCP 706477 Comoot tion B R

(J) V. 5. Cremer, Bulk ressibility Data on Seversl High Explosives, KAVORD Report No.
h380, 15 Seyiember 1973""!""—'3'. : e oo geversl Wb Prplosives

(k] Alsc see the folloving Picatinny Arsensl Techaical Reports on RIX Composition B:

] L 2 3 b s 6 I 8 2
1359 2 1bo2 1313 122h 1325 1466 1207 13 1339
15% 151 1482 1433 1424 1435 176 1437 1 13
2100 an 1592 1803 194k 1585 1556 1457 1438 1469
2160 as51 1982 200% 1595 1756 1137 1458 1819
2190 2053 210k 1865 1956 1797 1688 "9
2063 1885 225" 2007 1728
2103 2055 2147 1828
2233 2125 1838
2155 1978
ars 2008 '
2235 2P .
2168 -

(I) C. lenchitz, W. Beach and R. Valicky, Enthalpy Changes, Heat of ¥usion and cific Heat
of Pesic Bxplosives, PATR No. 2504, Jenuary 1959, Specific Beat

P



AMCP 706-177

. ] ,.,\ Composition B, Desensitized
Y Compesition; I* II** Meleculer Waight: E -—ﬁ“
, % - — —Sas Lyclonite Ses Cowp B

RIX & 5.2 Oxygen Balence: )
' BT aded, (Stanodind ko -0 o % See Cyclonite See Cowp B
: g’;'u stowex, 1650, 5 co See Cyclonite See Comp B
: Vinylseal {MA28-14), » Density: gin/re Cast 1.65 1.65
. added
. Vistanex {Bl120 1.2 Melting . "
: Albecer Wﬁx ) 3.6 Point: *C
X C/H Ratio Freczing Poim: °C
. impeact Semsitivity, 2 Kg We: g 1% Belling Point: *C
! Bureau of Mines Apparatus, cm 95
X Sample Wt 20 mg Refroctive Index, ng
. Picatinny Arsenal Apparotus, in. 1k 13 e
- Sample Wt, mg 17 16 M
f n

: . Steel Shoe Unaffected cc/40 Hrs, ot
. Fiber Shos Unaffected 90°C
; Rifle Bullet Impect T Tricls 100°¢
. oot rig o
: % It II* :2:‘2 -9 0.92
. Explosions 0 ) e - -
: A Portials o o 150
> 1 Bumed 5 0 300 Geam Bomb Send Test:  I* IIss ‘
IO Unotfe:ted 95 100 Sond, gm 52.7 55.0 '
T | esplesien Te  seeture: c I* b Sensitivity te Initietion: I ™
+ Seconds, 0.} (no cop used) Minimum Detonating Chorge, gm
' 1 Mercury Fulminate
¢ 5 Decomposes 260 270 Lead Azide 0.22
: 10 Tatry!
. 15 —
’ 20 Bellistic Morter, % TNT:
! Treuzl Test, % TNT:
’ 75°C Internstionail Hoat Tost:
‘ % Loss in 48 Hrs Pists Dent Test:
M Method
. 10 C Moot Tost: ™ IT** Condition
. 9 Loss, Ist 48 Hrs 0.05 0.12 Cm‘ff"d
. % Loss, 2nd 48 Hrs 0.19  0.18 Density, gm/cc
\ Explosion in 100 Hrs None None Brisance, % TNT
' Detonation Ra's: -
; Flammebility Index: Confinement
. —  Condition
: Hygroscepicity: % Chorge Diameter, in.
! 30°c, 904 mH 0,00 0.00 roe Mlometer, In
- Density, gm/cc
Veo'stitiry; Nil Nil . Rate, reters/second

#*Desensitized Cows P, designsted I, uses em.lsified vax.
»xgeng tized Comp 3, designsted II, uses _.2tied RDX.

51




AMCP 706-177 Compoyition 3, Desensitized —
Frogmentation Test: Shaped Charge Effectiveness, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Jones  Steel Cones
Der:sity, gm,cc Hole Volume
Charge Wt, ib Hole Depth
Total No. of Fragments: Color: Yellow-browr
Tor TNT
For Subject HE
Principal Uses: RBombs
3 inch HE, M42A1 Projectile, LotIiC-S: -
Density, gm/cc 065 i .65
- Chorge Wt, Ib 0.87 0.86
Totol No. of Fragmants: , Mzinod of Loading: Cast
For TNT 51k Sa
For Subject HE 609 659
Louding Density: gm/cc 1.6%
Fragment Velocity: {t/sec
At 9 ft
A 2516 fr Storage:
Density, gm/cc
Method Dry
Blast (Relative to TNT): Hazard Class (Quantity-Distcnce}  Class 9
3 Air: Compatibility Group Group I ——
Peak Pressure
Impulse Exudation
Energy
Viscosity, poises: I* II**
Air, Confined: £2d - _
Impulse Terp, 83°C 3.5 3.1
9502 2.6 2.7
Under Water:
Peck Pressure References:
| f
mpulse (a) See the following Ficatinny Arsenal
Energy Technical Reports on RDX Compusition B,
Desenisitized:
Underground:
Peak Pressure 1 3 Z i
I I
mpulse 211 1313 1437 1750
Energy 2053 1565
*lesencitized Comp B, decirnrted ', uses
enuleified wax.
**Deger.s{tized romp B, deci :oted II, uses
coated DX,
g
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Coopraition € AMCP 706-177
Compeaiiien: Molocular Weight:
%
RIX 88.3 ma;: ;‘Mz
Pl .sticizer, non. Co % |
explosive 11:1‘ : gmrce
*Nonexplosive oily plasticizer contsining — e L ]
0.6% lecithin. Maobing Point: °C
C/H Ratis Freaxing Peiat: "C
[ tmpoct Senritivey, 2 g Vi Boiling Point: °C
Bureau of Mines Apparotiss, cm 100+
Sompie Wr 20 mg Refrective Index, ng
Picatinny Arsenal Apparatus, in. : n2
Somple Wt, mg 2
N “g
Feiction Pondilum Toot: Vecwem Snbi'ity Test:
Stesl Snoe c¢/40 Hrs, ot
Fiber Shos 90°C
) N 100°C 0.3
Rifte Bulint Ir2noer Tost:  Trials 126-C : 0.7
% »
Explcsions 0 ‘:?rc
Portials 0 150°C
Burned o 200 Grom Bomb Sond Test:
Unoffected 100 Sand, gn 6.5
Rxplorion Tompereture: c Sansitivity te Initiotion:
Suconds, 0.1 (no cop used! Min.mum Detonating Charge, gm
1 : Mercury Fulminate
S Decomposes 285 Leod Azide 0.25
10 Tetryl 0.11
15
2 Bellistic Morte:, % TNT:  (a) 120
: Trows! Test, % TN':
75°C lnternstione! Heot Tost:
% fLoss in 48 Hry Plote Dent Test:
Method A
100°C Heat Toot: Condition Hend Temped
% Loss, Ist 48 Hrs ¢.0L Confined Yes
% Loss, 21:¢ 4R Hrs 0.00 Density. gm/cc 1128
Explosion in 100 Hrs Neue Brisonco, % TNY
- Delonation Rets:
Flommebility Indox: Conti R
Py Condition
Hygrescoplclty: % 30°C, 95% KB 0.25 Chorge Diomater, in.
‘ . Density, gm/cc
‘o’ otility: 25°c, 5 day 0.
ve ) g ’ * o0 Rote, neters/second

— ——
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AMCP T06-1T7

Corposition ©
Fragmentotion Tost: Shapad Chorge ulo(dnu-. TNY =( 100: ]
f) 8)

90 mm NE, M7 Prajaeilis. Lot WC.91: Gloss Cones  Steel Cone:
Denaity, gm/ce Hole Volume 113 us -
Charge W, Hole Depth 101 s
Totol No. o Frogmenits: Colont Waite

For T .
For Subject HE
Poincipel Usent Plastic dewolition exslioceive
3 insh HE, MEIAY Projestile, Lot KC-S:
Dersity, gm/ec
Chorge W, b
Yotal No. of 'u—-m Mothed of Lotk Band a
For TNT
For Subject HE
Loadiag Denslty: gm/cx 1.49
Fragment Veloelty: ft/sec .

A9t

Ay Seerepe:

Density, gm/ce

o/ Mathod Ixy
Dlsst (Relobive 20 TNT): Hozord Closs (Quontity-Distance)  Class 9

Aln Compotibility Group Oroup I
Peck Pressurs
lnpulse Exudotion  Erudes abova 40°C
Energy

“. w‘ m.ticig:

Impules Belov 0°C Brittle (0°C)
0-4o°c Plastic

Undor Weter: Avove 40°C Exudes (40°C)
Peck Prassure
Impulse Daterences:

Enargy Se» references for Composition C-h.

Undergronnd:

Peok Presture
impuise
Energy
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Composi tion C-2 AMCP 706-17T7
07“""" Meloculer Waeigt..
RIX 8.7 Oxygen Belones:
™T 5.0 <0 %
™T 12.0 0%
w7 2.7 -
o 0.6 Danslty; gm/ec
Solvent 1.0
Melting Point: ‘C
C/H Rotio Frossing Peiat: °C
lmpoct Sonsitivity, 2 Kg WN: Bailing Peint; *C
Bureou of Mines Apporonhs, tm K%
Somple Wt 20 mg Refractive indes, nS
Picotinny Arsencl Apporatus, in. °
w WQ, mg A
nS
Toot: Yacuum Srobility Tost:
Steel Shoe ¢c/40 Hrs, ot
Fiber Shoe 90°C
100°C .
Rifle Bullet lmpect Test:  Trioks 120C ';’ g
% .
Explosions o '35.C
Burned 0 200 Grom Somb Send Toor:
Unaffected 80 Sond, gm k1.5
Explosion Temparsture: *C Seasitivity te iniistion:
Secends, 0.1 (no cop used? Minimum Detonating Chorge, gm
1 Mercurv Fulminots
5 Decomposes 265 Leod Azide 0.25
:: Tetryl 0.10
20 Seftistic Merter, % TNT: (a) 126
Trous! Toot, % TNT:
75°C Internctions! Moot Teet:
% Loss in 48 Mrs Pote Dont Tost: {e)
Mathod B
100°C Moat Teot: Condition Hand tamped
% Loss, Ist 48 Hrs 1.8 Confined %o
% Loss, 2nd 48 Hrs 1.k Dersity, gm/cc 1.52
Explosion in 100 Hrs None Brisance, % TNT 111
Detenction Rete: {4)
Fommeabliity inden: 178 Condi : Sone
Condition Hand temped
e pieky: % 30°C, 95% RH 0.55 Charge Tacnater, in. 1.0
Oc da ] Density, gm/ic 1.57
Velotitey: 25%C, 5 days 0.00 Rate, neters/ 7660

St

oy




AMCP 706177 Composition C-2
Frogmaontetion Toot: Shoped Chorge Effectivenses, TNT = 100:

90 mm ME, M71 Projactile, Lot WC-91: Gloss Cores  Steel Cones
Density, gm/cc Hele Volume
Cnarge Wt, b Hole Depth
Tetel No. of Frogments: ;

for TNT Coler; White
For Subject HE
Principel Uses: Plasstic demolition explosive
3 inch HE, MA2A) Prejectile, Lot KC-3:
Density, gm/cc
Charge Wt, it
Tetel No. of Fropments: Method |
of Loading: Hand tamped
For TNT : ;
For Subject HE
Loading Denslty: gm/cc ; 1.57
Frogment Yelocity: ft/sec

At 9 ft

At 254 £ _Sterage:

Density, gm/cc

Mathod Dry

Biast (Refetive te TNT): Hozord Closs {Quontity-Distance) Tlass 9
] Compotibility Group Group I
Peak Pressure
Impulse Exudation Volstilizes above 52°C
Energy

Alr, Confined: Plasticity:
Impulse
meu Beley 0°c Plastic (-30°C)
Q=-40"C Plastic

Under Weter: b 0 q *
Pk Presaire sbove L0%C Hard (52°¢)
. pulse *Due to volitalization of plasticizer.
Xnergy

References:

Undcnyround: -
Peak P See references for Ccmposition C-k.
Impulse
Energy
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Compusition C-3 AMCP 706-177
Oo:uhbn: Melacuiar Weight:
RIX 14 Oxyg.n Relanca:
Tetryl 3 oL
INT 5 co%
INT 10
MNT 5 Deneity: gm/ce
L 1
Molting Point: °C
C/H Ratio Froasing Peist: *C
lmpoct Senshivity, 2 Kg We: Salling Peiat: °C
Bureou of Mines Apparotus, cm 100+
Somple Wt 20 mg Refractive Index, nl
Picatinny Arsenal Apparatus, in. 1k ne
Sample Wt, mg 33 =
L
Friction Pondulom Test: V. Teut:
Stee! Shoe Unaffacted cc/40 Hrs, at
Fiber Shos Unaffected 90°C
100°C 1.21
Rifle Bullet lmpoct Test:  Trials 120°C i+
% .-
Explosions ") 135:.
Portials %0 A%0°C
Burned o 20 Gram Bomb Sond Test:
Unaffected &0 Sond, gm 53.1
Explosion Temperature: *C Sensitivity te initiction:
Seconds, 0.1 (no cop used) Minimum Detonoting Charge, gm
1 Maercury Fulminote
S Decomposes 280 Leod Azide 0.20
10 Tetryl 0.08
15
20 Dollistic Morter, % TNT: (a) 126
Trousd Test, % TNT: (v) 117
75°C international Hoot Toot:
% Loss in 48 Hrs Plote Dent Toot: (c)
Method B
100°C Hoot Tost: Condition Hand tamped
9% Loss, Vst 4B Hrs 3.20 Confined Ko
% Loss, 2nd 48 Hrs 1.63 Density, gm/cc 1.57
Explosion in 100 Hrs None Brisance, % TNT 118
Deteastien Rete: {a)
Flammebility index: Confi None
Condition Hand tamped
Hygroscopicly: %  30°C, 95% RH 2.5 Charge Diometer, in. Lo
Density, gm/cc 1.60
olatitiny: 0
v ) 25%, 5 aays 1.15 Rote, meters/seccd

7624
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ANCP 706-177

Composition °=3
Froginantetion Tost: Shaped Che rge Efactivencas, TNT = 108:
0 ue L W!Wu*ﬁ-’l: Gicas Cones  Stes! Cones
Derait;: gmice 158 Hoie Volume
Charge Wt, B 20b5 Hole Depth
Totel No. of Frogmsenis:
Caler:
For TNT T03 Yellow
roc Subject HE ol
Principsl Yoss: Plastic demolition explosive
3 Inch HE, MESAT Projectile, Lot KC-S: :
Deruity, gm/cc 1.60
Chorgo W, ib 0.8k2
Totel No. of Frogmenis:
Mothed of Losding: Hand tamped
For TNT 51k
For Subject HE 671
Laeding Denslty: gm/cc- 1.58
Fragment Velocity: #t/sac
A9 ft
At 284 & Soerege:
Density, gm/c .
Maethod Dry
Blest (Reletive o TNT): Haozord Closs (Quuntity-Distance} Class &
Alr: Compatibility Group Group I
Pack Pressure 105
Impesise 109 Exudation Exudes at 77°C
Energy
Alr, Confined: Plasticity:
Impulse Below 0°C Hard (-29°C)
c-40°c Plastic
Under Water: Above 40°C Exudes {77°C)
Peck Pressure
Impuise Booster Sensitivity Test: (n}
Energy Condition Pressed
Tetryl, gm 100
Undorground: wax, in. for 50% Detonmstion 1.36
Pecak Pressure Density, gm/rc 1.62
Impulse
References:
Energy I
See references for Composition Ceb.
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Composition C-b AMCP 706-177
Lo
o ‘ Cu:ﬂhax Mosscular YVeight:
ROX 1 Oxygen Selance:
s CO. %
+  Plasticizer, non- CO %
i explosive 9* -ty gro/cc
#* Contains polyiscbutylene 2.1%; mocor oil r— s
1.64 and di(2-ethylhexyl) sedacate 5.3%. Molting Pele?: °C
C/H Rotio Freesing Polnt: °C
Jmpuet Sensltivity, 2 Kg W: Beiling Pyin: °C
Bureou of Mines Agpoaratus, cm 100+
Sumple Wt 20 mg Refractive Index, nf,
N Picotinny Arsenol Appoarotus, in. 19 °
Somple Wt, mg 21 Ps
n3
Friction Pendulum Test: . Vacoum Stebility Tost:
Stes! Shoe Unaflected cc/40 Hrs, of
F7 v« Shoe Unafiected 90°C .
100°C 0.26
Rifle Bullet tmpeact Test:  Trials 120-C
. % L]
w8 =
Porticls 0 .
Burned 20 200 Gram Bomb Send Test:
Unaffected 8o " Sond, gm 55.7
/‘“\. .
| Expierion Tomperature: °C Sensitivily t» Initietion:
. Secands, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate
5 2% Leod Azide .20
0 Tetry! 0.10
15
20 _‘IM Mcter, % TNT: (a) 130
Treusl Test, % TNT:
75°C In «rvgtional oot Tost:
9% Loss in 48 Hrs Plste Cont Test: (¢)
X ethod B
—I"oc Horo Teet: CO"ldfﬁ(oﬂ Hang tamped
% Loz, it 48 Hrs 0.13 Confined No
% Lows, 3n1 4B Hrs 0.00 Density, gm/cc 1.t0
Exp! 7/on in 100 Hrs Yicne Brisance, % TNT 15
Detenstion Rcte: ()
Flammebility Index: Confinement None
Condition Hand temped
Hygrescopicty: % 30°C, 954 RH Fi1 Chame Ciomaeser, in. 1.0
— Demity, gm/cc 1.59
Velotility: Rote, meters/se.ond Soko
5
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AMCP 706177 Caposttion C-h ‘
‘ . { 4
Fragmentetion Tov Shoped Charge Bifoctivensss, TNT = 100: My
L]
90 man NE, M71 Projectile, Lot WC-91: Gloss Cones  Stael Coras : I
Deraity, gm/cc . Hola Voiime -1
Charge Wt, b Hole Depth {‘
«ol No. of Progments: Color: Light browu
For TNT é
For Subject HE
Prinedpc] Uses: FPlastic demolition explosive 3
3 inch HE, MAZAY Projoctih, Lot KC-3: i
Dersity, gen/cc -
Charge Wt, Ib ;
: i
Totel Mo, of Frapmeats: Mathed of Loadig: Hand tamped 5
For TNT . :
For Subject HE f
Leeding Deneity: gm/cc 1.60 .
Frogment Velnclty: ft/sec ‘ <
A9 ft .
Ar25% fr Steruge: .
Density, gm/cc :
Math-d Dry .
. \
Blast (Relative o TNT): Hozard Closs (Quontity-Distonce)  Cless 9 ‘
P
. { o
Ale: Compotibility Group Group I \" :
Peok Pressure ¢
Impulse Exudation None at 77°C '
Energy :
Confined Effect of Temperature on (1) .
N'l‘mpulu : Rate of Detonation: ' .
16 hrs at, °C -54 21
Under Weter: Density, gm/cc 1.% .35 i :
Peck Pressure Rate, m/sec 7020 7040 Fr -
impulse .
Plastici tx: .
Below 0°C Plastic (-57°C) ..
+ 0-40Y¢ Plastie .
Peck Pressure Above hooc Plastic (T°¢) .
Impuise ’
Energy :
i
60
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Compositions ¢, C-2, C-3, C-b AMCP 706-177

tion:

In manufacturing Cumposition C-3, the mized plasticizing agent is heated in a meliing kettle
at 100°C. Water-wvet RIX is added and heating and stirring are continued until all the wvater is
evaporated. This mixture is then cooled and hand pressed into demol!tion dlocks or spescial item
ammni tion.

Composition C-4 in premared by hand kneading snd rolling, or in a Schrader Bowl mixer, RDX
of 4 micron size or less with the polylacbutylene-plasticizer previously mede up in ether. The

thorcughly blended explosive is dried in air at 60°C and loosely packed by hand temping to ite
maximum density.

n

Developed by the British during World War II as & plastic explosive which could be hand
shaped. It was standerdized in the United States during World Var II and subsequent development
led to mixtures designated C-2, C-3 and (-k.

Destruction Chemical De ition: .
Composition C-3 is decomposed by adding it slowly tc u solution composed of 1 1/k parts
soaium hydroxide, 11 parts ater, and b perts 95% alcchol, heated to 50°C. After addition of
Composition C-3 1s complete, the solution is heated tc 800 and maintained at this temperature

for 15 minutes.

References: 1 .

(a) Committee of Div 2 snd 8, ¥ %e, Report on HEX and Tratonal, OSRD No. 5406, 31 July 1945.

(b) Philip C, Xeenan and Dorothy Pipes, Table of Military High Explosives, Second Revision,
NAVORD Report No. 87-46, 26 July 1946.

(¢) D. P. MacDougell, Methods of FPhysical Testing, OSRD Report No. 803, 11 August 1942.

L. C. Smith and E. G. Eyster, sical Testing of losives, Part III - Miscellaneous
Sensitivity Tests; Performance Tests, O Report No. 5Tho, De er 1945,

(2) G. H. Messerly, The Rate of Detonation of Various Explosive Compounds, OURD Report No.
1219, 22 February 1943.

M. D. Hurwitz, The Rate of Detonstion of Various Compounds and Mixtures, OSRD Report No.
5611, 15 January 1946.

%ée) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture, G April
1948. -

(r) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Sec IT1, Variation of Cavi-
ty Effect vith Explosive Composition, NDRC Covtract Wo12-ORD-5723.

(g) Emstern i;boratowy, Gu Pont, Investigation of Cavity Effect, Final Report, 18 September
1943, NDPC Contract W-6T72-CRD-5T23.

(h) L. C. Smit erd S. R. Walton, A Consideration of RDX/Wax Mixtures as & Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.
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ISee footnote 1, page 10,
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AMCP 706177 compositions ¢, £:2, G-3, G-k ~
. . S i
(1) W. ¥, McGarry snd T. W. Stevens, Detonation Rates of the More Iwportant Nilitary Bxplo- ¢
sives at Seversl Temporetures, FATR Fo. X3, . :,
(3) Also see the following Picatinny Arsenal Technicel Reports on RIX Composition C: J
° i 3 5 2 ] 1 8 2 ¢
c 1260 1293 _ 1518 L
m—- lpa :
C-2 1293 186 1518 b
1611 113 215 1595 141 1797 1518 :
1695 1556 2028 !
1885 1766 :
Comp C-b 1766 1907 1828 1819 L
1958 i
;
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Copper Chlorotetrssole ANCP 706-177
C‘;Pﬂ'm Meloculer Weight: (CuCoNaClp) 271
c 8.9 K=K Oxygen Belesce:
Il ca co, % -
N 41.5 K CO % -1t
Cu
a 26.2 1__ Deneity: gm/cc 2.0k
u 23.h ',_ Molting Point: *C
C/H Rotio Frosuing Peint: °C
Impect Sensltivity, 2 Ky Wr: Boiling Psiat: ‘'C
Sureou of Mines Apgaratus, cm —
Sample Wt 20 mg Refractive Index, n2
Picotinny Arsenal Apporatus, in. 15 (1 1b wt) 3 °
Sampile Wt, mg 9 N
e
Friction Pendulum ‘Test: Vecwem Stebifity Tost:
Stael Shos Bxploded cc/40 Hrs, ot
Fiber Shoe Exploded 90°C
e 100°C
Suller Impect Tost:  Triols 120°C
Explosions % 135°C
Partials 159°C
Burned 200 Crem Bowb Send Test: ()
Unatfected B&g’ r fuse 27.4 g .
Expission Tempeoreture: °C Sensitivivy to Initistion:
Seconds, 0.1 (n. cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate
5 305 Leod Azide 0.20  0.%
10 Tetryl 0.10 .
15
20 Bellistic Morter, % TNT:
Trouzl Test, % TNT:
75°C Internotions! Hoot Tont:
% Loss in 48 Hrs Piste Dent Test:
Method
300°C Heot Tont: Condition
% Loss, Ist 48 Hrs 2.67 Confined
% Losc, 2nd 48 Hrs 0.10 Density, gm/cc
Explosion in 100 Hrs None Brisonce, % TNT
Dutoretion Rete:
Flommebility Index: Confinement
- > Condition
Mygroscopicity: %  20°C, 90% RH 3.11 Chorgs Diamater, in.
Density, gm/cc

Veletility:

Rote, meters/second

63
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‘ AMCP 706-1T7 Copper Chlorotetrasole i
: - — - - . Y., . LS
o Frogmentotion Tost: Shaped Ciorye 2Nontivenam, TNT = 108: ‘ E ;
. t
kN 90 mm ME, M7T Projoctile, Lot WC-91: Giloss Cones  Steel Cones s f?
| Dersity, gm/cc Hole Volums :
Chorge WA, Ib Hole Depth {
i
Totel No. of Frogments: Hve 18
v For TNT :
o Subject HE ’
! For Principel Usen: Primry explosive
§ 3 lnch HE, MA2AY Projectide, Lut KC-S:
E Deruity, gm/cc ’ i
Chorge Wt, b )
Totel No. of Fropments: Mothed of Leading: Pressed : ]
For TNT .
For Subject HE
Looding Demllys gm/ce P81 X 109 (c).
‘ 10 'ma{o b 70 !
lmvm fr/sec 1.9  1.63 1.7h 1.86
At 25% #t Sterep:
Density, gm/cc Vet :
Blast (Relative b0 TNT: Hazord Class (QuontityD:.ize) Cinss 9
: o~
Alet Compatibility Gre.:s Sroup M y !
impulke Exudation None : '
Energy :
v, Steb_Sensitiv:ty: () :
impuise Demsity Firing Point (inch-ounces) .
| | o 8 % 108 :
Under Weter: .
Pook Prossure 1.29 g 1 ?;g .
1.63 5 10
tmpui> 1.7k 6 . 9
- Energy 1.86 b r 6
Heat of: ¢
Pack Preseurs -
Energy Specitic Heat, cal/gn/’c
Temp renge G°-3°C 0.155
Wt of semple, gv 0.8910
64 S
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; ; Copper_Chlorotetresole - AMCP 706177
I~
t 2} ‘.
i Propareticn: (e)
Five srams of 5-sminotetrazole are dissolved in a mixture of 200 ml of vater and 70 ml of

! concentrated BCl. Puough kerosene or nujol (vhich gives s slightly cleaner product) is added
1 to provide & layer of oil epproximately 1/h" thick oa the surfsce. With only moderste stirring
. apd external cooling to 10°-15°C, & solutinm of 5 srems of sodium nitrite in 70 cc of wter is
H added rapidly by mesns of a buretts extending below the oil layer. Immediately after this addi.
f tion, &« solution of " gw of cupric chloride in & minimum smount of water is added all at once,
1 aud stirring is continued for about 1 hour. The re. ' ion mixture is alloved to stand for a few

minutes till the bright blue copper salt geparetes. ‘he oil is remorad by decantatioa and may
{ be reused. The salt is filtered; washed with wete~ alcchol, and «iker; and dried - giving &
! yield of 6 grems or The.
! H
i . HONO I g

\c-m,‘, TR | >c- B = Ne—Cl- +2H,0
! Ne— F—¥
[N ' ’H
; N—KN B~—N
4 l CCl ¢ Cut+ l \C Cl+N
- 2

| . S—n" /
' \ ¥—XN
; Cu
i /7
! e
} \c01 :
; ’
; —N

Origin:

The copper salt of S-chlorotetrazole was first descridbed in 1929 by R. stolle (with
B. Schick, F. Benke-Stark and L. Krasuss) who prepered the compound by reection of the diazo-
nium chloride of 5-aminotetrazole with copper chloride (Ber 624, 1123).

sadwe Gttes. -

References: 12

(2) R. J. Gaughrar and J. V. R. Kaufman, Synthesis anl Properties of Halot:trazole Salts,
PATR Bo. 2136, Pebruary 1955.

(b) A. M. Anzalone, J. E. Abel and A. C. Parsyth, Characteristics of Explosive Substences, -

for Applicstion in Amsunition, PATR No. 2179, May 1955. Y
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(¢) A. o. Forsyth, Pfc, S. Krasner and R. J. Gaughran, Develggt of g‘z;tim ?10!17&
Trains. An Inves tion Concerning Stab Sensitivity versus ng Y Sowe Ini ing
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AMCP 700-177 . -

s s
;

. ! Cranuric Triazide N
; "‘;b""'*"* Melocular Weight:  (C3y ) 20k '
‘ c 17.6 K Oxygen Bolence:
T 3 CO. % AT.1 S
N 82.4 COo % . -23.5
l/ \n Denalty: gm/cc Crystal 1.54
- llrl !-ll3 Mebting Point: °C 9h
o M Ratio / Froosiag Poiat: °C o
" lmpact Sensitivity, 2 Kg Wt: Beiting Point: °C
Bureau of Mines Apporotus, cm 1 kg wt 7
Somple Wt 20 mg Retractive Index, 03,
Picatinny Arsenal Apparotus, in. - .
Somple Wi, mg - LH
. v
Friction Pondulum Teut: Vecwom Stebility Test:
Stee Shoe cc/40 Hrs, ot
Fiber Shos . 90°C
. 100°C
Riffe Bullot bmpoct Tost:  Triols 120
Explosions * 15C
Portials 150°C .
Burmed 200 Grasn Bomb Send Toet: :
v Unatected Sand, gm 2.2 % -
; Explasion Tomperature: C Sensitivity te Initistion: . §
i Seconds, 0.1 (no cop used) 252 Minimum Detonat ng Civarge, gm e 3
i ] Mercury Fulminate -
5 Lead Azide 0.20
10 Tetryl 0.10
15
20 Bellistic Morter, % TNT:
Trouzl Test, % TNT:
75°C lnternations! Heet Tast: .
% Loss in 48 Hrs Plote Dent Test: \
! Method
100°C Heot Tont: Condition . \
% Loss, Ist 48 Hrs Confined ) )
- 9% Loss, 2nd 48 Hrx Dfﬂﬁ-hn gm/cc )
Explosion in 100 Hrs Brisance, % TNT .
Detonetion Rets: )
Plamnsbility iudex: Confinement -
' Condition -
% Charge Diameter, in. - 0.3
v 5 Density, gm/cc 1.15 -
sletlily:  Decomposes above 100°C Rofe, meters/ 5550-5600
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ANCP 706-17T7

\ Cysnuric Triszide
Fragmentetion Tost: Shaped Charge Effectivensss, TNT = 100:
90 mm HE, M7} Projoctile, Lot WC-91: Gloss Cones  Stee! Cones
! Dergity, gm/cc Hols Volume
Chorge W, b Hole Depth
]
} T‘;:;: : Calor: Coloriess
For Subject HE
Principel Uses:  Not used becsuse of difficulty
| 3 lnch HE, MA2AT Projoctile, Lot KC-S: in contrrlling sensitivity.
': Deraity, gm/cc
3 Civirga Wi, b
Total No. of Frogments:
Maethed of Laoding: Pressed
For TNT *
For Subject HE
Leadiag Density: gm/cc
At 200 stmospheres 1.4
'm Velocity: ft/sec At 800 atmospheres 1.5
At 254, # Sterege:
i Density, gm/cc
] Mathod
i Wiset (Reistive te TNT): Hezord Class (Quontity-Distonce) Class 9
4 -
g Al Comgpatibilits Grouvp
¢ Peck Pressure
: Impuise Exudotion None
| Erer
t Ak, Confined:
f Impulse
' Under Water:
Peok. Pressure
: impulse
| Energy
E Undorground:
. Peok Pressurs
\ Imputse
i Energy
i
i
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AMCP 106177 ramurtc Trissie
Preparation:

By the reaction of cyanuric chloride wvith an aqueous solution of sodiva aside:

A /\

-C1 aeC C-ny
+ Wal, — | i + 3NaCl
R 3 ).
N N
a LN

Recrystallizaiion should be avolded as it lesds to very large crystals vhich explode when
broken.

origin:
Cyanuric Trizzide wvas prepared ia 1847 by Cahours from chlorine und wethyl cyanste.
Iater Jawss improved the process (JCS 51, 268 (1887) end in 1921 E. Ott petented the prepars-

tion frow cysnuric chloride and sodium sxzide (Ref b) Taylor and Rinkendach prepared cyanurie
triazide in & pure state and determined its properties (Ref c).

Initia Efficiency:
Reported to be more efficicgt then lead azide. Capeble of initiating Explosive D.

Solubility:

Insolubie in water; readily soludble in hot ethanol, acetone, benzene, snd ether.
Beat of:

Yormstion, cal/gm -1090 to -1138

References: 13

(a) A. H. Blatt, Compilation of Data on Organic Pxplosives, OSRD Report No. 2014,
Pebruary 194k,

29
(b) oOtt and Ohse, Ber 5, 179 (1921).
(¢) Teylor and Rinkenbach, Buresu of Mines, RI 2513 (1923).
Taylor end Rinkenbach, J Frenk Inst 204, 369 (1927).

H;u footnote 1, page 10.
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N Cyclonite* (RDX) AMCP 706-177
cu;:uuh-x & Molsculor Wolght:  (C3HcNc04) ®2
. - - Oxygen Balence:
¢ 16.3 0¥ I | W2 CO: % -2
K 37.8 \n Denslty: gm/cc Crystal 1.82
0 h3.2 L:z Mebting Point: °C 20h
C/H Rotio  0.095 Freszing Peiat: *C
fopect Sensitivity, 2 Kg W: Beiliag Point: *C
- Bursou of Mines Apparatus, em 32
Semple Wt 20 mg Refractive Index, nS
Picatinny Arsenal Appargtus, in 8 o
Somple Wt, mg 18 Mg
(-]
Friction Pondulum Toot: v Stability Took:
Stesi Shoe Explcdes ¢c/40 Hrs, ot
Fiber Shoe Unaffectel 90°C
100°C 0.7
Rifle BuMtet lmpoct Toar:  Triaks 120°C o9
% 135°C .
Explosions 100
Portils 0 150°C 2.5
) Burned o 200 Grom Bomb Sond Teot:
’ Unoffected ] Sand, gm 60.2
Explosion Tompersture: °C Soncltivity to lnltietion:
Seconds, 0.) (no cop used) LOS Minimum Detonoting Charge, gm
1 6 Mercury Fulminate 0. 19%
S Decomposes 260 Leod Azide 0.05%
10 20
15 235 |+ Avveriliive snitiating chocges,
20 - Bolliotic Morter, % TNT: (o) 150
Trous! Tost, % TNT: () 157
75°C intornetions! Hoot Tost:
% Loss in 48 Mrs 0.03 Plate Dent Tost: (e},
Method A
100°C Moot Toot: Condition Pressed
% Loss, Ist 48 Hrs 0o Confined Yes
9% Loss, 2nd 48 Hrs 0.00 Density, gm/cc 1.50
Explosion in 100 Hrs None Brisance, % TNT 135
Detenstion Rete:
Flommebility Index: (d) 278 Confinement None
Condition Pressed
Wygroscopickty: % 25°C, 1004 RH  0.02 Charge Diometer, in. 1.0
rotility: Dersity, gm/cc 1.65
v : 1 Rate, meters/sacond 8180

#Name given by Clarence J. Bein of Picstinny Arsenal.

it T4; British, RDX.

Germans cell it Hexoren; Italians call
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ANCP 706-177 Gyelonite (RIX) ~
’} s T
Bectter Scasltivity Test: Desoncposition Squetion: {1) .
Condwion ?zv;m.) atoms/sec 1018:3
Toteyl, gm o ‘
Heat, kilocolorie/mole &7,
‘Wax, in. for 50% Detonotion (AM, w/m), 7.3
Wox, gm Temperoture Ronge, “C 213.299
Density, gm/cc Phase Liquid
Hnet ob: Armor Impost
Combustion, col/gm 2265 Piete Tou:
Bxplosion, col/gm 128¢ 60 mm Morter Projoctile:
Gas Volume, ec/gem 908 50% inert, Valocity, ft/sec
Formetion, cal/gm -85 Aluminum Fingness
Solution, cal/mol (28-55% WY1} 7.169% :
*Assuning cyclonite unimoleculal ' 500-1 Genarel Purpase Bombs: <
Spocific hveat: cal/gm/°C
oc L % Plate Thickness, inches
20 0.298 100 0.L406 }
ho 0.33%1 120 o.k27 1%
60 0. 360 1o 0. L6 1
8o 0.4
’?_‘ !‘
/s Somtb Drop Tout: ]
Therme! Conduetiviy: (b) i o
colfsec/on/*C  1.263  6.91 x 107 77, 2000 Semi-Armer-Plorcing Bomb vs Concrate: | | '
| Deusity, gnjcc  1.533 6.9 x 10 e
. o B A Max Sofe Drop, ft
Linsor, %/°C 500-8 Gesrs! Purpese Bomb v Concrote:
Volure, %/°C H‘W f
Trials
“Naoduam, Mohe' Seale: 2.5 Unaffected
Low Order
Young’s Medulss: High Order .
€, dynes/crm?
€, b/inch* 1000-1 Genecel Purpose Bomb vs Concrote:
Dersity, gm/cc
Height, ##
Caciwomive Strength: ib/inch® Trials
5 Unoffected
Ve remore: Low Order
*C mm Mercury High Order
70 U
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clonite (RIX) AMCP 706-177
Frogmentotion Tost: Shoped Cherge Effectivenaes, TNT = 100:
9% mea NE, M71 Prajectile, Lot WC-: Gloss Cones  Steel Cones
Dersity, gm/cc Hole Volume
Chorga W2, b Hole Depth
Total No. of Pragments:
For TNT Coler: white
For Subject HE
Principel Uses: Detoustor base charge, and
ingredient for projectile and
3 lnch HE, ME2A1 Frajectily, Lot XC-§: bomb fillers
m: Wec
Charge Wt, b
Teotel No. of Fragments:
Mothed of ed
For TNT Losding: Press
For Subject HE 3
. h-‘-gll-ﬂn (-4 pasi x 10
; g“/ 10 12 15 20
!mvm f1/30c 1.6 1.52 1.60 1.63 1.65 1.68
At 25y fr Storege:
Density, gm/cc
Method Wet
Blast (Reletive t2 TNT): Hozard Closs (Quontity-Distonce) Class 9
Ale: Cosng atibility Group Group M {vet
Paok Pressure Group L (dry
impulse Exudotion None
Erargy
Effert of Temperature on
Ale, Confined: .
vy Rate of Detonation: (x)
16 hrs st, °C -5k 2
Under Weter: Density, gm/cc 1.61 1.62
Peck Pressure Rate, m/sec 8100 8050
impuise
Effect of Temperature on
Energy Impect Sensitivity:
Undorground: Temp. FA Impect Test
Pook Pressure oc 2Kg W, inches
. Room 9
Energy 2.2 8
10k 5
n

§
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RIX

loni te

AMCP 706-177

substances: (J)

100 gm of the followi

Solubility of Cyclounite;

- T-X-X-)

_ ~£38388
g

SlPR2888

8883

LX-X-X-}
-
LG LT
§ g
:
Hoggs

Metranol Bther
=X
10
20
kY

tetrechioride
2
0.005
%007
009

Bthyl lcettté
°c -4
2.9
9k 18.

Trichloro-

1
ace

i

o i e s U ncd i B T e B A TN el TN ™ WU £ o U Bl W e MR o T s

&8
il 3438

Saser

0000

4l Srrer

A82Q

8dod

slresr

_9316
> o o o
M N

slare R

. o L - . O
— QO0QOO~

%Tmm&mm

opem e s e

sofynn

NN
o
SNk

Loxide
£

Mesi

Iscbutanol Chloroform
0o

0'

i:

4
33

» 5

il e

1 ketone

1l e
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‘ clonite (RDX AMCP 706-177
\ Qystonite (RIX)
&4 ; .
el Solubility of Cvclobite, Holston Lot E-2-5 in Various Sclvents:
Solubili
gﬂt&%
Mﬁ
nt, Grade or
Solvent o Zmree”  26% Heated talline Form
Acetone 56 cP 8.2 16.5 at 60°C hexagonal-thick
Cyclohexr none 155.6 CP 13.0 24.0 at 93°¢  cubic (masaive foram)
Bitromethane 100.8 1.5 12,4 at 979C pilates
Acetonitrile 81.6 Miacet 11.3  33.5 at 93°C plates
Chen. Co.
1-Mi tropropans G 126.5 XX Pract 1.4 10.6 at 93°C  short needles
2.Mtropropens 120 X Pra. 2.3 11.6 at 93°C  short needles
2,h-Pentanedione 180.5 Curbide & 2.9 18.3at 93°C flat prisms
- ' Carbon
Methyliscbutylketone 15.8 2.k, 9.6 at 93°C lorg prisms
n-Propylacetate 101.6 EXRed Iabel 1.5 6.0 at 93°C long prisms, some
cubic
n-Butylformte 105.6 EX Red Label 1.k  L.6 at 93°C iong prisms
Bthyl acetate T7-1 Beker's P 2.0 6.1 at boil. hexsgonel plates
n-Propylpropionate 121 EX Red Iabel 0.8 1.6 at 93°C  ghort prisss, some
: cuble
Butylacetate 126.5 EI Techuicel 1.1 4.0 at 93°C  long prisms
Methylethylketone 9.6 5.6 13.9 at boil. cosrse plates
Nitroethane 114.2 X Red Igbel .6 19.5 ot 93°C  plates
Isopropylacetate 88-90 P 1.1 3.2 at boil. 1long prisms
—~ Mesityloxide 128 EX Red Iabel 4.8 1h.5 at 93°C plates
. n-Amylacetate 16 cP 1.0 2.1et93°C prisms
. ; Dimethyicarbonate 83-91 EX Red label 1.k 6.6 at doil. plates
" Diethylcerbonate 125-126.5 ©FX Red Label 0.7 3.2 at 93°C prisms
Isonmylacetate 132 CP 1.2 3.6 at 93°C prisms
Ethylpropionate 98-100 EK Red Isbel 3.0 10.7 at 93°C fairly thick hex
plates
¥ethyl-n-butyrsta: 101.5-103.5 EX Red Ladel 1.2 .9 at 93°C needles
CysZ.opentanone 130.6 EX Red Iabel 11.5 39.0 at 93.5°C hexagonal plaies
Acrylonitrile T7.3 Cysnamid Cc. 4.0 16.h st boil. flat plates
Mothyleellosolveacstate 4.5  Carbide & 1.6 8.8 at 93°C massive hexagons and
Carbon prisme
# EX, Eastuan Kodak; Pract, practical.
. 73
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AMCP 706-177 Gyclonite (RD) j
Ereparation: o ) e
(Sumary Technical Report of the KIRC, Div 8, Vol 1) : %
%0 o .
2 ‘ 0
n'/ i i
& |
N 2 2
(CRyig ¥, + bltlo3 + 2MH MO + 6(cn3co)2 0 ozn-q'! B,
. ~N
| o, _
/mmonium nitrate and scetic anhydride are placed in & flask and, vhile the mixture is stirred . . . 7
at T59C, the following three liguids are introduced concurrently and proportionately: acetic an- . Lo R
hydride, concentrated nitric acid, and & solution of hexamine in glacial acetic acid. The fioal ‘ : R i

mixture is held for a short time at 75°C, diluted with water to 0% acetic acid, and simmered to -
kydrolyze unstable reaction by-products, wnich are a mixture of various ritrated and acetylated ! o ;
derivatives of hexamine fragments. After simpering, the slurry is cooled and the precipitated : e -
cyclonite removed by filtration. The yield is 78% of the theoretical smount (2 moles) of cyclo- ‘ W

nite melting at 199°C. By dissolving the ammonium nitrate in the nitric acid, a continuous pro- .
cess, based on 3 1liquids, is possible. i

The product is recrystallized from acetone, or cyclohexanone, to (a) remove acidity, (b)
control particle size and (c) to produce stable ,d-mx. The preparative procedure described
sbove, the Bachmann or Combination process, yields cyclonite containing 3-84 HMX.

ns

Wik,
First prepared by Henning in 1899 (German Patent 104,280) and later by von Hertz (U. S. i
Patent 1, 402,603) in 1922 vho recognized its value as an explosive. Not used on a large scale N

VARG b I : o

in explosive ammnition until World War II. g A
Destruction by Chemical Decomposition:
Cyclonite (RIX) 1s decomposed by adding it slowly to 25 times its weight o boiling 5% sodium ]
hydroxide. Boiling should be continued for one-half hour. .
LY

References: 14

{ (a) I. C. Smith end E. G. Eyster, sical Testing of Explosives, Part III - Miscellaneous ‘
Sensiti ity Tests; Performence Tests, O Report No. y Dec: T S, )

i (b) FPb. Neoum, Z. ges Schices Jorengstoffv, pp. 181, 229, 267 (27 June 1932).
(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report Ko. 803, 11 August 1942,

*-4—““> N (4) Pnilip C. Keenan and Dorotgisp:lpea, Teble of Military High Explosives, Second Revision, T
‘ WVORD Report No. 37-46, 26 July 19L6.

—_—
l%5ee footnote 1, page 10.
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m clonite (RDX) AMCP 706-177

¢) Arvament Regearch Department (Woolwich), Solubility of RIX in Nitrie Acid (ARD Bxpl Rpt
3 September 1943).
(f) Report AC-2587. »
(g) Interpatiooal Criticel Tables
Iand. Bornst.

e ey gy gt A s

B. 7. Fedoroff et al, A Manual for Explosives laboratories, lLefax Society Inec, Phila-
delphia, 1943-6.

(k) B. Rutchinson, The Therxel Psnsitiveness of Explosives. The Thermsl Conductivity of
Explosive Materials, Acm‘mcwﬁ——_——'—_g_, . ~ «os

(1) R. J. Pinkelstein 84 G. Gemow, Theory of the Detonation Process, FAVORD Report No. 90-

e e e e UK, i B PO el O O Ayl A B gr

46, 20 April 19T.
- (5) Interpatiooal Criticel Tables. L
(X) W. ¥. McGarry and T. W. Stevens, Detonation Rates of ilr More t Military Explo- SR
| sives at Several Different Tewperstures, FNIR No. 2353, Movesbe Yo e il e
| (1) Also see the folloving Picatinny Arsensl Technical Reports on Cyclomite:
. o
: 0 L 2 3 L3 H & 4 8 2 N
3 u0 12 582 863 1Bk 65 123 857 WP 709 o
1290 12k 132 1193 141k 175 136 1207 1458 1379 ! §
1360 13 1352 1293 1454 1185 1416 127 1498 1429 4
— 1ks50 21 13712 1433 1614 1435 1446 1437 1578 1kh9 i
Ty 1760 1481 1502 1483 1634 1Lhs5 1466 1517 1838 1469 g
o 1980 1561 1k52 1503 2024 1715 1476 1617 1958 1709 ]
N 2100 161 1492 1693 2154 1855 1516 1687 1958 1909 §
1651 1532 113 220k 1885 1556 1737 2008 2059
1T 2062 1793 1915 1756 177 2028 279 :
1751 202 1923 1935 1766 1787 2178
1761 2095 1796 1797 2198
213 2125 1835 1957
2151 2205 193% 247
1956 2227
2016
2056
. 2176
§
s
'
!
i
+
[
4
4
4
F
H
N 5
§
3
‘,!'
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AMCP 706-177 clotol, T5/2 :
~
“ : 1
Composition: Moloculer Woight: 224 Tt
% - ¢
Oxygon Beloncs: ;
RIX 15 CO: % -35 !
co % -6 :
INT- 25 .
Dannlty: gm/cc Cast .71 :
Melting Peiet: *C ‘
impect Senshiviy, 2 Kg We: Srviag Peiet: °C ;
Bureou of Mines Apparatus, cm :
Somple Wt 20 mg Refrective index, n2 -
Picatinny Arsenal Apparatus, in. o :
Sample WY, mg s :
_ n2 .
Fricti 2 Pondubom Tost: Yocwom Seability Tos: ;
S esl Shoe Unaffected ¢c/40 Hrs, ot .
Fiber Shoe Unaffected 90°C ‘
100°C 5,23 i
Rifle Buliet Impact Test:  Triols 120°C 0.1 .
% . - :
e 3 e g
 Partials Smokes %0 - :
Burned 0 200 Grom Bomb Send Test: .
Unotfected k Sond, gm . ;
Explasion Tomparetore: °c Somoitt ity to Intiation: C:‘ :
Seconds, 0.1 (no .ap used) Minimum Detonating Chorge, om :
1 Mercury Fulmingte 3
5 Lead Azide :
10 Tetryl :
15 :
20 Bellistic Mortes, % TNT: :
Trous! Tout, % TNT: - .
75°C Intornotionsl Hoat Test: .
% Loss in 48 Hrs Plote Deat Toor: -
Method :
100°C Hout Tosr: Condition
"% Loss, Ist 48 Hrs Confined -
% Loss, 2nd 48 Hrs W' gm/cc
Explosion in 100 Hrs Brisonce, % INT
Detenstion Rete:
Flarmability Index: Confinerment None None
Condition Cast Cast
Hygrescopicity: % Chorge Diometer, in. 1.0 1.0
Dersity, gm/cc 1.70 .71
Velotiey: Rote, maters/second 8035 7938
76
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: L
e
' yctotel, T3/25 AMCP 706-177
- : //’\
3 ' -
: : Besster Sonaltivity Test: Decompesition Equation:
s Condition ,Q:ygonw , atoms/sec
: sec
13 Totrr, gm Heot, kilocolorie/mole
: Wax, in. for 50% Detonation (aH, kcol/mol)
'S Wax, gm Temparature Ronge, °C
; Deraity, gm/cc Phose
2 Hoot of:
+ Combustion, col/gm 2625+ Armee Plate lmpoct Teut:
e Explosion, eal/gm 2228 60 mm Martor Projoctile:
] Gos Volume, cc/gm 862 50% Inert, Valocity, ft/sec
. : - Formation, col/gm Aluminum Fineness
" Fusion, col/gm {n) 5.0
3 *Calculated from composiiion of mixture. 500-1 Generel Purpose Sombe:
T, Specific Heat: col/gm/°C ()
! o om/ o & " Plae Thickness, inches
3 - -
H 5 0220 75 0.352 1
9 0 0.225 8s 0.35 - 1
¢ 25 0.25h4 90 0.332 1%
i 50 0.296 100 0.351 H;
g eom/ 1;
‘ ! - Bessb Drep Tost: ;
¢ Thermel Conductivity: . 3
8 col/sec/em) C 17, 2000-1 Semi-Armer-Piarcing Bemb vs Concrete: i
S
i Cooffic “ & ton: Maox Safe Drop, ft
5 Linear, %/°C 500-b Generel Purpsse Bomb vs Cencrete:
z Vohame, %/°C Height, ft
Triots -
} Hordooss, Mohe’ Scole: Unoffected
H Low Order
; Young’s Medoln: High Order
; EI’ wcm:.
! E, Ib/inch? 1000- Gonerel Purpose Bowb vs Concrote:
i Density, gm/cc
, - Height, ft
: Compressive Strength: Ib/inch* Triols
f Unoffected
‘ T f Vopor Promare: Low Orde:
. : °C mm Mercury High Order
' —
1
[ ]
4
77
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3 inch NE, MA2AT Projectile, Lot KC-S:

AMCP T06-1T7 gyelotol, T5 !22
. Frogmentetion Tost: Shapad Charge Rffectivensss, TNT = 100:
99 mm HE, M7V Projoctile, Lot WC-91: Glass Cones  Steel Cones
Density, gm/cc 1.72 Hole Volume
Chorge W, b 2.2 Hole Depth
Tetel No. of Fragments: :
For TNT 703 Caler: Yellow-buff
For Subject HE 1514

Principel thae:  Shaped charge bomd especially
fregmeatation; HE projectiles;

arensdes
Oensity, gm/cc .
Charge Wt, b
For TNT .
For Subject HE
Loading Demslty: gr/cc 1.7}
Feagment Velaclty: ft/sec
A9 R
Ar 25% ft Sterege:
Ml'y: ch
Mathod Dy
Blost (Raletive to TNT): 1a) Hazord Closs {Quontity-Distance)  Class 9
Alez Comgpatibility Group Group I
Peck Pr o e 11
Impuise 126 Erudation
Energy -
Preparation: See Composition B
Alr, Confined: Origin: Developed by the British between World
impuise Wars I and II end standerdized in the Uaited
States early irn World War II.
Uader Weter:
Black Modulus et Room
:"‘k Pressure Temperature (25°-30°C):
Dynes/ce x 10-10 - 3.09
Energy Density, gm/cc 1.7h
Absolute Viscositv, poises:¥
5 14
Peck Pressure Tesp, ggog 2}(_’"
Impui.2 Efflux Viscosity, Saybolt Seconds:
Energy Temp, 85°C 9-1%

#* Ccmpositions using Spec Grsae Type A,
Cless A RDX.

#* Composition prepared using RDX of optimum
particle sizc¢. )
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Gyelotol, 70/30 AMCP 706-177
Ou::ahh: Meleculer Weight: 224
RDX Oxygea Belence:
T CO: % -37
INT 0 CoO% -8
Deneity: gm/cc Cast 1.7
Melting Pelat: °'C
C/H Ratio Freezing Point: °C
Impoct Sensitivity, 2 Kg Wr: Beiling Peint: *C
. Bureou of Mines Apparotus, cm 60
Somple Wt 20 mg Refrective Index, n2
Picotinny Arsenal Apparotus, in. 14 o
Somple Wi, mg 20 na
ction Pendulum Toat: Vecvum Stabitity Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C
Rifle Bullet Impact Test:  Triols 120°C 0.86
% ner
Explosions P ::;E
Partials 0 z
Bumned 0 200 Gram Bomb Sead Test: {
Unoffected Lo Sand, gm 56.6 4
&
Explosion Temperature: C Sensitivity te Initiotion: 2
Seconds, 0.1 (no cop used) - Minimumn Detonating Charge, gm
1 - Mercury Fulminate 0.21%
5  Decomposes 265 Leod Aide 0.20%
10 Tetryl
15 _:Altsm?mmm._____
20 Ballistic Morter, % TNT: (o) 135
Trous! Test, % TNT:
75°C internotions] Heat Test: .
% Loss in 48 Hrs Plete Dent Test: (v) "
i Method B
100°C Heot Tost: Cordition Cast
9% Loss, Ist 48 Hrs 0.07 Confined Ne
% Loss, 2nd 48 Hrs 0.08 Density, gm/cc 1.725
Exptosion in 100 Hrs Rone Brisance, % TNT 136
Detonstion Rete:
Flommability Index: Confinement None
Condition Cast
Hygrescopicity: % Ni1 Charge Diameter, in. 1.0
- Density, gm/cc 1.73
M : Nl Rote, meters/sacond 8060
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AMCP 706-177 Cyclotol, T0/30
Frogmeniotion Toot: Sheped Charge Effectivensss, TNT = 100:
20 man M, M7 Projeciite, Lat WC-91: Gloss Cones  Steel Cones ()
Dersity, gm/cc 1.7 Hole Volume
Chaorge Wt, Ib 2.213 Mole Depth 13
Totol No. of Fragments: Color: Yellov-buff
For TNT T03
For Subject HE 1165

3 inch HE, MA2AY Projectile, Lot XC-3:

Principel Uses: Shaped charge bombs;
especially fragmentation HE
projectiles, grenades

Density, gm/cc 1.72
Chorge Wh, it 0.923
Tetel Neo. of Fragments: i
Mothod of Loading: Casy
For TNT 51 “
For Subject HE 828 —
Leading Density: gm/cc 1.7
Frogment Velocity: ft/soc
At 9 fr
Ar 25% ft -Storage:
Dersity, gm/cc
Methad Dry
Slost (Relative to TNT): (a) Hazord Class (Quontity-Distonce) Class 9
Al Compatibility Group Group I
Peck Pressure 110 .
tmpulse 120 Exudation
Enargy ==
: Preparation: See Composition B
Alr, Confired:
impulse Origin: Developed by the British betweea
orld Wars I and TI and standar?ized in
Woter: the United Statee early in World War .I.
Peok Pressure Absolute Viscosity, poises:¥
Impuise Temp, 85°C -
Energy 90°¢ 53.2
Efflux Viscosity, Saybolt Seconds:
s Temp, 85°C 5
Peok Pressure Heat of: -
ooy Combustion, cal/gm 2685
Energy Explosion, cal/gm 1213
Gas Volume, cc/gm 854

* Composition using Spec Grade Type A,
Class A RDX.

*# Calculated fr( nosition of mixture.

P T I AP WP A B

tce Mg Ae G B B P WA s




e

. e d

’
»
!
;' gyclotol, 65/35 AMCP 706-177
4 ’\‘
'E e-?.m-: Molocular Weight: 22}
L}
% RIDX 5 Oxygen Belence:
CO: % <40
! v 3 co% <9
»
; Denslty: gm/cc Cast .71
[ ] Melting Point: °C
% C/H Ratio Froozing Peint: °C
4 impoct Senslitivity, 2 Kg We: Solling Peint: °C
. Bureau of Mine- .Aoparatus, cm
t - Sample Wt 20 mg Refrective Index, nd
4 Picotinny Arsenal Apparatus, in. o
? Sample Wt. mg L
;. nS
§ Friction Ponduium Toot: Vecwem Stebility Tost:
s Stee! Shoe Unaffected cc/40 Hrs, ot
s Fiber Shoe Unaffected 90°C
: 100°C
M Rifle Bulet Impoct Test:  Trioks 120°C
. %
1] Partials
! Burned 200 Grem Bomb Send Toot:
i N Unoffected Sond, om 55-!‘
1 S Explesion Te aporeture: “C Sensitivity te Initigtion:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
g 1 Mercury Fulminate
S Decomposes 270 Lead Azide
1 10 Tetryl
3 15
3 20 Sellistic Merter, % TNT: (o) 13%
f Trausi Test, % TNT:
75°C Internstions] Hoot Tet:
: . % Loss in 48 Hrs Plate Dent Test:
; Method
; 100°C Hoat Test: Condition
1 % Loss, Ist 48 Hrs Confined
$ % Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
: Detenction Rete:
L) Flommability Index: Confinement None
: Condition cast
: Hygroscapicity: % Kil Charge Diomater, in. 1.0
. Density, gm/cc 1.72
H Velotiliey: Ml Rote, meters/second T
;
;
: ) 81
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* Calculeted from composition of mixture.

Tragmentotion Tost; Shaped Charge Eiostivenses, TNT = 100:
90 mun NE, M71 Projectile, Lot WC-91 Gloss Cones  Stesl Cones (o)
Dersity, gm/ec .7 Hole Yolume
Chorgs WA, B 2.253 Hole Depth 10
Totel No. of Pragments:
For TNT 703 Color: Yellov-buff
For Subject HE 1153
Principel Yom: Shaped charge bowbs;
"3 insh NE, MARAY Projostite, Lot KC.5: ;:g::i:}ﬁ.,rnmnm:? on B8
Dersity, gm/cc 1.1
Chorge Wt, B 0.922
Tetel No. of Frogments: Mathed of Loodh Cest
For TNT sk
For Subisct HE 769
Loadiag Denelty: grv/cc 1.7
Fragment Velacky: t/sec
A9
At 2534 1t Sherags:
Dersity, (3
o/ Mathod Dry
Blast (Relutive t0 TNT): Hozord Class (Quantity-Distonce) Ciass 9
Al Compotibility Group Group I
Peck Pressure
Imputes Exudation
Energy
Preparation: See Composition B
Als, Confined:
irpulse Origin: Developed by the British Jetween
Vorld Wers I and II and standardized in
Under Weter: the United States early ia World Wer II.
'P:‘: Butectic Temperature, °C: 19
Enargy gn RIX/100 gm TNT
9% k.16
Undorground: 95°¢ 5.85
Peok Pressure Absolute Viscosity, poises:#
Impuise o
Energy Temp, 85°C 0.2
90°¢ 26.0
Heat of: *
+ Composition using Spec Grade Type A,
Combustion, cal/gm 2755 Class A RDX.
Explosion, cal/gm 1205
Ges Volume, cc/gm 85
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Cyclotol, 60/40 AMCP 706-177
o
- C?ﬂhn: Melocular Weight: 224
Oxygon Belence:
i ROX 60 C€0O. % -h3
: T %0 €O % 10
4 Denelty: ym/cc Cast 1.68
5 Mobing Pelat: °C
: C/H Rotio Frosing Polnt: °C
lmpoct Semitivity, 2 Kg Wi: Beiling Peint: *C
Burecu of Mines Apperotus, em 75

* - Somple Wt 20 Refrective Index, n2

: Picotinny Arsenal Apporatus, in. 1k .

} Somple Wt, mg 19 n3

b "2

’ -

' Peiction Pendutum Tot: Vecunm Stabitity Teot:

, Steel Shoe Unaffected cc/40 Hrs, ot

Iy Fiber Shoe Uneffected 90°C

‘ 100°C

.

¢ 2ifle Buller Impact Toot:  Trials 120 0.29

% .

" Explosions 5 125°C

? Porticls 55

$ Burned %5 200 Gram Bomb Send Tout:

: . . Unoffected 15 Sand, gm 54.6

A}

§ \/ Expiesion Tomporsture: C Sonsitivity te tnitistion:

i Seconds, 0.1 {no cap used) Minimum Detonating Charge, gm

: 1 Maercury Fulminate 0.2
$ S Decomposes 280 Leod Azide 0.20%
: 10

: 15 *ALtemadiiy \n&_charses.

3 20 Bellistic Morter, % TNT: (g) 1.33
: Trous! Test, % TNT:

' 75°C internatione! Hoat Tost:

e % Lost in 48 Hrs Plate Dent Tost: (v)

: Mathod B

: 100°C Hoot Tost: Condit:on Cest
: % Loss, Ist 48 Hrs Confined Fo

. % Loss, 2nd 48 Hrs Density, gm/cc 1.72
. Explosion in 100 Hrs Brisance, % TNT 132

: Detenstion Rete: .

» Flammebility index: Confi None
. Condition Cast
, Hygroscopickty: % Ni1 Charge Diometer, in. 1.0
»

' oletility Oensity, gm/cc 1.72
" Y : Fi1 Rote, metars/second 7900
i

85
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AMCP 706-177 Gyelotol, 60[’50
frogmentetion Tost: Shaped Chargs Effectivences, TNT = 100:

90 man HE, M71 Projoctile, Lot WC-91: . Gloss Cones  Steel Cones (@)
Dersity, gm/cc 1.65 Hole Volume 178 162
Chorge Wt, b 2.187 Hole Depth 125 it8
Totel No. of Frogments: Color: Yellow-buff

For TNT T03
For Subject HE 998
Principel Uses:  Shaped chlrsr:- tomb;
especially goentation HE

3 inch HE, MA2A) Projoctile, Lot KC-3: projectiles, grenades
Density, gm/cc 1.67
Chom Wt. b 00882

Total Neo. of Fragments: Mothed of Looding: Cast

For TNT 51k
For Subject HE 701
Losding Demaity: gm/cc 1.68
Fropmant Velocity: #t/sec () ‘

At 9 ft 2965

At 251, ft 2800 Sterege:

Density, gm/cc -

Mathod Dry
Bleet (Relative to TNT): (a) Hazard Class (Quontity-Distonce) Cisss 9

Alr: Compatibitity Group Group I
Peck Pressure 10k
Impuise 116 Baxiation
Energy ..

Ale, Confined: Preperation: See Composition B
Impulse Origin: Developed by the British between

orld Wers I and II and standardized in

Under Water: the United States early in World Wer II.
Peak Pressure
Impulse Bulk Modulus at Room )

E"w, Temperature (25°-30°c):
D_/nes/cm2 x 10710 h.1b

Underground: Density, gm/cc 1.72
Peak Prescure
Impulse Absolute Viscoeity, poises:*

Energy N Temp, 85°C 12.3
jiest of: * 90°¢C .-
;ﬁ:::;ﬁ?'c:i}éﬁm i?gg * Compositions using Spec Crede Type A,
Gas Voluze, cc/gn 8hg Cless A RDX.
Compress ive Gurength: lv/i noh®
1.70 .'m’ce 2200- 3000

4 Calculsted frow conposition of mixtur::.
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~ Qrolotol, T5/25, T0/30, 65/35 AMCP 706-177

References: 13
{a) 1. C. Smith and B, G. Ryster, Physical Testing of Explosives, Part III - Miscellsneous
Senaitivity Tests; Performance Tests, . .

{v) D. P. MacDougall, Methods of Physicel Testing, OSRD Report No. 803, 11 August 19h2.

{¢) R. ¥. Dreke, t Velocity and Panel Penetration of Seversl Explosives in Simu- :
lated Shells, OSRD RNo. y € January . !

(8) V. Philipchuk, Free Air Blast Evsluation of hIX-TNT-Al, RIX-TNT, and TNT-Metal Systems,
National Northern Summary W, ﬂ-F-?E, I:HI 1956. —
(e) Bastern Lavoratory, du Poat, Iuves tion of Cavity Effect. Sectiom III, Variation of
* Cavity Effect with Cowpositiou, NDRC aa—tme%mm%—-———‘————t x .
{(f) V. s. Cremer, Bulk seibility Data on Several losives, NAVORD Reyort No.
4380, 15 September 1958—E’_—£'—"—M—. 1

{g) Also see the following Picutinny Arsenal Technical Reports on “yclotols:

Ny o b A A W s PGP OG- A W Ryl Ay B T I G o T O Y Sy WA PG YN OB & PN P v et b

o 1 2 3 ) 2 [ 1 8 2
1290 1651 1482 1483 1824 1435 1476 SLY(4 1398 1469 o
153 17ha 1793 1834 1585 1756 1507 1488 1509 N
1973 194k 1796 1ThT 1838 1709 '
2004 1876 .
(h) C. Lenchitz, W. Beach end R. Valicky, El;%b%;l%e_n‘_nat of Fusion and Specific b
Heat of Basic Explosives, PATR No. 2504, January .
R
)
~
‘
L]
’
.
A
: [5§e¢ footnote 1, page 10.
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AMCP 706-177 Cyclotrimethylene Trinitrossmine
Cn:ﬂiux 132 Meloculer Welght: ( 0336“603) 17h
¢ 20.6 ¢ hc”o? ;m:
- =55
B 3.5 OsN—N N—= Ne=0 o % .28
N 8.3 K, C CH, Denelty: gm/cc
0o 21.6 Meobing Pdﬂ: C 105 to 107
C/H Rotio 0.12 § Frooning Point: *C
Impost Sonsltivity, 2 Kg Wr: Belling Polnt: °C
Bureou of Mines Apparatus, cm
Somple Wt 20 mg Refractive Index, nS
Picotinny Arsenal Apparatus, in 15 to 22 °
Samzls We, mg 17 to 20 =
R
Fristion Pondulum Teot: Vacowm Stebility Tost: (c)
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shos Unaffected 90°C 0.20
100<C 9.19 3.71*
Rifie Bullet impoct Test:  Triols #Average value of 5 gm sample tvice recrystal-
% lized from iscamyl slcohol.
Explosions
Partials
Bumed 200 Grom Bowmb Send Test:
Unaffected Sond, gm 59.2 5h.1
{Ixplosion Temporeture; *C Sensitivity te Initiation:
Seconds, 0.1 (no cop used) Minimum Detonating Crarge, gm
1 Mercury Fuiminate 0.200%
5 220 Leod Azide 0. 1004+
10
s sen108Ative 1nitieting charges.
20 Bollistic Mertar, % TNT: 130
Troun! Test, % TNT:
75°C Internstions! Heot Tont:
% Loss in 48 Mrs Plote Dont Tost:
Maethod
100°C Hoot Tost: Condition
9 Loss, st 48 kirs 8.79 Confined
% Loss, 2nd 48 Hrs 2.98 Dfm-w. gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detenetion Rate: b)
Flommebility Index: Confinement None
5 Condition Cast
Hyprescopicity: % 30 C, 90% R 0.02 Charge Diomater, in. 1.2
Density, gr/cc 1.b2
v Y: Rate, meters/second 7000 to 7300
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C—_~ gelotrim&lm Trini trosamine AMCP 706-177
)]
Fropmontetion Toot: Shoped Charge Effestivensss, TNT = 108:
96 mm NE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Dersity, gm/cc Hole Volume
Charge Wi, b Hole Depth
Totel Mo. of Fragments:
For TNT Color: Yellow
For Subject HE
Principel Usss: Ingredient of prmjectile filler
3inch HE, MA2AY Projoctile, Lot KC-3:
Dersity, gm/cc
Charge W, B
Tota! No. of Frogmonts: Mothed of Losding: Presced or cast vith edded |
For TNT melting point Gepressants
For Subject HE
Leading Denelty: gm/cc See below
Fragment Velocily: ft/sec
A9
At 25% ¢ Sterege:
Density, gm/cc
e Method Iy

j Dlost (Raletive t¢ TNT):

Az
Peok Pressure

‘ . ;
W E W e ke e e TR e e R A WE A A e S N s Sty G P W W h s PSS W B BN PG W B e R g g B S bi WSS W g v e
- .

.
’
4
i
.
s
1

Hazord Class (Quantity-Distonce) Class 9
Compatibility Group Group M

Exudation None

Density at Various Pressures: (b

1b, inch2 ﬂcc
2,420 1.1C
4,83 1.23
9,650 1.37
14, 500 1.44
24,200 1.53
33,800 1.57
k2,500 1.59
Heet of:
Combustion, cal/gm 3158
Explosion, cal/gm 876
Formetion, «1/gm -91k

T

R

SRR




s — 1

AMCP 706-177 Cyelotrimethylene Trinitrosanine
—

formelishyde smmonium sodium nitric sulfuric .

hydroxide. The rute of addition of formldehyde is reguleted to maintain a solution tempers- .
ture of 30° to 35°C. . :

tion of 1 -~Trinitroso-s-triazine Oyclotrimethylene Trinitrosamine: . <«
Referance a .
P |
HO,-H,50, _ . - ; o
HCBO + MH,OH + MaNO, i -3, R ON—K F—KO - e L
H2C C’ﬂ2 ‘ -

hydroxide oitrate acad acid

An smmoniacal solution of an amine is prepared by adding aqueous formmldahyde to ammonium

Sodiuvm nitrite is dissolved in water and the solution or slurry is then poured into tae ’ .
previously prepured smine-smmonia solution and totally dissolved by stirring. This solutton :
is chilled to belov 0°C. :

Into a mixed acid solution, previously prepered by dissolving concentrated nitric acid
in wvater and adding concentrated sulfuric acid, all chilled to -9°C, there is added the cold
axins-nitrite solution below the surface of the acid mixture. The sddition is regulated to
take 20 to Y minutes.

The resulting foamy hesd of cyclotrimethylene trinitrcramine is allowed to #lt over the
icy spent liquar for 1/2 hour end is then collected ou s sintered gless funnel aud weshed to :
neutrality. The mcist cyclotrimethylene trinitrosamine is removed from the funnel and air- :
dried on filter peper. The &iy ~rude product melts at 106° to 107°C. Recrystallization from
1scamyl alcohol gives & pure compound meiting at 105° to 107°C. ( ;

in:

Cyclotrimethylene trinitrosamine was discovered in 1888 simulteneously by Griess and
Barrov (Ber 21 (1888), p. 2737) end by Mayer (Ber 21 (1888}, p. 2883) vhen sodium nitrite
was alloved To react vith hexamethylene tetramine In acid solution. This compound was later
studied by Duden and Scherff (Aann 288 (1895), p. 218) and by Delépine who determined its heat
of forwation, vhich wes negative (Bull Soc chim (3) 15 (1636), p. 1199). Because cyclotri-
methylene trinitrosamine could be made at first in very poor yield only, it was s long time
before it received considerstion for practical spplication as an explosive. However, the
study of cyciotrimethylene trinitrosamine was continued and investigations were msde es to .
its behavior in mixtures with other substances (Prof. D. G. Romer "Report om Explosives,”
BIOSGP 2-HEC 5Th2).

Destruction by Chemical Decowposition:

Cyclotrimethylene trinitrosamine is easily decowposed by icid cr alksii end even tv
boiling in water.
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Cyclotrimethyiene Trinitrosamine AMCP 706-177

High Temperature Decomposition, 0.02 gm ir 10 wl Test Tube: {v)

Tmmersed 10 minutes in bath heated st 5°/minute
, Temp. °C
(1) Melting begine 105
Decomposition begiuns i 150 - ,
Nitrous gas ! 160
Fatire decomposition : 170 5
i (2) Soue bubbles T 110
: Yery slov decomposition 150
: Decomposes in 2 mim:tes 200 i
) Decomposes in A0 secouds | 250 :

Immadiate decomposition 30

Lowg Term Stability:  (b)

Cyclotrimethyiene iriniirosamine loosely packed in covered wooden boxes for six years at
ambient tempersatire and protected from the sun:

1. Explosi- = showed no color change.
2. Melting point decreased from 104.5° to 104°C.
3. Coefficient of "Utilisstion Practique” decreesed from 125.5 to 123.5.

% An "vel Test at 110°% gave no color to iodine starch peper in 15 minutes.

Fusion Tests, Mixtures of Cyclotrimsthylene Trinitrossmize and TNT: (v)

clotrimethylene i Meltinco
nitxosemine, : Point, C
10 ; Th
20 ! 68
30 : 62
] : 55
42 : 55 (Butectic) |
50 ! 61 '
60 69
T0 ™
95 95
Eutectic Composition With TNT: (v) Rate of Detonation, meters/second

524 Cyclotrsmrthylene Trinitrossmine 7,000
584 INT

ey mg

Pa oo TR




jﬁ..
AMCP 706-177 en. _.initrossmine . *
& . ‘ ‘v
e ’ i - P
Reaction of Cyclotrimethylene Trinitrossmine With Other Materiels: (v) ,
: 1. lron povier _ Slight reaction
2. Copper powder Slight reaction .
3. Aluminum powder ‘ Sligkt reaction : -
R 4., 2 parts picric acid + 1 part R-Salt E 8. Violent decomposition after 2 hours at 10° . o ' S .
¢ b Violent decomposition after 10 to 15 minutes :
at 1009C : -
Is. 2 parts nitresiycerin + 1 part : No_evidence of decompositioc after 5 deys at : . :
; R-Salt 90°C ; :

Detonation Fr.te: (v)

Cont’ nement - ! Paper cartridge T
C.odition Teseed \ oL )
Charge Dismeter, in. 1.18
Rate, meters/second Density, gm/cc i
5180 0.85 i : -
. : 5760 1.00 . . » ? L
: 6600 1.20 : R
) | . 73% 1.ho ' . -7
7600 1.50 era 4
7800 .57 ! .
e
Refsrences; !¢

(a) Arthur D. Little, Inc. Progress Report No. 106, Fundamental Development of High Explo-
sives, April 1955, Contract Ko. DAI-19-020-501-ORD(P)-33.

(b) Louis Médard and Maurice Dutour, "Etude Des Proprietés De La Cj :lotrimethylene
Trinitrosamine,” Mém poudr, 37, 1924 (1954).

(c¢) H. A. Bronner and J. V. R. Kaufman, "Synthesis and Properties of R-Sslt,” PATR in
preperation 1959. : .

(4) Also see the following Picatinny Arseaal Technical Reports on Cyclotri...thylene : : .
Trinitrosamine: 117k, 2179. .

16see footnote 1, puge 10.
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IBX (Depth Bomd Exploiive) AMCP 706-177
Composition: Melecular Weight: 83
%
Ouygen Baloncy:
Amsonium Nitrate 21 CO: % 46
RIX 2 co % -26
™ 40 Denelty: gm/cc Cast 1.68
Aluninum 18 Melting Peint: *C
C/H Ratio Feoesing Polas: *C
Sensltivity, 2 Kg We: Beiling Peint: °C
Bureau of Mings Apparotus, cm 35
Somple Wt 20 mg Refrective lndex, nJ
Picatinny Arsencl Apporotus, in, 13 D
Somple Wt, mg j18 Nas
na
Friction Ponduium Toot: Vecuum Stebility Te:
Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bullet lmpact Test:  Trials 120°C 6.15
Exolosi % 135°C
Portiols 150°C
Burned 200 Grem Bomb Send Tast:
Unaffected Sand, gm 58.5
Explosion Tompereture: *C Smsitivity to Initiotion:
Soconds, 0.1.(no cop used) Minimum Detonating Charge. gm
1 Mercury Fulminate
S Ignites oo Leod Azide 0.20
10 Tetryl 0.10
15
20 Ballistic Merter, % TNT:  (a) 145
Trousz! Test, % TNT:
75°C Internetions] Hoot Test:
% Loss In 48 Hrs Piote Dent Test: (v)

Method B
100°C Mont Test: Condition Cast
% Loss, Ist 48 Hrs Confired No

% Loss, 2nd 48 Hrs Density, gm/cc 1.76
Explosion in 100 Hrs Brisance, % TNT 102
Detonstion Rote: (c)
Flommebility Index: Confinement None
Condition Cast
Hygrescopicity: % Charge Diomaetsr, in. 1.6
Density, gm/cc 1.65
v Vi Rate, meters/second €600
91
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AMCP 706-177

IEX (Depth Bomd Bxplosive)

Bosster Sensitivity Test: (e) | Docomponition Bquetion:
Condttion Cast Oéy/wn atoms/sec
'sac)
Totryl, gm 100 Heat, kilocalorie/mole
Wax, in. for 50% Detonation 1.35 (aH, keal/mol)
Wax, gm Temperature Range, °C
Density, gm/cc 1.76 Phase
Heot of: (a) Armet tmpoct
Combustion, cal/gm Plate Tout:
Explosion, col/gm 1700 60 mm Morter Projectile:
Gos Volume, cc/gm 509 Inert, Velocity, ft/sec
Formation, col/gm Aluminum Fineness
Fusion, cal/gm
500-1b Genersl Purposs Bombe:
Specific Hoot: col/gm/*C (&) .
-5°C, density 1.75 gw/cc 0.25 Plate Thickness, inches

1

14
1%
1%

BSeraning Rete:
cm/sec

Thermel

Bosab Drep Teot:

col/sec/em/°C 13.2 x 10-“ ﬂ.mmmMnm:
Density 1.75 gm/cc :
- of F ton: . Max Sofe Drop, ft
Linear, %/°C  -T3°-75°C b.5 x 107 300-1 Genersl Purpose Bomb vs Concrate:
Volume, %/°C Height, ft
Triols
Youny's Medelen: (a) o
E’, dynes/cm? 10.4 x 1020 r
E, Ib/inch? 1.51 x 10 1000-1> Genarsl Purpese Bomb vs Concrote:
Dencity, gm/cc 1.72
Height, ft
Comprossive Strength: Ib/inch® (q) 3210-3380 Trials
Density 1.7ig/cc Unaffected
Low Order

Veper Prassure:
C mm Mercury

High Order
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DBX {Dept: Bomb 1os8ive

AMCP "06-177

Frogmentetion Test: Sheped Charge EHectivensss, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-9T: Glass Cones  Steel Cones

Dersity, gm/ec Hole Vctume

Chorge Wt, ib Hole Depth

Total Neo. of Frogmants: Coler: Cray

For TNT
For Subject HE
Principel Uses: Depth charge
3 inch HE, MA2AY Projectile, Lot KC-3:
Demiry, gm/cc
Chorge Wt, Ib
Totel No. of Fropmonts: Methed of Loeding: Cast
For TNT .
For Subject HE
Loeding Denaity: gm/cc 1.61-1.69
- Pragment Velecity: ft/sec
At9 &t
At 254 ft Sterege:
Density, gm/cc
Method Dry
Blast {Reletive te TNT): () Hazard Closs (Quontity-Distance)  Clase
Al Compatibility Group Group T

Peck Pressure 118

Impulse 127 Exudation

Ener 1y 138

Alr, Confined: Preparation:
Impulse
ey DBX can be menufactured by slowly addiny
) water-wet RDX to molten TNT melted in a steam-
Under Weter: Jjacketed kettle equipped with 8 stirrer. When

Peak Pressure -- ell the water has evaporated, nmmoninm nitra'e

impulse .- is added and with heating snd stirring con-

E 1% tinued, greined aluminum is added. The mix-
ture ie cooled with stirring continued to
maintain uniformity end when suitable for pour-

Undorground: ing the mixture is cast. IBX can also be made

Peak Pressure by adding 21% ammonium nitrate and 18% alumi-

Impuise rm to 42% cyclotol or Composition B of 50/50

Energy RFDX/TNT content plus 19% of TNT previously

melted at about 100 °C.

93
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AMCP 706177 IBX (Depth Bowb Explosive ~

in:
IBX wes developed and ured by the United States and Greet Britain during World War II.
References: !7

(s) L. C. Smith snd E. G. Eyster, sical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performance Teats, t No. » De . -

(b) D. P. MacDougall, Nethods of Physicel Testing, OSRD Report No. 803, 1 August 19%2.

(¢) G. H. Messerly, The Rate of Detonatlion of Various Explosive Compounds, OSRD Report No.
1219, 22 Pebruary 1943.

M. D. Rurvitz, The Rate of Detonation of Various ds and Mixtures, OSRD Report
Fo. 5611, 15 January 1368, Ate of Detopation of Tariows Compouids ahd Mlchurer

(d) Philip C. Keenan and Dorothy Pipes, Teble of Military High Explosives, Second Revision, .
NAVORD Report No. 8T7-46, 26 July 1946.

(e) L. C. Smith and S. R. Walton, A Consideration of Mm Mixtures as a Substitute for
kgl in Boosters, NOL Memo 10,303, 15 June N

() Also see the folloving Picatinny Arsenal Technical Reports on DEX: 1585 and 1635.

TSee footnote 1, page 10.
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1,3-Mamino-2,4,6-Trini trotenzene (DATNB) - AMCP 706-177
Cozuhhn: Melocular Weight: - ( Cél{SN506) al3
NH
2
¢ 2.6 Oxygon Bolence:
O.N O CO. %
H 2.1 frd 2 CC %
K 28.8 N, Dessity: gm/cc Crystl  1.83
0 3.5 N0, Mehisy Point: *C (a) 290
C/H Retio 0. 380 Freszing Point;: °C
lmpect Senshtivity, 2 Kg Wr: Boiting Peiat: *C
Bureou of Mines Apparotus, cm
Somple Wt 20 mg Refrective Index, nS
Picatinny Arsenal Apparatus, in. 18 °
Saompile Wi, mg 9 Ngs
_ nS
Friction Penduium Tost: Vecuum Stability Test:
Steel Shoe cc/40 Mrs, ot
Fiber Shoe s0*C
100°C
Rifle Bufler Impoct Tost:  Triols 120°C
% ®,
Explosions I3S.C
Partials 150°C
Burned 200 Grem Bomb Send Test:
Unaffected Sond, gm ' 6.6
Explecion Tempereture: °C Sensitivity te Initietion:
Seconds, .1 (no cop used) Minimum Detonating Charge, gm
[ Mercury Fulmincte -
s Lead Azide 0.20
10 Tetryi 0.10
15
20 Bellistic Morter, % TNT: 100
Treust Test, % TNT:
75°C internotionel Hoot Toat:
9% Loss in 48 Hrs Plete Dent Tost:
Maethod
100°C Moot Toor: Condfﬁon
% Loss, 1st 48 Hrs 0.00 Conffnod
9% Loss, 2nd 48 Mrs 0.4 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detoastion Rate:
Flommebility index: Confinement None
Condition Pressed
Hygroscopicity: % Charge Diameter, in. 0.5
Density, gm/cc 1.55
Velatifty: Rate, meters/second 7500
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AMCP 7%6-177 1, 3-Diemino-2 ,b,6-Trir i trobenzene ( mm) —
Frogmentation Test: sheped Charge Bftectivenses, TNT = 100:
90 mm HE, M7 Projectiie, Lot WC-91: Gloss Cones  Steel Cones
Density, gm/cc Hole Volume
Charge Wt,rlb _Hole Depth
Total No. of Fragments:
Color: Yellow
For TNT
For Subject HE
Principel Uses:
3 inch HE, M42AY Projectile, Lot KC-5:
Density, gm/cc
Charge Wt, Ib
Totel No. of Frep g Maethod of Loading: Pressed
For TNT
For Subject HE
Loading Demsity: gm/cc p
At 50,000 1 1.
Frogment Velecity: f1/sec » pe >
At 9 ft
At255 ¢ Sterege:
Density, gm/cc
Method Dry
Slost (Relevive to TNT): Hazard Class (Quontity-Distance) ; e, ‘ % :
_ ?
Airs Compatibility Group e g
Peak Pressure
Impulse Exudation None
Energy
<)
fined: Cook-0ff Temperature: C 320
M’.’ Con : Time, minutes 8
mpulse
Undar W, Heat of:
ater:
Peok Pressure Explogion, cal/gm 2876
Impuise
Energy
Underground:
Peak Pressure
Impulse
Energy




v - o

T T

1,3-Dismino-2,4,6-Trinitrobenzene (DATNE) AMCP 706-177

Preparation:

Fifty grams 150 gm) of dry styphuic acid was added to 200 gm of anhydrous pyridine with
stirring. The resultinc slurry vas stirred for esn additional 30 minutes. The yellow product,
dipyridinium styphnutc, vas collected by filtration and wvashed with approximat:ly 100 milli-
liters of diethyl ether. The product vas dried over phosphorus (V3 oxide. at room tempers-

ture, for 5 hours. Yield of 7T gm (944), melting point 168° to 170°C (1iterature melting
point 173 C).

To 50 milliliters of phosphorus oxytrichloride, 29.8 gm of the dipyridinium styphnate wore
added iu emell portions, with stirring. The reaction mixture was then warmed on a steam bath
for 15 minutes. This solution was quenched in 500 gm of ice water. The light yellow precipi-
tate vas separsted by filtration and washed with water until the vashing wes neutral to lit-
mus- gi;ld of 1, 3-dichloro-2,4,6-trinitrobenzene 20.L gm (98%), MP 130° to 131%¢C (1iterature
Mp 128°C).

A suspension of 3 gm of 1,3-dichloro-2,4,6-trinitrovenzene in 9 milliliters of sbsolite
methanol was prepared. This slurry was cooled to 0°¢, and dry smmonia was bubbled inlo the
stirred suspension. After 20 minttes the reaction mixture was allowed Lo warm to room tem-
perature, filtered by suction and washed wi'h methanol and ether until a negative Beiletein
test for chloride ion was obtained on the w.shings. Yield of 1,3-diemino-2,L,6-trini trobenzene
2.5 gn (77%), Mp 288° to 290°C (litersture Mp 285°C).

Origin:

DATNB, also called 2,4,6-trinitro-1,3-diamno-benzol or 2,4,6-trinitro-phenylenediamine-
{1,3), was first obtained by Noelting and Collirn in 1884 (Ber 17, 260) and alsc by Barr in
1888 (Ber 21, 1546) from 2,4,6-trinitroresorcin dimethylether Tn contact with emmoniscal
slcohol for several days. J. J. Blanksma obtained the same pro.uct in 1902 by reacting
either 2-chloro-2,4,6-trinitroanisole or 3-chloro-2,k,6~trinitrophenetol with emmoniacel
alcohol (Rec trav chim 21, 324) end from 2,4,6-trinitroresorcin methylethyl etuer with ammo-
niacal elechol (Ree trev chim 27, 56 (1908)).

Meigenheimer and Patzig in 190€ prepared DATNB in the form of yellow needles, MP 2680°%¢
from 1, 3,5-trini trobenzene . ydroxylamine and sodium methyiste in methyl alcohol (Ber 39, 254h0).
The product was slightly soluble in glacial acetic acid but poorly soluble in other solvents.
It decomposed into NHy end 2,4,6-trinitroresorcin vhen boiled with dilute NeOH or KOH (Beil 13,

60)-

Korner and Contardi prepered DATNB by the reaction of either 2,4-dichloro-1,3,5-trinitro-
benzene or 2,L4-d1bromo-1,?,5-trinitrobenzene with armoniacel alcohol et room temperature or
better by heating to 100°C (Atti R. Accad Limcei (5), 171, 473 (1908)); (5) 18 1, 101 (i909)).
A method of preparation by prolonged reaction of N-nitro-N-methyl-2,3,b4,6-tetranitroaniline
with a satureted amonis solution was reported in 1913 by van Romburgh end Schemers (Akad
Amsterdanm Versl 22, 297).

C. F. Van Iuin obtained DATNB melting et 301°C by reacting a concentrated aqueous ammonia
golution with K-nitro-N,N,N-trimethyl-2,4,6-trinitrophenylenediamine-(1, 3) or with N-nitro-
N-wethyl-N-phenyl-2,4,6-trinitrophenylenediemine-(1,3) (Rec trav chim 38, §9-100 (1919)).
later Van Duin and Van lenrep reacted concentrated aqueous ammonia with 2,h,6-trinitro-3-
aminoenisole or 2,4,6-trinitro-3-aminophenetol to obtain DATNB melting at 287° to 2889¢ (rec
truv chim 39, 7-77 (1920)). In 1927 Lorang prepared the same compound by boiling 2,k,6-
tri.itro-l, 3-bis ( -nitroethyl ureido) benzene with water or by heating it wi‘h smmoniacal
aicohol in & tube st 100°C (Rec trav chim 4A, 649) (Beil & 17, 7 IT 33).
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AMCP 706-177

daX-Plemine-2,4, 6-Trini trodensens gn\gl o~

A recent report descrides the preperstion of DATRE {n two steps from commercislly avail-
sble sterting materisls. Pirat u-pitroaniline wes nitreated with =] acid uixture to
tatranitroaniline. The crude tatrenitroaniline was oonverted by methanolid ammonia to
daminotrinitro-bentene in a high degree of purity. A conversion of 100 parts of m-nitroeani-
line into 110 parts of DATEE was obtained by this method, which ohn sasily be oarried out og
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Diszodini trophenol AMCP 706-177
Co;’uhh-: a Meleculer Weight: (CgHoN),05) 210
c 34.3 g i Oxygen Belencs:
0 CO: % -61
H 0.9 or® €O % -15
o.N
N 26.7 2 N0z 02 N0, Dessity: gm/cc  Crystal 1.63
0 38.1 ° Meting Peint: °C 157
C/H Ratio 1.056 Froezing Polat: °C
impact Sensitivity, 2 Kg We: Beiling Peint: °C
Burecu of Mines Apporatus, cm
Sampis Wt 20 mg Refractive Index, nS
Picatincy Arsenal Apporotus, in. &; (1L 1b wt) 7 o
Somple Wt, mg 15 R
ng
Steel Skoe Detonates cc/40 Hrs, ot
Fiber Shos Detonstes 90°C
100°C 7.6
Rifle Bu'let Impect Test:  Trials 120°C
% .
o s
Partials
Burned 200 Grom Bowb Sond Tost: V1.5
Unaff Wgc_w_ﬂer fuse hs:
Explesion Tompereture: *C Songitivity te initiation:
Seconds, 0.1 (no cap used) Minimum Detonating Chargs, gm
! 200 Mercury Fuimingte
5 195 Lecd Azide 0.20
10 180 Tetryl 0.10
15
20 Bollistic Morter, % TNT: (a) 97
Trouz! Tost, % TKT:
75°C Internetions! Hoot Test:
% Loss in 48 Hrs Plote Dent Test:
Method
100°C Heot Toot: Cﬁ"ioﬂ
% Loss, Ist 48 Hrs 2.10 Coﬂffmd
% Loss, 2nd 48 Hrs 2.20 D'."‘"Y. gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detenstion Rete:
Filemmebifity Index: Confinement
Condition Pressed
Hygrescopicity: % 30°C, 90% RH 0.0k Chorge Diameter, in.
o o Density, gm/cc 0.9 1.5 1.6
Volstitity: 50°C, 30 months Unaffected Rote, meters/ 4400 6600 6900

#Until it is established which picramic acid (melting point 169°C) isomer s involved (Ref: J

Chem Soc, 2082, August 1949).




AMCP’ 5-177

Diezodini trophenol

Fropmentetion Test:

90 mm HE, M71 Projectils, Lot WC-91:
Density, gm/cc
Charge Wt, Ib

Teotsl No. of Frogments:
For TNT
For Subject HE

3 inch HE, M42A1 Projectile, Lot KC-5:
Density, gm/cc
Charge Wt, Ib

Tote: Ne. of Fragments:
For TNT
For Subject HE

Shaped Chorge Effectivensss, TNT = 100:

Gloss Cones  Steel Cones
Hole Volume
Hole Depth

Color: Yellow needles

Percussiocn caps

Mathed of Locding:

Leading Demelty: gm/cc  Apparent

Fragment Velocity: ft/sec
At 9 fe
At 2514 ft

Density, gm/cc

At 3000 pei

Sterage:

Method Under water

Slast (Reletive to TNT):

Ale:
Peak Pressure

Energy

Air, Confined:
Impulse

Under Weter:
Peok Pressure
Impulse
Energy

Underground:
Peck Pressure
Impuise
Energy

Hazard Class (Quontity-Disionce) Cless 9
Compatibility Group

Exudation

Solubility:

Sclutle in nitroglycerin, nitrobenzene,
eniline, pyridine, concentrated hydrochloric
acid, and in most common orgenic solvents.

Combustion, cal/zm 3243
Explosion, cal/gm 820
Gas Volume, cc/gm 86e

Sensitivity to Electrostetic
Discharge, Joules: () o.oL2
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Diazodinitre; ol AMCP 706-177

Solubility: 100 ou of the following substences: (c)
2o ng ¢

Solubility at 50°C

Sclvent %

Etayl acetate 2.45
Methanol 1.25
Ethanol 2.43
Ethylenedichloride 0.79

Carbon tetrachloride crace
Chleroform 0.11
Benzene 0.23
Tolaene 0.15

Petrole us ether Insoluble (at 20°C)
Ethyl ether 0.08 (30°¢)
Carbcn disulfiir trace (30°C)

Preparation: (Chemistry or Powder and Explos.ves, Davis)

. H.N
08 — 2
(H} diazorize
OH - 02 ———p OH N02 ——— 0 N02
0.8 ——t
2 OZN - 02N

Ten gm f picramic acid is s spended in 120 cc of 5% hydrochloric acid, and under efficient
sgitation at about 0°C. 2.6 gm sodi: 1 nitrite in 10 cc water is Aumped into the suspension.
Stirring is continued for 20 miuutes, the procuct filtered off cnd washed thoroughly with ice
vater. The dark brown product, if ¢issolved in acetone and precipita‘ed in water, turns bril-
1liant yellow.

Grigin:

Discovered by Griess in 1858 (Annalen 106, 123; %_1%, 205 (1800) and studied extensively by
L. V. Clark (ind Bng chem 25, 6eys (1933).  Developed for commercial use in 1928. This com-
pound was patented in the United States by Professor William M. Dune.

Destruction Ly Chemizal Decomposition:

Dazodinitrophenol iz decomposea .. adding the weter-wet meterial to 100 times its weight
of 10% s0di’.a hydroxide. Nitrogen :as is evolved.

Peferer cze; 18

(8) Pailip C. Keenan end Dorothy ™-=s, Teble of Military High Explosives, Second Revisior,
RAVORD Report No. 87-46, 26 July 1646,

() F. W. .ewa, Do M. Ausler and T. C. Sibson, Sensitivity of Explosives to Initistion by

lu.u footnute |, page 10.
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AMCP 706-177 ¢
Diazodinitrophencl 3
e ’Aﬂi .
T Electrostatic Discharges, U. S. Dept of Int, Bureeu of Mines, RI 3852, 1946. '
( {e) L. V. Clark, "Diszodinitwophenol, A Detonating Explosive,” Ind Eng Chem 25, 663 :
1933). !
Seidell, Solubilities of Inorganic and Organic Compounds, Van Nostrund snd Co., K. Y.
(d) Also see the fallowing Picatinny Arsensl Technical Reports on Dimrodinitrophenol:
9 2 4 2 I 8 2
150 1352 3 355 87 18 2179 . .
610 214 1838 :
2120
‘ :
[
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Diethylene Glycol Dinitrate (DEGN) Liguid AMCP 70% 177
Oo:ullu: Meolecular Weight:  ( c,‘usnzo.{) 196
. Oxygen Belence:
c 2.5 hzcl: ~—Q¥O, Co. % .
" b1 H,C ~ CO % -8
Q
N 1.3 H,C — Density: gm/cc Liquid 1.38
| o
o 57.1 H2C - 0N02 Mehting Point: °C 2
C/H Ratio 0.143 Freezing Point: 'C
Impect Secaitivic,, 2 Kg Wi: Beilieg Point: 'C  Decomposes 160
Bureau of Mines Apparatus, cm 100+
Sample Wt 20 =y Pefrective Index, pf
Picotinny Arsenal Apporatus, in. 9 o
Somple Wt, mg Nes 1.4498
ne
Friction Pondulum Teost: Vecuum Stebility Test:
Stes! Shoe Explodes cc/40 Hrs, ot
Fiber Shoe 90°C
100°C 0.3cc/20 hr/gm
Rifle Bullot Impact Test:  Trials .
120°C
% v
Explosions 135°C
Pa-tials 150°C
Burned 200 Gram Bomb Saad Test:
Unatfected - Sand, gm 2.2
Explosien Temperetum: °C Sensitivity to Initietion:
Seconds, 0.1 (no cap used) Minimum Detonating Chorge, gm
1 Mercury Fulminate
5 1 Lead Azide
10 Tetry!
15
20 Ballisic Morter, % TNT: 90
Treuzl Test, % TNT: 7
75°C Internations! lieat Test:
% Loss in ‘8 Hrs Plate Dent Tert:
Method
100°C Hoot Tost: Condition
% Loss, Ist 48 Hrs k.0 Cor “ned
% Loss, 2nd 48 Hrs 2.0 Den..ty, gm/cc
Explesion in 100 Hrs Kone Brisance. % TNT
Detonation Retc:
Flemmoability Index: Confinement
Condition
Hygroscopicity: % Charge Diometer, in.
Density, gm/cc 1.3
. 2 .
Voletility:  (09C, mg/cm®/hr 197 Rate, meters/second 6760
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AMCP 706-177 Diethylene Glycol Dinitrate {DEGN) Liguid -
Boester Sensitivity Test: Decomposition Equetion:

Condition Oxygen, otoms/sec

’ (Z/sec)

Tetryl, gm Heat, kilocolorie/mole

Wax, in. for 50% Detonotion {3H, keal/mol)

Wax, gm " Ternperature Ronge, °C

Density, gm/cc Phose
Mew. of: Armor Piate Impect .

Combustion, cal/gm 2792 ! Tost:

Explosion, col/gm Sk1 60 mm Morter Projectile:

Gos Volume, cc/gm 796 50% Inert, Velocity, ft/sec
Formction, cal/gm 2020 Aluminum Fineness ’

Fusion, cal/gm

500-1 G | Purposs Bomb

Specific Heet: cal/gn. 'C
Flate Thickness, inches

1
1y
1y

Surning Rete:
cm/sec
Bomb Drop Tes:
Thermal Conductivity: .

col/sec/em/*C T7. 2000-ib Sewmi-Armor-risriing Bomb vs Concrete:

Max Safe Drop, ft

Costficient of Expansion:
Linear, %/°C 500-1 Genersl Purpocs Bomb vs Concrete:
Volume, %/°C Height, #t
f g A, g i Tr'\
¥ , Moks Unafry _red
Low Orde:
Young's Modulys: High 0' d:
+ T T
E', dynes/cm®
E, Ib/inch? 1000-1b Ge~varal Purposs Somb vs Concrete:
Density, gm/cc .
Height, fr
Compressive Strength: ib/inch® Trials
Unaffected
Vapor Pressure: Low Order
C mim Mercury High Orger
20 0.00%
0 C.130
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Diethylene Glvcol Dinitrate (DECN) Liquid

AMCP 706-177

Frogmentetion Teet:

90 mm NE, M71 Projectile, Lot WC-91:
Deraity, gm/cc
Charge Wt, Ib

Totel Ne. of Frogments:
For TNT
For Subject HE

3 inch ME, MA2AT Projactile, Lot KC-S:

Shaped Charge Etfectiveness, TNT =: 100:

Gluss Cone:  Steel Cones
Hole Vc'ume
Hole Depth

Color: Colorless

Principal Uses: Propellant :omposi*ions

Density, gm/cc
Charge Wt, Ib
Total Ne. of Fragmaents: Method of Leading:
For TNT
For Subject HE
Loeding Deasity: gm/cc
' Frogmaent Velecity: ft/sec
At 9 ft
At 25% ft Storege:
Density, cc
. om/ Method Liquid
Biest (Relative to TNT): Hozard Class (Quantity-Distance) Class 9
Air: Compatibility Group
Peok Pressure
Impulse Exudation
Energy
Preparation: DEGN can be prepared with approxi-
Air, Confined: mately 05% yield by adding die‘hyleneglycol
lmpulse to mixed acid (50% ¥NC 5, k5% H,50,, end 5%
H,0). The temperature’is kept et 30°C or
Under Weter: lower. The separated DIEGN is purified b,
Peck Pressure washing with successive portions of water,
' " dilute sodium carbonate soliution and water
mpuise until neutral.
Ene
oy Hydrolysis. % Acid:
10 days at 22°C 0.003
Usderground: 5 daye at o0°C 0.003
Peak Pressure ,
Solubility in water, ym/100 u»m, st
Imyulse 2500 = 30
Energy 60°¢ 0.£0
- \ ., . . L WO P
Viscosity, centipoisus: ~°1‘E‘:Z:l“¢v £m/100 wm, a* 257°C, 1”)
er A
o Alcohol 00
, 20°C
Temp 2:1 Ether:Alcotol 00
Acetone 00

[




AMCP 706-177 Diethylene Glycol Dinitrate (DEGNK) Ligquid

Oriﬁin:

First prepared and studied by Wa. H. Rinkenbech in 1927 (Ind Eng Chem 19, 925 (1927) end
later by Rinkenbach and H. A. Aaronson (Ind Eng Chem 23, 160 (1931)) both of Picatinny Arsenal.
i’sed 1in propelisnt compositions by the Germans during World War II.

Lestruction by Chemical Decorposition:

TEGN is decomposed by edding it slovly to 10 times its weight of 164 sodium sulrlide
{2wpS*9Hx0). Heat is liberated by this reaction but this is not hazar lcus if stirring is
maintained during the addition of DEGN and continued until solution is complete.
Reterences: 1?

3ee the following Picatinny Arsenal Technical Reporte on DEGN:

e X 2 3 4 s 1 2

50 2n T2 673 Lok }6 487 219
180 551 602 1443 1624 1516 w27 579

620 1391 1282 1616 1487 1439
1k90 121 1392 1786 1817
19%
”See foo\.note 1, page 10,
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b~ Bis(2,2-Dinitropropy]) Fumarate (INPF) AMCP 706-177
: ¢u;bmm-= Moleculer Waight: (cmamnhom) 8o
: ¢ 3N.6 Oxécouglbcm
. c(NO,),CH s =59
. H 3.2 coem{? 2)2 3 CO% -17

‘ . T, c:oa,(:nec(zvo?)‘,;_.ca3 Demsity: gm/cc Crystal  1.60
. . e Form 1 89
. o 50.5 m Point C I"O_rg 11 8’6
: C/H Rotio Freazing Peint: *C
' tmpoct Sensitivity, 2 Kg Wr: Boiling Peint: °C
. Bureeu of Mines Apparotus, cm 100+
. Somple Wt 20 mg Refracive index, nj,
; Picatinny Arsenal Apparotus, in. 18 o
. Somple Wt, mg 18 Nz
. . “:
: Foiction Penduium Test: } Vecuum Stebility Test:

. . Steel Shoe Unaffected €c/40 Hrs, ot
* Fiber Shoe Unatffected 90°C c—--
. . - 120°C 0.66
' ifle B mpact Test: rials 120°C e
. Exolosions % 135°C 0.91
' Partiols 150°C

v ‘ Burned 200 Gram Bamb Sand Test:
» . Unaffected Sond, gm
ig : Explosion Temporsturse: °C Semsitivity to Initistion:
N Seconds, 0.1 (no cop used) ~-- Minimum Detonating Charge, gm
: } - Mercury Fulminere
) b smokes 250 Leod Azide
N : 10 Tetryl

» 15
. 20 Ballistic Mortar, % TNT: N
\ Trous! Test, % TNT:

. , 75°C Inturnational vicet Test:
. % Loss in 48 Hrs Plats Dant Test:
. Method
. 100°C Moot Test: Condition
: % Loss, Ist 48 Hrs Confined
4 9% Loss, 2nd 48 Hrs Density, gm, cc
, Eplosion in 100 Hrs Brisonce, % TNT
; Detcuation Rete:
) Flammaebility Index: Confinement
: Condition

Hygroscepicity: % Charge Diameter, in.
: Density, gm/cc 1.kg
Volatility: ate, meters/second D50
17




- CP706-177 Bis(2,2-Dinitropropyl) Fumerate (DNPF)
Frogmentetion Test: Sheped Charge Effectivensss, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steet Cones
Density, gm/cc Hole Volume
Charge W, ib Hole Depth
Totel No. of Frogments: +
For TNT Celor: White
For Subject HE —
Principel Uses:
3 inch HE, M42A) Projectile, Lot KC-3:
Density, gm/cc
Charge ¥/t, ib
Total No. of Frogments: .
For TNT Method of Losding: Cast
For Subject HE
Looding Density: ym/cc 1.50
Frogment Velocity: ft/sec
A9 f
At 251, ft Sterege:
Density, gm/cc
Method Dry

Blast (Relative to TNT):

Air:
Peak Pressure
Impulse
Energy

Air, Confined:
Impulse

Under Weter:
Peak Pressure

Impulse
Energy

Undergreund:
Peak Pressure

impulse
Energy

Compotibility Gre

Hozord Closs (Quantity-Distance)

Sonthesizea tn 1992

Yariand.

Exudation None
Heat of:
Comhustion, cal/gm 3070
(calculated)
Detonation, cal/gm 7T
(celculated)
Viscneity, poises:
o ‘
Jemp, 95.9,C Q. 55t
104.5 ¢ 0.473
Liquid Densit,, gm/ccr
Temp, 94.9°C 1. %2
104, 59C 1,374
Crivin:

Ly Mo Bl 1L of the

i, 7, laval Orduernce labtorator,, White Osk,
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Bis(2,2-Dinitropropyl) Fumerate (INPF) AMCP 706-177

Preparation: {a, b)
chl:-cocu ) HC-COECH?C(NOQ)QCH3

+ 2CH2(™0 oH AL

272 3
HC-COC1 3 e Hc-coem;gc(mz)?_cz%
3.3 mol 7.3 mol 1.6 mol 83% vield

fumaryl chloride 2,2-dinitropropanol &luminum bis{dinitropropyl] fumeraie
chloride

Dinitropropanol was nixed with chloroform {1320 williliters) and the mixture heated to
boiling. The distillate was collected in & water separator. At fi-st the distillate was
cloudy and this was dried with calcium chloride before being returned to the system. When
no more water was collected in the water separator, the mixture was cooled to rcom tempers-
ture and the separstor removed. Fumaryl chloride was introduced, followed by the sluminum
chloride which wes added in four equasl portions. Air was blown into the flagk for & minute
to effect mixing, ard the reaction sustsined itself without the adéition of heat for one hour.
Steam was gradually introduced so that the reflux temperature was rcached 2-1/2 hours after
the beginning of the reaction. After 3 hours of reflux, the hot liquid wes poired into a
bucket. As cooling took place the slurry was vigo .sly agitated until it Tinnlly set up st
room tempereture. This meterial was broksn up and mixed with dilute ice cold liC1. The solid
product was collected on & sintered funnel, washed with water and with h€awuc. The crude
material was recrystallized from methenol to give a product meltins at 86°C {urcorrected),
but after storage for seversl days tre melt’ng point was 83°.

References; 20

(e) M. E. Hill, Preparstion snd Properties of 2,2-Dinitropropancl Esters, NAVORAD Report
No. 2497, 3 July 1952,

(v) D. L. Koubs and H. D. Mcheil, Jr., Hercules Report on High Explos.~es. .vy Contract
NOrd-11280, Tesk A, 26 May 195h.

N

ZOSW foctnote b, page 10,
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AMCP 706-177 Succinate (INPS)
Co;'ﬂiu: Meolocuior Weight: (clo“lh"h°1a) 382
c 3.k Oxygen Belance:
Co: % -63
H 3.7 (¥0.) CO % -21
CO, C(NC,),CH
N ikT %0, 2723 Demsity: gm/cc Crystal 1.51
0 5.2 cm,‘,oozcn.‘,c(noa)acxi3 Melting Peint: °C 86
C/H Raotio 0.250 Frorzing Polat: *C
tmpact Somsivivity, 2 Kg W Boiling Point: *C
Bureou of Mines Apparetur. em
Somple Wt 20 mg Refractive Index, n2
Picatinny Arsenal Apparotus, in. °
Somple Wi, myp Nas
ns
Stes! Shoe cc/40 Mrs, ot
Fiber Shoe 90°C moe-
+30°C 0.10
Rifle Buliet Mmpect Test:  Triols 120°C
% .
Explosions ‘35.(:
Partiols 150°C
Bumed 200 Gram Bomb Sond Teot:
Unoffected Sond, gm
Explosion Tompersture: °'C Sensitivity te Initiation:
Soconds, 0.1 (no cop used) .- Minimum Detonating Charge, gm
1 .- Maercury Fulmingte
10 Tetryl
1]
20 Ballistic Merter, % TNT:
Trouz! Test, % TNT:
75°C Internstionsl Host Tost:
% Loss in 48 Hrs Plate Dent Test:
Method
100°C Heet Tost: Condition
9% Lous, Ist 48 Hirs Confined
9% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detenstion Rete:
Flammebility Index: Confinement
Condition
Hygressepicity: % Charge Diometer, in.
Voletility: Deruity, gm/cc

Rate, meters/second
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Bis(2,2-Dinitropropyl) Succinate (DNPS) AMCP 706-177
Fragmentotion Toot: Sheped Chorge EHactivensss, TNT = 100;
90 mm LR, M7 Projectile, Lot WC-91: Gioss Cones  Steel Cones
Density, gm/cc Hole Volume
Chorge Wi, 1b Hole Depth
Total Neo. of Fropments:
Color: white
For TNT
For Subject HE
Principal Uses:
3 lnch ME, MARAY Projoctile, Lat KC-3:
Density, gm/cc
Charge Wt, ib
Totel No, of Fragmants:
Maothed of Loading: t
For TNT Cas
For Subject HE
Loading Density: gm/cc
Frogment Volecity: ft/sec
A9 h
At 254 # Stocoge:
M'Y: ”/ <C
Maethod Dry
Bloet (Relative 4o TNT): Haozord Closs (Quontity-Distonce)
Ale: Compatibility Group
Peok Prassure
Impuise Exudotion None
Energy
Alr, Confined: Origin:
Impulse
Synthesized in 1953 by M. E. Hill of the
Under Woter: :inxs-ylx;u Ordnance Laboratory, White Oak,
Peok Pretsure
impulse
Eneryy
3
Peok Pressure
impuise
Energy




AMCP 706-177 Bis(2,2-Dinitropropyl) Succinate (DNPS)
Preparation: (a)
00C1 COOCHLC(NOp ) 2CH
2CH3C(N02) pCHR0H  + TH2 ALCL 3 .
CHyluCs. T cnecoocnec(uoa)gcx3
succinyl eluminum .
dinitropropanol chloride chloride bis{2,2-dinitropropyl) succinate .
A methylene chloride solution of dinitropropenol (0.02 mol ‘n 15 milliliters) wes mixed X
with 0.01 mol of succinyl chloride. To this solution C.003 mcl of crushed anhydrous aluminum - .
chloride wvas added. It was necessary to cool the reaction vessel due to the vigorousness of :
the reaction. After 25 minutes at room tempersture the reactior solution wne refluxed 1-1/2 o
hours. Fine needle-like crystals formed upon cooling and adding hexane. The crystels were
slurried in dilute bydrochloric acié and on recrystallization from methanol gave a 93% yield .
of INPS (melting point 85° to 85.6°cC). s
References: 2! L
(s) M. E. Hill, Synthesis of Nev High Explosives, NAVORD keport No. 2965, 1 April 1953. :
i,
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% — 2,2-Dini tropropyl-h,b,k-Trini trc utyrate (DNPTB) AMCP 706137
+ SN
«g : _
1 G-;pﬂln: Maleculnr Weight:  ( °7“9N5°12) 355
z ¢ 3.6 Oxygen Belence:
S CO:: -29
o .
) i B 25 0CH,C(™0,),CH. ! 2.3
w0 X 19.7 Clmmo Density: gm/cc Crystal .68
B w TYormI 11 FormII 95
SN 0 52 CHCH,C(N03) Mabting Polat: °C Form III 59 .
S C/H Ratio Froesiag Polat: °C
' Semshiiviry, 2 Kg Wt: Boiling Point: *C
£ - Bursau of Mines 2 pporatus, cm
» Sample Wt 20 mg Refrcetive ladex, nS
i Picotinny Anenol Apporotus, in o
. '\! Sample Wt, mg [ -4
‘ H 5
i
i - Toot: Vecoum Stebilly Tot:
c ~ Seusi Shos cc/40 Hrs, ot
Fibec Shae 90°C cow
' 100-C .
b R160e Buitet bmpoct Toot:  Trioks 1207 0.5
Explosions * 135°C
' Portiols 150°C
Burmad 200 Gresn Bowmb Send Test:
W Unoffected Sand, gm
\.) inplesien Temporeture: *C Seuchivity te Iritistion:
B . Seconde, 0.1 (no cop used) --- Minimum Detonating Charge, gm
3 ! ' .- Mercury Fulmingte
5 30 Leod Azide
. } ' 10 Tetryl
15
i 2 Bollistic Martar, % TNT:
‘ : Trousl Toss, % TRT:
75°C Intomations! Hont Tost:
E <% Loss in 48 Hrs Plote Dont Tost:
Method
~ 100°C Moot Tow: Condition
} % Loss, Ist 48 Hrs Confined
.y 9% Loss; 2nvd 48 Hrs Density, gm/cc
’ Explosion in 100 Hrs Brisonce, % TNT
3
? Detonstion Rete:
: Flommebility tadex: Confinement
» Condirion
; e picky: % Charge Diometer, in.
’ oletiiiey Density, gm/cc 1.67
: v ) Rote, meters/sscond k(
1]

.




AMCP 706177

2,2-Dini 1-b, 4, b-Trinitrobu te (NPT
Fragmeniodi oo 7 est: Shaped Charge SHoctiveness, TNT = 100:
9C mam NS, MT? Projeriile, Lot WC-91: Gloss Cones  Steel Cones
Deralty, gm/cc Hole Volume
Chorge Wr, Hole Depth
Totel No. of Fragments:
For TNT Color: White
- For Subject ME
Pringipal Uses:
3 lnsh MR, MA2AY Projectile, Lot KC-3:
Dergity, gn/ct
. Chorge WA, b
Todel Mo o Peagmente:
h Maothed of
For TNT Loeding: Cast
For Subject MC ¢
Leadiag Density: gm/cc 1.67
Foagment Veloalty: f1/3ac
AR
Ar 253 Storege:
Deneity, gm/cc
Maethod Dry
Gtast (Relative to TNT): Hozard Closs (Quantity-Distance)
Al Compot:bility Group
Peck Pressure
hooulee Exudation None
Evorgpy _
Als, Conlined: Hest ofs (e) Solvent
impulse Trensition, cal/gm  CCL,~ IMF
. I = II1 6.2 4.8
Under Waeter:
Peck Pressure II 1 -16.6 -22.0
Impulse Heat of Solution :
Energy QR Solution, e.l[g_!_
Material Yy IMF
Undesgrownd:
Poock Pressure Form II1 29. g 8. é.
impulse Form I 35. 12.
Form II 9.1 «9.1
Energy
) Origin,
Synthesiced in 1952 by M. E. Hiil of the
U.S. Naval Ordnsnce (aboratory, White Ok,
Marylend.
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, 2,2-Dini tropropyl-h,b 4-T.1nitrobutyrate (INPTB) AMCP 706-177
4
v
-y  Prsparetion: : (s, ®)
; msc(me)eoa * \loz)sowzmeoocl ac,
4
?
4 trinitrobutyryl sluminum
4 dinitropropanol chloride chlori?-
? ’ A -
maqmz)zmecoomec(m‘,)‘., + HQ1 :
S dinitropropyl trinitrobutyrate
) Dinitropropancl, trinitrc.utyryl chloride and eluninum chloride were slovly mized in car-
{ bon tetrachloride at 60°C. This mixture was refluxed at T5°C for two hours. After the reac-
: ° tion was coapleted, the mixture a> cooled and the crystsllins product separated and purified.
. Water iu the dinitropropanc) was resoved by azeotropic distillation defore the acid chloride
. vas 8dded. The purified product bad a melting point of 95° to 96°C. ; o
» . N
P Crystallogrephic Duta: (e) . | P
. R PO
;_ Thares distinct crystallogmphic modificaticns of THPTR have been observed. These poly- o : Ca
% morphe have been chersacterized by means of X-rey diffrsction and microscopic observatica. S
¢ Yorm I crystallizes from soluiion in carbon tetrachloride, chloroform, acetone, chloroform- )
L bexane, scetone-water, or methanol-water at room tempereture. Prolonged standing of Porm I
' at room temperature under the mother liquor promotes s transition to Form II. Upon solidi-
) fication of wolten INPTB, Form II is slwys observed.
»
: Linear Fate of Transformetion of Form II to Form I (c) £
Tesperature, Aversge Fate Standard Aversge Fate i
g R c [*3 1neh/hau-' Deviation m/hcur ’
#
¢ 15 0. 37 f 0.036 0.012
i 20 0.535 L 0025 0.128
25 0.452 : 0.048 0.133
- k 4] 0.475 . 0.049 ; 0.1ko
: 35 : 0.253 0.037 0.u/5
) I Both Forms I and III gave very erratic sensitivity velues. The high tesperature polymorph, .
: Yorm II of DNPTB, gave consistent sensitivity values.
§ -_ References: 22
-4 (o) . E. H111, tion and Pr es of 2,2-Dini nol Esters, dAVORD Report
3. Fo. 2497, 3 July 195?:. B :
>
) 2 (b) W. B. Hewson, Hercule Report on llig:. Explos’ses, Mavy Contract NOrd-11280, Tesk A,
' 3 18 October 1954.
% (¢) J. R. Holden and J. Wenograd, Physical Properties of an Experimental Castcable Explo-
4 sive 2,2-Dinitropropyl 2,b.b-Trin{trobutyrate DNPTB, EAVORD Seport No, 4L27, 11 December 1956.
.
k]

zzscc fooctnote 1, page 10,
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AMCP 706-177 2,4-Dinitrotoluene (INT) j
Compesitien: Maoloculer Weight: °ﬁ6"2°1 1.82 .
Oxygon Beleace: .
c 6.3 " C0: % 124 :
" 3.3 "2 CO% - 53 ;
¥ 15.4 M gm/cc 1.581 :
. 0 35.0 o, Molting Polut: *C n :
i C/H Ratic 0.579 Fressing Polnt: °C :’
impoct Sensitivity, 2 Kg WY: Bailing Peiat; °C  Decomposes 300 .
g Bureou { Mines Appurotus, cm .
Somv:ie Wt 20 mg Refractive index, % ;
Picatinny Arsencl Apporotus, in : ° .
Somple Wi, mg B ,
s .
Stesl Shoe Unatfected €c/40 Hrs, ot !
Fiber Shos Unaffected 90°C ‘
100°C
Ritle Bullet Smpoct Tost:  Trioks 120°C 0.0% :
_— % 135°C X
o 150°C . 4
Pcrtials 0 §
Burned ° 200 Grem Bomb Sond Te ‘ i
Unoffected 100 Sond, gm 19.3 — ! :
p ]
Explosion Tomporature: *C Sensitivity te Initigtien: i ) i
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
i Mercury Fuiminate N
5 Decomposes 310 Leod Azide 0.20
10 Tetryl 0.25
15
20 Ballistic Morter, % TNT: (5) 71
Treuzi Toot, % TNT: (1) 6
75°C internstions! Heot Toot:
% Loss in 48 Hrs Flete Deat Tout:
Mathod
160°C Hoot Test: Condition
9% Loss, st 4B Hrs Conftmd
% Loss, 2nd 48 Hrs Deraity, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detonation Rete:
Fiw s sbility Indox: Confinemant
. Condition .
Hygroscopicly: % 250¢, 1007 RH 0.00 Chorge Diometer, in. )
v Density, gm/ce '
¥: Rate, meters/second
116
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2,4~ dnitrotoluene (INT)

AMCP 706-177

Frogmontation Test:
90 m ME, M71 Projectite, Lot WC-91:

$Shoped Charge EHectivensss, TNT = 100:
Gioss Cones  Steet Cones

M“Y: w« HMole Volame
Chorge Wh, ib Hole Depth
Totel No. of Frapments:
Calor:
For TRT Yellow
For Subject HE
Principel Usss:  Ingredient of propellant
powder, dynamites and
3 inch HE, MA2AY Projoctile, Lot KC-S: plastic explosives
Deraity, gm/cc '
Chorge W, b
Totel No. of Fragments: Maothed of Looding: FPressed, extruded or cust
For TNT compocition
For Subject HE
Leading Denslty: gm/cc Varisdle
Foagmeont Velocity: ft/sec
A9 ft
A 25% Sorepe:
Oeruity, gm/cc
Maethod ry
Stost (Ralstive b TNTY: Hazord Closs (Quantity-Distonce)  Class 12
P Comp:tibility Growp Group D
Pack Pressure \
Impulse Exudotio
A, 65.5°C XI_Test:
impuise Minutes - 6or
Under Weter: Heat of:
Puck Pressure
impulss Combustior, csl/gm  (b) 1545
Energy Thermal C_.ductivity:
Undespronnd: cal, sec/cn/°C
Poc’ Pressure Density 1.222 gu/cc 6.28 x 10
Iy, s
Energy

m
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AMCP 706171 ok

Nene
Prsparation; *
See THT. :
ubili 200 gm of the folloving substances: "
Py Mitroglycertn Mater :
] ] % 3 X ]
25 045 20 P en 0.027
35 0.29 50 0.037
55 0.h9 100 0.254
A 0.77 ‘
1.03 )
ity at 1 H - :
Solvent $ Solvent $ ’ .
caca 65.076 (ebsolute) 3.09 ..
a3 2,63 o (hegaia)) 3422 x
Cerlg 60.6hh Acetone 8..951 *
Toluok 45.470 Ethyl acetate 57.929 :
ol 5.01% Csp 2. 306 :
%& (96%) 1.916 Pyridine 76.810 :
oxigin: . :
Occurs a8 T5% of the products cbtained on the nitration of toluene, the remsining 25§ being ‘
minly 2,6-INT snd other fsomers of DT. Also occurs as an impurity in crvde THT obtained by (#"!» :
standard manufecturing process. used in explogive mixtures at least since 1931. H ¥ <
References: 23 ‘
{(2) I. C. Smith end B. G. Eyster, scal Testing of Explosives, Part III - Miscellanecis
Sensitivity Tests; Performance Tests " " cember .
(b) A. H. Blatt, Copilation of Data on Crganic Explosives, OSRD Report iu. 2014, 29 Pebru-
ary 1945

(c) Report AC-2861.
(4) Also see the follow g Picatinny Arsenal Technical Reports on D&T:
e L 2 3 b i 6 1 &8 3 -

8.0 1351 T2 b 1615 186 9T 768
18% 1501 312 ges lgqhu 2125 £56 817 93 1h9

1651 922 3 1816 837 1538 29 .
1781 1u1h2 6713 1084 1896 2719
1821 1€72 1023 1004 T79
2011 1692 1663 1164 1749
22 1743 1324
2013 16k
152k
167%
1754
2094

" 23g¢e tootnote 1, page 10.
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Dipentaeryihritol Hexanitrate ‘MI AMCP 706-177
Cc;puﬁa: Molosuler Walght: (C)oH)cNgOyg) 554
c 21.7 Ouygon Belonce:
B 29 o, % -26
N as) 2 ono, oNo, Co % ©3
o) .2 <
(':3,3 IH"’ Semulty: gm/cc Crystal 1.63
0!!2001122"—07{2#0-01‘(2—((:.:30120!!02 o 73.7
C/H Ratio 0.158 0'62 0“62 Frossing Poiat: *C
Serpess Somsibicity, 3 Kg Wr: Baliing Peint: °C
Bureau of Mines Apparatus, cm 14
Somple Wt 20 mg Refcastive Index, nS
Picatinny Arsenal Apporotus, in. & o
Sompie Wi, mg 10 n3
ne
Stee} Shoe Explodes cc/40 Hrs, ot
Fiber Snoe Unaffenrted 90°C
100°C 3.7
Rifle Bullet impect Tot:  Trials 120°C 11+
% o
Explesions ISS.C
Portiok 150°C
Burned 200 Grom Bomb Send Tout:
Unoffected Sond, gm 5T7.b
Explecien Tomporsture: *C Seusitivity te Initietion:
Seconds, 0.} (nc cap used) Minimum Dstonating Chorge, gm
1 300 Mercury Fuiminote
5» Explodes 25% Leod Azide
1o Totryl
5
2 Bolliatic Merter, % TNT: ()  1h2
Truus! Tost, % TNT: (v) 128
75°C intuvastione) Noot Test:
% Loss in 48 Hn Plote Dent Test:
N Method
100°C Voot Tom: Condnm
% Loss, Ist 48 Hrs 0.11 Contined
% Loss, 2nd 48 Hrs 0.10 Density, gm/cc
Explosion in 100 Hrs None Brisonce, % TWT
Detonstion Rete: (c)
Flommeby Index: Confinement Copper tube
Condition Pressed
W“’: % 0-03 CM'" DW.', in. 0. ”
Density, gm/cc 1.59
v v Rate, meters/second 7410

AR 3 0
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AMCP 706-177 Dipentaerythri tol Hexanitrate (DPEHN) .
‘ Frogmentetion Tost: Shoped Chorge Bffectivencss, TNT = 108 ; ]
90 mea NE, M71 Projactile, Lot WC-91: Gloas Cones  Stael Cones :
Density, gm/cc Hole Volume :
Charge Wt, ib Hole Depth
Totel No. of Fropments: Color: Vbite t
For TNT .
For Subject HE :
Principel Uses:  Ingredicot of priming .
3 iach NE, MAZAT Projoctile, Lot KC-S: compositicns .
Derwity, gm/cc T «
: Charge Wi, Ib : -
‘ Totel No. of Fropments: ' e of Lot —— .
Foc TNT . .
| For Subject ME ..
Lesding Denslty: gm/cc Y
Frogment Veloclty: ft/3ec At 3000 to LOOO psi 1.59 .
A9h
At 25% fr Storage: :
Density, gm/cc : g
Method Dry : 5
1 Blest (Ralotive to THT: Hozord Closs (Quantity-Distonce)  Class 9 . §
N N *-, . .
o : Alet Compatibility Group C _ ki
E 'M‘II.. rdation :
Energy :
Alr, Contizad: ion: (Chemistry of Powder and :
2(Ro-CHy), ¢ Debydratisn ‘
Undar Weter: A 2L DY .
Puak Pressure (BO-CHy) 3C-0-C(CH,-0B) 3 . v —viomssr .
Impulse (0%0-Caip) 3C-0-C( CHp-0NO) 3
oY Dipentaerythr? tol Hexanitrate is procured R
in the pure stat: (melting point 72°C) by -
e frectionsl crystillization of crude PET
\ Peok Pressure from moist scetone.
Impuise Onigin: Formed as an impurity in the preps-
Energy Tation of PETN. Properties first described
by W. Frederick snd W. Brlin in 19%
{Berichte fge, 26861 (19%0); Z. ges Schiess-
SprengstofIv 27, 73-6, 125-7, 156-8 (1932))

Hest of* .
Cowbustion, csl/gm 2260 .
: 120

}

e




)
&
x

w,r,

~ Dipentasrythritol Hexanitrete (IPIN) AMCP 706-177
- ' L

Beferences: 24

(a) L. C. Gmith and B. G. Byster, oal Testing of Explosives, Part III - Miscellanecus
Sensitivity Tests; Performance Tests, . , . '

(b) A. Btettbacher, Die Schiess und Sprengstoffe, leipsiz, p. 3.

(c) T L. Wvis, The Chomistry of Fowder and Explosives, John Wiley and Souns, Inc., HNew
York (1943) pp. 218-255"'—3_—__&'_—' -

9&‘” & Livingston, Charecteristics of Explosives HAX and IPEEN, PATR No. 1561, 6 September ‘
1945, 3

L A I I R 2l I I I i I e e i e e O . <L R L ¥ N e aapem e s o o T s S 5
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!Gee footncte 1, pege 10.
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AMCP 706-177 Dynemite, Lov Velocity, Picstinny Arsensl (LVD)
co;.m: 99.5/0.5 ROX/1-MA dye* 17T.5 Moloculer Waight:
IRT 67.8 Oxygen Sotence:
Tripentaerythrito! - 8.6 CO: %
68/32 Vistac Yo 1/D0S binderst ha €O %
Cellulose acetate, LH-1 2.0
*R&(;. Class E; 1-4 ia 964 pure l-methylamino- | Deseiyigm/cc  Loading 0.9
an Quinone.
##Vistac No 1 is lov MW polybutene; IOS is Moling Poiat: *C
dioe%.ubauta. -1
Ratio Foasasing Polnt: °C
impact Sonsitivity, 2 Kg We: Belling Point: *C
Buregu of Mines Apparotus, cm
Somple Wt 20 mg Refrochive Judes, 52
Picotinny Arsanol Apparotus, in, 22 °
Somple Wt, mg 19 R
"
Stee! Shos Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C
% 135°C
Erpotos 5o
Porticls
Burned 208 Greit Bomb Sond Tost:
Unatfected Sand, gm 50.5 s,
!
Explosion Tomporsture: c Somaltivily 1o Inltiotiea: N
Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm
| Mercury Fulminate
5 Ignites  L80 Leod Azide 0.20
10 Tetryl 0.15
15 -
20 BuMiogh: | feder, % . AT: 9%
TM "' Yo ??J:
75°C Internotions! Moot Toor: = .
% Loas in 48 Hrs Plote Dont Yost.
Method
100°C Moot Tont: Condition -
% Loss, ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT ;
- Detcastion Rets:
Flommebility index: Confinement None
Condition Hend tamped
W’ﬂ % 0.3 Chorge Diometer, in, 1.25
L IAC. 95% Ri, %0 days _ etisfsctory = | Density, gm/cc 0.9
v : Rote, meters/second b $97: or 14500 f£i/gec
122
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nami te, Low Veloci

Ploati Arsenal (IND

AMCP T06-177

Crogmentetion Tost: Shaped Chorge Bifoctiveness, TNT = 100:
90 mam NE, M7 Prajoctile, Lot WC-9T: Gloss Convs  Steel Conms
Deruity, ym/cc Hole Volume
Chorge Wt, b Hole Depth
Teotel No. of Frogments:
Color:
For TNT Pink
For Subject HE .
Polncipel Uass:  Excevation, dewolition, -
9 lnsh N8, MA2AT Projoctile, Lot KC-8: and cratering o
Dersity, gm/cc
Chorge Wt, b
Vote! Mo of Frogmente: Maothod of Looding: 111 Packer machine loaded
For TNT
For Subject HE
Loading Density: gm/cc 0.9
Frusnent Valoclty: ft/sec Tamped cartridge 1-1/2" diameter, 8" long
MO
At 25% fr Sterape:
Dersity, gm/cc
Method Dy
oot (Ralative to THT): Hazard Class (Quontity-Distonce) Class 9
Al Comegotibility Group Group A
Peok Pressure
impulse Exudation
Enargy
Sengitivity to Injtistion:
Als, Confined: Stick %, Fo. © Electric cep Positive
impulse Stick 4ry, Corps of Eigineers Positive
Stick wet, Corps of Engineers Positive
. e At
Peck Pressure x digntance will, inch 2.1/2
| * win distence will not, inch 3
E Stick Water Immersion:
eight gein, 9-16
Yadorground: Heat of:
Peok Pressure Bxplcs.ion, cal/, 625
) Gas Volume, cc/gm 611
Energy Cold Storsge: Plastic to -65°F
Low wmn Usaye:
- » 1 day, cap
crimper Satisfactory
123
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AMCP 706-177 te, Low Velocity, Picatinny Arsemal (IND N

Preparation;

Tc date this dynsmite has been prepared on a laborstory scale, the details of which ere ‘
classified. It has been shown, however, to be machine loadsble on & Hall packing machine.

Scigin:

Nobel invented the original dynamite in 1566 snd gave the name dynamite to mixtures of
nitroglycerin and kieselgubr. The strength of a dynamite war indicated by the percestage
of X3 in the mixture. Jater oxidants and comdbustibles were subatituted for the kieselguhr, :
g and smmonium nitrate and/or nitrostarch replaced the MG, bringing into scistence nev types ¥
i of dynamites. World War IT military operations required special dsmclition and crete ng

sxplosives free fyoe the chjectionabls charecteristics of NG and many "dynamite substitutes”

were developed for sy.cific applications. The sublect low velocity dynamite vas developed in
1956 by Picatimny Arsens) (Ref a).

« *om s A% a

Refercuces: 25 "
! (s) B. W. Vigt, of Low-Velocity Mili oaives valent to Commercisl ¢
Dynamites, PA Techni N . .
: (b) Also see the followirg Picwtinny Arsspal Technicsl Reports on Dynamites: :
e L 2 » 3z & 1 & 3 5
; 1260 1¥1 782 86 1285 16 so7 88 1819 :
, 1360 U331 153 1464 14% A7 1828 :;
{ 1720 1506 .
1760 2056

2554e footnote 1, page 10,
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Dyuamite, Medium Velocity, Hercules (WD) AMCP 706-177
—
{ Compositicn: Malecular Weipht:
%
L X 75 Oxygen Selonce:
CO: % -51
™ 15 CO %
1 Starch z
SAE No. 10 Oil
? Vistanex oil gels 1 Deasity: gm/cc Loading 1.1
#80/15/5, SAE Mo. 10 veight oil/Vistanex B- Molting Point: °C
100XC/Mavy I2 wax,
C/M Rotio Froesing Peint: *C
{ tmpoct Senshtiviy, 2 Kg Wr: Fitroglycerin Bquivelent, § 60
. Bureou of Minas Apparatus, em  >100 —
Somple Wt 20 mg 18 Refractive index, n2
) Picotinny Arsenal Apparatus, in. 25 n3
- SU“P" w'i "‘0 )
2 » n
] -
z Feiction Pendulum Toot:- Vocuum Stebility Tost:
' . Stael Shoe Crackles ©c/40 Hrs, ot
} Fiber Shos Unaffected 90°C
+ : 100°C 0.8
: Bob 135°C
‘ ' 150°C
! Partiols
i Bumed 200 Geam Bomb Sond Tast:
x - Uno:fected Sond, gm 52.6
y Explusion Tompoereture: Samitivity te | sitiotion:
Seconds, 0.1 (no cop wead) Minimum Detonating Charge, gm
1 Marcury Fulminate
g 5 Leod Azide 0.20
x |: Tetryl 0.10
. 1
t 20 Sollistic Martsr, % TNT: 122
t s Trouzl Tost, % TNT:
v 73°C latornations! Host Test:
] % Loss in 48 Hrs Plote Dont Tout:
H Maethod
§ ) 100°C Hoat Tout: Condition
} % Lous, Ist 48 Hrs 0.62 Conffn.d
i R % Loes, 2nd 48 Hns 0.12 Df«ufv. gm/cc
{ Explosion in 100 Hrs None | Brite cs, % TNT
) Detonation Rete:
’ Flommebility lndex: Cenfinement None
(. Condition Mechine tamped
, % Charge Diomater, i
) rge e, in. 1.50
" =
71%C, 95% RH, 0 dsys Setigfmctory Deraity, gm/ce o
Yolasiley: Rote, meters/second 6000-6600; or 20,000 f£t/sec

[ A
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AMCP T06-177. Dynamite, Medium Velocity, Herculas (MVD)
Frogmontetion Tost: I Shoped Charge Bffectivanass, TXT = 100
90 mes B, M71 Projectile, Lot WC-HY: Gloss Cones  Stesl Cones
Density, gm/cc Hole Volume
Chrorge W, Ib Hole Depth
Totel Ne. of Fregments:
for TNT
For Subject HE
Principel Uses: Excavation, demolition, end
3 lnch NE, MAZAT Projectile, Lot KC-S: cratering
Density, gm/cc
Chorge WA, b
Totel No. of Fropments: Mothed of Losding: Eall Pucker machine loaded
For TNT
. For Subject HE .-
. Loading Denally: gm/cc 1.1
" ut Voloshty: f1/s0c Cartridge 1-1/2" dismeter, 8" long
A9 it
At 28y fr Serege:
Dersity, rin)cc
Method Dry
Binet (Refetive b0 THT): Hazard Closs (Quontity-Distonce)  Class 9
Al Compotibility Group Group A
Puck Pressure
Impules Exudation
. M: )
: Sensitivity to Initiation:
Ale, Contined: Stick ayﬁ, Wo. © Electric cap Positive
Impules Stick dry, Corps of Engineers Positive
Stick wet, Corps of
Under Weter: Engineers > 50% Positive
Peock Pressure Air Ga tion:
impules Max distance w_1li, inch 1
£ Min distance vill'not, inch 2-1/2
Quarry Performence: 4 tons rock/ton
Undesgronnd: explosive
Peck Pressure Stick Weter Immersion:
impuise e t gein, 25-27
Reat of: :
Energy " Explosion, cal/ " 935
Ges Volume, cc/gm 9hs
Cold Storage: Plastic to -T0°F
Low ture Usage:
o ’ Yy cap
crimper Satisfactory
126
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Dynamite, Medium Velocity, Hercules (MVD) AMCP 706-177

tion:

Manufactured on standard dynamite line and packaged on a Rall packing machine. Details of
handling materials and techniques of manufacture are classified.

Origin:

Military forces frequently require excewitiou, democlition, and cretering operationc for
vhich standard high explosives are unsuitable. Commercial blasting ¢ plosives, except black
povder, are celled Qynamites although they mey contain no ni cerin. The sudbject dynamite
substiute vas developed in 1952 by the Hercules Powder Company (Ref a).

References: 26 ] :

(a) W. R. Balawin, Jr., Blas Losives te Substitute), Hercules Powder Cowpany
Yormal Progress Report, RI s t y Contract DA 3%-0RD-110.

{v) E. V. Voigt, Devel t of Low-Velocity Mili losives Bjuivalent to Commercial
Dynamites, PA wﬂﬁ%‘ﬁﬁ%ﬂm_—&_— y . o

265ee footnote 1, page 10.

T S

SR




BNV TR
%

o

S o

k)

AMCP 706-177 BC Blaok Fire
] O?ﬂbl: Molecular Weight: Approximately 503
Ritrocellulose, 13.25% N 80 Oxygra Belence:
Barium Nitrate 8 CC: % +5
Potassium Ritrate 8 €O % -25
Starch 3
Diphenylamine 0.75 Denelty: gm/cc
Aurine 0.25
Melting Peint: °C
C/H Ratie Freezing Peint: °C
lmpoct Semsitivity, 2 Kg W: Boiling Polat: °C
Bureou of Mines Apparatus, cm 19
Somple Wt 20 mg Refractive Index, n2
Picotinny Arsenal Appoarotus, in. o
Sample Wt, mg 20 N
(A4
Friction Ponduium Teet: Vecwom Stebifity Tast:
Steel Shoe Soaps cc/40 Hrs, ot
Fiber Shoe 90°C
- 100°C
Rifle Bullet lmpoct Tost:  Trials 120°C
. % o
Explosions '35.C
Partials 150°C
Burned 200 Gram Bomb Sand Tet:
Unoffected Sand, gr L6.8
Expission Tompereture: °C Sensitivity to Initistion:
Seconds, 0.) {no cop used) Minimum Detonating Charge, gm
! Mercury Fulminate 0.22
S Decomposes 200 Leod Azide
10 Tet:yl
15
20 BSelliatic Morter, % TNT:
Treuzl Test, % TNT:
75°C intornotional Hoot Test: —
% Loss in 48 Hrs 1.8 Plete Dent Tost:
Maethod
100°C Heot Tost: Condition
% Loss, Ist 48 Hrs 2.0 Confined
9% Loss, 2nd 48 Hrs 0.2 DO}'S"% gm, ‘e
Explosion in 100 Hrs None Brisance, % TNT
Detenstion Rote:
Flammebility Index: Confinement
Condition
v pickty: % 3%, 90% RH €.2 Charge Tiameter, in,
dotitl Density, gm/cc
v ) Rate, meters/second
128
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EC Blank Fire AMCP 706-177
Fragmentetion Teer: Shaped Chorge Effectivenses, THT = 108:

90 mm NE, M71 Prajectile, Lot WC-91: Glass Conss  Steel Conss
Deraity, gm/cc Hole Volurm
Chorge Wt, b Hole Depth
TVetel Neo. of Fropments:

For TNT Color:
For Subject HE
) Principel Uses: Grensdes; caliber .30 blank
3 inch MG, MAZA1 Projectile, Lot KC-S:
Dersity, gm/cc
Charge WA, b
Totel Ne. of Frogmenis: B Mothe” 4 Looding:
For TNT
For Subject HE
Loading Denslly: gm/cc 0.k
Fragment Velochty: #1/38c

A9 e

At 25% fr Seerege:

Dersity, gm/cc

Mathod Wet
Biast (Redative 0o TNT): Hazord Class (Quantity-Distance) Class 0

Al Compatibility Group Group J
Feok Pressure
Impulse Exudation
Enorgy

Preparstion: EC Blank Fire 1z & partielly

Alr, Confined; colloided propelleant manufactured by a pro-
Impulse cess using eitber acetone and ethanol or a

mixture of butyl acetate snd benzene to

Under Weter: gelatinize only a pert of the nitrocellu-
Peck Pressure lose. The process is controlled so that
Impulse the product passes through a No. 12 sieve

and is retained on a No. 50 sieve.
Erergy
Origin:

Undorgronnd: Invented in 16882 as bulk sporting (smoke-
Peok less) powder by W. F. Reid and D. Johnson st _
Impuise the Explosive Compsny (vhence the newe "PC")

in England (Gritish Patent 619).
References:“’(a) See the following Picatinny 120°C Heat Test: Minutes
Arsenal Technical Reports on EC Blank Fire: 891, Selmon Pink 1
901, 372, 512, 822, 233, 1373, 854, 65, 667, Red Fumes 20+
817, 69, 579 and 1399. Explodes 300+

!7See footnote 1, page 1C.
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AMCP 706-177 Ednstol, 55/k5
o
R Compesitica: Meleculer Weight: 178
: : _ % :
Haleite (Ethylene Dinitramine) 55 O‘Eg_-q:m' :
: -51 ) -
™T ‘ 45 o % -i7 ‘
Dessify: gm/cc Cast 1.62
. Malting Pole2: *'C  Eutectic 8o
C/H Rat > : Freezing Poiant: ‘T
{mpoct Sencltivity, 2 Kg We: Boiling Poidr: °C
Bureou of Mines Apparatus, cm 95
Somple Wt 20 mg Refractive fnden, .
Picotinny Arsenal Apparatus, in. °
Sompk W', ~mg 20 Ay
on
Steel Shoe Unaffected cc/40 Hr, at }
Fiber Shoe Unaffect=d 90°C
100°C 1.0
Rifle Bullot kapect Test: T 'ols 120°C 114
N % ’
Explosions 0 ::g
Portials 0 X
Burned 7 200 Grem Bomb Sond Test:
Unatfected 93 Sand, gm k9.4 ) R
Explesion Tomporature: *  °C Senitivity te taltietion: vt :
Seconds, 0.1 (no cop used? L35 Minimum Detonating Chorge, gm bl
1 248 Mercury Fulminate 0.22%
5 Decomposes 190 Leod Azide 0,26
10 183 Tet
RN 5 176 sa1teRlive initiating charges.
20 168 Sollistic Mortwr, % THT: (a) 119
*Corpositicn Haleite/TNT, 60/40. trourt Test, % THT: (1) 120
75°C internationel Heat Toot:
% Loss in 48 Hrs Plote Dont Your: 52/48
Method B
100°C Mot Toot: Condition Cast -
% Loss, Ist 48 Hrs 0.2 Confined No .
% Loss, 2nd 48 Hrs 0.1 %W: gm/cc 1.62
Explosion in 100 Hrs None Brisance, % TNT L2
> Detonatisn Retes
Flammebillty lndes: Will not continue to burn Confinernent None
Condition Cast
Hygroseopicty: % None Charge Diometer, in. 1.0
slortlity Dersity, gm/cc 1.63
v ! Rote, meters/second T30




S L

EOR I B B AR T L SR B TRR TR R R PR R A R e I

NG G P G LR PR R - S e B A

E R O NPT o R

-

Ednatol, 55 f"i AMCP 706-177
Fragmontetion Test: Saoped Chorge Effectiveness, TNY = 100: 50/50
20 mm RE, M7 Projuctile, Lot WC-91: Glass Cones  Steel Cones
Daeraity, gm/cc 1.56 1.62 Hole Volume 126 123
Charge Wi, Ib 2.065 2.002 Hole Depth 117 121
Totel Ne. of Fragments:
Color: Yellow
For TNT T03 T03
Fo. Subject HE 8h2 902
Principel Uss: Projectiles, bombs; specisl
3 inch HE, MAZAY Prejectits, Lot KC-S: ammunition components
Dergity, gm/cc 1.60
Charge 'Wt, b 0.845
—
Totel No. o/ Fragments:
Mothed of Losding: t
Sor TNT Sk Cos
For Subiect HE 536
Leading Deasity: gm/cc 1.65
Frogment Velecity: ft/sec
Ar9 #t 210
At 253 2430 Storege:
Density, gm/ce 1.62
Maethod Dry
Blast (Reletive to TNT): (a, e) Hozard Closs (Quontity-Distonce) Clsas 9
Al Compotibility Group Group I
Peak Pressure 108
Impulse 110 Exudation Does not exude st 65°C
Energy 108
Butectic Temperature, °C: 79.8
Ade Confined: ~&m Haleite % = T
79.8% 0.48
05,0%¢ 1.12
Under Wotsr:
Peck Pressure - Compatibility with Metals:
Impulse . : Brass, aluminum, stainless steel,
13 mild steel, mild steel coated with ecid-
Energy proof bleck paint, and mild steel plated
vith cadmium or nickel are unaffected. Cop~
Underground: per, magnesium, magnesium-eluminum slloy and
Deck Pressu mild stcel plated with copper or zinc sre
Impulse slightly affected.
Energy Wet: Copper, brass, megnesium, magnesium-
Booster Sensitivity Test: (@) slumlnum elloy, mild steel, mild steel costed
" with acideproof black paint and mild steel
g::g;;m:m S;; vlated with copper, cadmium, nickel or zirc
Wax i;’h for 50% Detonstion 1,28 sre heavily attacked., Alumipum is slightly
Den;ity, gu/ee 1.62 affscted and stainless steel is unsffected.

1
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(a) L. C. 9aith and E. G. Eyster, aicel Testing of Explosives, Part III - Miscellsneous

‘ Sensitivily Tests; Performmnce Tests, Report No. N r .

{b) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives, Second Revi-
sicn, KAVORD Report No. 87-46, 26 July 19b6.

i
);%
%
. iﬂ*m& “

‘

CP T06-177 .

AN Ednatol, 55/45 o~

. v

Ereperation: ' S

Wet Haleite 1s added slovly to molton TNT heated at about 100°C in a2 steem jacketed melting ¢

kettle equipped with s stirrer, Beating and stirring are coutinued until all moisture is .

eveporsted. lLoeding 1s done by pouring the mixture cooled to 85°C. . '

1ns .

Mixtures of Haleite (EDNMA) and TNT, designated Ednatol, vere developed st Picatinny Arsenal .

Just prior to World Wer II. '

' References: -8

- .

(¢) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 Auguet 1942. :

(d) L. C. Smith and S. R. Welton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, FOL Mewo 10,303, 15 June 1969,

9,‘ge) W. R. Tomlinson, Jr., Blast Eflects of Bowb Explosives, PA Tech Div Lecture, 9 April
1948.

(f) Eastern Iaboratory, du Pont, Investigstion of Cavit§ Effect, Sec III, Variation of
Cavity Effect with Composition, NIRC Contract W-072-0 .

(g) Bastern Iaboretory, du Pont, Investigation of Cavity BEffect, Pinal Report, 18 Septem-
ber 1943, NIRC Contract w-672-oan—572'5_"1‘€'. —R sy s

L ek G- VSRR

{b) Also mee the following Picatinny Arsensl Technical Reports on Ednatoi:

2 S g 3 .4 2 é I 8 2 .

1290 109r 1162 1193 1296 1325 1796 1k57T 1198 1279
%00 1451 1372 1363 1A% 1395 W77 1388 169 .
120 1651 1482 1ko3 1885 1737 1838 .
1530 1797

1 -
3 | V
T . _
%85ee footnote 1, page 10,
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Ethylene Glycol Di-Trinitrobutyrate (GINE) ANMCP 706-177
ngullu: Melocular Welght: (cmxmnso! 6) 468
c 25.6 Oxygen Belence:
> CO; % -
' 2.6 CO % 0
CO. C(RO
¥ 17 7005 CHa A C( 3) Density: gm/cc Crystal  1.63
o ST CB, 00578, CH,,C(NO,) Malting Pelat: *C 96
C/H Ratio 0.235 Freoxing Peint: °C
lmpect Semeitivity, 2 Kg We: Selling Peimt: °C
Bureou of Mines Apporatus, cm
Somple Wt 20 mg Refractive Index, 02
Picatinny Arsenal Apparatus, in. o
Somple Wi, mg P
ne
Friction Pondulum Toot: Vecwum Stebility Tost:
Steel Shoe cc/40 Hrs, at
Fiber Shoe 90°C
100°C
Rifis Sullet Impect Toet: Trios 120°C
Evplost % 135°C
Portiols 150°C
Burned 200 Graw Bomb Send Test:
Unaffected Sond, gm
Explasion Tompereture: ‘C Sentitivity te Initietien:
Seconds, 0.) (no cop used) --- Minimum Detonating Charge, gm
1 e Marcury Fulminate
S 50% point 2% Leod Azide
10 Tetryl
15
20 Ballistic Merter, % TNT:
Trous! Test, % TNT:
75°C Internstions! Hoot Test:
9% Loss in 48 Hrs Plote Dent Toor:
Method
100°C Moot Toot: Condition
% Loss, Tst 48 Hrs Confined
% Loss, 2nd 48 Hns Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detenation Rete:
Flammebility {ndex: Confingment
Condition
Hyproscoplelty: % Charge Diometar, in,
Density, gm/cc 1.63
Volatifity: Rate, meters/second T340
133
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. AMCP 706-177 Ethylene Glycol Di-Trinitrobutyrete (GTNB)
Frogmentetion Test: Shoped Charge Effectivencss, TNT = 108:
90 mm HE, M71 Projactile, Lot WC-: Glass Cones  Steel Cones
Density, gm/cc Hote Volume
N Charge W, 1b Hole Depth
Totel No. of Fropments: Col
For TNT )
For Subject HE
Principel Uses:  Cagting medium for HE compounds
3 lnch HE, MA2AY Prejestile, Lot KC-S:
Dersity, gm/cc
Crarge Wt, I
Totel Ne. of Fragments:
Mothed of t
For TNT Loading: Cas
For Subject HE
Loading Density: gm/cc 1.60
Progment Veleelty: f1/s0c
MO #
A 28y, fr Sterege:
Density, gm/ce ,
Maethod Dy
Slost (Relative to THT): Hozord Cless (Quantiiy-Distonce)
Al Compatibility Group
Peck Pressure
impulse Exudation None
Energy
Al, Preparation: (a)
impuise By the addition of nitroform to ethylene
glycol diacrylate. As the method of prepa-
Under Wolr; ration often leads to products difficult to
Peok Previurs purify, s preparation from ethylene glycol
} \ ‘ and pure trinitrobutyric acid is in process.
Energy origin:

N First synthesized in 1951 by the U.S.
Peck Pressure Rubber Compeny, Research and Development
impulse General laboratories, Pussaic, New Jersey.
Energy Viscosity, poises:

Temp, 98.9°C 0.246
106.5°C 0.193

Liquid Densit: [IH
Temp, 98. 1.467
’106.5% 1.456

e e,
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AMCP 706177

-~ Bthylene Glycol Di-Trinitrobutyrate (GTNB) o

References:29
{a) U. S. Rubber Company Progress Report No. 1k, Bavy Contract NOrd-10129, 1 February 1951 ’
to 1 May 1951. :

(b) U. S. Raval Ordnance Laboratory, Silver Spring, Maryland, Letter from Dr. 0. H, John-
son to Commending Officer, Picatinny Arsenmal, 8 April 1955 (ORDBB 471.86/Ws-3, Registry Fo.
20815); and NOL Letter from Dr. De Vi Sickmen to Commending Officer, Picstinny Arsenal,

29 November 1955 (ORDBB k71.86/159-1; Serial No. J289%).

255« footnots 1, page iOC.
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AXCP 708177 Explosive D (Ammonium Picrate)
. c.:anla: Meleculer Woight:  ( csnén,‘nr) 246
. O—NH Onyger Belencou:
{ ¢ 29.3 Y o, % .52
: B 2.k ON X0, o % -13
h, ‘ S | 22,7 Denelty: gm/cc Crystal 1.72
- 0 45,6 Mabing Puintt °C  Decomposes 265
RO,
‘ C/H Retio 0.317 2 Prosving Polat: °C
. lmpect Sensitivity, 2 Kg Wr: Selfiag Pelat: °C
Bursou of Mines Apparatus, cm -
Sample Wt 20 mg Refrostive lndes, n2 s 1.508
Picotinny Arsenal Apparatus, in. 17
Somple Wt, mg b, 1.870
S 1.907
Peiction Pendulum Vest: Vecwum Stobility Tout:
Steel She Unaffected ¢c/40 Hrs, ot
Fiber Shoe Luairectied 90°C
100°C 0.2
Rifte Bullet lmpoct Tost:  Trials 120°C ok
% .
Exploss 0 135.C \
Portiols 0 150°C o.
Burned £y 200 Grem Sumb Send Test:
Uncffected T0 Sand, g 39.5
Explesion Tomporeture: *C Sonsitivity to initistion:
Seconds, 0.) (no cop used) 105 Minimum Detonating Chorge, gm
1 367 Marcury Fuiminote
5 Decomposes N8 Leod Azide 0.20
10 o Tetryl 0.06
15 299
20 295 Bellistic Mortar, % TNT:  (a) 99
—— Trousl Tes2, % TNT:
75°C international Heot Tost:
% Loss in 48 Hrs Plete Dot Toot:
Method A
100°C Koot Tost: Condition Pressed
9% Lnss, Ist 48 Hrs 0.1 Confined Yes
% Loss, 2nd 48 Hrs 0.1 Dersity, gm/cc 1.50
Explosion in 100 Hrs None Brisonce, % TNT 91
Detenstion Rete:
Y t Confinernent lione
Condition Pressed
picky: % 100% FH 0.1 Charge Diometer, in. 1.0
oletitly Dersity, gm/cc 1.55
v ? Rate, meters/second 6850
136
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losive D {Ammonium Picrats

AMCP 706-177

Frogmentetion Test: Shoped Chorge Etactivensos, TNT = 120:
20 wem HE, M71 Projoctile, Lot WC-93: Gloss Cones  Steel Cones
Dersity, gm/ecc 1.50 Hole Volume
Chorge W, ib 1-9‘1‘ iole Depth
Yool No. of Fragments:
For TNT 703 Caler: Yellov-orenge
For Subject NE 69
. Prlacipel Uses: AP pic!sctiles end bowbs
3 lneh NE, MASAY Projoctite, Lot KC-S: '
Deralty, gm/cc 1.55
Chorge Wt, b 0.82
Totel No. of Frogments: :  Mhathed of Laading: Pressed
For TNT S1h
For Subject HE 508 5
Lesding Denshty: psi x 10 .
3 s rn{gc 12 15 20
hmvm ft/sec. .33 1k 1L.k7 149  1.51  1.53
At 25 e Sterepe:
Dengity, gm/cc i
Mathod Dry
Dot (Ralative t0 TNT:: Hazard Closs {Quantity-Distonce} Class 9
Az Compatibility Group Group I
F vok Pressure
Impulse vaxiction None at 65°C
Energy
Sensitivity to Electrostatic
Als, Confined: Discharge, Joules: (@)
100 Mesh:
Under Weler: Confined 6.0
Peak Pressure Unconfined 0.025
o Booster Semsitivity erv: (¢
Condition Pressed
Tetryl, am 100
Undorgronnd: Wax, in. for 50% Detomation 1.27
Peok Pressure Density, gm/cc 1.54
impulse Beat of:
Energy Combustion, cal/gnm 2860
Explosion, cal/gm 800
Formstion, csl/gm 95

137
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AMCP 706177 Explosive D (Ammonium Picrate)
’ "  Preparesion:

Explosive D is manufuctured by suspending picric acid in hot water snd neutrelizing it wiih
guseous or liguid ammonia. As the picrate is forwed, it goes into solution; on cooling, 1t

}’_ ’ precipitates. An excess of ammouia leads to formmtion of the red form of ammonium picrste.
b This should be avoided. The separsted crystals are washed with ~o0ld water and dried.
.. Bffect of Storege on Sand Test Values: )
’ Minimum
' e
| et .
mo nate Tetryl Crushed
Yers— ¢ [0} T

0 0.06 23

3.5 50 0.25 23
] 2% Bormal 0.03 23

1 Normsl 0.0% 23

2 50 0.2% - 23

# After 3.5 years at 50°C.
#%  After 3.5 years at 50°C end 2 vears at magazine tempersture.

Solubility: EZIQ) gn ($); of: (e)

Water Alcohol Ethyl Acetate
8 % $ % $
20 1.1 o] 0.515 o] 0.290
100 75 10 0.690 10 0. 300

k o 1.050 30 0.380
50 1.89%0 50 0.k50
8o 3.620 Ao 0.560

gg_xgin:

First piapared by Marchend in 1851 and used by Rrugere in admixture vith potessium nitrete
as & propellant in 1865. Used as & high exploaive after 1900.

Destruction Chemicel ition:

Explosive D {ammonium picrste) is decomposed by dissolving in 30 times its weight of 2.
solution mede from 1 part of sodium sulfide (Be,S-9H;0) in 6 partc of water.

Referencess 30

{e) L. C. Smith and E. G. Eyster, cs) Testing of Explosiven, Part {II - Miscellsneous
Sensitivity Tests; Performance Tests, %Wjﬁig%“xo. T 57 Dececber 1068,

30gee footnote I, pege 10,
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Explosive D ‘A-oniun Picrete) AMCP 70677
/'\' ’
(v) D. P. MacDougall, Methods of Physical Testiug, OGRD Report No. 803, 11 August 1942. e e
{c) L. C. Smith rad S. R. Welton, A Considerstion of PDX/Wax Mixtures as & Substitute for
Tetryl in Boosters, .OL Mewo 10,303, 15 June .
(a) F. V. Brown, D. H. Xusler and F. C. Gibson, Sensitivity of %lonivu to Initiatinn
§ - by Electrostatic Discherges, U. S. Dept of Int, Bureau o nes, ’ . )
’ (e¢) Variocus sources in the open literature.
: (f) Also see the folloving Picatinny Arsenal Technical Reports on Explosive D:
< o Y 2 3 L) 2 6 I 8 2
| ; %0 1bki 132 843 694 65 266 1737 38 1729
870 ;i1 7 82 704 k25 556 1797 83 1759
, - 1B --ite i 874 1585 796 1838
1352 123 1855 986
. 1372 1Tk Q725 1466
‘ 1L92 1885 1796
) 1895
s

/i
s
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AMCP 706-177 Glycerol Monolactate irinttrate (GLTN) Liquid

Cu:ulla: Maoloculer Weight: (CcHoN40y)) 299
Oxygon Belonse:
¢ A ono, co. % %
R 30 o,—o-c-tu-cy co% 3
N 1.1 ?!i— oxNO,, Denslty: gm/cc Liquia 1.h7
o sas e %O Malting Poiot: *C
C/H Ratio  0.180 Froeting Peiat: *C
lapact Sensltivity, 2 Ko Wr: Qoiling Pelnt: °C
Bursou of Mines Apporatus, cm 15 (1 1b wt); 42
Sample Wt 20 mg Refeactive Index, n3
Picatinny Arsenal Apparatus, in. ° Y
Sample W, mg N 1.
e
Friction Ponc .2 Yoor: Vecsum Seobility Tost:
Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 5.9
Ritle Bullet lmpect Tast: Triols 120°C
% 135°C
Gl od
Porticls
Burned 200 Grom Bomb Sond Tost:
Unaffected Sond, gm 13.1
Explosion Tomporature: *C Sexaltivlly %o taltition:
Seconds, 0.1 (no cop usad) Minira m Detonating Chergs, ¢cm
1 Mercury Fuiminate
5 223 Lsod Azide
10 Tetryl
15
20 Boltistic Marter, % TNT:
Trousl Tost, % TNT:
73°C intornations! Heot Test:
% Loss in 48 Hrs Piate Dent Tost:
Maethod
100°C Moot Tost: Condition
% Loss, Ist 48 Hrs 2.5 Confined
% Loss, 2nd 48 Hrs 1.8 Oersity, gm/cc
Expkssion in 100 Hrs None Brisonce, % TNT
Detonstion Rete:
Flammobility index: Confinement
" Condition
% Charge Diometer, in.
Density, gm/cc

Velolity: 60°C, mg/co®/br 28

Rate, meters/second
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Glycerol Monolactate Trinitrate IGLBQ Liquid

AMCP 706-177

Frogmentetion Tost:

90 men HE, M7) Projoctile, Lot WC-91:

Dersity, gm/cc
Charge Wt, ib

Tetel Ne. of Fregments:
For TNY
For Subject HE

3 inch KE, MA2AY Projectile, Lot XC-S:
Density, gm/cc

Sheped Cliorge EHfoctivenens, TNT = 100:
Glass Cones  Steel Cones -

Hole Volume
Hole Depth

Caler:

Principel Usss: Gelatinizer for nitrocellulose

Charge W, Ib
Totel Ne. of Frogmeats:
Mcthed of Loading:
For TNT ¢
For Subject HE
Loeding Density: gm/cc
Frogment Velecity: ft/sec
At9f
At 25y #t Sterege:
Density, gm/cc
Method Liquiad
Blust (Relative to TNT): Hazard Class (Quontity-Distonce) Class 9
Alr: Corenpatibility Group
Peck Pressure
Impulse BExudation
Energy
Ale, Confined: Hydrolysis, % Acid:
Impuise 10 days at 22°C 0.021
5 days at 60°C 0.01b
Under Weter: Solubility in Water,
Peak Pressure gm/100 gm, at:
impulse z.'sgc <0.01
Energy 6o c €0.015
Sotubility, gm/100 gm,
Underground: at 25°C, in:
Peak Ether o
Impulse 2:1 Ether:Alcohol -
Energy Acetone -
Heat of:
Combustion, cal/gm 2u07
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AMCP 706-177 Glycerol Monolactate Trinitrate (GLTN) Liguid

tion:

) Clycerol monolastate (GML) s prepared by heating & glycersl lsctic acid mixture containing
k¢ excess lactic acid at 116°C for 112 hours with dry air bubbling through the liquid. The
product wkich contains 0.67% free acid is cerefully mixed wvith 6 parts of 40/60 meﬁnea
i mintained at 20°C, stirred for 1 hour, cooled to 5°C, snd poured on ice. It is ¢
o wvith ether, wvater-washed, adjusted to pH 7 by shaking vith a sodium dicarbonate solution, and
- again vater-vashed tn.>e times. It is then dried with calcium chloride, filtered end freed
of ether by bubbling vi‘h eir until min‘mel loss in weight is obtained. The product has a
nitrate-nitrogen conte.t of 13.43% (theoretical 14.1% N). Another batch, prepared from WML
obtained from glycerol-lactic acid containing 6.5% excess glycerol, had a nitrete-nitr-gen
content of 1b.30%, corresponding to a mixture containing 5.5% nitroglycerin. It 15 not con-
sidered practiceble to prepare the pure GLTK.

in

The preparation of a nitrated ester of lactic acid and glycerol, by nitreting a glyceryl .
lactate vith nitric and sulfuric acids, for use in explosives, was reported in 1931 by Charles ..
Stine and Charles Burke (U. S. Patent 1,792,515). . " -

1 The preparation of glycerol monolactate by heating glycerol with equimolar proportions orf
a lactic acid ester of an alcohol boiling below 100°C (ethyl lactate} was patented by Richie
H. Locke in 193% (British Patent 456,525 end U. S. Patent 2,087,980).
Reference: 31

(a) P. F. Macy and A. A. Saffitz, Explosive Plasticizers for Nitrocellulose, :ATR No.
1616, 22 July 1946. _——
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“See fcotnote 1, page 10.
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Glycol Dinitrate (GDN) Iiquid AMCP 706-177
Compasition: Melecular Waight: (C.?HkNQOG) 152
%
c 15.8 ONO, Oxygen Belence:
2 Co: % 0.0
H .6 c CO% 21
N 16.4 l Density: gm/cc  Liquid, 25°C  1.48
0 63.2 Q\ Malting Point: °C -20
ONO
C/H Rotio 0.092 2 Freezing Point: °C
Impect Sensitivity, 2 Kg Wr: Soiling Peint: ‘C
Bureau of Mines Apporatus, cm 4 (1 1b wt); 56
Somple Wt 20 mg Kefroctive Index, nd
Picatinny Arsenal Apporatus, in. °
Sample Wt, mg Mas 1.h4s52
L+
Friction Pendulum Toot: Vecuon m Tost:
Steet Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifla Bullet Impect Tost: Triols 120°C
% .
o =
Portiols
Burned 200 Gram Bomb Send Teot:
Unaffected Sand, gm
Explosron Temperersrs: °C Sensitivity te Initietion:
Seconds, 0.1 (nc cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate
S Evplodes 257 Leod Azide
10 Tetryl
15
20 Bellistic Mertar, % TNT:
Trouzl Tost, % TNT:
73°C Internetionc! Heet Test:
% Loss in 48 Hrs Plote Doat Toot:
Method
100°C Heot Tost: Condition
9% Loss, st 48 Hrs C°“’f""d
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detonstion Rete:
Flommability Index: Confinement Glass tube
= Condition Liquid
Hygrescopicity: % 30°C, 90% RH 0.00 Charge Diometer, in. 10
Density, gm/cc 1.485
v v Rate, meters/second 7300 and 2050
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AMCP 706-177 Glycol Dinitrete (GIN) Liguid
Frogmentetion Tesk: Shoped Charge Effectivensns, TNY = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Stee! Cones
Density, gm/cc Hole Volume
Charge Wi, Ib Hole Depth
Totel No. of Frapments: Caler: Yellow
For TNT
For Subject HE
Principel Uses: Ingredient of nonfreezing
3 inch HE, MA2AT Projectile, Lot KC-S: dynami te
Feraity, gm/cc
Charge Wt, ib
Totel . of Frogments: Mathed of Loading:
For TNT
For Subject HE
Leeding Density: gm/cc
Frogment Velecity: ft/sec
A9 ft
At 2514 #t Sterage:
M'Y' WCC
Method Liquid
Stast (Reletive te TNT): Hozard Class (Quantity-Distance) Class 9
Al Comgpatibility Group
Peck Pressure
Impulse Exudation
Energy
Als, Confloed: Solubility ‘i)n 1000 cc Water:
Impulse Temp, °C Grams
15 6.2
Under Weter: 20 6.8
Peok Pressure 50 9.2
Impuise Viscosity, centipoises:
Energy Temp, 20°C 4,2
Varor Pressure:
Undergrouand: ——=
Peok Pressure < mo Mercury
Impuise o 0.0044
20 0.038
Energy Lo 0.26
60 1.3
80 5.9
100 22.0
Heat of:
Ccmbustion, cal/gm 176k
Formation, cel/gm (b) 366
14
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f"\ Glycol Dinitrate (GDN) Liguid AMCP 706-177

Preparaticn:

Glycol dinitrate (ethylene glycol dinitrate, dinitroglycol, nitroglycol, dinitrodimethyl-
eneglycol) mey be prepered by nitration of ethylene glycol, HOCHoCHOH, with a mixed nitric
acid in the same apparstus that ig used fcr the preparation of nitroglycerin. The glyco) is
prepared by synthesis from ethylene, and ethylene chlorohydrin:

HOC1 1'120
CH, = CH —— HOCH,CH,C1 ———————) HOCH,,CH_OE
2 2 272 NaHCO 22
3
Origin:

Henry wvas the first to prepare and identify glyecol dinitrate {Ber 3, 529 (1870) and Ann
chim phys [ 4 ] 27, 243 (1872) but Ker.lé had previocusly nitrated ethylene and obtained an un-
- stable oil vhich he supposed to be glycol nitrste-nitrate. No immediate practicel use wvas
«ade of glycol dinitrate because glycol itself was relatively rare and expensive at the time.
It wvas 1904 before a patent was granted covering the use of GIN as en explosive éDRP 179, 789).
but it was seven years later before its actual use l} an explosive vas recorded (Mém poudr 16

(1911) p. 224). The principal physical properiies of GIN were determined or recorded by Rink-
enbach (Ref b).
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References: 32

(a) Ph. Neoum, Nitr cerin and Nitr cerin losives, translition, E. M. 3ymmes, The
- Villiems and Wilkins Company, T > Pe .

- (b) Wmo. H. Rinkenbach, "The Properties of Glycol Dinitrate,” Tnd Eng Chem 18, 1195 (1926).
( (cg Wo. H. Rinkeabach, "Glycol Dinitrate in Dynemit: Manufacture,” Chem Met Eng, 3k, 296
1927).

() Wm. H. Rinkenbach, A&licntion of the Vacuum Stab!lity Test to Nitroglycerin and Nitro-
gl.zcer:ln Explosives, PATR 1624, ugust .
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325ee footnote 1, page 10.
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AMCP 706-177 H-6
Compesition: Meleculer Weight: 93
%
RDX b5 Oxygen Belence:
™ © co. % -6
Aluminum 20 0% "%
D-2 Wax > Demsity: gm/cc  * Cast 1.7k
Calcium Chloride,
added 0.5 Melting Point: °C
C/H Retio Preazing Poimt: °C
h ~eet Semsitivity, 2 Kg Wh: Bolling Poimt: °C
Bursou of Mines Apparatus, cm ..
Somple Wt 20 mg Refractive Index, P
Picotinny Arsena! Apparotus, in.(¢) 14 o
Sample Wt, mg 18 Nas
na
Friction Pondulum Tont: Yecuum Stebility Test:
Stes! Shoe Unaffected cc/40 Hrs, at
Fiber Shoe == 920°C e
100°C 0.47
Ritle Bullet Impoct Tes:  Triols (v) 120°C
% L]
B o
Partiols --
Burned -- 200 Gram Bomb Send Tost:
Unotfected 20 Sand, gm kg.s
Sxplesion Tompereture: *C (a) Sensitivity to Initigtion:
Seconds, 0.1 (no ccp used) === Minimum Detonating Charge, gm
1 - Mercury Fulminote -
5 610(min) (c) Lead Azide 0.20
10 Tetry! 0.10
15
20 Bellistic Morter, % TNT: (q) 135
Trouz! Tent, % TNT:
75°C Internoticna! Hoot Test:
% Loss in 48 Hrs Plets Dont Test:
Method
100°C Moot Tost: Condition
% Loss, Ist 48 Hrs 0.8 Contined
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs None Bri » % TNT
Detenation Rote: (s, b)
Flommchility index: Confinement None
5 Condition Cast
Hygrescopicity: % 09C, 95% RH, 7 days 2.01 ; ; .
Rt A & T oy I Chor?o Diomster, in. 1.0
Density, gm/cc 1.7
Velosithy: Rote, meters/second 7191
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AMCP 706-177

Bosster Sensitivity Test: Decompeosition Equetion:
Condition Oxygen, atoms/sec
Tetryl, (Z/sec)

v, om ) Heat, kilocalorie/mole
Wox, in. fv 50% Detonation (&M, keal/mol)
Wax, gm Temperature Range, *C
Density, gm/cc Phasa

Hoot of: Armer Plate Impect
Combustion, cal/gm 9712 ! Toot:
Explasion, cal/gm 923 60 mm Mortur Projectile:

Gas Volume, cc/gm 733 $09% Inert, Velocity, ft/sec
Formation, cal/gm Aluminum Fingness
Fusion, cal/gm T18°C  (b) 10.25

500-1b Genersl Purpose Bombe:

Specific Heat: c_., ;m/°C (v)
30%¢ 0.269 Plate Thickness, inchas
50°¢ 0.268 1

1Y
1%
%

Burning Rete:

cm/sec
Bomb Drep Tont:

Thermal Conductivity: (v) .

col/sec/ecm/*C  35°C 1.10 x 10 3 T7, 2000- Semni-Armer-Plorcing Bomb vs Concrete:
of Expe . Max Sofe Drop, ft
L'gggr. 4l/inch 0 x 10°Y 500-% Geners! Purpess Bamb vs Concrete:
35°¢ 83 x lo-ﬁ
70%¢C 131 x 10 Height, ft
Trials
Merdness. Mohs’ Scale: Unaffected
Young's Modulus: (v) 9 :whgc;::
E', dynes/cm? 9:0 x 10° ‘9 r
£, lb/inch? L3 x L 1000-1 Goneral Purpese Bemb vs Concrete:
Density, gm/cc .71
Height, #t
Compressive M 1b/ixeh? See be:cw Trials
Unatfected
Veper Pressure: Low Order
°C mm Mercury High Jrder

Compressive Strength: 1‘!:/£n<:h2 10%3

Density, gm/ce .71

Ultimate deformation, %

1.32

e

. e




AMCP 706-177 H-6

Fropmentetien Test: {v) Shoped Chargs Effactivensss, TNT = 100: : !

90 mm HE, M71 Prejectile, Lot ECS-i~1T: Gloss Cones  Stew! M ones
Density, gm/cc Hole Volume
Charge Wt, Ib Hole Depth

R

‘Totel No. of Fragments:
For Composition B 998

For Subject HE Tih .
For 30/’ 0 &1m3. 616 Princips! Uses: HE charge ;

3 inch HE, MA2AT Prejectile, Lot KC-5:
Dernsity, gm/cc
Charge Wt, Ib

Color: Gray

LR TE .

Tetel Ko, of Fragments: Mothed of Londing: cast :
For TNT

For Subject HE

PR

Leading Densily: gm/cc .71 .

Fragment Velecity: ft/sec
Ar9 #
At 251 fr Stercge:

Dersity, gm/cc

Mathed Iy

Blewt (Relative te TNT): {a) Hazard Closs (Quoniity-Distence) Class 9

Aw: 3.25" diemeter sphere Compatibility Group Grovwp I .
Peok Pressure & psi Catenary 5.4 S
impulse KFOC Pendulum 19.8 Exudation None

Energy comm
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; 6 AMCP 706-477
N
: : ‘ Rffect of Altitude, Crarpe Diameter and Degree of Confinement on Det na'ion Velocity*
4
N {Reference e)
é ! ; -In umn !
" ! Explostve Staulated Altitude, |Gonfized  Unconfined | Contined | Uncoafined
; Teet as : n/s E: i ne :
- : v ! : V :
: - aep, i Ground ; 6820 ' 6720 | 6610 | 5210
.  density, ' ox%,000 L 6s6 693:(2) | 6610 6760(4)
: (efec 159 | ’ | t ! ‘
: - i 60,000 L6800 - i 6520 - 6LOO(K)
L. : ﬁ 9,000 6810 6720 - 6550 6610(1)
" Average f 6798 6790 6588 6260
v . ]
. B-6, Ground nw - TR © T30 6870
; density,
, A
; e 1.69 30,000 7300(2) 7430 . T¥0 7980
; 60,000 . 7280 7490 7550 7010
1 90,000  TP0(3) 1270 7500 7000
: Average . 1268 1385 (%3 7215
: #*Confined charge in 1/%" steel tube, AISI 1015 seamiess, 1" diameter 18" long, and 2"
: disnater 7" long. All means were determined from sets of five values unless otherwise -
. indicated by { ). A 26 gm tetryl booster was used to initiate each charge. o
. Aversge Fragment Veiocities at Various Altitudes*  (e) :
. T Simulated Altitude, Feet
. losive Charge Dismeter, Ground 000 60,000 90,000
: Inches e 2R ] o /s
: ™T, 1 2950 % 2991 g 3119 2868
. density, }
I .
. gnfee 1.5 2 § 3623 g 91 | 5077 bodo
' : B-6, | 1 TS W ™ B 1563
density,
gw/ec 171 2 uéo3 LT26 bo% 5268

*Outside diometer 2.54"; inside *lameter 2.0L"; length T".
References:

See HEX-1; HEX-3 reference list.
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AMCP 706-177

{In recognition of its development
late Dr. G, C. .ule o

Haleite (Eth-lene Dinitrsmine) (EDHA)

as 8 military explosive bty the
Plcatinny Arsenal.)

Composition: Meleculer Weight: (CoR:3) 0) 150
% NO
2
. Onygen Belence:
c 16.0 HyC—— ¥ 0. % -3
H L.0 K CO % -10.5
N 37.3 Density: gm/cc Crsstal 1.71
C v
0 L2.7 Hzc—N<N i Melting Point: C Decomposes 175+
C/H Ratio 0.066 i Freezing Point: °C
| mpact Seasit’ v, 2 Kg Wi: Boiling Point: °C
Bureou of ines Apporatus, cm k8
Sample Wt 20 mg Refractive lndex, ng,
Picotinny Arsenal Apparatus, in.  1h o
Sample Wi, mg 17 N
n3
Sriction Pendulum Test: Vecuum Stability Test:
Stee! Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffec:ed %0°C
100°C 0.5
Rifle Bulict Imnact Test: Trials 120°C 1.5
% .
oo : e :
Partials 60 3 11+
Burned 20 200 Grom Bomb Sand Test:
Unaffected 20 Sand, gm 52.3
Expiosion Tempereture: °C Sensitivity to Initintion:
Seconds, 0.1 (no cop used) 265 Minimum Detonating Charge, gm
H 216 Mercury Fulminate 0.21
5 Decomposes 189 Lead Azide 0.13
10 178 Tetryl --
15 172
20 170 Bollistic Morter, % TNT: (a) 139
Trous! Test, % TNT: () 122
75°C internationsl Heet Tost:
% Loss in 48 Hrs 0.01 Plate Dent Test: (e)
Method A
120°C Yioat Test: Condition Pressed
g v
% Loss, Ist 48 Hrs 0.2 Conanea ‘ef
% Loss, 2nd 48 Hrs 0.% Density, gm/cc 1.50
Explosion in 100 Hrs None Brisonce, % TNT 122
Detonation Rete:
Flen nebility index: 13 Cunfinement iUnconfired
Condition fressed
Hygrescopicity: % 0.01 Charge Diameter, in. 1.0
v Density, gm,’cc 1.53
slatility: Nl Rote, meters/second 7570
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Haleite (Ethvlene Dintt..~t-e} (EDNA) AMCP 706-177
Bosster Semsitivity Test: {a) Decampesitica Equetion: (312 8 (i% (fl
Condition Presced Oxygen, otorms/sec 10°°° 1=t 10 1.1
(Z/sac)
Tetryt, grn 100 .
Hegct, kilocalori le 5 . .
Wax, in. tor 50% Detonation 2.09 (3K, .:;:}:m;/mt) 3.5 31-3 %.8
Wax, gm Temperature Ronge, °C 184-25k .. 1kk-16L *
Density, gm/cc 1.k2 Phose Liguid Solid Soli¢
Haet of: A Plet
Combustion, cal/gm 2677 Impact Test:
Explosion, cal/gm 1276 60 mm Mortar Projectile:
. Gas Volume, cc/gm 908 S0% Inert, Velocity, ft/sec
Formation, cal‘gm 13% Aluminum Finsnass

Fusion, cal/gm

500-1 Genersel Purpose Bombs:

Specific Heet: col/gm/°C
Plate Thickness, inches
}
1,
1
14,
Burning Rote:
cm/sec
Bomb Drop Teet:
Thermat Conductivity:
col/sec/cmn/ *C T7, 2000-1b Semi-Armor-Plercing Somb vs Concrote:
—~
Cosfficient uf Expansion; Max Safe Drop, ft
Linear, %/°C 500.1 General Purpose Bomb v Concrete:
Volume, %/°C Height, &
. Trials
. MNordm ss, Mohs’ Scele: Unaffected
- Young's Modulus: :whoofd;:
E’, dynes/cm* igh Order
° E. Ib/inch 1000-1b Genersi Purpose Bomb »s Concrete:
. Density, gm/cc
Height, ft
. Compressive Strength: ib/inch? Trials
Unoffected
Vapor Pressurs: Low Order
°C mm Mercury High Order
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AMNCP 706-177 Huleite (bthylene Dinitramine) (EDNA
{ lm Tost: Shopod Chearge Effectivencss, TNT = 100:
90 e HE, M7 Projectile, Lot WC-91: Gloss Cones  Steel Cones
l Density, gm/cc 1.61 Hole Volume
.Y ‘ Charge Wr, Ib - Hole Depth
; Totel Ne. of Fragments:
For Subject HE
Principel Uses: Booster
3 inch HE, MA2AY Prejectile, 3
Density, gm/cc fi =
Charge Wt, Ib --
Tetel Neo. of Frogments: .
For TNT sk Methed of Loading: Pressed
For Subjact HE 600
Leeging Deneity: gm/cc pai x 103
5 10 12 15 0
m"m #t/sec 128 1.8 1. 1.bBb 1.4
At 25% 2 Sterege:
Denaity, gm/cc
Mathad Dry
Blost (Relative te TNT): Hozord Class (Quontity-Distonce) Clnes 9
Al Compatibility Group
Peck Prassure
Impulse Exudation None
tnergy
Alr, Confined:
Impulse
Under Weter:
Peok “ressure
Impulse
Energy
Psak Prcss:.m
Impulse
Energy

152

ARG .




. R

v o e e

RN TR NP PP G A WA T N E BN BT WB we s e B H e W WP TV OB,

R R A IS

R

ts i

~

Haleite lene Dinitresmine; (EINA AMCP 706-177

Compatibility with Metals:
- Copper, brass, aluminum, mild steel, stainless steel, mild steel coated with acid-
lack paint, and mild steel plated vith copper nickel, cadmium or zinc are unaffected.
Magnesium and megnesium-aluminum alloy are slightly affected.
¥et - Copper, brass, mild steel coated with acid-proof black peint, and mild steel plated

vith copper, cadmium, nickel or zinc are hesvily corroded. Aluminum is slightly affected and
stainless steel is unaffected.

Impact Sensitivities of Various Crystal Habits:
Buresu of Mines Impact Test. 2 Kg Wi:

Habit om
1st plate 25
2nd plate 55
Bi-pyramid kel
Bracydome 66
Sphenofid 7S
Solubility: 100 orf:
Water Alcohol.

% ] X ]

20 0.25 20 1.00

) 0.75 ko 2,46

60 2.13 60 5.22

80 6.38 78 10.%

100 22
tions

(Suxmary Technical Report of the KIRC, Div 8, Vol 1)

01!20 + BCN — HO C’HZCK
(98% yield)
HO CKZCB + RH3—) KH2CH2CR + HZO
(82% yield)

— Hzll Cﬂecﬂgﬂﬁ 2

(88% yield)

mzcazcx + 2ﬂ2

CH2- K'dz CHZ— m{\
+ C02 b 4 l / CO + 520
CHZ— mz CH2—' NH
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Haleite (Ethvlene Dinitramine) (EINA)

— UG,
4
— ! ~ ¢ 2H_ 0 \
_> €0+ 21N L Sco v o, e C
2

3 0+ H0 —

CH,
' 2
CH2—
CH_ = NH — NO

2 2 co,

CH_— NH --—Ho2 ’
The revw materials used in this process are chesp and available; the first three reactions

proceed smoothly, rapidly and in good yield (70% overall), and only the third requires high
pressures. The reaction of ethylenediamine with cerbon dioxide at about 220°C and 820 atmos-
pheres has been worked out and is more satisfactory for the preparation of ethyleneurea than
the use of chlorethyl carbonate or urea and better than the reaction of acetic anhydride and
ethylenediamine to yleld N,N’-diacetyl-ethylenediamine which can be treated in & way similer .
to the above to yleld Haleite.

BEthyleneures is very easily nitrated, with strong nitric acid (98%). at ordinary tempersture, -
and in a very short time, and the dinitroethyleneurea produced appeers .. .,drolyze, yielding .
Heleite, immediately after solution in water at 95°C. Doth the nitration and hydreiy-is are
practically quantitative.

in:

LR N T

First described in 1877 by Franchimont and Klotbie (Rec trav chin 7, 17 and 2hk) but it .
vas 1935 before its value as an explosive was recognized. Standeardized during World War II :
as a military explosive.

Destuction Chemical Decompoeition:

Haleite 18 decomposed by addition to hot, dilute sulfuric acid. Nitrous oxide, acetalde-~ f
hyde and .thyiene glycol are evolved. Haleite is also decomposed by addition to 5 times its P 3
veight of 20% sodium hydroxide. L :

s 4

References: 33

(a) L. C. Smith and E. G. Eyster, Physical Testing of Explosives, Part III - Miscellaneouc
Sensitivity Tests; Performence Tests, O report No. 5Thb, 27 Decemoer 1945.

(t) Report AC-2983/0rg Ex 179. .
(c) D. P. MacDougall, Metnods of Physical Testing, OSRD Report No. £03, 11 August 19h2. .

(d) L. C. Smith and S. R. Walton, A Considerstion of RDX/Wax Mixtures as & Substitute for .
Tetryl in Boosters, NOL Memo 10,303, 15 June 19%93.

ﬁg) R. J. Finlfc’ulsbein and G. Gamow, Tneory of the Detonation Process, NAVORD Report lio. -
90-46, 20 April 1947. .

(£) M. A. Cook and M. Taylor Abteg, "Isothermal Decomposition of Explosives.” University
of Utah, Ind Eng Chem (June 1956) pp. 1090-1095. -

3¢pe footnoti &, page 10,




Haleite (Ethylene Dinitramine} (EINA) AMCP 706-177

(8) Also see the following Plcatinny Arsenal Technical Repor.s on Haleite;

e 1 2 3 L2 2 [ 1 8 g |
1200 1231 162 1113 Ah 1255 786 89T 198 2279
- 1290 151 1232 lh93 1294 1325 1796 1737 1288 1319 ] i
130 1651 1252 1923 143k 1395 1797 1378 1379 :
1380 1352 1885 1937 188 1469
1hoo 1372 188 1489 :
1600 2179 %

-
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AMCP 706-177 HBX~1
Composition: Moleculer Weight: 102
%
Rox v o 68
T ¥ <o % -35
Aluminum 17
D=2 Wex 5 Density: gm/cc Cast 1.72
Calcium Chloride ..
1 o Melting Peint: *C
C/H Ratio Freaxing Point: °C
lmpoct Sensitivity, 2 Kg Wt: Beiling Peint: °C
Bureou of Mines ,\pparotus, cm -
Sompie Wt 20 mg Refractive Index, nS
Picatinny Arsenol Apparatus, in. 16 o
Somple Wt, mg 21 s
n&
Friction Ponduwiom Teot: (1) Vocuum Stability Test: (a, b)
Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe [ 90°C cave
100°C 0.47
Rifle Bullet lmpect Test:  Triols (D) 120°C 0.98
% o —n—-
Explosions 73 :22,2 11+
Partiols -
Burned -- 200 Grem Bomb Seand Teet:
Unotfected 28 Sand, gm 48.1
Explesion Tempersture: ‘¢ (a) Sensitivity te Initietien:
Seconds, 0.1 (no cap used) --- Minimum Detonating Charge, gm
1 .- Merzury Fulminate -
5 k80 Lead Azide 0.20
10 Tetryl 0.10
15
20 Bellistic Morter, % TNT: (3) 133
Trous! Test, % TNT:
75°C Inturnatic ot Tont:
% Loss in 4@‘\-_» Plate Dent Test:
. Method
100°C Howt Toat: (o) Condition
% Los, Iat 48 Hrs 0.058 Contined
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs Hione Brisonce, % TNT
Detonetion Rete: (e, b)
Flommebility Index: Confinement None
3)°C ok T, 7 daye 2 Condition Cast
Hygroscopicity: % ¢ 9nt ;m: % da; . 113 Charge Diameter, in. 1.0
v Dersity, gm/cc 1.69
latility: Rate, meters/second 722k
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’ Sosster Sonsitivity Toot: () Decomposition Lquetion:

) Condition Cast Oxygen, otoms/sec

t 100 (Z/%c)

? Tetryl, gm Heot, kilocolorie/mole

g Wax, in. for 50% Detongtion 1.25 {AH, kea  mol)

: Waox, gm Temperature Range, °C

: Density, gm/cc 1.73 Phase

3

. Host of: (®) Armar Plete Impect Toot:

v Combustion, cat/gm 3882 ’

X Explosion, cai/gm Ny $0 mm Mortar Projectile:

v Gas Volume, cc/gm 50% Inert, Velocity, ft/sec

! Formation, col/gm 758 Aluminum Fineness

: Fusion, cal/gm T8°%¢ 9.25

i . %00-1b Ganeral Purpose Bombs:

: Specific Heet: cal/gm/°C (v)

. 32°r 0.249 Picte Thickness, inches

s0% 0.26k !

s [

N 17

» %

: Burning Rote:

. cm/sec

O Bomb Drop Test: i

»

; Thormel Conductivity: o) . . ’

. ) cal/sec/cm/*C 3500 0.97 x 10 3 T7, 2000-1b Semi Armor-Piercing Bomb vs Concrete: i

’ ~ 2

t of Expe . (®) Max Sofe Drop, ft "

' UO cr, 8LAnch L€ x 1078 500-1% General Purpose Bemb vs Concrete:

. o -4

’ vcC 95 x 10 .

’, 70°C 159 x 10-1& Height, fr

H Tricls

: Herdnoss, Mohs’ Scale: Unoffected

.o Young's Medulus: (®) Low Order

. : .

: £, dynes/cm? 10.3 x 10° High Orcer

- E, Ib/inch? 1.59 x 107 1000-15 Generel Purpose Bomt vs Concren

. Density, gm/cc 1.69

' Height, #t

. Compressive Strength: ib/inch? See bvelow Triols

,: Unaffected

i Vaper Pressure: Low Order

*C mm Mercury (v) High Order

' Compressive Streng*h: 1t/inch® 1303

d Density, gm/cc 1.69

. Ultimate deformation, % 1.3

-4
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AMCP 706-177 HBX-1 o

Fregmuntetion Test: (v} Sheped Charge Effectiveness, TNT = 100:

90 wan NE, MA71 Projectile, Lot EGS-1-1T: Glass Cones  Steel Cones
Density, gm/cc Hole Volume
Charge W, Ib Hole Depth

Totel No. of Frepments:
For Composition B 998

For Subject HE 910
Por 80/20 Tritonal Qg Principel Uses: HE cherge

3 inch HE, MAZAY Projectils, Lot XC.3:
Density, gm/cc :
Charge "Wt, Ib .-

Color: Cray

Tetel Ne. of Frogments:
For TNT
For Subject HE

Mathed of Looding: Cast

Loading Demsity: gm/cc 1.69

[ Progment Velecity: ft/sec
A9 ft :
At 253, ft Sterege:

Density, gm/cc

Maethod Dry

Blset (Relative te TNT): (e) Hozard Class (Quontity-Distonre) Cless 9 ¢ »

Alr; 3.25" diameter sphere Compotibility Group Group I . i
Peck Pressure A P8l Catenary 24,7 .
Impuise NFOC Pendulum 19.6 ) Exudation None

Energy cane

Mh Wi
Impuise

Under Weter:
Peak Pressure

Impulse
Energy

Undergronnd:
Peck Pressure

Impuise
Energy
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HEX=3 AMCP 706-177
Composition: Maoleculer Waight: 6L
%
RDX 31 Oxg.o:;d-m -
T 29 €0 % R
Aluminum 35
D-2 Wax 5 Demsivy: gm/cc Cast 1.8
Calcium Chloride, Meking Point: 'C
added 0.5
C/H Ratio Freezing Peime: °C
Impect Sensitivity, 2 Kg We: Beiling Point: *C
Bureau of Mines Apparotus, ¢cm -
Somple Wt 20 mg Refractive Index. n3
Picatinny Arsenal Apgoratus, in. 15 o
Sample Wt, mg 23 Nz
n&
Friction Pondulum Teet: Vecoum Stebility Test: (e, b)
Stee! Shoe Unaffacted cc/40 Hes, ot
Fiber S e = 90°C PO
100°C 0.4s
Rifle Bullet Impect Tost:  Tricls  (b) 120°C
% &
Explosions 78 ::;
Partials -
Burned -- 200 Grom Bomb Send Tost: {v)
Unatfected 22 Sond, gm k.9
Explesion Tempereture: *C (CY] Sensitivity te initietion:
Seconds, 0.1 (no cop used) --- Minimum Detongting Charge, gm
1 --- Mercury Fulminate ———-
5 500 Laad Azide 0.20
10 Tetryl 0.10
15
20 Ballistic Morter. % TNT: (&) 111
Traugl Tost, % THT:
75°C International Heat Test:
% Loss in 48 Hrs Piste Dent Toot:
Mathod
107°C Heot Test: (v) wﬁtm
% Loss, Ist 48 Hrs 0.70 Confmod
% Loss, 2nd 48 Hrs 0.00 Dfmw, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detenation Rete: (s, ¥)
Flammebility Index: Confirement None
Condition Cast
0, e
Hye. . % 30°C, 95% R4, 7 days 2.01 ) )
Y9 W(b) ity 719, 95% BH. T days  0.31 Charge Diameter, in. 1.0
Density, gm/<c 1.81
Volatibty: Rate, meters/second 6917
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AMCP 706-177 HBX-
Besster Sensitivity Test: Decompesition Equetion:
Condition Oxygen, atoms/sec
(Z/ms)
Tetryl, gm Haeat, kilocalorie/mole
Woax, in. for 50% Detonation (AH, keol/mol)
Wax, gm Temperature Range, °C
Density, gm/cc Phase
Heet of: () rmor Plots Impect Tost:
Combustion, cal/gm hkos A ' Tour:
Explosion, cal/gm 817 80 mm Mortar Projoctile:
Gos Volume, cc/gm 50% Inert, Velocity, ft/sec
Formation, cal/gm L9y Aluminum Fineness
Fusion, cal/gm 9.
S00-Ib Genersl Purpose Bombs:
Specific Huet: cal/gm/°C
%°¢ 0.254 Plate Thickness, inches
50°¢ 0.25h 1
1,
12
133
Burning Rete:
cm/sec
Bomb Drop Test:
Thermel Conductivity: (®)
cal/sec/em/*C  35°C 1.70 x 1673 T7, 2000-1b Semi-Armor-Piercing Bemb vy Concrete:
of & : {b;‘ Max Sotfe DYW, ft
U"g°"'1‘¢/ inch -k 500-16 Geners! Purposs Bomb vs Concrere:
0%¢ Lo x 10 L
359¢C 87 x 10”7 .
70°C 1% x 107 Height, ft
Triols
H‘U‘.‘“, Mok’ Sceile: Unoffected
Young's Modulus (v) Low Order
sung'’s s
Hi
E', dynes/cmi 11.5 « 107 'oh Order
. 5
E, Ib/inch? 1.67 x 10 1000-1b Genersi Purpose Bomb vs Concrote:
Density, gm/cc 1.81
Height, #
Compressive Strength: 1b/inch? Jee telow Trigls
Unaffected
Vapor Pressure: Low Order
C mm Mercury High Order
Lmpressive Strengtin: 1% finer” 1610
Den~.ty, ¢m/cc 1.71
Ultimete deformation, 1.37
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HBX-3 AMCR 700177

Frogmentetion Test:

9 mm HE, M7 Prejactile, Lot BEGS-1-1T:
Dentity, gm/cc
Charge Wt, b

Totel No. of Frogments:
for Composition B

Frr Subject HE
F 80/20 Tritonsl

3 inch HE, MA2AT Projactile, Lot KC-S:
D‘"‘“Yt“ﬂ"/“
Charge Wt, Ib

" Totel No. of Fragments:
For TNT
For Subject HE

998
476
616

memm:xw;

Gioss Cones  Steel Cones
Hole Volume
Hole Depih

Color: Gre;

Principel Uses: HE charge

Maethod of Looding: Cast

Lesding Density: gm/cc 1.81

Seagment Velecity: ft/sec
Ar9 ft
At 25% #t

Dersity, gm/cc

Storege:

Mathod Dry

Blast (Relative to TNT):

Az 3.25" diameter sphere
Peck Pressure A psi Catenary
impuise NFOC Pendulum

Cnergy

Ale, Confined:
Imgalse

Under Weter:
Peck Pressure

Impulse
Energy
Undergreuad:
Peck Pressure
Impulse
Energy

(a)

25.5
20.6

cmns

Hazord Zlass (Quontity-Distonce) Clssa 9
Compatibility Group Group I

Exudation None

161
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AMCP 705-177 HBX-1: HBX-
The Stability of HBX Compositions Made With and
Without Desiccants Containing Added Moisture *
Molsture Acidit 100°C vac Stab Teat scopiol
Explosive g 4 cc gas Hours R
Couposity
= °c  no%

| Standard HBX-1 b 0.73 0.011 0.47 Lo +2.98  +1.13
' T40.2% moisture ! 0.68 Lo
" 40.4% moisture ! . 0.62 Lo
+0.6% moiscure ! 0.50 Lo

" HBX-1 without CaCl, 0.00 0.029 0.36 Lo -0.06  -0.25
+0.2% moisture 0.25 Lo
+0.4% molsture 0.23 Lo
+0.6% moisture 0.27 Lo

HBX-1 with silica gel  0.06 0.031 0.73 Lo +.08 +0.04

Standard HEX- 0.5k 0.012 0.45 ko +2.01 +0.%1
. 2% moisture 0.hT Lo
+0.4% moisture 0.43 Lo
+0.6% moisture 0.41 Lo

HBX-3 without CaCl, 0.02 0.049 0.46 Lo -0.06 -0.29
m.gz moi., ture 0.26 ko
+0.4% moisture 0.26 Lo
+0.6% moisture 0.20 Lo

HEX-3 with silica gel 0.0 0.100 0.45 Lo +0.09  +0.05

Standard -6 0.71 0.017 0.47 Lo +2.01  +1.77
.2% moisture 0.88 Lo
+0.4¢ moisture 0.63 Lo
+0.64 moisture 0.65 Lo

H-€ without Ca 0.03 0.082 0.9 Lo -0.06 -0.25
+0.23 moisture 0.1 Lo
+0.4% moisture J2.25 ko
+0.5% moisture 0.23 Lo

H-6 with silica gel 0.05 0.028 0.43 Lo +0.09 +0.0€

* A1l samples were ground to 20/100 mesh size, T days before tests.

Fisher
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5ilica gel used wes
~ientific Company, Lot 541492, through 100 mesh U. S. Standard Sieve.
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AMCP 706-277
HBX-1; HBX-3

Preperation:

HBX explosive mixtures are prepared by melting TNT in a steam-jacketed melt kettle equipped
with a mechanicel stirrer. Water-wet [ OX is added slowly with stirring and heating until all
the wvater ie evaporated. Aluminum is added, and the composition is stirred until uaiform.

D-2 vax and calcium chloride are then added. The desensitizer wux, also known as Composition
D-2, consists of di§ parsffin and other waxes, l4% nitrocellulose and 2% le:ithin. The mixture
18 cooled from approximately 959 to 100°C to & tempsrature considered suitadle for casting

(the lowest rrecticable pour {emperature). HBX can also be made by 2dding the calculated
cmount of TNT to Composition B to ovtain tbe desired proportion of RDX/TNT. The appropriate
weights of the other ingredients are added to complete the mixture.

Origin:

Developed during World War II, as relatively insensitive mixtures, by adding 5% desensiti-
zer to Toroex II, for high blast explosive applicetions.

References 5_3“

(a) 0. E. Sheffield, Blast Properties of losives Containing Aluminum or Otaer .etal
Additives, PATR No. 2353, November 1956.

(v) S. D. Stein, G. J. Horvet end 0. E. Sheffield, Some Properties and Characteristics
of HBX-l, MBX-3 and H-6, PATR No. 2431, June 1957.

(¢) L. C. Snmitn and S. R. Walton, A Conslderstion of RDX/Wax Mixtures as a Substitute for
Tetryl in Boostere, NOL Memo. 10,303, 15 June 1949.

(d) S. R. walton, Rejort on the Program to Develop an Improved HBX-Tvpe Explosive, NAVORD
Report No. 1502, 26 July 1950.

(e) A. W. 0'Brien, Jr., C. W. Plummer, R, P. Woodbuin and V. Philipchuk, Detonation
Velocity Determinations snd Fragmert Velocity -cterminations of Varied losive Systems
and Conditions, Nationsl Northern Corporstior Final Summary Repnrt NNC-F-13, February 1958
(Contract DAI-19-020-501-OKD-(P)-58).

38\1’) glso see the following Picatinny Arsensl Technical Reports on HBX Explosives: 1756,
2138, 2169.

345er footnote 1, page 10,
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AMCP 706-177 HEX-2b
Compesition: Molsculer Waight: 7.6
%
Potassium Perchlorste 3 Oxygen Balence:
(17 microns) CO: % 42
Aluminum, atomized 48 €O % -3
(?0 wicrons) ) 6 Appurent 1.39
RDX (througn 325 mesh i H *
AepbaLtin ¢ thoaeh 100 mead). \ RE LY %0,000 pst 2.1
Melting Polat; °C
C/H Ratio , Freezing Point; °C
Impeact Sensitivity, 2 Kg Wr: Beiling Peint: *C
Bureou of Mines Apparatus, cm --
Sample Wt 20 mg Refractive index, nZ
Picatinry Arsenal Apparatus, in. 16 °
Somple Wt, mg 2k fn
no
Friction Penduium Tust: Vecuum m Tost:
Steel Shoe Detonates cc/40 Hrs, ot
Fiber Shoe Unafiscted 90°C ----
100°C 1.25
Rifle Bullet Impact Test:  Trials 120°C
% .
Explosi 135°C
. 150°C
Partials
Burred 200 Gram Bomb Sond Tert:
Uncffected Sand, gm 12.5
Explosion Tempersiure: °C Sens# ivity to InitieCion:
Secords, 0.} v~ > used) ~aa Minin..... Deto~atiag Charge, om
1 - Mercury Fulminote P
5 520 Lead Azide 0.20
10 Tetryl 0.25
15
20 Bollistic Morter, % TNT:
Treuzl Tost, % TNY:
75°C internationc! Heot Test:
& |3 in 46 Hrs Plot; Dant Test:
Metrod
100°C Kos Tost: Condition
% Loss, ist 48 Hrs 0.15 Confined
% Loss, 2nd 46 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs “nne Brisance, % TNT
. - Detonation Rets:
Flammability index: Confingment
Condition
Hygroscepicity: % Sone Charge Diamater, in.
Density, gm/cc
v v e Rnte, meters/second
164
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HEX-2b AMCP 706-177

Fregmevietion Test:

90 mm NE, M71 Prejactile, Lot WC-91:
MW. O'“Icc
Charge Wt, (o

Toted Ne. of Frogments:
For TNT
For Subject HE

Shaped Charge Etfectiveness, TNT = 100:

Glass Cones  Steel Cones
Hole Volume
Hole Depth

Calor: Gray

Principel Usss: HE filler for small caliber

3 inch HE, MA2AT Prejectile, Lot XC-S: projectiles
Density, gm/cc
Charge Wt, 1b
Totel No. of Frogenents:
Maothed of Losding: Pressed
For TNT
For Sutject HE
Laading Density: gm/cc
’ Velockty: f1/2ac Pressed at 20,000 psi 2.1
At 9 #t
At 25% ft Storege:
Density, gm/cc
Mathod Dry
Slast (Refative te TNT): Mazard Class (Quantity-Distance)
Ales Compatibility Group
Peck Pressure
\mpulse Exudation None
Energy
S.etic Teats:
Alr, Confined: 20 mm T215E1 Prolectile:
Impuise Peak Pressure, psi 55
NFOC 20" Blast Cube Ly
Under Wetor: APG 24" Blast Cube L
Peck Pressure Static Teste:
Impulse mn Projectile:
Energy HEX-24h Tritonsl Torpex
Foxboro psi 19 12.4 13.0
U : Catenary psi L6 cmem eees
Paak Pressure D-u‘nt’ton, microsec 533 cona cons
Impuise APG 24" Blast Cube 3% 24 32
Energy Heat of:
Flaoe Temperature, K 2552 Combustion, cal/gm L197
Activetion Energy, kcsl 20.4 Explosion, cal/gm 1858
" Temp, °C 450 to STO Ges volume, cc/gm 159
Specific reaction
rate, k 1.6b x 1077




AMCP 706-177 MEX by
Campasition: Moleculer Weight: Wyt
%
Potassium Perchlorate 32 Oxygen Bolonce:

(17 microns) CO. % 42
Aluminum, flaked (1 micron) L8 Co % -3
RDX (through 325 mesh) 16 -
Acphaltum {through 100 mesh) L Dmﬁ!s 33‘/:5 EAQPBS(?;)}_&Y‘;L g 2

Melkting Point: °C
C/h Rotio Fruezing Point: °C
lmpect Sensitivity, 2 Kg We: Soiling Point: °C
Bureou of Mines Apparatus, cm
Sample Wt 20 mg Refractive tndex, n2,
Picatinny Arsenal Apparotus, in, o
Somple Wt, mg Pa
n&
Friction Pendulum Test: Yocuum Stability Test:
Stee! Shoe Partially detonates c¢/40 Hrs, ot
Fiber Shoe Unaffected $0°C ----
100°C 1.52
Rifle Bullet Impoct Test: Trials 120°C
Exolosi % 135°C
xplosions s
Portiols 150°C
Burned 200 Grem Bomb Sond Test:
Ur.offected Sand, gm 23.7
Explosicn Temperoture: C Sensitivity to Iniriation:
Seconds, 0.1 (no cop used) ~--- Mirmmum Detonoting Charge, gm
1 - Mercury Fulmingte —---
5 5h5 Lead Azide 0.20
10 Tetryl .25
15
20 Bollistic Morter, % TNT:
Trouzl Test, % TNT:
75°C International Hect Test:
% Loss in 48 Hrs Plate Dent Test:
L Method
100°C Hoat Test: Condition
Confined

9% Loss, Ist 48 Hrs
9% Loss, 2nd 48 Hrs
Explosion in 100 Hrs

Density, gm/cc
Brisonce, % TNT

Detonation Rete:
Flammebility Index: Confinement
Condition
Hygroscopicity: % Charge Diometer, in
Density, gm/cc
Veletikity: v

Rote, meters/second
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AMCP 706-177

Fragmentation Test:

90 mm HE, M71 Projectile, Lot WC-91:
Density, gm/cc
Chorge Wt, b

Totsl No. of Fragments:
For TNT
For Subject HE

Shoped Charge Filectiveness, TNT = 100:

Gloss Cones  Steel Cones
Hole Volume
Hole Depth

Color: Gray

Principel Uses: HE filler for small csliter

t
3 inck HE, M42A1 Projectile, Lot KC-5: projectiles
Density, gm/cc
Charge Wt, ib
Totel No. of Fregmants: Mathod of Losding: Pressed
For TNT
For Subjs .t HE
Losding Dansity: gm/cc
Frogment Valocity: #/sec Pressed st 20,000 1.62
At 9 ft
At 25, ft Storege:
Density, gm/cc
Method Dry
Blost (Reletive to TNT): Hozard Class (Quoantity-Distonce)
Alr: Compntihility Group
Peck Pressure
Impulse Exudation None
Energy
Static Tests:
Alr, Confined: 20 my T215El Prolectile:
Imgulze PA Pesk Pressure, psi 77
NFOC 2C” Blest Cube ks
Under Water: APG 2L" Rlast Cube L2
Peok Pressure Static Tests:
Impulse 20 mm M7 Pro’ectile;
En HEX-La putyy Tetr,1
9y Fogtoro pei 17-3 R .
catenar: psi L3 25 23
Underground: uration, nicrosec 517 560 590
Peck Pressure AP 247 Blast Tute 29 - 10
Impulse
Veat of:
Energy , e ‘
Tlame erperatire, -7 21z Jom: .stion, c&lom K119
e e e e . e zyplosicn, cel o 1735
sative iq‘f roero , Aenl 25 BE Yol k. et 200
lemp. U7 WG o e
pecit il regetiong -
rEte, K Toohox
167
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AMCP 706-177 HEX-48
o
Cook-Off Tests: (<)
20 mm T21SEL HEY-48 Losded Projectiles With Dye-Ccsted RDX Top-0ff
Projectile No. . Cut-Off Temp. C Cook-0ff
1 ; 170 Yes (198)
E 2 150 ,‘ No :
{ 3 155 Yes (190)
r 1 ‘ 150 to 175 o
National Northern Projectile Ioced:
\ MOX-2B (no top-off) , 195 ]
; MOX-2B (Tetryl top-off) § 150 i
| WX-2B (97/3, RON/wax top-off) | 175 |
M0ox-2 (no top~off) E 75
Fragment Penetration Tests: {c)

' I Avg. No. of Penetrations per

| - o e BT

; Projectile Filler Altitude, Feet . 0.020" 0.0ko" 0.051"

T215EL ‘ FRX-48 Ground ‘ 352 264 v

| ' 60,000 616 v . 38

' T282EL . MOX-2B Ground 6% 290 235 |

; | 60,000 807 . 367 250

EX8 Mod 0 MOX-2B Ground R 268 22
60,000 6712 a6k 256

The fragment penetration test records numbers of completc penetrations of sluminum pencls
of various thicknesses at 2.5 feet from the static detonstion, The total penetrations recorded
cn the 2uST-3 slumipum panels occurred with the projectile nose always pointed ‘oward C° end
the base toward 180°,

The test dats indicate that on the thicker panels, 0.04O" and 0.051," the EEX-48 loeded
T215E1 projectile produced more compie e fragment penetrrtions at ground and altitude than
MOX-2B loaded TR82E1 and EXB Mod O projectiles.
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HEX-2L; HEX-U8 AMCP 706-177

BRI I

Preparation:

The HEX compositions were prepared b): blending the appropi.iate weight of the dry ingredients
in & Patterson-Xelly twin-shell blender for &t least 30 minutes.

se v e g me

..n alternate procedure for 100 to 200 gram batches used a "Cradle-Roll" mixing device.
This device consisted of a half-barrel type container constructed cf woud and lined with an
electrical conductive mmterisl. A plestic roll was allowed to move over the ingrediente by
remote control action of the container. The roll action prevented caking of the mix but had
no adverse effect on the particle size of the ingredients. The period of time required to
obtained a uniform and intimate mixture was approximetely fifteen minuteo.

BT

. origin:

The development of "slow-burning” explosive mixtures which would produce increased blast
effects in enclosed or nearly enclosed spaces directed attention to their use for possible
military application. In 1950 Picatinny Arsenal developed a high capacity filler for 20mm
projectiles consisting of 85/10/5 RDX/aluminum/desensitizer which was more powerful than stan-
! : dard tetryl filler. However, in comparison with MOX type explosives, there was little doubt
' as to th. wuperior performence of the MOX mixture. HEX (bigu >mergy egp’.osive) mixtures were
developed at Picatinny Arsenal in 1953 (Ref &) as superior high bie t compositions suitable
: for use in small c¢aliber projectiles.

X Rcterences: 33
: (a) 0. E. Sherfield and E. J. Murray, Nevelopment of losives—Metallized Explosives—
High Blast Fillers for Smell Caliber Shell, Picatinny Arsen 1 orandum Report No. MR-49,

. > December 1953.

. . (b) 0. E. Sheffrield, Properties of MOX-Type Explosive Mixtures, PATR No. 2205, October
’ 1955- )

(¢) National Northern Corporation, lLe. ‘er from Dr. C. M. Saffer, Jr., to Commanding
Officer, Picutinny Arsenal, 12 June 195

*

R R

55Seo:e footnote 1, page 10.
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AMCP 706-177 2.4,0,2,0 o' -Hexanitro-oxanilide (i)
Composition: Moleculor Weight: <(‘1~ RpliCyy, )
% N o
I 33.0 ?’ ! Oxygen Bolonce:
L L&
H 1.2 NH NE o
N 21.9 o i R - Density: gm/cc
0 43.9 : Malting Point: “C  Decompuses 302
C/H Ratic 0.797 10, R Freezing Point: ‘C
Impoact Sensitivity, 2 Kg Wt: Boiling Point: “(
Bureau of Mines Apparotus, cm -~
Sample Wt 20 mg Refractive Index, n2
Picatinny Arsenal Apparatus, in. 15 o
Sampie Wt, mg 12 Nz
5
Friction Pendulum Test: Vacuum Stability Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Uwaffected 90°C
100°C 0.40
Rifie Bullet Impact Test: Trigis 120 C
% .
Explosions ‘35.(:
Partials 150°C
Burned 200 Gram Bomb Sond Test:
Unaffected Sond, gm 52.1
Explosion Tcmperature: < Sensitivity to Initiation:
Seconds, 0.1 (no coc used) -~ Minimum Detonating Charge, gm
! -- Mercury Fulminagte -
5 33~ Lead Azide 0.30
10 Tetryl 0.25
15
20 Bollistic Mortar, % TNT:

75°C Internatiosal Heat Test:
% Loss in 48 Hrs

Trouzl Test, % TNT:

100°C Moot Tost:

Plate Dont Test:
Method
Condition
Confined
Density, gm/cc
Brisonce, % TNT

% Loss, lst 48 Hrs .07
€5 Loss, 2nd 48 Hrs 0.03
Explosion in 100 Hrs lone
Flammability index:
Hygroscopicity: % 259:, 307 v 0.0

Voleotility:

Dstonotion Rote:
Confinement
Condition
Chorge Diamete:, in
Density, gm/jcc
Rate, meters/second
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2,4,6,2", 4,0 -Hexani tro-oxanilide (}NO)

AMCP 706177

Fragmentation Test:

90 mm HE, M71 Projectile, Lot WC-91:
Density, gm/cc
Charge Wt, ib

Total No. of Frogments:
For TNT
For Subject HE

3 inch HE, M42)* Projectile, Lot XC-5:
Density, gn ‘=2
Char -e Wt, .b

Total No. of Frroments:
For TNT
For Subject HE

Shaped Chorge Effectiveness, TNT = 100:

Glass Cones  Steel Cones
Hole Volume
Hole Depth

Color: Almost white

Principal Uses: Igniter powder; pyrotechnic
compositions

Methed of Loading: Pressed and extruded

Fragment Velocity: ft/sec
At 9t
At 2514 ft

Density, gm/cc

Looding Density: gm/cc

Blast (Reletiva to TNT):

Air:
Peck Pressure
Impulse
Energy

Air, Confined:
impulse

Under Water:
Peak Pressure

Impulse
Energy

Underground:
Peok Pressure

Impulse
Energy

Storoge:
Mettod Dry
Hozord Class {Quantity-Distance} Cless ¢
Conpatibility Group

Exudation lone
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AMCP 706-177 ' _Hexani tro-oxanilide (HNO)

3
e

3
(4}

Solubility in the following substances:

Solvent

Nitrobenzene ¢3 en in 100 cc, at 23°C ~ 5 gm in 100 ce, at 210°C

Water 0.10 gm in 100 cc, at 100°C

Alcohol (Ethyl) Insoluble

Acetone Insoluble

Benzene Insoluble

Butyl acetate Insoliuble

Carbon tetrachloride Insoluble

Dimethylformamide Very scluble

Ether (Ethyl) Insoluble

Acetic Acid Insoluble

Nitric Acid Soluble

Crystalline form Long rectangular glistening plates from nitrobenzene
Preparation:

To prepare hexanitro-oxanilide, ficst prepare tetranitro-oxanilide as described herein
under the entry "2,4,2' L'-Tetranitro-oxanilide (THNO)."

A 1.5 liter round bottom flask is equipped with a stirrer of the type which causes a down-
wvard swirl. The flask is jacketed for hot end cold water. 187 grams of nitric acid of speci-
Tic gravity 1.49 (commercial grade) is placed into the flask and 100 grams of sulphuric acid
is added to the nitric acid under sgitation. T:¢ mixed acid is cooled to 10°C. 29.2 grems of
tetranitro-oxanilide is slowly added to the mixed acid under rapid egitation meintaining the
tempersture at 80-100C. After the addition of the THG is completed (approximetely 25 minutes)
the temperature is raised to 85°C over a period of 2 hours and held at £5°-900C for one hour.
The hexanitro-oxanilide (HNO) "slurry” is filtered on a Elchrer funnel and purified as ox-
plained under "Tetranitro-oxanilide.”

Origin:

A. G. Perkin in 1892 obtained hexanitro-oxanilide directly by heating to beiling a solutior
of tetranitro-oxanilide in e mixture of sulfuric and nitric ecids. He also prepared the same
compound from oxanilide by the action of a boiling mixture >f fuming nitric and sulfuric acids
(5 Chem Soc 61, 462 (1892)).

References: 36

(8) L. Gowen and R. Dwiggens, Case Cun Ignition Studies, NAVOED Report No. 2321, 13 June
1952.

(v) D. Dubrow and J. Kristal, Substitition of Tetranitro Oxanlide and Hexanitro Oxanilide
for Tetranitr> Carbazole, PA Pyrotechnic Research Laboratory Report 574-'15'1-53, 27 December )

{c) 8. livingston, tion o. Tetranitro Carbazole. PA Chenical Rescui'cis Laborater:
Report 136,330, 11 April 1951,

(2) s. Livingston, Development of Improved Ignition Type Powders, PATY No. 2267, July 1y 4.

3Bsee footnote I, page 10.
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beta-EMX (a AMCP 706-177
e — /k Melecu'er Wolght: (0, 3glp05) 296 _I
16.2 o N—N ~ p-No Oxygon Buiaace:
v Y [2 CO: % -21.6
" 2.7 HZ(E CH, CO % [+ V]
3 & -
» 7.9 OK-§ \( N-—¥o, Deneity: gm/zc Crystal 1.90
0 h3.2 2 Molting " Capillary wethod’
C/H Rotio 0.095 Froesing Foint: °C
Impact Sonsitivity, 2 Kg W: Belling Peini: °C
Bureou of Mines Apparahus, cm 32
Somple Wt 2C mg Refractive index, nS
Picotinny Arsenol Apparotus, in. 7 °
Sompls Wt, mg 23 Nas
na
Steel Shoe Explodes /20 s ot
Fiber Shoe Unaffected 90°C
. - 100°C 0.37
Rifte Sullet lmpact Test:  Triols 120%C 0.45
% 135°C -
Explosiors
Pertials 150°C 0.62
Bumed 200 Gram Bomb Sead Tont:
Unoffected Sand, gm 60.4
Expht sion 7m *C Sonsitivity te Initiation:
Secords, 0.) (v cop used) 300 Minimum Detorating Charge, gm
} .- Mercury Fulminote
5 7 Lead Azide 0.3
10 36 Tetryl
15 .
20 - Bollistic Merter, % TNT: 150
Trewsl Tont, % TNT: 145
7%°C lntornationel (ioat Tont:
% Loss in 48 Mrs Plote Dont Test:
Methor
100°C Moot Tont: Condition
9% Loss, Ist 48 hrs 0.05 Conﬁtma
9% Loss, 2nd 48 Hrs 0.03 Dercity, gm/ce
Explosion in 100 Mrs Kone | Brisorii v, % TNT )
Detcastion Rete.
Viemmobility Index: Confirment
% Condit'un
”m"! . .
'30°C, 95% Rl (c) 0.00 CMr?c Diumeter, in.
v Deruity, gm/cc 1.5
elotitry: Rate, maters/second 9124

173

e s W e i b

Bt L SRR




AMCP 706-177

beta-HMX

* Bonstur-Senshivity Test:
Condition

Tetryl, ym

Wax, gm
Density, gm/cc

Wax, in. for 50% Detonation

Moot of:
Combustion, cal/gm

Explosion, cal/gm
Gos Voiume, cc/gm

(e)
(o)

Specific Heet: cal/gm/“C

X
85
90
100
125
150

Decompesitioa Equetion: (9.7
Oxygen, otorms/sec. w0
(Z/90¢)
Heat, kilocalorie/mole s5e.7
{AH, keol/mol)
Temperature Ronge, *C 2mn-nkh
Phase Liquid
Armoe Plate impeast Toot:
60 mm Morter Projoctile:

$0% Inert, Valocity, ft/sec
Aluminum Fineness

500-Ib Generel Purpese Bombs:
Plate Thickness, inches

1
1%
1%
1%

col/sec/cm/*C

-

Covthiciont of Exponsion:
Linear, %/°C

Vnlume, %/°C

| Mrdnser, Mehe’ Scale:

()

2.3

Yeung's Madulus:
E, dynzs/cm?
E, Ik inck<
Dunzity. gm/ec

Compoasive Stcength; 1b/inch®

Veper Pressure:
*C

mm Mercury

Bomb Drep Toat:
T7, 2000-% Semi-Armer-Plorcing Bemb vs Concreate:

Max Sate Drop, ft
300-1b Gensre! Purpess Bomb vs Concrete:

Height, ft
Triols
Unaffacted
Low Order
High Order

e 2Ad Gonaral Purpese Bemis va Concrete:

Haeight, ft
Triais
Unoffe.re:
Low Order
High Ordor

()
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s beta-HMX AMCP 706-177
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- Preparation: (b}
e X
s
e T ot
E é‘*z - oX—K i, §—wo, — T N—r0,

adipew rasCVuEW o WY

Tvo men are required to regulate the additjon of resgents and control the temperature dur-
ing the inftial stage addition; one mn can complete the procedure. A i-liter S-necked flask
is used, the center neck for sn ef™cient stirrer, one side neck for a thermometer, and the
other necks for burrettes and & gas outlet {to wmter trap). The flask {s placed in a pen vith
steam and c0ld water inlets, for temperature control.

Five cc of acetic anhydride and 250 cc &lacial acetic acid are poured into the flask and
the tempsrature brought to 45 + 1°C, and Leld there for the durstion of the entire reaction.
The reagents (& solution of 33.6 gm hexamine in 55 &8 of glacial scetic acid, 100 cc of ace-
tic anhydride ard L0 cc of & solution of 42.3/57.7-ammcoium nitrate/98% nitrie acid) are then
added simultaneously, coutinuously and equivalently over a 25-minute period. The resction
mixture is aged 15 minutes.

B n T

~ The second stage reagents (60 ce of 42.3/57.7, ammonium aitrate/98% nitric acid and 150 cc
acetic anhydride) are then added simultenecusly, contisucusly snd equivalently over a 25-min-
ute period. The mixture is aged 65 minutes, poured into 1.5 liter of water and simmered on &
sisam bath for 12 hours. Cool, filter end dry the ROX-HMX precipitate (vield T3% EMX).

The RIX is destroyed, leaving HMX, as follows: 1025 zm o2 ine crude product are placed ir
a solution of 15 gm sodium tetrabsrate decahydrate in 5 liters of water, heated t0 doiling
Vith agitation, and 5 N NeCH added at the rate of 3 cc/min. When about 730 cc have beer added
the pd increases sharply from a littie wver 5.7 tc aver 9.7 vhich corresponds to complate
destruction of the “id. Filter thr. BMX frcm the hot mixture; yield 612 zm, mp 279.5°-260.5°C.
Recrystallizatior from nitromethene ylelds material nelting at 2810-2820¢

Origin:

Was dijcovered s an impurity (by-product) in the nitration o.' hexamethylene-tetriaine to

form RUX, It is now ssnufactured direstly by the process descrided above snd has valusble use
. in exylics ve systems.

——

Removal of RDX from EMX-°TX Mixtures and Reco
- (A

of a RDX<HMX Mixture gm- procudure sppears

- MR R R TR N T BRI TR N N S SRR 2t R St X S ak JL 4 ULt S g A TR SR PR R F T IR
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AMCP 706-177 be ta-ENX
Procedire:

500 grema uf M containing 12.25% RIX sre placed in a 1500 cc beaker, 500 cc of acetoue
is added and the slurry is sgitated for several minutes at room temperature. Before complete
settling, the :DX-HMX-acetonc solution is decanted.

To the residusl HMX-RDX, another 730 cc of acetone is sdded. The slurry is heated co the
steambath and vhile toiling, sgitated for seversl minutes. The bolling FDX-EMX-acetone solu-
tion is decanted. The residual BMY is nov vashed with cold acetoie into 8 funnel. This BMX
18 now taken up in 95% alcohol, filtered and dried. Yield 353.9 g= or T0.7B4.

All the acetone extracts are cowbined and eveporsted to drymess. Yield 137.5 gm or 26.5%.

Yield Balance:

Pure HMX obtained - 353.9 gm T0. T84
Total RIX-EMX mixture recovered -

137.5 em 26.50%
Samples taken during process -

20“ [ O-m
1o8s Muring process _g.ihz
Total 100.00%

Yarious were zed for RXD content:
1. Crude HMX 12.75% RIX
2. After first scetone vashing €.0% RUY
3. After second acetone washing 2.0% RDZ
4, After taird acetone washing 0.0% P
RIX-EMX sample recoverea sh. 5% RDX

P2 peretion of ‘ine Particle-size HMX by che Aspirctor dethod:

1. Iisscl~e 1100 gm IMX in 40O o of dimethyl sulfoxide.
2. Filrver the HNX solution.
3. Comwect a clean aspiretor to the water line.
k. Plmce a 55 gallon clean drum under ihe aspirator.
5. Fasten 8 polvethylene tubirg, long enough to reach easily to une bottom of the EMX-
dpethyl sulfoxide oimtriner, to the side intake of i1he aspirstor.
4., Pasten to the boitom of the aspirator amother poiyethy.ene tube long enough to reach
to the bottowm of the S5 gallon drum.
I' Open the vater fuucet and then place the polyethylene tube in the HMX container.
8. uhit
T algutes.
9. After all the EMX solution is sucked out of the container, the - .ter i3 turned off.
10. The material iz Tiltered and water washed.
ii. If dry HMX is roquired, the material : n be alcohol and ether washed.

kY

B

A more efficient method to recover the RIX-HMX mixture:

1. Filter the combined hot acetme extracts.
2. Pour vhile agitating the filtered extracts int- at least L timec 1{ts volume of wmter.
3. Filter and dry, ete.
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@ilky fine HMX separates out in the drum. Total duration of run is approxinbeiy
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N bete-B AMCP 106177
Sulor: ) L
White

Storage:
Nethod wy
Pazard Class (Quaut’ty-Distance) Class 9
Compatibility Group m i iﬂ‘:{ A

- Bmdation None
References; 37

(\) 0. E. Sheffield, B. J. Murey, A. L. Fosen and B. V. Kanouse, Properties of HMX, PA
Chest 1 Ressarch Isboretory Repart No. 52-B¢1-23, T April 1952.

(v) W B Bectaarn, The Preparetion of BMX, CSKD Repert No. 1961, 3 November 1943.

9"(c) 8. Livingston, Charecteristics of Explosives BMX 1ol IFEFN, PATR Ko. 1561, 6 September
1945,

(d) R. J. Pinkelstein snd G. Gemcv, Theory of the Detonstion Process, NAVORD Report No.
90-k6, 20 April 1947, .

’e) 0. H. Johnson, (X as a Military Rsplosive, NAVORD Report No. 4371, 1 October 1956.
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A~ (£) Also see the folloving Ploatinny Arsenal Technical Reports on BMX:
S~ X 3 ] 1 2
1L 83 2016 17371 1709
. 2055
(g) C. Lenxits, W. Bauch and R. Valicky, En s, Heat of Fusion end ific
Best of Basic Explosives, PATR No. 2504, Jepuary ﬂ .
I78ee footnote 1, page 10.
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AMCP 706177

HIA-3
C?oﬂa: Melecular Weight: 9
4 Oxygen Buesunee: _
| ™ ? Co: % -5
™t 29 €O % -7 .
Alusirum 22 Denelty: gm/cc Cast .90
Kialting Polet: °C
C/H Ratio Freeziog Peiat: °C
lmpoct Sensltivty, 2 Kg Wr: ‘Belitae. Velat: *C
Bureau of Mires Apperatus, em - -
Sample Wt 20 mg Rerractive Iniax, =S
: Picatinny Arsenal Apporotus, in, 17 °
j Sample Wi, mg : .as n3
'z | ns
i Friction Pondulue: Test: . Vecy-.a Stebility Toot:
; Steel Shoe Unaffected cc/ 20 Mrs, o*
Fibe- Shoe Unaffected 90°C ——
o - 190°C e
Rifts Sullet Impect Tast: 10Trials, % 120°C 0.77
€" Steel M *
. ﬂ-‘_ ia—u ‘350c
0 % 150°C
Partials ne -
Bumed 10 - 200 Geom Bomb Send Tecr:
Unaffects 0 50 Sond, pm 61.3
Exglosion Temperoture: °c Seesitivity to Initietien:
Seconds, 0.1 (no cop used) e Minirr um Detonating Charge, gm
1 —— Mereury Fulminate -
5 Flames erratically 370 LecZ Atide 0.%
10 Tetryt P
a5 - .
20 Beifistic Mertar, % TNT: 120
Treus! Tost, % TNT:
75°C intornstions! Heat Tent:
9% Loss in 48 Hrs Plots Dent Toot:
Mathod
100°C Koot Tost* Conditiun
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Ouronation Rote:
Flommebility Index: Confinement None
Condition Tast
Hygrescepicity: % Chorge Diometcr, in. 1.0
Density, gm/cc 1.9¢
v y: Rote, meters/second 866
178
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» EA-3 AMCP 706-177
b TN
. — :

$ - m " Beuter Senaivivity Feor: Decomposition Cinetion:

Z/33c)
Tetryl, om {
b Heat, k:lotalorie/mole
Wax, in. for 509% Detonction {2H, keai/mol)
Wax, gm Tempercture Range, *C
Dersity, gm/cc Phase

.

o — v—
. | Hoot of:

R Comtustion, cal/gm 3687 Armer Plote lmpact Toat:

R Expic: ion, cal/gem 1190 “ M .

! Gar Volume, cc/gm R 680 50% Inert, Velocity, ft/1.c
Pos Formation, col/gm -me- Aluminurn Fineness
; Fusion, cal/gm
l . 500-% Gonerel Purpase Bombe: -

Pt Specific Hoat: col/gra/ C
g 32:» to ’fk°c 0.2k5 Plote Thickness, inches
z -
; 1
! Hy

o 1%

: %

t cm/%c —

Semb Drop Teet:

]

. o Themal Coouctivity:

;v T cal/sez/em/*C 17, i000-16 Semi-Armer-Placcing Brmb vs Concrote:
¢ —

1 ™ Coefiiciont of Exponsios: Max Safe Drop, ft
ff Lim"%"'c_ 500-1 General Purpets Borsl v Concrete:

! Voiume, %/°C Height, ft
: Trials
g Herdaoos, Mob. !neln: Unaffectsd

Low Order

: Young's Medube:: High
: : €, dmos/cm? Order
: €, Ib/inch? 1000-1b Gene:s! Purputs Bomb vs Cencrate:

' Density, gm/ce

E - Height, ft
. Compressive Sirength: Ib/inch* . 2260 Tricls

: . e below Unafé

: Vepor Proseure: Low Order

$ "; o ”;'C:W N High Order
4 C%nn /& Strength: lbsinch *

! verage (10 tests) gc.so Ulilmnte Deformation: %
High 530 = :

: Low 1910 %;;gsge {10 tests) g' gé
¥ ) Low 2.52
; # Tegt specimen 1/2" x 1/2” cylinder {epproximetely 3 gm) pressed at 2 tons {6,000 1b) totel
¥ load or 30,000 pei with @ 2 minute time of dwel®.

: 179
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AMCP 706-177 ETA-3
Frogmentation Taet: Shaped Charge Effectivensess, TNT = 108:
90 mm NE, M7] Prajoctile, Lot WC-91: Gloss Cones  Stee! Cones
Deraity, gm/ec Hole Voluine
Charge Wt, Ib Hole Depth
Teotal Neo. of Frogments: G
For INT Color: b
For Suject HE

3 inch HE, . WA2AT Projostita, Lot KC-$:

Principel Uses: HE projectile and bomd filler

Dersity, gm/cc
Chorge Wt, b
Totel Mo, of Fragments:
. Mothed of Looding: Cast
For TNT :
For Subject HE
Loading Denslty: gm/cc 1.90
Frogment Velealty: ft/sec
At9 ft ~—
At 255 # Serege:
Dersity, gm/cc
Mathod Ly
Blaet (Reletive ta TNT): Hazord Class (Quantity-Distance) Class 9
Aln Compotibility Group Group I
. ook Pressurs
impuiss Exudation Nons
Energy
Work %o Preluce fug wei [t 3
Aln, \ ork 20 Pro u Ruz  we! Itelb/inch’ #
Impuise Averags ([iv vests) 2.17
Hizh 3.3
Uader Welor: Low 2.ko
Peok Pressure
Impulse 2fflux Viscosit ', Saysolt Seconds: 24.8
Energy
Us.dergeound:
Peck Pressurs
impulse
Energy

sTest specimen 1/2" x 1/2" cylinder (approxi-
mately 3 gm) pressed at 3 tons (6,000 1b)
total loed or 30,000 psi with a 2 minute
time of dwell.
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AMCP 7¢117
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e

Modulus of Elasticity: *

'

1%/inch™ §

e |

: High . 97,400 1 : A :
l Lov 76,30 ! 8

# Test, specimen 1/2" x 1/2" cylinder (approximately 3 gm) pressed at 3 tons (6,000 1b)
total load or 30,000 psi with a 2 minute time of dwell.

1
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Setbeck Sensitivity Test: (a)

Criticel Pressure 119,000 psi *
Density, gm/cc 1.92

# Pressure belov vhich no initiation is obtained and abeve which an increasing
percentage of initiations cen be expected as the setback pressure increasss.

Preparstion:

Procedure similar to tlat used for Torpex.
Refersnces; 38 a

(s) 1st Indorsement from Chief, Rxplosives Deve t Section, to Chief, Bxplosives
:du;ﬁfaﬁcum, Plcztimy Arsenal, dated 12 Mey 1953. Bubject: "Properties of Octols

(b) R. Brown ang R. Velicky, Heat Cepacity of HTA-3, Plcstinny Arsenal General laborstory
Seport No. 56-H1-509, 5 My 1958. |

.
v

”Scc footnote 1, page 10.
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AMCP 706-177 Lead Azide
m% oa: Meleculer Weight: (PoX) 291
Oxype0 Selence;
N 28.8 Cx: % -5.5
Nalw N—Ip~—N=] m§ % 5.3
Pb Ti..2
Densit,: Crystal 4.80
‘oM Deririoates W%
Malting koiat: *C Decomposes
C/H Ratio Froezing Puint: *C
lmpoct Somsitivity, 2 Kg Wr:  Pure Dextrinated | Beiling Pelat: *C
Bureou of Mines Apporatus, cm 10 17
Sownple Wt 20 mg Refractive Indea. n2
Picatinny Arsenal Apparotus, in. 3 g o
Somple Wt, mg © 2 G
)
Toui: Vacuom Stebility Teet: Dextrinated
Stes! Shos Explodes ce/40 Hrs, at EE—
Fiber Shoe Explodes 90°C
. 100°C 1.0
Rifle Bullet Impoct Toot:  Tricls 120°C 0.0
Explosions % 135 ¢
Partiols 17+ C
Burm.d 200 Grem Bomb Send Teet:
| b ovter suse 19,
Fxplosion Tempeorsture: *C Ssasitivity te Initiation:
Seconds, 0.1 (no cap used} 390 Minimum Detonoting Charge, gm
i 356 Mercury Fuiminate
5  Explcaes 3}0 Leod Azide
10 33 Tetryl
15 33
20 335 Bellistic Morter, % TNT:
Tﬂlﬂ 1“, * THT: {‘) 39
75°C.International Hoot Toot:
' % Loss in 48 Hrs PMote Dent Tost:
| Method
100°C Haeot Toot: Condition
% Loss, 15t 48 Hrs 0.3k Confined
% Loss, 2nd 48 Hrs 0.05 Deruity, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detenetion Rate: Pure Zead Azide
Flommebiy Index: Confi t — e ———
.9 Dextrinated Not Dextrinated Condition Pressed
Wg 0.8 T 0.03 Charge Diameter, in.
elatitity Density, gm/cc 2.0 3.0 4.0
d Rote, meters/second  4OTO 4630 5180
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Lead Azide AMCP 765-177
Frogmentation Toot: Sheped Chorge Etfoctivenass. TNT = 108:
90 mm HE, M71 Projoctile, Lot WC-91: Glass Coner  Ltds :Cones

Dersity, gm/ce Hole Volume A

Charge Wi, ib Hole Depth

Totel No. of Frogments: * =
Color: 1te-b

For TNT : Wnite-putt
For Subject HE
Principel Uses: Detonators, priming compositions,
3 tneh K, MAZAT Projoctile, Lot KC-S: and comercial blasting ceps
Dersity, gm/cc '
Charge Wt, Ib
Totel No. of Fragments: Mothed of Loading: Pressed
For TNT
For Subject HE
) Lecding Demelty: gm/cc P81 X 10°
5 10 15
'np;u Valoacity: ft/sec 2.22 2.n 2.96 3.07
At9 ft
At 25% H L
Deruity, gm/cc
Method Vet
Slast (Mhm’: Hazard Closs {(Quantity-Distence) Class 9
Ale: Compatibility Group Group M (wet)

Peck Pressure

.npulse Exudation None

Energy
Compatibility with Metals:

Air, Crnflaed: - .

Impulse Dry iead azide Joes not reect with or cor-
rode steel, iroa, nickel, aluminum, lead,
zinc, copper, tin or cuimium. I, does not

u“"v;."' affect conti;xga of acid-proof tlack peint,

Peok Pressure oil, NRC compound or shellac. Lead szide in

impulss the presence of moisture corrcies zine and

Energy copper; and with copper, it forms the sxtreme-
ly sec-sitive and dangerous copper azide.

Undergronad: Specific Heat; cay/gm/°C

Psok Pressure ¢

Impulse -50 0.110

Energy 0 0.110

Heat of: 25 0.110
Combustion, ce.}/gm 630 0 0-110
Explosion, cal/gm 367 Th 3 :

cas Volume, co/gm 28 Thermsl COnduc; vity n
Formation, cal/gm -3]‘6 cﬂl/BeC/Cm/ C (Pure) 1-55 x 10
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AMCP 706-1T7 leag :
Azide —

et ' Coupatibi)ity with Metele:

Ixy:' Steel, irom, nickel, Quminum, lead, zinc, copper, tin, stainless steel, bruss and
bronse were unaffacted by aix yesrs' contact with dry lead azide at smbient tex <ssture and
50%C. Nomel, chirome-nfckel and Inconel vere umaffected under the samé conditions {n two and

I PP N

Vet: Copper and zinc ars repidiy sttacked by moist leed zzide, vhile aluminum is not
attacked in 24 bours. WMNonsl, chrome-nickel and Inconel are not attacked by lesd szide (§%
moisture) after 29 =onthz' exposure ot ambient tempersture und 50°C, sud J-1 magresium-alumi-
num allay is very slightly corrodad.

PITEE DU S PR

‘ Lead Aside :
‘ Lesd Azide Lead Azide R
. Ioad JAzide us Tus 0= b

gl etet By ver 208 Water x
Priction Pendulum Test: i
(A1l IA dextrinated)
fhce Fiber Fiber Stesl  Fider Steel  Fiber i
Ko. of Trials 1 10 12 1 b 1 :
Explosions 1 Q 0 0 1 1 ¢
Creaxlings 0 2 0 2 0
Taatfected 0 10 10 b1 1 4
Sensitivity, 2 Xg Wt .
(ALl 1A dextrineted) a—,
- PA Apparstus, inches & 9 9 ] (._,.y .
. Activetion Euergy: (e}
Koal/mode « 23.74 :
Induction Period, seconds 0.5-10 :
Initiating Efficien~v, Grams Required to Gfve Cosplete Initiations of: . :
Dextrinated Azice {gm)
™ 0.25 o
Tetxyl 0.10 ‘
ROX 0.05 . o
PETN 0.02 oo
Bensitivity to Static Discharge, Jouies (Pure Lesd Azide) (b) 0.0070 :
184 .




T Lead Azide AMCP 706-177

gemple Wt (gn) Material e

1.0 " Iead Azide 0.50
1.0 Rlsck Povder 0.3
} 2.0 50/50,1ead Azide/Black Powder 1.26
Solubility of Pure leed Azide; gn/100 gm of Water:
b $
- 20 0.95

Preparation of L.ad Azide (Dextrinated): (du Pont procedure) -

2Fa~-RNeXm):H (103)2—;&(13)2+ 2 xlum3

- Iead nitrete solution: This s prepared by dissolving 154 lbs lead nitrate and 8.25 1b.

dextrine in delouized water, the solution allowed to settle, an® sodium hydraxide added to
driug the solution to & pH of 5.4. The final concentration of the solution is then adjusted
t4 7.4% lead nitrate, 0.375% dextrine by additic: of deionized wvater.

The lead aziée 1s precipitated at a solution temperature of 160°F, using 60 parts lesd
nitrate and 50 parts sodfum sxzide solution. The latter is edded %o the former in 23 minutes,
under agitation (no baffles are used in the precipitstion vessel), the mixture cooled to room
tesperaty - in 12 minut:s, and sllowed to settle 10 minutes. The mcther liguor is decanted
and the remaining slurry wmshed defore packing.

; Qeigin:

First prepared in 1891 by T. Curtivs {(Ber 24, 335-6) by adding lead scetate to s solution
of sodius or emmonium azide. ¥. Hyronimus (French Patent 365,792) should be credited vitn the
first attempt in 1907 %o uss lead azide with some success in the explosive industry. Its com-

mercial mmufacture started in Burpe before World War IT and in the United States since 1931
as military or commercial grede "dexirinated” lesd azide.

Destruction Chemionl De 4tion:
Lead azide can be decomposed by
{:) mixirg with st least five times its weight of a 10% solution of sodium hydroxide

and alioving the mixture to stand for 16 hours. Decant the supernatent solution of sodium
. azide and druin into the scil. )

(2) daissolving in a 10% solution of ammonium acetate and adding e 10% solution of
sodium or potassium bichromste until no mor» lead chromate is precipitated.

(3) wetting with 500 times its weight of watsr, sloviy adding 12 times its weight
of 25% sodium nitrite, stirring, snd then edding 14 times its weight of 36% nitric or glacial
aceiic acid. A red color produced by the addition of ferric chloride solution indicates Lead
Azide is siill presert. N

~
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A¥.CP 706-177 ‘ Lead Azide

PR

(4) aissolving in 50 times its weight of 15% ceric l.noniu.n nitrate. The azida 1s
aecoq;.,.ad with the evolution of nitrogen. T

(,lhtcreneu‘: 39
(s) Ph. Neown, Z ges Schiess Sprengstoffv, 181, 229, 267 (27 June 19%2). - ' i
(b) F. W. Browm, D. H. Kualer and F. C. Gibson, Sensitivity of Explocives to Initiation

by Electrostatic Discharges, U. S. Dept of Int, Burcan of Mines, KL §5§, 1955,

(¢) C. Lenchitz, Ice Calorimeter Determination of Enthalpy snd Specific Heat of Eleven

tallic » 4, November 755.
(a) Also see the folloving Picatinuy A se.al Technical Reports on Lead Azide: .
°© L 2z 3 ¥ 3 & 1 2

8
5% 561 8® 393 k255 36 567 6B 609
637 708

N S N T T

‘ s80 81 8% 1393 784 525 856 T1S
: 600 1451 882 1493 82k 1325 866 657 748 9
: 760 1651 932 2093 oblh 1485 1316 707 788 769 .

1450 1132 233 2164 1486 1737 88 849
; 1152 2204 1556 2227 1388 999
; . 1352 1528 © 2179

) 1372 1838
2198
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395ee footnote 1, page 10,
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Lesd 2,4-Dinitroresorcinate (LINR) AMCP 706-177
Corlu: , Moleculer Weight: (PhCoHoRo05) 405
c 17.8 0 — “gg‘;"““’ .z
H 0.5 =
X 6.9 Ro, CO% -8
o 23.7 Pb -
2 53.1 0 — Demsity: gm/cc  orygtal 3.2
L 7 Maelting Pelme: °C
KO
C/MRstio 0.549 2 Freezing Point: °C
fmpect Sensltivity, 2 Xg Wr: Belling Peint: °C
Bureou of Mines Apporatus, cm 1 k3 vt 0
Somple Wt 20 mg Refractive Index, nd
Picotinny Arsenal Apporotus, in. o
Sompie Wt, mg 20 fn
%
Stee! Shoe cc/40 Hrs, at
Fiber Shos 90°C
. 100°C
Rifle Buliet lmpact Tost:  Triols 120°C (73 minutes) Explodes
_— % 135°C ;
Partials 150°C 3
Burned 200 Geam Bomb Sand Toor: g
Y wmr fuse 2 g
Explosion Tomperature: € Sansitivity te initiation: -
Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm
) Mercury Fulminote
-] Explodes 265 Leod Azide
10 Tetryl
15
2 Bellistic Morter, % TNT:
Tesus! Tost, % TNT:
75°C Internatic.oal Heot Tost: , .
% Loss in 48 Hrs Plote Don:
Mot
100°C Moot Toot: Cordition
% Loss, st 48 Hrs .20 Confined
% Loss, 2nd 48 Hrs 2.02 foﬂﬂv. g /ec -
Explosion in 100 Hrs None Brisance. % TNT
Daetonstion Retse:
Flomenobility Index: Confinernent
Condition
Hygroseopicity: % 30°C, 901 RH 0.73 Chorge Diometar, in. -
Density, gm/cc
v v: Rote, meters/second
187




AMCP 706-17T7 Lead 2,4.Dinitroresorcinate (LDNR)
Frogmentetion Toot: Sheped Charge Bffoctivensss, TNT = 109:
o 90 men NE, M71 Projoctite, Lot WC-91: Giass Cones  Stee! Cones
: Dersity, gm/cc Hols Volume
Charge Wt, ib O Hole Depth
Totel No. of Frogments:
For TNT Color: Red or yellow
For Subject HE
Priacipel Uses: Electric detonators
3 inch HE, MA2AY Projactile, Lot KC-S:
¢ Denuity, gm/cc
: Chorge Wt, b
Tetel No. of Frogments:
. Mothed of Loading:
1 For TNT Pressed
For Subject HE
Laediag Denslty: gm/cc
: Fragment Velo %y: ft/sec
A9 Rt
At 25% f Storepgs:
Dersity, gia/ec
Method Vet
Blost (Relative to TNT): Hozord Class (Quantity-Distonce) Class 9
Al Cormpotibility Group
Peok Pressure
impulse Exudation None
Energy
’ Ale, Confined: Initieting Efficiency: O.4 gm LINR does not
. impuise nitiate tetryl pressed at 3000 psi.
Under Weter: Heet of:
Peck Pressure
losion, 1 0
A \ Explosion, cal/gm 27
Energy
‘ Undergreund:
YT T Peok Pressure
) impulse
Energy
188
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To & solution of 5 grams of purifis’ “dnitroresorcin and 2.65 grams of anhydrous sodium
..  te in 500 cc of boiling wvater is a: " d slowly e solution of 10 grams of lead nitrate
wassolved in 60 cc of bolling water. The reaction mix.ure is constantly stirred during the
\iidition of the lead salt and for sbout an hour af'tervard vhile the solution is allowed to
¢ooi to room tempersture. The precipitate is filtered and washed thoroughly first with water
ad then vith alcobol & cther. It is dried in a steam oven.

Snigin:

&,b-dinitroresorcin was described in the 1881 edition of Beilstein (Beil vII, 885). The
same comgound was described in more detail by Weselsky, Benedikt and Ribl in 1882 (M IX, 323).
1 The 1sad salt of 2,5-dinitrorescrcinol eppears to have been prerared between World War I and
World War II by treating resorcinol vith nitrous acid and oxidizing the resulting dinitroso-
resorcinol to dinitroresorcircl. lLead nitrate solution was then added to a sclution of the
2,k-dinttroresorcinol to which sodium carbonate had been added to form the soluble sodium salt
) (3. D- Fopper, PATR No. 480, March 1934). The LTHR exists in two forms differing in physical
L~ charactesistics but possessing similer explcsive es. These forme are red and orange ~
' in color (K. 8. Varren, PATR 1448, Septesber 194k). '

— _sfer . ven:40

» g
3 A .
Y
k)
é - Lead 2,4-Dinitroresoroivate (LDNR) AXCP 708-177
N S
OB i U e g .
5 tion:
*
: e S -
1 -
H lOa 302
{ + Po(NO,), —— o | P+ amo
od < 3
,‘ :
i X0, %0,
§

(a) See the following Picatimny Arsenal Technical Reports on Jeed 2,4-Dinitroresorcinste:

] 3 3 8 2
480 453 1004 1328 859
580 1448 1079

w;u footnote 1, page 10,
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AMCP 706-177 lead 4,6-Dinjtroresorcinol Basic (LINR Basic)
. Companition: Melccular Weight: (sz%ma"EoB) 646

% 0= Fb — OH
k Ounygen Balence:

x ¢ ll-g ‘/L 0. % .20
¥ B 0. y -20
: N N L. 3 02” €O % 7

g‘, éﬁi 0 = Pt~ OH Density: gm/cc
X0 Mehing Point: *C a3
2
C/M katio 0.1T7 Freezing Point: °C
-4 impoct Sensitivity, 2 Kg We: Sriking Pelme: *C

’ Bureou of Mines Apparatus, cm 1 kg vt 60
Somple Wt 20 mg Refrective Index, nS
. Picovinny Arsenal Apparatus, in. ne
) Sample Wt, mg 20 -]

o ; n%

Frictisa Podubim Toot: v Srobility Teot:
Steel Shoe cc,/40 Mrs, ot
Fiber Shoe 90°C
100°C
: Riffe Bullet impact Test:  Trioks 120°C
: Explosions % 185°¢
. 150°C
i Partials
f Bumed 200 Grom Bomb Send Tost:
| u mmr fuse 15
Explesion Tompeorature: ‘C Sensitivity te Initiotien:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
] Mercury Fulminate
5 Explodes 295 Leod Avice
10 Tetryl
15
20 Bollistic Movter, % TNT:
Trousi Test, % TNT:
75:C intornstions! Heot Teot:
% Loss in 48 Hrs Plote Dont Toot:
Maethori
100°C Hoot Toot: Wrtm
% Loss, st 48 Hrs 0.h COﬂffMd
. % Loss, 2nd 48 Hrs 0.0 Dc_wfy. gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detenation Rete:
Y Index: Cunfinement
" ; Condition
r: % Charge Diomete-, in
olatilie Density, gm/cc
Y ' Rate, meters/second
190
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Lead b,6.Dind trorenorcinol Basic {LINR Basic)

AMCP 706-177

Fragmentation Tost: Sheped Chorge Bffectiveness, TNT = 100:
90 wmem HE, M71 Projactile, Lot WT-91: Gioss Cones  Stee! Cones
Demsity, gm/cc Hole Volume
Charge WA, Ib Hole Depth
T‘;::,:: ? Color: Red or yellow
For Subjet HE
or * Priacipel Uses: Electric detomators
3 inch ME, MA2A) Projectile, Lot KC-3:
Dersity, gm/cc
Charge W, Ib
Totel No. of Fragments: Mothed of Loodiag: Pressed
For TNV
For Subject HE
Leoding Demnity: gm/cc
Frogment Velecity: ft/sec
A9 #
At 25y fr Sterege:
Dersity, gm/cc
on Method Wet
Slast (Relotive to TNT): Hozord Class (Quontity-Distonca) Class 9
Al Compatibitity Group
Peck Pressure
Impulse Exudation Fone
Energy
Confined: Initiating Efficiency: 0.4 gm LINR Basic
”l'mwh s not initiste tetryl pressed at 3000
pit.
Under Weter:
Peok Pressure
Impulse
Energy
Undorground:
Peak Pressure
impuise
Energy

191
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AMCP 706-177 Leed b,6-Dinitroresorcinol Besic {LINR Pasic) —

tion!
Q=Pb=CH"

oH oH
meo, %% Po(cH,c00), O
— ————ly
o OH O~Fb—0H
NG, X0,

(a) Ove hundred greams of pure resorcin is fused in a porcelsin cessercle and immedistely
poured on & glass plate. Aftar cooling, the cake is ground in c mortar to psss a U. S. Stan.
dard No. § mesh screen. Four hundred grems of 98 percent nitric acid in a one pint cepecity
Dowvar jar is siirred mechani vhile carbon dioxide snov is added in smll pieces. Vhen .
the tempersture falls to -20°¢C, grans of the granulated resorcin is added in small quenti-
ties, Simultanecus sddition of so0lid carbon dioxide as required prevents a rise of tempers-
ture of more than 5 degrees throughout the entire experiment. Five minutes alter the last
portion of resorcin is iutroduced, the mixturs is further cooled to minus 50°C; and finslly
drowned with vigorous stirricg in fi/e¢ times its volume of cracked ice, in weter. This mix-
ture 1s allowed to stand for one hour and the product then filtered, weshed, and pertially
dried, veight 43.6 grams. The crufe 4,6-IBR is purified by first dissolving the product in
an aquecus 5 percent sodium hydrox:de solutioe {17.4 grems of sodium hydroxide in 30 c¢c of
water). The resulting solution ir then neutralized by graduslly adding it to & bdoiling solu-
tion of 21.b4 graas of 96 percent aulphuric acid in 150 cc of water. The resulting precipitate
of 4,6-IMR is filtered hot on & suction filter and air-dried. Yield. 27.5 grams {37.8 percent
of the thecretical).

{t) Five hundredths (0.05) mole (18.96 grams) of lesd acetate is dissolved in 67 cc of ¢ *
wvarn vater, into vhich is gradually stirred 0.10 mole {L.0 grams) of soldium hydroxide dis- S
solved in 67 cc of wvater, 3tirring is continued for five mini tes. After sectling, the vhite

load hydroxide is washed ty decantation three times with 100 c: portions of distilled weter,

and used immediately for the next opsration.

(e) A 0.0278 mole (5.56 grams) quantity of the 4,6-DNR prepared under (a) above, is dis-
persed in 270 cc of wa'er by vigorously besting with a motor stirrer. After heating this
dispersion to 90°C, itle 0.05 mole of lead hydroxide prepared sbove in slurry form is intro-
duced in small portions. Agitation is continued for three hours at 90°C. The basic lead
4,6-INR 15 wvashed cuce by decantation, and again on the filter with slcohol. After drying
overnight in a desiccator charged with csleium chloride, the product weighs 15.6 grams.

gz_-igin:

Both the 2,4- asd b,6-dinitroresorcin were dcscribed in some detail by Weselsky, Benedikt
and Huol in 1862 (M II, 323). Typke prepared the L, 6-dinitroresorcin in 1883 by nydvolyzing
the nitretion product of rescrcin discetate (Ber 16, 551). A "wre direct and economical
nethod of preparstion suitable for productioun scale manufsctuce was developed during World
War II by the British {Ministry of Supply Pouch Item W-15L-2is, "W uufscture of b,6-Dinitro-
resorcin and Leed L,6-Dinitroresorcinate”). This procsdure consisted of preparing 4,6-
dinitroresorcinol by direct nitration of granulated resorcin and sllowing the product in slurry )
to resct with sn excess of lesd hydroxids at 90°C. Thuis basic salt can be prepared in two -
forms: (1)} & microecrystalline, yellow, low-deneity form and {Z) a denser, brick-red form.
Dot products have the same chemical composition and the game sensitivity to impact (PATR
1bLE, September 194L}.
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1 v
. - -\ Lead hnate AMCP 706-177
R { ; . U P
Corhna . —_ Melecular Weight: (Pb66H3N309) 468
c 15.4 Oxygen Belcace:
CO: % -19
H 0.6 0N No, €O % 2
N 9.0 anzo ;
} 0o .8 0 Deesity: g/
Pb k.2 s gm/cc Crystal 3.02
»
+ %o Melting Point: ‘'C  Explodes 200-310
2
§ C/H Ratio O. 3aol-- . Froezing Point: °C
E impect $eneitivity, 2 Kg We: . Bolling Point: °C
h Bureou of Mines Apparatus, cm 17
s Sompis Wt 20 mg Refractive Icdex, nQ
i Picotinny Arsenal Apparatus, in. 3; (8 oz wt) 8 ne
P Somple Wt, mg 22 C]
! nS
} i Friction Pendviom Test: Vecuum Stebility Tort:
: Stee! Shoe Detonates ¢¢/40 Mrs, at
Fiber Shoe Detonates 90°C
100°C 0.k
' Explosices * 135°C
Partials 150°C
—_ Burred 200 Grem Bomb Sond Teet: i
| Unoffacted 2k }
, ; Bﬁ& S?ygu fuse 1.1
N~ Explesion Tomperature: ‘C Sengitivity te Initiation: 2
Seconds, 0.1 (no cop used) Minimum Detorating Charge, gm
1 Mercury Fulminate “race®
5 Explodes 28: Lood Azide Tracer
10 27
H 15 2-'(2 * <o EE' , alternative
: 2 267 Bellistic Morter, % TNT:
b Trous! Tost, % TNT: (o) Lo
; 75°C Intornetions! Moot Tont:
i % Loss in 48 Ars Plote Dent Tost:
[ Method
i - 100°C Hoot Toot: Condition .
; % Loss, 1st 48 Hrs 0.3 Confined
o % Loss, 2nd 48 M 0.73 Darsity, gm/cz
i Explosion in 100 Hrs None Brisonce, % TNT
; Detonetion Rete:
i Flommebility inden: Confinement
f o Conditior
! Hygrescopicity: % 2£°g: %}mm g:gg Charge Diumeter
v — Density, gm/cc 2.9
¢ olotifiey: Rate, meters/second 5200
A P 193




AMCP 706-177
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Lead Siyphnate

Frogmentetion Test:

9 mm HE, M71 Projectile, Lot WC-91:
Density, gm/cc
Charge Wt, ib

Totel No. of Frogments:
For TNT
For Subject HE

3 inch HE, MAZAY Prejectile, Lot KC-5:
Density, gm/cc
Charge Wt, ib

Totel Neo. of Fregsaents;
For TNV

For Subject HE

Shoped Charge Effoctiveness, TNT = 108:

Glass Cones
Hole Volume
Hoie Depth

Steel Cones

Color: Orange-reddish brown

Principel Uses: Iguiting charge, and ingrediert
of priming coxpositions

Mathed of Looding: Pressed

impulse

Aly, Confined:
Impulse

Under Weter:
Peck Pressure

Impulsy
Energy

Underground:
Peck Pressure
Impulse
Energy

Heat of:

Combustion, cal/gm

Explosion, cal/gm
Ges Volume, cc/gm

Formation, cal/gm

1251
Ls7

-92

Storege:
Method Wet
Hozard Class (Quontity-Distance) Class 9
Compatibitity Group Group M (wet)

Exudation None

Activation H
keal/mol 75.39
Induction Period, sec 0.5-10

cific Heat: cal C (c)
%
-50 0.1k
(V) 0.158
25 0.164
50 0.167

v e e~
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; O Lead Styphnate AMCP T06-477 ; .

o NO,

——————— ey
Pbllzo + 20}130005

o,N

"
g

NO, NO,

- -y Avigat -

Dissolve lh.L gm iead nitrate and 1 cc of 35% ecet’c »:14d in 320 cc distii.cd weter. Dis-
solve L gm 2,h,6-trinitroresorcinol and 1.73 gm sodiia cervonate in 80 cc distilled water.
. Add the l.ad acetate solution to the trinitroresorcinol solution, under agitation, keeping
the temperature at 70°-75°C and continue stirring for 3 hours at this temperature. Cool to

H 20°C 1n 5 hours. Evaporate the sol.“ion to 1/3 its volume, cool, filter and wash the product

s well with vater (to neutrality).

: ’ Sensitivity to Static Discherge, joules: (b) 0.0009

i Loss in Weigh: at 10§°C: ﬁ

. 3 hours 0.02

: 6 hours 0.23 2
‘ 9 hours 0.23 5
\‘ 2 Bffect of Storage for 2 Months at 30°C, on: ‘

g } Explosion Temperature Test Value Hil ¥

I Sand Test Velue Nil )

e Sensitivity to Initiation Nil
Solublli 100 in;:
Glycol Discetate
X :
. 20-25 0.1

0 -

; origin:

; - First described in 1914 by von Hurtz and found to be & relatively poor initiatrr by wall-

H baun in comparison to other primary explosives. (Z ges Schiess Sprengstoffw 3, 126, 161, 197

) (1939)) . Moisak showed that lead styphnate could be used as an insulating (cover) materisl

? for leac azide providing protection from mechanical and chemical influences and, at the same

f . time, insreasing the detorating ability of the total charge (Transactions of Butlerov Inst

3 Chem Teck Kasen (Russia) 2, 81.5 (1935).

{

-
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¢ AMCP 706-177 lead te
Destruction by Chemical Decomposition: Lo

Lead styphnate is decomposed by dissolving it iz st leest 40 times 1ts weight of 20% solium
hydrox: 3¢ or 100 times its weight of 20k smmoni'.n acetate and adding & solutiocn of sodium :
dichroate, equa’. to half the ‘veight of styphw.te and 10 parts of water. : .

Refarences: 4!
(a) Seport AC-936/0rg Ex Th. ) | .

) (v) F. W. Brown, D. B. Kuler and F. C. Gibson, Sensitivity of %&oﬂvﬁ to Initiation by
; EKlectrostatic Discharges, U. £. Dept of Int, Bureau o nes, RI ’ .

(¢) C. Lenchitz, Ice Calorimeter Determination of Enthalpy snd Specific Hest of Elevet:
Organometallic Cemmounds, PATH No. 222G, Rovesber 1955. N

be e Bmdea AL

{d) Also see the following Picetinny Arsensl Techuical Reports on Lead Styphnate:

«
LRI TR

% - ¢ - r 2z 3 & & 1 & 3
S ' 1450 132 k53 268 136 X7 N8 27
2220 2032 2093 1137 T

2077
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4lges footnote 1, page 10,
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Mannitol Haxanitrate (N ‘M

AMCP 706-177

Campesition: ?‘ 00 Meleculer Weigh*- (C6H8“6°18) L5z
% 292 A e
0. %0CH Oxygen Belance:
C 15.9 2 . Q0. % ag.l
CO % -
" 1.8 °e"°f" 3
- 18.6 H?O!IOZ Deneity: gm/cc 1.73
- HOONO . )
o €3.8 = Melting Peiuc: °C 112-113
- CKZQNOz -
 C/H Rotio0.133 Freoniang Puint: °C
Impoct Sensltivity, T Kg W Salling Pelat: *C Decomposes 150
" Bureou ¢f Mines Apparotus, cm 1
Somple ¥/t 20 mg Refrective Index, .
Picatinny Arsenol Apporatus, in. - U o
Somple Wt, mg 1t -
. nS
Friction Peodulum Toot: Vecwem Stobility Test:
Steel Shoe Detonates cc/40 Hrs, ot
Fiber Shos Unaffected 90°C
v 100°C
Kifte Dullet lmpect Test:  Tricls 120°C
ol % 135°C
' 150°C
Partiols
Bumed 200 Grom Pomb Send Teet:
Unoffected Sond, ;m 68.5
" Explosion Tompereture: *C Seusitivity te Initietion:
Secondls, 0.1 (no cop used) 160-1T0 (a) Minimum Detonating Charge, gm
1 23 (v) Mercury Fulminate -~
5 175 (e) Leod Azide 0.06
10 Tetryl -
15
20 Bellistic Merter, % TNT:
Trouz! Toot, % TNT:  (c) 172
75°C intornetionel Heat Taet:
Plate Dont Teot:
A
9% Loss in 48 Hrs 0 Mathod
100°C Hoot Tost: Condition
9% Loss, Ist 48 Hrs .o Ccnfi.md
% Loss, 2nd 48 Hrs e Density, gm/cc
Explosion in 100 Hrs (Frothed) 48 hours Brisance, % TNT
Detenation Rete: (a)
Flammebilidy lndex: Confinement Yes
Condition Pressed
Mygroscoplelty: % 30°C, 0% IH 0.17 Chorge Diamater, in. 0.5
Density, gm/cc 1.73
Velotility: Rote, meters/sezond 8260
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AMCP 706-177 Mannitol Hexanitrate (Nitromannitel . . ’
. A
{ ..

Frogmcnietion Test: Shap:d Charge Effactivences, TNT = 100: ;
- T *‘
90 mm HE, M71 Projectile, Lot WC-91: “loss Cones  Stesl Conen :
Density, gm/cc Hole Volume N
Charge Wi, Hole Deprh <
Tréul Ne. of Fragments: " Color: :
For TNT .
For Subject HE — '
flln?: Secondary charge in detonators .
. ref 1), &nd in blasting caps designed to ’ .
3 lach NS, MA2A1 Projectile, Lot KC-3: De {nitiated by & fuse |ref D . :
Density, gm/cc . - .
Charge W, 1 ) ‘ : i .
‘“F.::I’:T'w: Method of Looding: Pressed 1 R
For Subject HE . -
Leading Denslty: gm/cc -
Frogment Velochty: ft/3ec ’
> A9 # .
At 25% # Sterege:
Dasity, gm/cc :
~Blost (Relative to TNT): Hazord Class (Quantity-Distonce) "Class 9 /..w-.n . g
f %
Alr: ) Compatibility Group - N : *f
Peck Pressure
impuise Exudotion None
"p" Confined: 62.50( Kl Test:
ey Minutes 6
u-:; Weter: Heat of: (f. 1, g) -
impuise Combustion, cal/gm 1515 1525
Energy Bxplosic.., cal/gm 1390 145k 1468 15
) Formation, cal/cm 337 W5 %6
Peok Pressure :
impulse
Energy
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AMCP 706177

Mannitol Hexanitrete gﬂitro-nnite!

Solubili ty: 7 T x
a. Insoluble in vater. - !
b. Slightly soluble in cold alcohol. (2.9 gm at 13°C). :
c. Slightly soluble in ether (4 gm at 9°C).

4. Very soluble in hot alcohol.

Preperstica: (laborstory Method) (k)

a. Cool to below 0°C, 5C gm of 96%-100% nitric acid placed in & 300 milliliter Erlenmeyer
Pyrex flask provided with a thermometer and immersed in an ice-salt mixture.

b. Introduce in smell portions, 10 gm of d-mannitol, while s\rir'u::g the flask to break up
any lumps of mannite vhich might form. Keep the temperature below 0°¢.

c. After soclution is complete, add 100 gm of concentrated sulfuric acid from a dropping
funnel, swirling the flask in an jce-salt mixture to keep the temperature below 0°C.

d. Filter the i'esultiug porridge-like slurry through a filter paper previously hardened
by treatment with mixed acid.

¢. Rinse the precipitate directly on the filter with weter followed by dilute agueous
sodium carbonate and finally vith water. (The resulting crude mannitol hexanitrate gives
15.24 N as C:ermined by the nitrometer.) .

£. Dissolve the crude mennitol hexanitrate in boiling alcchol and filter through a water-
leased funnel.

g+ Bring the filtra.e to boiling and gradually add hot water until the appeersnce of the
first turbidity.

Y. Cool in en ice-salt bath, & te and dry the crystals. (Yield should be about 23
gn of material, melting .t 112°-113°C and having 18.58% N, the nitrogen being determined by
t.2 nitrometer. Thecretlcal yicld wouid be 24.8 gun.)

8]

Origin:

Marnitol hexanitrate was discovered in 1847 bty Ascanio Sobrero who recommended it as a sub-
stitute for mercury fulminate in percussion raps (Coup rend. 18k7. 121). It is the hexanitric
ester of d-rmmitol vhich is widely distributed ‘. mature, perticularly in .-s olant Frexinus
ornus. K. Sokoloff, a Russisn chemist. lnvestigated “he explosive properties of ki *nd recom-
mended tn 1878 a method of prerciacion. lMennitol hexanitrate was thoroughly studied by Terthe-
lot, Sarran and Vieille. Zumonte, Menard, Strecker, Tictanowich (Ph. Kaoum, Ki yeersn and
)24 veerin 1ssives, Baltimore, 1928, pp. 156, 2L7-250), and perticuler v J. H. Wigoer
lﬁtr %, T 1s 33” More recent data have been reviewed by Guastalla and Racciu ("Modern
Explorives,” Industria Chimica 8, 1093-1102 (1933)).

References:2

(2) G. C. Hale, Abstract of Available Informstion on the Preparation and Explcsive Proper-

ties of Hexanitromannite, PA Special Report No. 238, 0 July 1925.

42see footnote 1, page IC.
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AMCP 706-177 Mannitol Rexanitrste (Nitromanoite) VY

(b) C. A. Taylor and ¥. H. Rinkenbach, "Sensitiveness of Detonating Compounds to Fricticnal :
Impact, Twpact, and Heat,” J. Frank Inst 20k, 369-T6 (1927). ‘

(c) Fh. Maoum, Z ges Schiess - Sprengstoffw (Munich), pp. 181, 229, 26T (27 June 1932).
(4) E. Xast, 2 angev Chem, 36, Th (1923).
(=) A. Schxidt, Z ges Schiess - Sprengstoffw 29, 262, (193).
landolt and Birnstein, E III, p. 291k.
(f) A. Marshall, Exp

London (1932) p. 39. Fb. Necum, Eitreglycerin and Nitroglycerin Exp : re
P 156, 247-250. .
(8) A. Schwidt, Z ges Schiess - Sprengstoffv 29, 262 (193%) G. Fleury, L. Erissend and .
P. lhoste, "Struet.n'e and Stability of Nitric Jmcr-, Co-p rend eah. 1016-18 (1947). v .
- es of H B ic Relations for

¥. R. Tomlinson, Jr., Fundemental Prg
Use in the Estimation of Ex

(1) Sarren and Vielle, Mém poudr 2, 161 (1884-1889). .o
(1) L. von Hurtz, U. S. Patent 1,878,652 (20 September 1932).
(1) L. A. Burrows, U. S. Patent 2,k27,899 (23 September 1947).

‘S{.-

- (k)) B. T. Fedoroff, Eandbook of Explosive  and Related ITtems, Picatinny Arsensl (unpud- : i
11shed). . {
3

(i) 0. E. sheffield, Litersture on Masnitol Bexsnitrute, PA Chemical Research Labo- A .

ratory Report No. 52-m1-15, 23 January ﬁﬁ l"m .
(m) Also see the following Picatimny Arsenal Techoical Roports on Mannitol Hexsnitrate: ‘\/ . \

2 L] : 6 '

1352 2 85 6
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Nercury Fulminate AMCP 706-177
m“ d Melocular Weight: (sscanzoz) 285
c 8.4 0= N ¢ Oncyg: ;d.u: a7
K 9.8 He CO % J5.5
o .2 N —Kemc Demelty: gm/cc  Crystal k.43
Bg 70.6 Malting Polat: ‘. Decowposes
C/H Rotio Freesing Peint: *C
impast Sensitivity, 2 Kg WA: Boibing Peint: °C
Bureou of Mines Apporatus, <m 5; (1 kg wt) 35
© Somple W 20 mg Refractive Index, nS
- Picatinny Arsencl Agporatus, in. 2; (1 1b wvt) & o
Sample Wt, mg 2 MNas
ne
Priction Pendulum Test: Vacwom Stadility Tosk:
Steel Shoe Explodes cc/40 Hrs, ot
Fiber Shoe Explodes 90°C
100°C
Rifie Buller lmpect Tost:  Trioh 120°C Explodes
, % -
Portials
Burned 200 Grose Bomb Sond Test:
234
xplosion Tompereture: *C Sensitivity te initietion:
Seconds, 0.1 (no cop used) 263 Minimum Detonating Charge, gm
) 239 Mercury Fulmincte
<%, Explodes 210 Leod Azide
o .19 Tetryl
15 194
20 190 Ballistic Mortar, % TNT:
Troual Tost, % TNT: () 51
75°C Intornations! Mout Tost:
% Loss in 48 Hrs 0.18 Plate Dent Teot:
Method
100°C Hoot Test: Exploded in 16 hours Condition
% Loss, 1st 48 Hrs Conffnod
% Loss, 2nd 48 Hrs Dfm'w, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Deteastion Rete:
Flommebility index: Confi
Condition Pressed
Wygroscopichy: %  30°C, 90% RH 0.02 Charge Diometer, in.
olatility Density, gm/cc 20 3.0 ko
v : Rate, meters/sacond 3500 4250 5000
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AMCP 706-177 Mercury Fulminate
Fragraontetion Test: Shaped Charge Effoctivences, TNT = 100:
90 mam HE, M71 Projoctile, Lot WC-91: Gloss Cones  Steel Cones
Dersity, gm/cc Hole Volume
Charge Wt, Ib Hole Depth
Teotel No. of Fropments:
For TNT Ceolor: White to grey
For Subject HE

3 inch HE, MA2AY Projectile, Lot KC-S:

Priacipel User: Detonators and ingredient of
priming compositions

Dersity, gm/cc
Chorge Wt, Ib
Totel Ne. of Frogments: Mothed of Loading: psi x 10°
For TNT 3 5 10 12 15 20
Fo: Subject HE -00 . . 8 . .
Leading Dansity: gm/cc
Frogment Velocity: ft/sec
A9 fr
At 25% #t Sherage:
Density, gm/cc
Msthod Wet
Blset (Reletive to TNT): Hazard Class (Quantity-Distonce) Class 9
Ale: Comgotibility Group Group M (vet)
Peck Pressure
Impulse Baudation None
Erergy.
Stab Sensitivity: .
“'l‘ Confined: Density Firing Point (inch-ounces)
mpulse mfce o %9! oof
3.9 3.2 -3 5.5
“‘?"MV;""‘ b.2€ 1.6 2.6 55
ressure b3z 1.6 2.6 .0
Impulss L.50 1.6 2.5 k.0
Energy Activetiou Energy: .
keal/x i 29.81
H Induct.on Period, sec 0.5-10
Peck Pressure Heat of:
impulse Corbustion, u}/gm gg
Energy Explosion, cal
Ges Volume, cc/gm ggg
Formetion, cal/gm -
Specific Heat: cal/pm/°C 1.1
Thermsl Conductivity:
cal/sec/em/°C 1 x 1074

)
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Mercury Fulminate AMCP 706-177
L Initiating Rfficiency; Grams Required to Give Complete Iultiation ofs - -
Fulminate, m
TNT 0.5 *
Tetryl .
RIX 0.19
PEM 0.17

Cospatibility with Metals:

: Rescts repldly with sluminum and maygnmesium. Reacts siowly vith copper, 2in:, brass
and ze. Iron and steel are not affected.

Wet: Rescts immedietely vith sluminum and megnesium. Rescts rapidly vith copper, zine,
brass and bronze. Iron and steel are not affected.

Sensitivity to Static Discharge, Joules: (b) 0.025
The Effect of Storage st 50°C {(Dry) on the Purity of Mercury Fulminate

Months stallized Lots Uncrystallized Lots ‘ o
Eiv) T SEBTT Se e

.

L R R R B & S ok e e B S S 2 o

Horege
g 9.7 99.77 99.T9 N.79 98.86 o
-7
6 .30 99,45 99.5k 99.47 95-95 98.7
8 97.4
9 9%.95 i
10 9.9 o
12 9®.Th 9.5 9Tk 99.06 90.65 i
Rl i2 98.26 98,719 :
1k 98,22
N 15 97.52 9.3 99. %0 98.19 83.76 i &
16 97.00 99.01 97.75
17 95.T0 98.66 9€.69
18 ok, 82 98.58 98.Lk5 9%,90 79.99
23 h.52
26 63.
Chemistry:
Mercuric fulminate resdily decomposes in the presence of agueous solutions, chlorides, car-
. bonate and many other mmterials. Due to the presence of small amounts of mercury, fireed by
exposure to light or elevated temporstures, it resdily forms amlgame with copper, brass and

bronze, thus components containing these metals must be protectivel. coated if used with ful-

minate.
) Solubility, Grams of Mesrcury Fulminate in 100 rams of Water (4): : t
% t
12 0.7 i
ko 0.1%

DR R A I A 2 R e R I
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AMCP 706-177 Mercury Fulminate

tion:

(Chentstry of Fowdcr and Explosives, Davis)

- — - —— F—3 ——
CH, = CH,— 08 — CHy CHO —» ti‘ﬂa CHO &= ﬁﬂ CHO
NO N—Tl
B !;02 Toa i
(v} q—-——--clni (——i-COOH ——— CH—CO0H
.| —oHd ~ §—OH
c OH

l————a lig(OIC)2

Five gn mercury is dissolved in 25 ce of ritric acid (sp gr 1.42) without sgitation, and
this solution poured into 50 ce of 90% ethyl alcohol, resulting in & vigorous reaction,
sttended by evolution of white furmes and subsequent sppesrance of fulminate crystala.
fumes then appear as precipitation of the product sccelerates, and then vhite fumes again are
evolved as the reaction moderates. After about 20 minutes the reection is over; water is
sdded, and the crystals are repeatedly washed, by decantation, with weter to remove all scidi-
ty. ‘The product is purified, rendered vhits, by solution in strong emmcnium hydroxide, foi-
lowed by reprecipitation with 30% acetic acid.

n:
Marcury fulminate was first prepared by John K. von Lowenstern (1630-1703) and in 1800 its
preparation end properties wers first described in detail by Edwerd Howvard in & peper presented

to the Roysl Society of Loudom (Phil Trans, 204 (1800). It was 1867 before the compound wes

used es an initiating agent, wvhen obel invented the Dlasting cep and used mercury iul-
minate to detonate nitroglycerin (Britich Patent 1345 (1867)). :

Destruction by Chemicsl Decomposition:

Mercury fulminate ig decomposed by adding it, while stirring, to at lesst 10 times its
weight of 204 sodium ~hiosulfats. Some polscnous cyanogen ges maey be evolved.

References: 43
(2) Ph. Feoun - Z ges Schiess-Sprengstoffw (Munich), pp. 181, 229, 267 (27 June 1932).

(b) F. W. Browmn, D. H. Kusler, and F. C. Gibsom, Senlitivi% of ?muvn to Initiation by
Electrostatic Discharges, U. S. Dept of Int, Bureau nes, s 19456,

z-”geo footnote 1, page 10O.
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E . Nercury Pulminate AMCP 706-177
; ™
4 ' (¢) Also see the followirg Picatinny Arsenal Technical Reports on Mercury Fulminate:
: :
; [*) A 2 3 ] 3 é I ] 2
H 25 01 132 23 1 65 266 217 28 19
1 k8o 381 k52 203 29% 105 366 297 78
! 510 561 522 393 5% 255 556 407 278 The
3 550 1651 582 433 624 285 566 531 318 89
3 610 782 833 6k 365  BES 56T 788 999
) 660 882 1183 T84 415 986 637 188 w073
: 760 93 1393 871 k25 136 857 1389
i 1220 192 2093 110k 1325 1k86 1737 2179
{ 150 1352 13¥%5 1556
: 1372 216
) 1782
{ 203
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AMCP 706-177 Metriol Trinitrete (MTN) Liquid (or Trime*hylolethane Trinitrate :
3
Compesitien: Moleculor Weight: (c,:xgxhog) 255 ,
% S .
Oxyge Belence: ¢
c 23.5 0,NO—CH, <c:g= 925 -33 e
. ' 3.5 0,NO—CH,—— ¢ — CH, y " o =
> . 6.6 Density: gm/cc Liquid 1.47 o . ¢
0, NO~=CH Mabing Point: * - :
0 56-h 4 2 C '3 - " -
C/H Ratio 0.150 Freezing Point: *C . ; :
Impeoct Sensitivity, 2 Kg We: Beiling Peint: ‘C .
Bureou of Mines Apparatus, cm 47; (1 1b wt) b .
Somple Wt 20 mg Refrective index, b, ¢
Picatinny Arsenal Appoaratus, in. o 4752 f
Somple W, mg 20 na 1475 A
ne ¢
Friction Pendulum Test: Vecwem Stebility 1’.& ‘
Steel Shoe Explodes cc/40 Hrs, ot L.
Fiber Shos 90°C -
) 100°C cc/gm  © 1.9 :
Rifle Buliet .w Tost: Trials 120°C .
% . N
o £ -
. Portials
Bumcd 200 Grem Bomb Send Test: ;
Unotfected Sond, gm k3.7 -
Explesion Tompereture: °‘C Sewtitivity to initietion: ( .
Secords, 0.1 (no cop used) Minimum Detonating Charge, gm S
| Mercury Fulminate
S Ignites 235 Leod Azide
10 Tetryl
15 -
20 Ballistic Morter, % TNT:  (a) 136
Trevs! Tost, % TNT: (v) k0
75°C Internctionsl Hoot Tost:
9% Loss in 48 Hrs Piste Doné Test:
Method
' 100°C Hoat Tost: C“‘df”“‘ -
% Loss, Ist 48 Hrs 2.5 Conftnod .
% L-ss, 2nd 48 Hrs 1.8 Dc‘ns-'v. gm/cc
Exphosion 'n 100 Hrs None Brisonce, % VNT
Detenstion Rete:
Flommebility Index: Confinement
5 Condition
Hygrescopicity: %  30°C, 90% RH 0.07 Charge Diometer, in.
0 z Density, gm/cc
Veletitiey: €0°C, mg/er” /nr 2 Rote, meters/second
20,
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R : . N Metrioi Trinitrate (MIN) Liguid © AMCP 706177 ;
S | .. ~ = - cary i -
: E . { Fropmentetion Test: - - _ Shepod Cherge Bffoctivancey, TNT = 109: ;:“ .
g ‘, 75 mem HE, M1 Ksjectite, Lot WC91: . © GlsCones  Simel Cones b
I Density, gm/cc ‘ Hole Volume - t
3 Charge W5, ib Ho'e Depth
A o Totel No. of Frogments: )
= ‘ .) For TNT : . Color: Oily, slightly tux-l/:id
. , , Principel Uses: Tugredient of rockel and ‘ RETRRE
R ‘3 tnch ME, MARAT Projoctile, Lot KC-3: double base propellants g
Dersity, gm/cc
i Chargs W, Ib
, *
4 Totel No. 35 Frogments:
y Maetired of Looding:
- For TNT
. ; ¥ For Subiezt HE
: : Looding Density: gm/cc
! . Frogmen Velocity: ft/sec '
At 9 f : .
: At 25% & . Steroge:
4 Density, gm/sc ¢
; Methed ; Liquid o
¥
gv T Blust (Relative te TNT): Hazard Cless {Quontity-Distonce) » %\
! 3
N B Compatibsity Group : 4
< Peck Prassure : ‘
Impuise Exudation
; Ale, Confined: o folubility in Water,
}; Impulse 100 ,t:
¢ X = 25% <0.015
¢ - Unider Water: , 2
4 Peak Fressure bue €0-015
Impuise Reat of: :
S £ ~ .
: - ney. Combustion, cal/gm 2642
4 Underg-ound: . 4% .
L rdory- Hydrolysir, % Acid:
: Imputse 10 eays et 22°¢ 0.013
’ Energy 5 days at 60°C T 0.115

L Wiv W W W e w N ve ™ eare
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AMCP 706-177 Metriol Trinit.ate {MIN) Liguid .

Preparstion:

R Metriol strimthylelmthylmthme) is obtajned by the following precedure, based on work . ,
P by Hosaeus (Annalen 276, 76 (1893): : -

Into a 5 liter round bottow Ziask in weighed 2700 gms of water. To this are added 267 gms
of 36% formeldehyde and 60 gms of propionaldehyde. The mix.ure is stirred for a few seconds.
To the mixture i3 added 150 gms of calcium oxide previously slaked with 600 gms of water.
The mixture is heeted in boiling water Jor four hours, and then e&llowed to cool spontaneocusly
overnight. After filtering off the insolutle calcium hydroxide, the soclution is heated and
treuted vith a saturated aqueous solution of oxalic acid to precipitate sll the caleium. The
: ‘ precipitated calcium oralate {8 filtered off, and the paie-yellov filtrate concentreted as
i - muach as possible on the steam bath to a thick lemon-yellow syrup. After dissolving in sbso-
lute alcohol, the solution is filtered and concentreted in the ateam beth to about twice the .
voltan of the conceatrated syrup. The solution is than chilled in a cold box to hasten cry- .
stallizotion. After sllowing it to warm up to just sbove 0°C, the mixture is filtered. The -
resulting product is not sufficiently pure and is recrystallized from absolute alcohol. The )
welting point of the product (40.3 gm) is then sbout 196°C (Yosaeus gives 159°C). ‘.

Metricl is nitrated by cerefully mixing it with 3.5 parts of 65/35 HNO./H,S0, muintained ‘
at 20°¢, stirring for ¥ minutes, cooling to 5°C, and pouring the reactioff mixture on 1ce. It
is extracted with ether, water-wvashed, and adjusted to pH 7 by shaking with 3 sodium bicar-
bonate solution and agairn wvater-washed three times. It is then dried with calcium chloride, .
filtered, and freed o ether by bubbling with dry air until miniumel rate of loss in weight is .
atteined. ™. yield is of the theoretical. The product has & nitrete-nitrogen contert
of 16.35% (calcilated: 16.47%). Its refractive index mt 25°C is 1.k752.

in:

MM, according to Italin sources, was first prepared aund patented by Bombrini-Perodi-
\ Delfinc Company of Italy unu>r the name "metriolo.” A Germen Patent cf 1927 alaso describes .
the preparation and gives some properties. This compound wvas known in Trance before World i
War II under the name of "Nitrorentaglycerin" and Burlot and Thomas determined its heat of N
combustion (Ref b).

References: 44

(a) A. H. BPlstt, Compilation of Deta on Orgsnic Explosives, OSRD kepurt Ho. 2014,
29 Fetruary 1944,

(b) E. Burlot and M. Thomes, Mém poudr 29, 262 (1939).

{c) Also cee the following Picatinny Arsensl Technical Reports on Metriol Trinitrate:
1616 snd 1817.

“iSee footnote 1, page 10.
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3 Minol-2 AMCP 706-177
: Comp. vition: Melecular Weight: n
. %
. Cxygen Belence:
¢ Ammoniun Nitrate 4 CO. % -3
: co % -20
: TNT Lo
. Demsity: gm/cc 1.62.1.68
. Aluminum X
‘ Maelting Peint: °C
. C/H Ratio Freezing Poim: °C
, Impoct Sensitivity, 2 Kg Wr: Beiling Peint: °C
: Bureau of Mines Apparatus, cm 35
’ Somple Wt 20 mg Refractive Index, n3
: Picotinny Arsenal Apparatus, in. 13 o
: Somple Wt, mg 17 Nz
: ng
: Feiction Penduiom Test: Vocuum Stebility Tost:
: Steel Shoe €¢/40 Hrs, ot
: Fiber Shoe 90°C
. ~—— 100°C
. Rifle Bullet Impoct .#: Trals 120°C 2.1
. % )
: Explosions 13s°c
: Partiols 150°C
’
t Bumed 200 Greon Borsb Sead Teot:
; Unaftected Sond, gm
; Explosion Tompereture: € Sensitivity te Initietion:
] Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
; 1 Mercury Sulminate
. 5 Ignitss 435 Lead 4 zide
: 1 Tetryl
: 15 —
N 2 Beilistic Morter, % TNT: (4) 143
£
: Trousl Test, % TNT: (b) 165
. 75°C intornations! Hout Tost:
: % Loss in 48 Hrs Plete Dent Tost: (c)
! Mathod B
: 100°C (oot Test: wi'im Prepsed
. % Loss, Ist 48 Hrs Confined Yo
; % Loss, 2nd 48 Hrs D..“S"'Y, gm/cc '];.73
. Explosion in 100 Hrs Brisonce, % TNT H6
: Detonstion Rete: (d)
i Flommebility Indcx: 100 Confinemant Tione
. Condition Cast.
. Hre pichy: % Charge Diameter, in. 1.0
: Density, gm/cc Loiss
, Voldlﬂy: 5820

7 e, meters/second

2A¥

RN 2= 2
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AMCP 706-177 Minol.-2
Bosster Ser ¥ -5y Test: {e) Decompasition Equanen:
Conditicn Pressed Cxygen, atoms/sec
Tatryl 100 (Z/3c)
stryl, g ‘Heot, kilocalorie/mole
Wax, in. ior 50% Detonation 1.5 (3H, keai/mol)
Woa. gin Tempercture Ronge, *C
tensity, gm/ec .74 Phase
Hee? of: (1) T 1t
rion, cal/gm 360 Armor Plats Impect Toot: (1
Explosion, col/gm 1620 60 mm Mester Projoctile:
Gos Volume, cc/gm 50% Inert, Velocity, ft/sec 828
Formation, co!l/gm Aluminum Fineness
Fusion, col/g °
—— 500-1b Geners! Purpese Bombs:
SpeciFe Hoet: ul’or 7 C ) .
At -;-,»Q'J 0.3 Plate Thickness, inches
Density, sm/cc 1.7k 1
1,
1
EN h
Burning Rete: .
cm/sec ;
Somb Drop Toot: é
Therme! Conductivity: (v} . ?
cal/sec/em/*C 16.5'x 10 b . : e ]
| Denstty, gm/cc 1.7
.- £
of . sx Safe Drop, ft i
Lineor, %/°C $00-% <ieneel Parpote Bemb vs C *
Yolume, %/°C Heigh*, #t
Trials
Hordness, Mohs’ Scale: Unaffected
Low Order
L} - b
Young’'s Moduius: () 10 High Order
E’, dynes/cm* 5.03 x 10
E, Ib/inch? 0.73x 10 1000-1b Generel Purpose Bamb 13 Concret«:
Density, gm/cc 1.66
Height, fr
Comprassive Strength: 1b/inch? (v}  1910-2070 Triois
Density, gm/ce 1.68 Unoftected
Vopor Pressure: Low Order
C mm Mercury High Order
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Minol-2 AMCP 706-177
" - p— —
Fregmentetion Toot: Shoped Charge Eifectivenqes, TNT = 100:
90 mm ME, M71 Projoctile, Lot WC-91: Gloss Cones  Steel Cones
Density, gm/cc Hole Volume
Charge Wt, Ib Hole Depth
Toato! Mo, of Frogments: Color: Sray
For TNT
For Subject ME
Principel Uses: Boubs and depth charges
3 inch MK, MA2AT Prejoactile, Lat KC-3:
Density, gm/cc
Chorge ‘Wt, iIb
Totel No. of Fragments: Method of Looding: cast
For TNT
For Subject HE
v
Loading Density: gm/cc 1.62-1.68
Frogment Veletity: ft/sec
At9f
At 25% ft Sterege:
Density, gm/cc
Mathod ry
Blast (Reletive 0o TNT): Hazard Class (Quontity-Distonce) Class 9
Ale: Compatibility Group Group I
Peak Pressure 115 .
Impulse 1s Exudotion
Eneigy 133
Alr, Confined: Preparation:
Impuise % Minol is a castable mixture consisting of
L percent TNT, 40 percent smmonium nitrate,
Under Waeter: end 20 percent powdered aluminum and there-
Pack Pressure 108 fore can be prepared by adding the dry in-
Impulse 126 gredients to molten TNT st 90¥C under agite-
Ene L tion. Minol slsc can be prepered by adding
oy 140 25 parts »f aluminum to 100 parts of 50/50
amatol previously prepared.
Underground: :
Peok Pressure 13k
Impulse 139
Energy k7
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AMCP 706177

Origin:

Minols are British ternary explosives developed during World War II. There are three for-
mlations: '

Composition, 2: Minol-1 Minol-2 Minol-3

TRT 48 40 42
Ammonium Nitrate L2 Lo 38
Aluminum 10 20 20

References: 45

(n) L. C. Smith and E. G. Eyster, sical Testing of losives, Part II - Miscallaneous
Sensitivity Tests; Performance Tests, Report No. , 5.

(v) FPhilip C. Keensn and Dorothy Pipes, Table of Military High Explos!ves, Second Revision,
FAVORD Report No. 87-46, 26 July 1946.

{c) D. P. MacDougall, Msthods of Physical Testing, OSRD Report No. 803, 11 August 1942,

(d) G. H. Messerly, The Rate of Detoustion of Various Expiosive Compounds, OSRD Report No.
1219, 22 February 1943.

M. D. Burvitz, The Mate of Detonation of Verious Compounds and Mixtures, OSRD Report
Fo. 5611, 15 January 19%8.

(¢) L. C. Smith and S. R. Walton, A Consideration of Wax Mixtures &s & Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 19G3. . —

(f) Committee of Div 2 end 8, NDRC, Report on HEX end Tritonal, OSRD No. 5406, 31 July 1945.

(g) W. R. Tomlinson, Jr., Blast Effects of Bomb Explceives, FA Technical Div Lecture,
9 April 1948,

(b) Also see the following Picatinny Arsensl Technical Reports on Minol-2: 1585 and 1635.

45See footnote 1, page 10.
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MOX~-1 AMCP 706-177
b~ vox-1
¢ . e
s .
; 50.6
. Co;.ullo-: Meoleculer Weight: .
13
¥ Oxidizing syent (Anmonium Oxygen Belonce:
3 Perchlorate) 35.0 €O, % U
' Aluminum, atomized 26.2 COo % -37
[ Cupric Oxide anee
. Magnesium, atomized 26.2 Demsity; gm/cc Pressed 2.0
' Other ingredient (Tetryl) 9.7
: Calcium Steerate 1.9 Melting Point: °C
. Graphite, artificial 1.0
: C/H Ratio Froazing Point: °C
: impact Sencitivity, 2 Xg Wr: Beiling Peint: °C
. Bureou of Mines Apparatus, cm -
: Somple Wt 20 mg Refractive Index, nd
* Picatinny Arsenal Apparatus, in. 13 o
N Sample Wt, mg 22 na
' s
: Friction Pondulum Teost: Vecuum “‘H“’ Teoot:
. C Steel Shoe Detonates ¢c/40 Hrs, ot
! Fiber Shoe Unaffected 90°C e
. 100°C 0.47
. Rifle Bullat impect Tost:  Trials 120°C
$ % '
' Explosions :35.‘:
i Partials 50°C
; Burned 200 Grem Bomb Send Test: !
3 Unaffected Sand, gm 10.6 ;
c .
I | Explesion Tompereture: °C Seasitivity te Initietion:
H Seconds, 0.1 (ny cop used) =--- Minimum Detonating Chorge, gm
: 1 -—- Mercury Fuiminate ceew
: 5 285 Leod Aride 0.20
: 10 Tetryl 0.25
N 15
! 20 Bellistic Merter, % TNT:
. Trouxl Test, % TNT:
vos 75°C Internationel Hes: Tet:
! % Loss in 48 Hrs Plete Dont Test:
' Discoloration, fuzes, odor None Maethod
P 100°C Moot Toot: Condition
i % Loss, 15t 48 Hrs 0.10 cm'f"‘d
‘. % Loss, 2nd 48 Hrs 0.01 Density, gm/cc
4 Explosion in 100 Hrs None Brisance, % TNT
. Detonetion Rete:
: Flommeability Index: Confinement
. Condition
: Hygrescopicky: % Charge Diamaeter, in.
Density, gm/cc
Volatility: Rote, meters,'second
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177
AMCP 706- MOX-1
Frogmontotion Test: Shoeped Charge Effectivenses, TNT = 100:
90 mm ME, M71 Projectile, Lot WC-91: Glass Cones  Steel Cones
Density, gr/cc Hole Volume
Charge Wt, Ib d Hole Depth
Tetel No. of Fragments: Coler: Gray p~vder mixture
For TNT
For Subject HE
Principel Uses:  Small caliber antiaircraft
3 lnch HE, MA2A1 Projectile, Lot KC-5: projectiles
Denasity, gm/cc
Charge Wt, Ib
Totel Ne. of Frogments: Mathed of Loading: Pressed
For TNT
For Subject HE
Loeding Deaslty: gm/cc
Fragment Velocity , 2.
V. : f/s0¢ At 30,000 psi ~ 2.0
At9
At 2514 f¢ Sterege:
Density, gm/cc :
Maethod Dry
Slast (Reletive te TNT): Hazard Class (Quontity-Distonce) Class 9
Aie: Compatibility Group Group I
Peok Pressure Buresu cf Explosives Classification Class A
Imouise Exudation
Energy
Heat of:
Alr, Confined: :
Impuise Combustion, cal/ga Lo87
Explosion, cal/gm 2087
Under Weter: Ges volume, cc/zm 212
Peak Pressure
Performence Tests:
Impulse 0 mm T2l Projectile;
Energy )
NFOC Pressure Cube 35
v s APG Blast Cute ko
Peak Pressure Activetion E .
Impulse ctivation Energy:
Energy keal/mol 12.5
Temp, °C PC to 388
Time to ignition, seconds 1.78 x 10°
214
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— MOX-2B AMCP 706-177
N
Compaesition: Meleculer ¥ -2 42
%
Oxidizing agent (Ammonium Oxygen Balence:

Perchlorate) 35.0 CO; % 42
Aluninum, atomized 52.4 Co % -h3
Cupric Oxide amea
Magnesium, atomized o= Density: gm/cc Pressed 2.0
Other ingredients* 9.7
Calcium Stearste 1.9 Meling Peint: °C
Graphite, artificial 1.0

#5,8% ROX and 3.9% TNT coated;on Ampeniym Freszing Peint: °C
lmpoct Sonel <wity, 2 Kg We: Belling Point: °C
Bureau of IV'ines Apparatus, cm -
Sample Wt 20 mg Refractive index, n2
Picatinny Arsenal Apparotus, in. 12 °
Somple Wt, mg 24 Na
0%
Friction Pondulom Tent: Vecusm Stebility Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Upaffected 90°C ceme
100°C 0.21
Rifle Bulist Impect Tent: Trials 120°C
% .
Explosions \35.C
Poricls 150°C
Bured 200 Gram Bomb Sead Teot:
o Unaffacted Sand, gm 11.5
_ Explosion T wsporeturs: *C Sensitivity te Initietien:
Seconds, 0.1 (n. cup used) =--- Minimum Detonating Charge, gm
! -=- Mercury Fulminate cewe
5 375 Lead Azide 0.20
10 Tetry! 0.20
15
20 Bellistic Mertar, % TNT:
Trausl Tost, % TNT:
73°C Internotions] Hoot Test:
%% Loss in 48 Hrs Plete Dent Test:
Discoloration. fumes, odor None Maethod
100°C Hoot Test: Condition
% Loss, Ist 48 Hrs 0.27 Confined
% Loss, 2nd 48 Hrs 0.17 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TN}
- - Detonstion Rete:
Flemmebility index: Confinement
Condition
Hygrescopicity: % Charge Diomater, in.
Density, gm/cc
Voletility: Rote, meters/second
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AMCP 706-177

MOX-2B

Frogmentetira Test:

90 man HE, M71 Prejectile, Lot WC-91:
M"I W“
Charge WA, ib

Totel No. of Frogments:
For TNT
For Subject HE

3 inch ME, MA2A1 Projactile, Lot KC-S:
Density, gm/cc
Charge W, ib

Totel Ne. of Fragments:
For TNT
For Subject HE

Shaped Charge Effectivensss, TNT = 100:

. Glass Cones  Steel Cones
Hole Volume

MHole Depth

Color: G“y

Principel Uses: HE filler for small caliber
projectiles

Methed of Loading: Pressed

Density, gm/ce

Blest (Relative to TNT):

Alr; Bare Charge: B BV
Peck Pressure 1.02
impuise
E;::ty, gn/ce

“’ W{
Impulse

Cased Charge in Air:#+
Peok Presure

impulss

1.hb
.57

1.98

1.09
1.16

LT

Density, gm/cc
Undergronnd:

Peuk Pressure

impulse

Energy

#FW, equivalent weight as compered to TIT;
Ev, equivalent volume as coupared to TNT.

#%Strong peaper-base phenolic case.

Sterege:
Method Dy
Hazard Closs (Quantity-Distance) Class 9
Compatibility Group Group I
Bureau of Explosives Class A
Exudation None
Heat of:
Combustion, cal/gm L8k
Explosion, cal/gm 142
Ges volume, cc/gm 22
Performance Tests:
wm T2l Projectile:
NFOC Pressure Cube 29
APG Blest Cube £ ]
Aviation Energz;“
keal/mol 7.6
Temp, 30 to hTO2
Time <o ignition, seconds 1.39 x 107
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MOX-2B

AMCP 70¢-177

Diameter and D.oree of Confinement on Detonation Velocity*

Bffect of Altitude, Cherpe D
(Reference g)

One-Inch Column Two-Inch Column
Simvlated Altitude, Confined Unconfined Confined Une ne:
Feet n/s m/s n/s ‘ n/s
Cround | k130 ' :
' 30,000 i Charge would not 4530( 3) ‘, Charge vould
' |  not propa-
60,000 : proragete detonation. Lh30 ‘ gate detona-
| tion. :
90,000 | Y-
Average ' kkgs

*Confined charge in 1/k" stesl tude, AISI 1015 seemlecs, 1" dismater 18" long, and
All ceens were determined from sets of five values unless

2" diameter 7" long.

othervise indicated by { ). A 26 gm tetryl booster was usesd to initiate each charg:.

Aversge Fragment Velocity st Various Altitudes*

(8)

Sismleted Altitude, Feet

{ , -
Explosive Charge Diemeter, Ground 3 X 7,500

! Inches n/s ! n/s n/s ;#s
MOX-2B, ; 1 2012 ] " | - }
density, : !
gnfce 207 2 33is 3351 3247 -

#Outside diameter 2.54"; inside digmeter 2.0L"; length 7".

##Charge would not propagete detonation.
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AMCP 706-177 MOX-3B
Compesition: Melecular Weight: b5.6
Oaﬁdizing agent (Potassium Nitrate) 18 Oxygen ,
Aluminum, atomized 50 CO. q:* nee: .52
Cupric Cxide -- co_% -43
Magnesium, atomized -
Other ingredients* 32 . .
Culcium Stearstest 2.0 Dewmsity: gm/cc Pressed 2.0
Graphite, artificial®* 1.0 Malting Point: °C
#29.1% RDX, 0.9% wax, and 2.0% TNT.
*#Per cent adled. Freezing Peint: °C
Impact Sensitivity, 2 Kg Wh: Boiling Point: °C
Bureau of Mines Apparatus, cm .-
Sample Wt 20 mg Refractive Index, n2
Picatinny Arsena' Apparatus, in. 17 °
Somple Wt, mg 24 ni
ng
Friction Pendulum Test: Vacuum Stebility Test:
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C anen
100°C 0.57
Rifle Bullet Impact Test: Trials 120°C
% .
Explosions 135.C
Partials 150°C
Bumed 200 Grem Bomb Send Tea2:
Unoffected Sord, gm 33.2
Explosion Tompereture: ‘C Sensitivity te Initigtien:
Seconds, 0.1 (no cop used) --- Minimum Detonating Charge, gm
1 cme Marcury Fulminate it
5 540 Leod Azide 0.20
10 Tetryt 0.15
15
20 Bolli .. Morter, % TNT:
Treuzl Tost, % TNT:
75°C internotiongl Hoot Tost:
% Loss in 48 Hrs Pleie Dont Toot:
Discoloration, fumes, odor None Method
100°C Hoot Test: Condition
% Loss, 1st 48 Hrs 0.3 Confined
% Loss, 2nd 48 Hrs 0.13 Density, gm/cc
Explosion in 100 Hrs tione Brisance, % TMT
D stion Rete:
Flemmability Index: Confinement
Condition
Hygrescopicity: % Charge Diameter, in.
Density, gm/cc
Veletifity: Rote, meters/sezond
218
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AMCP 706-177

Fregmentetion Test:

90 mm HE, M71 Prejoctile, Lot WC-91:
Density, gm/cc
Charge Wt, tb

Totel No. of Fragments:
For TNT
For Subject HE

Sheped Charge EHfoctivensss, TNT = 100:

Glass Cones  Steal Cones
Hole Volume
Hole Depth

Coler: Gray powder mixture

Principel Uses: Small caliber antisircref:

3 inch HE, MA2AY Projectile, Lot KC-5: projectiles
Density, gm/cc
Charge Wt, Ib
Tetel Neo. of Fragments:
Mothed of Looding: Pressed
For TNT
For Subject HE -
Losding Density: gm/cc
Frogment Velecity: ft/sec At 30,000 psi ~2.0
At 9 ft
At 25 ft Sterege:
Densit;, gm/cc
Maethod Dry
Blast (Relative te THT): Hozord Closs {Quantity-Distonce) Class 9
Ale: Compatibility Group Group I
Peck Pressure Buresu of Explosives Class A
Impuise
Energy
Alr, Confined: Heat of:
Impulise
meuy Combustion, ct}/gm h%
Explosion, cal/gm
u.::kv:’mn Gas volume, cc/gm 232
Impulse Performance Tests:
Energy [ 5E1 Projectile:
NFOC Pressure Cube 37
Underground: APG £ Cub 2
Peck Pressure Blas ¢ >
Impulse Activation Energy:
Energy kcal/msl Values not included
Temp, C due to erratic ig-
Time to ignition, nition under condi-
geconds tions of test.
219
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AMCP 706-177 MOX=UB
Compesition: Melecular Welgni: L3
% N
Oxi1dizing agent (Barium Nitrate) 18 Oxygen Belonce:
Aluminum, atomized 50 CO; % -53
Cupric Oxide -~ CO% -3
Magnesium, atomized -
Other iugredients* 3 Density: g ./c¢ Pressed 2.0
Calcium Stearates* 2.0
Graphite, artificigl* 1.0 Melting Peine: "C
*29.1% RIX, 0.9% wex, and 2.0% TNT.
**Per f.ent Qaaez? ’ Preesicy Point: °C
Impact Scasitivity, 2 Kg W: Boiking Pei~t: °C
Bureau of Mines Apparatus, cm T8
Scrple Wt 20 mg Refractive Index, nS
Picatinny Arsenal Apparatus, in. 18 °
Sample Wt, mg 26 Nas
ng
Friction Pondulum Test: Vecoum Stebility Tost:
Steel Shoe Sparks cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C  eee
100°C .67
% “*,
o e
Partiols
Bured 200 Gram Bomb Send Test:
Uncffectad Sand, gm 33.6
Explosion Tompereture: *‘C Sensitivity to Initintion:
Seconds, 0.1 (no cop used) --- Minimum Detonating Charge, gm
1 ~oe Mercury Fuiminate conw
5 610 Lead Azide 0.20
10 Tetryl 0.15
1$
20 Bellistic Merter, % TNT:
Trauz! Tost, % TNT:
75°C Iml Heot Tent: Dent Test:
9% '35 n 48 His Plote
Disz.oloretion, fumes, odor Noue Method
100°C Moot Tost: Conditien
% Loss, ist 48 Hrs 0.22 Confined
% Loss, 2nd 48 Hrs ¢.12 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detonstien Rete:
Flammebility (adex: Confinement
Condition
Hygroscopicity: % Charge Diometer, in.
Density, gm/cc
Veletility:

Rote, meters/second
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MCX-4B AMCP 706-177
Feagmantstion Tost: Shaped Charge crrcctivensss, TNT = 100:
90 men HE, M7) Prejecti . Lot WE-91: Ginss Cones  Steel Cones
Density, gm/cc Hole Volume
Charge Wt, ib Hole Depth
Tedel No. of Fron v Calor: Gray powder mixture
For TNT
For Subject HE
Principol Ust: Sumll caliver entisircraft
3 inch HE, MAAL Projec *  Let XCS: projec.iles
Density, gm/cc
Charge Wt, ib
Teotel No. of Fragments: . ™
Mefod of Lesinis: Poessed
For TNT
For Sub,act HE
Leading Density. gm/cc
LN,
v - f1/58c At 30,000 psi -~
At9ft
At 2514 ft Sterage:
Dersity, gm/cc
Maethod Dry
Bles. (Reletive to TNT): Hozard Clos: ‘Quontity Distance) Clegs ©
Alr: Conpattility Gup Group I
Peck Pressure Buresu of Explusives
Impuise Cless A
Energy
]
Ale, Confined: Jeat of:
. Commxstion\\, e8l/ru L392
Explosion, cel/g=z 109
Uoder Water: Gas volute, cc/gm 208
Peck Pressure
Impuise Performence Tests:
Energy mm Tel Proiectile:
KFOC Pressure Cube L3
Undergraund: APG Bisst Cube 53
Peok Pressu
impuise Avietion Energ::
Energy keel/mol Velues not iucluded
Temp, C due to erretic igni-
Time to ignition, tion under condivions

seconds nf ~est.




AMCP 706-177 —_—
Compesition: Maleculer Weight: L3
Oxidizirg agent smee Oxygen Belence:
Aluminum, atomi:ed Ly, 2 CO. % +50
Cupric Oxide 15.7 o % 42
Magnesium, at.mized cmma
Orher ingredients* 29.9 Density: gm/cc
Calcium Stearate ceme
Grophite, artificial 1.5 Meling Point: °C
#26.(% RDX coated, C.9% wax.
C/H Rotio Freezing 7oint; *C
Impoct Semsitivity, 2 Kg Wr: Boiling Peint: °C
Bureau of Mines Apparatus, cm ™
Somple Wt 20 mg Refractive Index, nd,
Picatinny Arseral Apparatus, in. 19 °
Sample Wt, mg e7 Nz
no
0
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaifected 90°C cann
100°C 0.43
Rifle Bullet Impect Test:  Tricls 120°C ]
% o
Explosions 135°C
Portials 150°C
Burned 200 Gram Bomb S04 Test:
Unaftected Send, gm 10.8
Explesion Temp:.ature: °’C Sensitivity to Initietion:
Seconds, 0.1 (no cap used) ~=-- Minimum Detonating Charge, gm
1 - Mercury Ful ainate e
5 510 Lead Azide 0.20
10 Tetryl 0.16
15
20 Ballistic Morter, &, 1T
Troust Test, % TNT:
75°C intcrmationel Heet Test:
* . Loss in 48 Hrs 0.02/10 gm Plate Dent Test:
Discoloration, fumes. odor None Method
106°C Hoot Tout: Condition
% Loss, Ist 48 Hrs 0.00 Confired
% Loss, 2nd 48 Hrs 0.0v Density, gm/cc
Explosion in 100 Hrs Yone Brisance, % TNT
Detonetion Rete:
Flammability index: Confinemert
Condition
H : % . .
,;m?ﬂ. o week: 0.79 Charge Dio-..eter, in.
- - Density, gm/=zc
VYolatility:

i Rate, :neters/second

-
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MOX-GB AMCP 706-177

Fregmentetion Test: Sheped Charge Efectivenoss, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Conee
Density, gm/cc Hole Volume
Chorge Wt, Ib Hole Depth
Totel No. of Frogmionts: Coler: Gray powder mix*ure
For TNT
For Subject HE - -]
Principal Uses:  Smaell caliber sntisircraft
3 inch HE, MA2A) Prejectile, Lot KC-S: projectiles
Density, gm/cc
Chorge Wt, ib
Totel Ne. of Fregments: Methed of Loading: Pressed
For TNT
For Subject HE .
Loeding Density: gm/cc
Frogment Valocity: ft/sec At 30,000 psi ~2.0
At 9 ft
At 2514 & Svorege:
Density, gm/cc
Method Dry
Blet (Relati=e * TNT): Hozard Zlass (Quontity-Distance) Class 9
Ale: Corrpatibility Group Grc p I
Peok Pressure Buresu of Explosives
Impuise Class A
Energy
Alr, Confined: Heat of:
v Combustion, ca}/gm 4293
Explosiorn, cal/gm 750
Under Weter: Sas volume, cc/gm 204
Peok Pressure
Impuise Activerion Inerg,:
Energy kcal/mgl values not 1ncluded
‘emp, C die to erratic {eni-
Undergrouad: Time to le.rition,  tlon under conditions
Paok Pressure seconds of “es’.
impulse
Energy




AMCP 706-177 MOX-1; MOX-2B; MOX-3b; MOX-LB; MOX-6B —~
_ Preparation:
The variocus ingredients used in the preparation of MOX explosives are coated separstely as
follows:

Dichromated Atomized Aluminum - Seventy-five grams of chemically pure grade sodium dichro-
mace 18 dlssolved 1n 1500 milllliters of water at 100°C under mechsnical agitstion. Six hun-
dred greams of the atomized aluminum powder is added graduslly {2 to 3 minuteg) snd stirring
18 continued for helf an hour. The dichromated metal is filtered, washed with water {15 to 20
times) until the washings show only a slight cloudiness with silver nitrste. The vater-vet
product 18 then dried in an oven at 50°C. The dried meterial is hand-rolled to refuce sny
conglomeates, snd blended tefore use.

Wax-Conted RDX - Eighteen grams of molten Be Square Special Wax (menufacturer 5 180° to
185" Fahrenheit grade amber) is added to 582 grams of fizely divided RIX (water precipitated
from acetone solution) in a wvater slurry under mechanical agitation. ‘n:eoumpentm of the
vex-RDX slurry is meintained above the melting point of the wax {sbout 0 C). The stirring
is continued for balf an hour. After cooling to 50°C, the wax-comted RDX is recovered ty
filtration in a Bichuer funnel and dried 1n air. The RDX thus coated and presumed to be 3%
vaxed RDX or a 97/3 RDX/wax mixiure is hand-rolled to crush any conglomerates formed, snd
blenied by hand bafore use.

INT-Conted Barium Nitrate - Thirty grams of TNT in mlcohol solution is sdded to 270 srams
of barium nitrate in &n &lcunol slngty under ggitation. The temperature of the TNT-barium
nitrate wixture is maintsined at 80°C and stirring is continued until most of the alcobol is
evaporated. The coated raterial is spread in a thin layer on & tray to dry in air overnight.
Tte berfum nityvate thus comted with 104 TNT is reduced to an intimete mixture by heud-rolling
ard blending before use.

E INT-Costed Potascium Niirate - The TNT-cuated potassium nitrete is prejared by the seme
procedure 8a 18 Kusa Ter comting berium nitrate.
s iz_rﬂm-mua Ammonium Perchlorate - The ammonium perchlcr-~‘e is comted by dissolving the
aupropriate weights n an 1 hot + ‘eohol, After add.. . the ammonium perchlorate,

the “vory i3 stirred until most of the solven. .5 evaporsted. The treatad smmonium perchlo-
rate  spread on a tray to dry overnight. Agglomerates formeu during the process are crushed
by bend-rolling and blending ths mixture before use.

INT-Coat>d RDX - Sixty grams of rolten INT are sdded to & water slurry of 540 grems of
Tinely dIvided RIX {water precipitated from acetone sviution) under mechanical agitation.
The temperuture of tac TNL-RDX slurry is meipuaincl at about 90°C and stirring is continued
Yor hels an hour. A ter cooling to sbout bOOC, the TNT-coeted RIX is recovered by filtration.
The RDX thus treated, ard presumed to be 10% coeted or a 90/10 RIX/INT mixture, is further
Llenled by hand afier rollirg to crush any sggregutes formed during the process.

‘e HOX explosive mirtures are prepared by blending ‘he appropriste weights of the ary
Iryrediants ir a Patterson-Kelly twin-shell blender for at lerst 30 minutes.

Qrigin:

MOX type explosive mixt res were developed beginning in 1350 by Natiousl Northern, techri-
2l divistor. of the Netjonal Fireworks Ordnaence Corporation, West Hanover, Mesgachusetts.
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104-1: MOX-2B; MOX-38; MOX-4B: MOX-£3 AMCP 706-177

Referencea:*®

{(a) A. 0. Mirewchi and A. T. Wilscn. Development of MOX Explosives for Improved 20 mm
Ammunition, Kavy Contract KOrd-10975, Tusk 1, National Firewurks Ordnance Corporation: First
Yearly Summery, August 1950 to August i951.

(v) A. T. Wilson, Development ~f MOX Explosives: Various Oxidants in MOX, First Progress
Report NFOC-6, Navy Contract NOrd-l , National Fireworks Ordnance Corporation, December 1952.

(¢) A. 0. Mirarchi, Propervies of losives: Theory of the MOX Explosion, First Progress
Report NFOC-10, Navy Contract 0rd-ll§§3, Nationsl Fireworks Ordnance Corporation, December

1952.

(a) A. 0. Mirtrehi, Properties of Explosivee: MOY Tr-l.sives in Various Atmospheres,
First Progress Rwport NFOC-9, Navy Contract NOrd-11393, National Fireworks Ordnance Corpora-
tion, 1952.

(¢) A. T. wilson, Development of MOX Explosives: Composition Varistions, First Progress
Reportv NFOC-T, Revy Contract Nord-1. 5585, Fetional Fireworks Ordnance Corporstion, 1952.

(f) A. T. Wilson, Development of MOX Explosives: Verious Oxidante in MOX, Second Progress
Report NFOC-14, Naevy Contract NOrd-l , wational {reworks Ordnance Corporation, October
1953.

(g) A. W. 0'Brien, Jr., C. W. Plummer, R. P. Woodburn and V. Philipchuk, Detonation
Velocity Determinations and Fragrent Velocity Determinations vs Taried Explosive E{atema
and Conditions, National Northern Corporation Final Summary “eport NNC-F-13, February 1958

TContract DI-19-020-501-0RD-(P)-58).

(k) P. 2. Kalanski, Air Blast Evelustion cf MOX-2B Cased and Bare Charges, NAVORD Report
No. 3755, 5 April 1956.

(i) Also see the follewing Picatinny Arsenal Technical Reports on MOX Explosives; 1933,
1969, 220%, 2205.

ee footnote 1, .
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AMCP 706-177 Mitrocellulose, .2.6% .. (NC)
Compeaition: r o/ ] Malecular Waight: (2712.39),
% i H O L :
C 2646 ‘i*i . K Oren Belence: -3
H 2.78 15 X . 0.6
N 12.62 ( ' " co%
0 58.1 5 ) - am/
X=0NO, l g z Density: gm/cc
L -y Matlting Peint: °C Decomposes
C/H Ratis 0,23 Freezing Point: °C
Impect Semsitivity, 2 Kg We: Boiling Point: °C
Bureau af Mines Apparatus, cm 8
Sarmple Wt 20 mg Refractive Index, nf,
Picatinny Arsenal Apparatus, in. 3 o
Sample Wt, rg 5 Nz
ng
Friction Pendulum Test: Vacuum Stability Test:
Stee! Shoe cc/40 Hrs, ot
titer Shoe 90°C 0.17
109°C 1.0
Rifle Buliut Impact Test: Trials 120°C 16 hours 1.+
% .
— e
Partials
Burnec 200 Gram Bomb Sand Test:
Unaffected Sand, gm k5.0
Explosics Temperature: °C Sensitivity to Initition:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate
5 Decomposes 170 Lead Axice 0.10
10 Tetryl
15 r
20 Ballistic Morter, % TNT:
| Treuzl Test, % TNT:
73"C internotionsl Heet Test:
% Loss in 48 Hrs I Plete Dent Teat:
‘ Method
100°C Heet Test: Condition
9% Loss, st 48 Hrs Confined
% Loss, 2nu 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Datonotion Rete:
Flammebility Index: Confinement
3 Condition
Hygroscopicity: % 30°C, 0% R 3 Chorge Diameter, in.
) ] 2, Density, gm/cc
Velntility: €0°C, me/ em® /hr 0.0 Rote. meters/second
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N: trocellulose, 13.45% N {iic) AMCP 706-177
Compesition: r / 7 Molecular Waeight: \#56. 31A)n
% H O
o Oxygen Balence:
¢ 25.29 4 . CO: % -29
i 2.52 2] co % b7
| lg.hz x| B i
(4] 58. T . .
X=ONOo o] X Demsity: gm/cc
i H Melting Peint: °C Decomposes
C/H Ratio 0,23 - Freazing Point: °C
impact Sensitivity, 2 Kg We: Boiling Point: °C
Bureou of Mines Apparatus, cm 9
Sample Wt 20 mg Befractive Index, ni,
Picatinny Arsenal Apparatus, in. 3 °
Semple ‘Wt, mg 5 f=
ng
Friction Pendulum Test: Vecuum . ity Test:
Steel Shoe cc/40 H.s, ot )
Fiber Shoe $9°C o.h2
= 100°C 1.5
Ritie Bullet Impact Test: Trials 120°C 11.+
% N
Explosions ::(SJ‘E
Partials ——
Burned 200 Grem Somp Send Test:
Unaffected Sond, gm 49.0
Explosion Tempersture: °C Sensitivity to Initintign;
Seconds, 0.1 (no cop used) Minimum Detono?ing Charpe, am
1 Mercury Fubinin, .
5 23 Lead Azide v.10
10 Tetryl
15 -
2 Bollistic Morter, % INT: 125
Trouzl Test, % TNT:
73°C internations) Heot Test: ) _
% Loss in 48 Hrs Plete Cant Tost:
Method
190°C Moot Tost: Condition
% Loss, Ist 48 irs 0.3 Conifmd
% Loss, 2nd 48 Hrs 0.0 Density, gm/cc
Explosion in 100 Hrs lone Brisance, % TNT
Detonetion Rate:
Flammebiliz; Index: «.onfinement
Condition
Hygrescopicity: % 30°C, 905 R~ 2 Charge Diameter, in
Density, gm/cc 1.20
v . o 2
Yolotility: 609C, mg/cm/nr 0.0 Rate, metrs/sacond 7300

s
>
¥




AMCP 706-177

Hygroscopiciy: % 0°C, 904 =i ~ 1

Voletility: 60°c, mg/cmz/hr 0.0

Charge Diometer, in
Density, gm/cc
Rate, meters/second

Nitrocellulose, 1b.1Lk% N (NC)
Compaosition: — Molecular Weight: (297.15) a
% - it o] 7
# b Oxygen Delonce:
e A N
. X b
N 14.1% X "
0 59.2h 0 - Density: gm/cc .65-1.
Xe0H0, ) sity: g 1.65-1.70
Melting Point; °C Decouposes
L n
C/H Ratio 0.23 Freezing Point: °C
lmpact Sensitivity, 2 g Wi: Boiling Point: °C
Bureau of Mines Apporatus, cm 8
Sample Wt 20 mg Refractive Index, nZ
Picatinny Arsenal Apparatas, in. 3 °
Sample Wt, mg 5 Nas
ng
Friction Pendulum Test: Vocuum s'.““', Test:
Steel Shoe cc/40 Hrs, ot
Fiber Shy: : 90°C 1.46
100°C 1k hours 11.+
Rifls Bullet Impect Test:  Trials 129°C 16 hours 1L+
% 135°C
losions
. 150°C
Partiais
Burned 20 Gram Bomb Sand Test:
Unaffected Sond, gm 52.3
Explosion Tempereture: °’C Sensitivity to Initietion:
Seconds, 0.1 (nc cop used) Minimiir, Detonating Charge, gm
1 Nercury Fulmingte
10 Tetrvi
15
20 Ballistic Morte:, % TNT:
Treuzi Test, % TNT:
75°C Internationa! Hest Test:
% Loss in 48 Hrs Plete Dent Test:
Method
100°C Hest 1.': Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 43 Hrs Density, zm/cc
Explosion in 100 Hrs Brisance, % TNT
Detenation Rete:
Flemmability Index: Confinement
Condition
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Nitrocellulose (NC) AMCP 706-177

Frogmentetion Teol:

90 mm HE, M71 Prejectile, Lot WC.91:
Density, gm/cc
Charge Wt, ib

Tetel No. of Frogments:
For TNT
For Subject HE

3 inch HE, M42A1 Projectile, Lot KC-5:

Shaped Charge Eifactivencss, TNT = 100:

Glass Cones  Steel Cones
Hole Volume
Hole Depth

Calor: Vulte

Principel Uses: Pyroxylin (12% N). blasting
explosives; pyrocellulose (12.60% XN},
smokeless powder; guncotton (13.35% N

Density, gm/cc minimum), propellants
Charge Wi, Ib
Totel No. of Frogments: Matied of Loading: ]
For TNT )
For Subject HE
Loeding Density: gm/cc
Frogment Velecity: ft/sec
At 9 ft
At 2534 ¢ Sterege:
Density, gm/zc
Maethod Wet
(8% to 0% wa.~r)
Blest (Reletive te TNT): Hozard Class (Quantity-Distance) Class 12
Alr; Compatibility Group Croup M
Peck Presture (wet)
Impulse Exudation None
Energy
Jeat of:
Alz, Conflacy deat of:
Iimpulse Combustfon, cal/zm 2LO9* 23133+ 222084+
Explosion, cal 57 855% £5ﬂ 1(8)58!**
Cas Volume, cc/gm 919% K o 53w
u.::kv{,mn Forza:ion, cal/gm  617% S6L#*  513%%+
Impulse * 12,69 N
Ene ** 13.45¢ N
s wer 15,108 N
Underground: Vapor Pressure:
Peak Pressure
impulse E mn_Mereury
Er
ey 25 0.00
60 0.00
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AMCP 706-177 Kitrocellulose (NC) o~
Solubility in Water, am/100 gm, at: 1.6 X 13.55% X 15.00 K
25% . Insoluble  Insoluble  Insoluble
60°%¢ ‘ Insolutle  Insoluble  Insoluble
Solubilit 100 gm, 25°¢, in:
Ether Inscluble Insolihle Insoluble
Alcohol Very slight- Prectizaily Inscluble
1 roluble  insoluble
2:1-Bther:Alcohol Soluble Slightly Pructically
soluble inscluble
(64-11%) (1+%
Acetone Soluble Soluble Soluble

2L )-Hour rolysis Test, 1.22 1.03
tric Aci.

tion of Nitrocellulose from Cotton Linzers:
oratory Procedure; R

Ritration: Second cut cotton linters, previously dried to & moisture content of iecs than
0.5’, are nitreted by immersion in mixed acid under the following conditions:

Ratio of Mixed Acid to cotton 55 to 1
Composition of Mixed Acid {approximate)
a. for 12.6% N: Hpsoy 63.5%, HNO; 21%, H0 15.5%
b. for 13.4% N: HpS0, 68%, HNO3 224, Hp0 10.0%
Temperature of acid at the start 3%
Time of nitration 2k minutes

During the nitration period the mixture is turned over occasionally to keep the acid homo-
genecus, The mixture is then filtered on & Buchner funnel with suction for sbout three pin-
utes and then drowned rapidly with strong hand stirring in st least 50 volumes of cold wster.
After the nitrocellulose has settled, most of the water is decanted and fresh water sdded.

The nitrocell lose-water mixture is boiled and the acidity adiusted to 0.25% to 0.50% es 05804 .
The sour boil is continued for st least 24 hours for pyrocellulose snd at least L0 hours for
gun-cotton. Additional boiling with changes of water are mede in mccordance with the govern-
ing specitication {JAN-N-2LL).

Pulping: The nitrocellulose is then pulped in a lsboretory Hollend iype psper beater.
En sodium carbonate is added to keep the reaction faintly alkasline to phenolphthalein.
Pulping is continued to the desired degree of fineness.

Poaching: After weshing the nitrocellulose from the beater, the mixture is filtered and
the prauct boiled for % hours with fresh water while stirring mechanically. Ivom time to
time 8 little ccdivis carbonate solution is added to meintain the mixture faintly :lkaline .o
phenolphtbalein. The water is decented and the boiling continued. Aczording to the specifi-
cation, the total boiling treatment with poechi. is 8s follows:

230
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Nitrocellulose (NC) AMCP 706-177

4 houras boiling with or without sodium carbonate
2 hours boiling without sodium curbonate
1 hour boiling without sodium carbcnate
1 hour boiling without sodium carbonate.
Each boil is followed by settling and change of water.

wWashing: The nitrocellulose is then washed by mechanicel agitation with water. A minimum
ot two washes are given. If a sample taken afier the water washes gives a minim.m test of

35 minutes in the 65.5°C Heat Test and 30 minutes in the 134.50C Heat Test, the nitrocellulose
is satisfactorily stabilized. Otherwise additionsl washes si.ould be g.ven.

Origin:

Cellulose occurs in nature. It is wood fiber, cell well and the siructural meterisl of all
plants. Cotton fiber is pure cellulose. Nitrocelluiose was discovered about 1847 by C. F.
Schonbein at Basel . .d R. Bottger at Frankfort-on-the-Main Iindependently of each other when
cotton vas rnitrated. T. J. Pelouze had nitrated paper earlier (1838) and was probadly the
first to prepare nitrocellulose.

oxylin or collodion, which is soluble in & mixture of ether and etnanol, contains from
8¢ to nitrogen. It is used in the menufacture of ceiluloid and in composite blasting
explosivue.

celluios2, a type of nitrocellulose of 12.6% nitrogen content, comp. 'y suluble g =
wixture of 2 parts ether and one part echenol, was developed tv Mendeleev ( ,i-1895). ‘inis
material, when colloided, formed the first smokele.s powder for military use in the United
States (1898).

Guncotton for military purposes 1 ..y contains & minjmum of 173.35% nitrogen. I. is oaly
sligﬁt.Ly soluble in ether-ethanol, but completely soluble in scetone. Principal use is in
flashless powders and as rlame carsciers. 14.14% N nitiocellulose represents a theoretical
limit,

In tre menufacture ~f propellants, there is used a mixture of pyrocellulose and guncotton
(b »Jed nitroceliulose) of 172.15% to 13.25% nitrogen content.

restruction by Chemical Decomposition:

Nitrocellulose is decomposed by adding 1t, with stirring, tc § times 1ts weight of 10%
sodium hydroxide heated to¢ 70°C. Stirring is continueé for 15 minutes after all the nitro-
cellulose bas tvee. added.

References: 47

(1) See the followir= Picatinn, Arecenal Technicul Reports on Nitrocellulose:

47See fustaote 1, page 10.




AMCP 706-177
o 1
10 41
290 101
k2o 23]
650 351
T 551
960 831
1020 851
1100 971
1150 1031
1199 1okl
L0 A0T)
120 3151
1300 1201
1320 1222
1350 123
110 1331
30 1351
i 1391
1580 1ol
1660 121
1810 1501
183 1541
1950 1681
221C 1691
173
1751
1811
183
18k
1851
1931
1961
191
2071
2101
2181
2201
232
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: n cerin (Liquid AMCP 706-177
il 2
‘4
t "';b“"'ﬂ Melocular Weight: (.11, 7.,0,) 227
: ¢ 159  H,C——ONO, CO: % 3.5
¢ i 22 g co'% .2
4 . HC =~ OHO
25 Cy mQ\Jﬂ 1,59,
M Jee
: X 18.5 & é_..m L____ om/ee 299¢, Liquid 1.5§
: ? Peint: °C [abile form 2.2
- A 2 0 63.4 Stable form 132
. - : /R Rotie 0.109 Prooaiag Polat: °C
< ’
Impoct Senshtivity, 2 Kg We: Beiling Peiat: °C b
’ : Bureau vf Minss Apparatus, cm 15 Decomposes 145
* Somple *4 20 mg Retractive lndex, nS 1.4732
’ Picatinny Arserol Apparatus, in, 1 1b wt 1 ° \
, Somple Wi, mg n& 1.k713
M L)
»
3 Peicion Pendulum Toot: v Sechiliy Tost:
: ) Steel Shoe 2xplodes cc/40 Hrs, ot
¢ Fiber Shoe 90°C ce/gn/6 hrs 1.4
, 100°C cc/gn/16 hrs 1+
: RMle Goltet lmpoet Test:  Triols 120°C
; Explosions % 135°C
; 10 150°C
i Portials 0 ‘
! Burred 0 200 Gram Bomb Soné Tout: f
# Unaffected 0 Sond, g™ liquid method 51.5 :
: 3
i - Liplesies Tomporetwes: C Ssnsltivity <o lnitinthvs:! 2
5 Secondds, 0.1 (ny cop used) Minimum Detonoting Charge, gm
& 1 Mercury Faiminore
: 10 Totry)
» 15
: 20 Bellotic Mortar, B TNT:  (g) 140
’ Tosual Towr, % TN (v) 181
~§ Tt et T o o o
H Method
; 100° 2 Heut Teat: C“f'm'
N % Loss, Ist 48 He 3.€ CW{N‘
! % Loss, 2nd 48 Hrs 3.5 Density, 9:"/“
- 4 V}—“ - g &9 osion in 160 Hrs Note Brisonce, % TNT
a s : Detonghien Rete:
‘ . ¢ Flomm billty ladex: ’ Confingment Glees Sreel
: Condition Liquid Liquid
« Mygrorcopicity: % 20°C, 90% RE 0.06 Charge Diomater, in. 0.3 125
\ Py 2 t Density, gm/cc 1.6 1.6
Veletthy:  £0°C, m3/cn”/br o.11 L Rate, meters/second 16001906 7700
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AMCP 706-177 Nitroglycerin ‘LSguid! R
Becster Senohtivity Teet: Decon sesition Equatien: 17.3 19.2
Condition Oxygen, otorrs/sec 10 s 10
- om Heat, kilocalorie/mole L.y 45.0
Wax, in. for 50% Detonation (AH, kcol/mol)
Wax, gm Temperature Ronge, °C 90-135 125.150
Dencity, gm/cc Phase Liquid Liquid
Hoe? of: A ”
Combustion, cal/gm 1616 Impoct Tout:
Explasion, cal/gm 1600 /i) mem Morter Prejectile:
Gas Volume, cc/gm 5 50% Inert, Velocity, ft/sec
Formation, cal/gm koo Aluminum Fineness
Fusion, cal/gm
Detonation, cal/gm 1486 500-1 Genersi Purpese Bombs:
Spocific Meot: col/gm/*C
o Piote Thickness, inches
Liqu.d 0.356
Solid 0.315 !
. 1
117
R
Burning Rete:
om/sec Comb Drop Test:
Therme! Conductivity: )
col/sec/crn/*C 17, 2000-1 Semi-Armor-Piercing Bemb vs Concrote:
f;
Cosfficient of * ot MoxVSceDrop,ff
_.L.'"'%/.C $00-1% General Purpess Somb vs Concrete:
Volume, %/°C Height, ft
Trials
Hardaoss, Mohe’ !folo: Unoffected
, Low Order
Young’s Medulus: High Order
E’', dynes/cm?* ..
£, Ib/inch? 1000)-1b General Purpese Bomb vs Concrote:
Dersity, gm/cc

Compressive Strength: Ib/inch?

Veoper Prosonce:
_°£ o Mercury
2C 2.300295
30 G.04,083
Lo 0.002k
50 G.CCT3

mm Mercuryv

0.0.88
0.043
2.098
0.23

=¥
:

Height, ft
Trials
Unoffected
Low Order
High Order

e
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lycerin {iiguid

AMCP 706-117

Fragmenteticn Tast: Sheped Chorge Effectivencss, TNT = 100:
90 mem NE, M71 Projectite, Lot WC-91: Gloss Cones  Steel Cones
Deris'*y, gm/ec Hole Volume
Charge Wt, ib Hole Depth
Totel Ne. of Fragments: . Colcrless
For TNT Cater
For Subject HE
’ Principel Uses: Propellant ingredient, demoli-
. tion explosive ingredient
3 lnch ME, MA2AT Projectile, Lot KC.S: genade tor 1 en;.
Density, gm/cc
Charge Wt, ib
Totel Neo. of Frogments: Mothed of Loading:
For TNT
For Subject HE
Laading Deasity: gm/cc
Frogment Velecity: ft/sec
A9 fr
Ar 251 ft Sterege:
Dersity, gm/cc
Method With acetone or other desensitizer,
generally not stored
Blast (Relative to TNT): Hazord Class (Quontity-Distonce} Class 9
Ale: Compatibility Group
Peok Pressure
Impulse - Exudation
Energy
Ale, Confined: Heat of Transition, cal/gm:
Impulse Transition:
Liquid —» 13bile 5.2
Under Weter: Lsbile —y ptable 28.0
Peck Pressure Liquid — stable 33.2
|
mpulse Hydrolysis, $ Acid:
10 days at 22°C < 0.002
s 5 days at 60°C 0.005
Pegk Pressure
Impuise 82.1%C KI Test:
Energy Minutes 10+

Sy

s W e
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AMCP 706-177 N rcerdn (Liquid)

Gas Evolved at Atmospheric Pressure, cc:

Sample Wt, gm 1.6
Tesperature, °C 65 75
Time, hours =) +0
Volume of gas, cc nil nil
Viscosity: (c)
:Q Centipoises
10 64.2
20 3.0
k) 21.0
4o 13.6
50 9.4
60 6.8
Fregmentation Test:
20 ma HE, Murk 1, Projectile, Total No.
of Fregments for: .
Nitroglycerin 22
Tetrani tromothane 17

Minimum Propagsting DMameter: (d)

t Dime & thalate Min, t4. Tluxve in
“Ta ﬁ Hameter, gna;n. © "~ Tachen
° (3/16 cairns) .,.%.e
5 .- S 1
10 1/9 . - g
15 ’ /% o /8
20 Yk i T
22.5 ' Y o v 2
25 1.55 ) 2

Sensitivity to Electrcstasis “is: cules {test emdition, unconfined:
no value giveg £ 3 > 1.

Solubility, gramec of nit_z_‘gggceriyloo g "_[ e

o

Water Alcohol Trichlcrethylene Carboe Tetischloride
X 2 x % % L] % £
15 0.16 0 37.5 Rm 22 Fm 2
20 0.18 20 55.0
50 0.25

236
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Nitroglycers . (Liguid) AMCP 706-177
Carbon Disulfide g8/100 gn (#), at 25°%¢C in
:’_g ] Ether -
2:1,Ether:Alcohol > 100
Ambient 1 Acetone ®
Soluble in all Proportions in:
Methanol Phenol
Acetone Pyridine
Ether Xylene
BEthyl acetate Ritrobenzene
Amyl acetale p-Nitrotolusne
Methyl nitrate Liquid DNT
Ethyl nitrate Chloroform
Nitroglycol Ethyl chloride
Tetreni trodiglycerine Ethyl bromide
Acetic acid Tetrachloroethylere
Benzene Dichloroethylene
Toluene Trimethyleneglycol Dinitrate
Solubility in NG, of:
Alcohol nT T Water
X 8§ % & X % X
0 3.4 20 25 20 0 25 0.06
20 s.h
50 -
Ereparation:
C!:'dz-—- oH C'r‘.a-— ORQZ
CH ~—0H + 3HNO, = CH = 0RO + M 0
| 3 2 2
CH,‘,—OH CH2—0N02

Glycerine is usually nitrated at 25°C, or below, by adding it very slowly to & well agitated
mixture of nitric and sulfuric acids, e.g., %0/59.5/0.5, nitric acid/sulfuric acid/vater, us-
ing an acid/glycerine ratio of approximately 6. Agitation of the rearcion mixture is accom-
plished by use of compressed air. A rapid temperature rise, or appesrarce of red fumes, suto-
matically requires dumping of the charge, immedietely, into a drowning vessel filled with
water. After all the glycerine has been added to the nitrator, agitation and cooling ere con-
tinued until the tempersture drops to about 15°C, and the charge is then run into a separator
where the NG rises to the top, and is run off to the neutrulizer. The niiroglycerin is
waghed first vith water, then with sodium carbonate, and finally with vater. The resultant
NG vhen washed with water, produces washings which do not color phenolphthalein, and itselt
is neutral to 1litmus paper.

27
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AMCP 726177 ,
Nit cerin (Liguid
Mtroglycerin (Liquid) -
in:

Nitroglycerin vas first preparcd in 1846 or 1847 by Ascanio Sobrero, an Itslian chemist
(Mem Aced Tortino (2) 10, 195 (1847)). For several years after this discovery, nitroglrcerin
attracted littie interest as aa explosive until Alfred Nodvel in 1864 patented iuprovements in
its manufacture and method of initiation (British Patent 1813). Nobel gave the name dynamite

- to mixtures of nitroglycerin and ron-explos.ve absorbents, such as charcesl, siliceous earth
or Kieselguhr (Critish Petant 13h5 (1867)) Later developments led to gelatine dynamites.
ammonia dynsmites, and so ctlled straight dynamites. The first propellents using nitrogly-
cerin vere called hallistite {Nobel, Eritish Patent 1471 (1688)) and Cordite (/%el ard Dewar,
British Patents S61b and 11,684 (1889)).

Destruction dy Chemical Dec ttion:

Nitroglycerir is decomposed by adding it slowly to 10 times its weight of 184 sodium sul-
fide (mes-gnaw). Yeat is liberated by this roection; but this is not hazerdous if stirring
is meintaired during the addition of nitroglvcerin end contiraed until solution is complete.
References: 48

(e) A. B. Blatt, Compi’etion of Dete on Organic Explosives, OSRD Report No. 201k, 29 Feb-
rvary 1oil.

(b) Pu. Meoum, Z ges Schieas-Sprengstoffw, pp. 181, 229, 267 (27 Junme 1932).

(c) Iandolt - Bornstein. Physikalisch-Chemische Tabellen, Sth Ed. (1923).

Internationsl Criticel Tables.
B, T. Fedoroff et al, A Manual for Explosive laboratories, Vol 1-IV, Lefax Society,
Inc., Philsdelphia, 1943, 1946.° -

(d) H. A. Strecker, Initiation, P: tion and Liminosity Studies of Liguid Explosives, '
OSRD Report No. £509, 3 December 19h§me———. L Lenlnoolty Shudles T

(g) Also see the following Picatinny Arsenal Technical Reports on Nitroglycerin:
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L4
% « Nitroguanidine AMCP 06-177
~
; A
¢ . i
3 Compasition: Molocular Weight:  (CH,N,0,) 10k
C 11.5 NH Oxygen Belonce:
E v / 2 CO; % -3
+ " 3.9 HN= ¢ CO % «15.4
~ ; N
3 ! N 53.8 l Demaity: gm/c Crystal 1.72
NO,
¢ 0 3.8 2 Moltisg Peint: *C 23
‘ -
: C/H Ratio 0.038 Froesing Peint: °C
¢ lmpoct Sensitivity, 2 Ky W: Beiling Peint: °C
» Bureau of Mines Apparotus, cm b7
s Swmple Wt 20 mg Refractive Index, n2
z Picotinny Arsenal Apparatus, in. 26 e
s Somple Wt, ing T ol
s g
. [ 4
1 4 Friction Ponduium Tost: (e) Vecuum Stubility Test:
! : ‘ Steel Shoe Uneffected cc/40 Hrs, ot
» Fibs: Shoe Unaffected 90°C oL
; - 100°C R ¢
. § Rifle Sullet lmpect Tost: 5 Tricls (e} X 120°C oo b
| e 3
' 3 Partioh 0 1s0vc :
% ]
: ; Burned 0 200 Gram Bomb Scad Tent: H
: Unoffected 100 Sand, gm 36.0 i
EY s
: P Explosion Tompersture: °C Semsitivity te Inkigtion: it
i , i Seconds, 0.1 (no cop used) Minimum Detonoting Charge, gm
. o ; H R . Mercury Fulminate
- S Tecomposes 275 Leod Azide 0.20
» { 10 Tetryl 0.10
$ 15
2 2 Bollistic Morter, % TNT:  (4) 10k
| e : . | Teawsi Test, % TNT: (v) 101 ‘
A ? 73°C Internotional Heat Test: *
H % Loss in 48 Hrs 0.0k Piate Dent Tost: (e}
5 ! Method A
$00°C Moot Test: Condition Pressed
? % Lows, It 48 Hrs 0.18 Confined fio N
. ; % 1085, 2nd 48 Hrs c.09 Dersity, gm/cc 1.50 '
B Explosion in 100 Hrs None Brisonce, % TNT 95
. Detenstion Rete: (e)
4 Flommability Index: Con!inement
t S Condition
* Hygroscopiciny: % 30°C, 90% RH Nore Charge Diometer, in.
: N Density, ¢m/cc 1.55
» ! Veletility: Hone Rate, maters/second 7650 J
' 239
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AMCP 16177 Hitrogusnidine
Frogmentetion Tout: Sheped Charge Effectivensss, TNT = 100:
90 man HE, M71 Prajoctile, Lot WC-91: Glass Cones  Steel Cones
Detsity, gm/cc Hole Volume
Charge Wt, b Hcle Depth
Yeotel Ne. of Frogments:
Calor:
For TNT Colorless
For Subject HE
Princiyel Uses:
3 inch ME, MA2AY Prejectile, Lot KC-3: Propellant composition ingredient,
Deraity, gm/cc bursting charge ingredient
Chorge Wt, Ib ’
Totel Ne. of Frogments:
Mothed of Loading:
For TNT
For Subject HE
Loadieg Demaity: gm/cc
Frogment Velocity: ft/sec At 3000 psi 0.95
At 9 ft
At 25 Storegs:
Deruity, gm/cc -
- Mathod Dry
" Biast (Relotive teo TNT): Hazard Class (Quantity-Distonce) Class 9
Ale: Canpatibility Group Group I
Peck Pressure
Impuise Exudation
Erergy
Solubiltty, gm/100 gm (%), in:
Alr, Coutined: o, -
impulse vater a5 0.hb
100 9-\ '
Urndor Woter: 1.0 N Potassium
Seak Pressure mﬂyﬂrmﬂdc 25 l.i
Sulfuric Acid 4] 3.h¢
hnpulse 25 8.0+
Energy * gn/100 cc solution
v Booster Sensitivity Test: (&}
ndorgrovad: Condition Pressed
Peuk Pressure Tetryl, gz 100
Imnpulse wax, in. for 504 Detonation 0.67
Energy Density, gm/cc 1.41
Combustion, cal/gm 1995
Explosion, cal/gm 721
Gas Volume, cc/gm 1077 ]
Formation, cal/gm 227
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» m HEitroguanidine ANCP 16-171 g

i: " Prsperetion: :

g ; (Qiemsstry of Powder and Explosives, Davis) } B

1 .
‘ H
f
) 0 NO, —NH :
; 2 2 H

m
-
-
-

—y
o il S o 4

Four hun( ed gms of dry guanidine nitrate is added in smell portions to 500 cc concentrated
sulfiric acid at 10°C, or below. As soon as all cryatals have disappesred the milky solution
is poured into 3 liters of ice-water, and allowed to stand until crystallization is complete.

. The product is filtered, rinseld with water, and recrystallized from ahout 4 liters of boiling
water, yield about 50%. .

NSty

- : ortgin: .

Ritroguenidine was first prepared in 1877 by Jousselin, but it vas 1900 before it found
use in propellant compositions. During World Wer I, nitroguasnidine was used by the Germans
as an ingredient. of bursting charge explosives.

Destructicn by Chemical Decomposition:

Nitroguanidine is decoeposed by dissolving in 15 times 1ts weight of 45% sulfuric acid st
room tempersture and warming the solution until gus is evolved. Heeting is ~ontinued Zfor one~
half hour.

A AT TP

- *m,é“c ool

1 ) mces:“" - ’ - -

{a) L. C. Smith and E. 4. Fyster,

. Sensitivity Tests; Perform.::=z Tosts,
1 (o) Canadian Report, CE-12, 1 May-15 Augusc 19%i.

. () D. P. MacDougall, wsthods of Physismsl Testirz, OSRD Report Nu. 803, 11 August 1942,

(d) L. C. Smith and S. k. Walton, A “onsideration of Wax Mixturez ag & Substitute for
. Tetryl in Boosters, NOL Memo 10,303, 15 Jume 1343,

‘ (e) Departments of the Army and the Air Force ™ 9-1910/T0 11A-1-3k, Militery Fxplosives,
April 19:,.
L
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() Also see the following Ploatinny Arsensl Technicel Reports on Nitroguanidines

2

o

ol

1]

i

13% 907 758 1439
an 1749

183
a3
2193

1282
1392
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1%
218
2201
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T z
> N
- d
v N1 t=0i sobu cerol Trinitrate (NIBTH) Liguid AMCP 706-177
IR é TN
s ..»I A & e.:umw Helocwlac Weight:  (C,Hg,0,,) €86
Ja R 6. - Oxygan Bolemce; ~
t C 16.8 OENO Q‘la\ ] g’: 0.0 IS
g E . 21 2 ’
1 ' T ogo—a, — c— %0,
? X 19.6 Deaslty: gm/ce 20°% 1.64
{ o 6Ls5 20 Maiting Peiet: °C i
p
*11 C/H Rawvio 0.126 Preasing Point: °C -9
>
- \ Impact Sensitivity, 2 Kg Wr: Bolling Point: °C
; Bureau of Mines Apparatus, cr 25
b Somple Wt 20 mg Refractive Inden, n
Picatinny Arsenal Apparotus, in. °
” Somple Wt, mg N 1.4896
2 . nS 1.487h
‘t Friction Pondulum Test: Yocusm Stebility Tosh:
L . Stes! Shoe cc/40 Hn, ot
: Fiber Shoe 20°C
1 100°C
; Rifle Buller Impact Tesr:  Trials 120°C
% ’
Explosions ISS‘C
3 P " 150°C
] Burmed 200 Grom Bowmb Sond Tost:
= Unaftected Sond, 0,2 ie #d : g §
i . Explasion Tompersture: *C Sersitivity te inltietien: )
A W Seconds, 0.1 (no cop used) Minimum Detonoting Chorge, gm i
o ! Marcury Fuimingte
i; S Ignites 185 Leod Azide
; 15 ' Teieyt
“ 15 ~ ——
; 2 Bollietis Moartnr, % THT:
$ . Trous! Tens, & TNY;
2 75°C lavarnational Moot Tost:
{ % Loss in 48 Hrs Fiats Dert Teet:
; 100°C Mast Tont: Condition
f % Loss, st 48 Hrs Confined
! % Loss, 2nd 48 Hirs Density, gm/cc
: Explosion in 100 Hrs Brisonce, % TNT
i’ Detensiion Rute:
2 Flommebifity index: Continement Gluss {1 wm wajt)
) Condition Liquid
. Hysrescopicity: % Chorge Diometer, in. 0.9
Density, gm/cc 1.64
? Veletitity:
; 25°C, mg/cu’/2h hre 0.127 x 1073 Rote, meters/second T360
i+
.
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AMCP 706177 Fitroiscbutylglycerol Trinitrete (NINMX) Liquid
Fragmentetion Teet: Shaped Chorge Bifestivescws, THT = 10k
9 wom HE, MY Projestile, Lat WC-9\: Glass Cones  S:eet Cones
Oersity. gm/cc Hole Volume
. Crorga'Wit, Hole Dapth
Tobul No. 2! Mregments: Col Yellow odl
For TNT
. Ko, Subject HE
Priscipel Uses:  Gelatinizing sgent for
3 inch HE, MA2AT Projectile, Lot KC-5: nitrocellvlose
Dergity, gm/cc
Charga Wt, b
Total Neo. of Frogments: Method of Looding:
For TNT
For Subject HE
Losding Demsity: gm/cc
Frogment Velocdy: ft/sec
At 9 ft
At 25% ft Sreroge:
Density, gm/cc
Method Liquid
Siast (Relative to THT): Hozard Class (Quontity-Distance)
Al Compotibitity Group
Peck Pressure '
Impulse Exudation
Energy
Solubility:
Ale, Conflined: SolBILG:
Impuise Soluble in metoyl end ethyl alcoacls, ace-
tone, ether, ethylenedichloride, chloroform
Under Weter: and benzeng.
Peck Pressure Insoluble in -mter. carvou. Aigulphide,
impuise and petroleum ethsr., -
Energy Toxicity: ‘
5 Slight, decidediy lems 27 nl e.roélycer:n.
Paok Pressure Gelatini fug Action: .
Imptse Slight on nitrocelluiose. .
o £2.29C KI_Jeet: i
Mir .ves - ' 2
244
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Fitroiscbutylglycerol Trinitrate (NIBTX) Liquid AMCP 706-177

Prepareticn;

A total uf 675 gm 3T% formalin is added to 150 gu nitromethsne conteining 2 gm potassium
carboate hemi.tidvate. The Mxgt 200 gu formalin is added slovly, keeping the ture
below 30°C, and then the heat of resctiocn is allowed to reise the tespersture to 80°C, end
the mixture then hested two hours at 90°C. The reaction mixture is then concentratcd at re-
duced - res” 're and diluted, and this process repeated seversl times to remove formaldehyde.
After the .inal concentration the cooled mixture is filtered and the crystalline product recry-
stallised from alcohol and then severrl times from ether and dried.

The nitrated paoduct is then cbtalned by nitrating 50 gm nitroisobutylglycerol with 300 gm
wixed acid (60/5/2, sulfuric acid/nitric acid/water) below 15°C for 1.5 hours.

xigin:

This explosive (also called Trimethylolnitromethane Trinitrate, Nitroisobutanetriol Triri-
trate, Nitroiscbutylglycerin Trinitrate and incorrectly but widely used Fitrolscbutylglycerol
Trinitrate) was first described in 1912 by Hofwimmer (I ges Schiess - Sprengstoffwv 7, 43
(1512). Hofwimmer prepared the compound by the condensation of 3 moles of formal with

1 mole of nitromethane in the presence of pctiassium bicarbonate, the subsequent nitration of
the product. The explosive can now be produced from coke, air, and natural gss.

References: 50

(s) H. A. faronscn, Study of Explosive: Derived from Nitropereffins, PATR No. 1125
2% October 1941. ’ ’

(b) N Aubry, Mém poudr, 25, 197-20k (1932-33); CA 27, 4083 (1933).
(c) A. Stettbacher, Nitr.cellulose 5, 159-62, 181-k, 203-6 (193); CA 29, 1250 (1935).

(a) V. de C. Crater, U.S. PFatent 2,112,749 (March .93); ©A 32, 396k (1938).

(e) H. J. Hibshman, E. H. Pierson, and H. B. Haas, Ind Eng Chem 32, 427-9 (1940); ¢A 3,
3235 %19&0)- x 2

(f) A. Stettbecher, Z ges Schiess Sprengstoffv 37, 62-b (1942); CA 38, 255 (19uk).

5'55“ footnote 1, page 10.
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AMCP 706-177 ¥ trostarch Demolition Expioi’.e (NSX)
~
Com sositisn; | Melocular Weight: 25
% :
Nitrosterch (12.50% ¥} L9 Oxygen Belence: [
Berium Nitrate Lo gg: 926 - -9
Mononi tronsphthalene 7T :
¢ Parenitroaniline 3 Density: gm/cc :
[+} 9 1 N
Melting Peint: °C .
C/H Retio Freezing Peint: °C
lmpoct Sensitivity, 2 Kg W: Boiling Peint: °C :
Bureou of Mines Apparatus, cm 21 .
Sample Wt 20 mg Refractive Index, n2 .
Picotinny Arsena! Apparotus, in. 8 o . .
Sample Wt, mg - » N2 . .
_ e
. Friction Perdulum Test: Vacuum Stebility Test:
Stee! Shoe Crackles, snaps cc/40: Hrs, ot .
Fiber Shoe Unaffected £5C
100°C 11+
Rifie Dullet Impact Test:10 Trols 8 Trials* 120°C
% % .
el S A
Portials (! 13 , {
Burned 0 0 200 Gram Bomb Sead Test: ‘ H
m 10 87 _Sand, gm 39.5 .
kD . N A
Sxplesion Te apersture: < Sensitivity to Initiation: T ‘
Seconds, 0. ‘.0 cop vied) -~ Minimum Detonating Chorge, gm N .
1 .- Mercury Fulminate 9.2¢
S Decomposes 135 Lead Azide - a
16 Tetryl .-
15
20 Ballistic Merter, % TNT:  (a) *
Trouz! Test, % TNT:
75°C Internstions! Heat Tost:
% Loss in 48 Hrs 0.2 Plote Dont Tout:
Maethod N co
100°C Hoot Test: Condition
% Loss, lst 48 Hrs 0.2 Confined
% Loss, 2nd 48 Hrs 0.3 Density. gm/cc
Explosion in 100 Hrs lione Brisonce, % TNT
Detonstion Rete: ’
. Flemmebility Index: Continement
p Condition
Hygroscopicity: % 30°C, 904 RH 2.1 Charge Digmater, =
v ? Density, gm‘/cc
y: Rote, meters/second
z36
"N
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3
; ~ Nitrostarch Demolition Explosive [NSX) AMCP 706-177
TO N
I - S g
3 Fragmentutiva Test: Shoped Charge Effectivensss, TNT = 100: L
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Density, gm/cc Hole Volume
4 Charge Wt, Ib Hole Depth
; Tatel No. of Frogments: .
For TNT
2 For Subject HE -
) Principel Uses: Demolition, bursting chsrges,
i 3 inch HE, MA2AY Prejectile, Lot KC-5: snd priming compositions
s Density, gm/cc
: Chorge Wt, ib
' :
* Totel Ne. of Frogments:
{ . of t Hand
i For TNT Mathed of Looding tamped l 7 ]
t - For Subject HE : ‘ - f‘ii;é
® Loading Demelty: gm/cc ‘ L
] B ¢ Velociy: ft/sec Apperent 0.92 :
At9#t ;
At 25% Sterage: i
Deruity, gm/cc .
1 N Blast (Reletive to TNT): Hazard Class (Quontity-Distonce) Cless 9
AN Y Compatibility Group Group I -
Peok Pressure + 4
4 Impu'se Exurlation Fone
l Energy
y
: Ale, Confined: 120°C Heat Test:
. Impuise - Minutes
14 Salmon Fink
: Under Weter: Red Fumes 255
§ Peak Pressure Explodes 256
; Impulse
;- Energy
[ 4
: Underground:
y . Peak Pressure
' impulse
: Energy
s
$
3
*
¥
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AMCP 706-177

Nitrostarck Psmolition Explosive (NSX)

e =TT Ersparatice: (v)

The nitration of starch proceeds vith the formation of hexanitro starch according to the :
following equation: - .

2CglHyo05 + 6M03~ C) .y, O (0MOo)6 + EBR0

Tepioce starch is considered the best for nitration purposes, although other starches give

iairly stable products. The starch, pretreated to remove nils, fats w4 water scluble im-

purities, is dried and screened. Feeding of the dried starch into stainl:oss steel uitrstors

containing mixed acid (62%-63% HNO, and 37%-36% ) 18 done <lowly with constant agitation

of the mixture. 'n:eheotmlnd;utbecon ed by cooling coils. The nitreted starch .

is separsted from the spent acid, vashed with & large amount of water and centriluged. Pinsl . =
aQrying is on trays heated to 35°-40°C with air. This product is so sensitive even a static .

@ischarge might ceuse explosion.

Hitrostarch demolition explosives contain a high percentage of nitrostarch, an oxidizing
sgent, mineral oil, a stabilizer and/or other ingredients.

Seigln:

Ritrostarch was first prepared in 1833 by Brencounot, who called it xXyloidine (Amn chim
phys [2] 52, 290 (1833)). T. J. Pelouse studisd xyloidine furtber snd reported its explosive
properties (Compt rend T13 (1838). It found military use in the United States during
World Wars I and II as ting explosives and as an ingredient of bursting charges and prim-
ing compositiouns.

References: 5!

(a) W. R. Tomlinson, Jr., Physical and Explosive es of Mili losives, PATR
No. 1372, 29 November 1943.

(b) G. D. CL1ft and B. T. Fedoroff, A Manual for Explosives Laborstories, Vol I, Lefax ‘
Society, Inc., Philadelphie (1942). e

P

(c) Also see the folloving Picatinny Arsenal Technical Reports on Nitrostarch Explcsives:
i g L3 1 g 2

1611 782 103 17 838 1269
2032 8i8

Slgee footnote 1, page 10.
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AMCP 706-177
Octol, Ma
C?ﬂhx Meloculor Wailght: 265
Oxygen Beloncs:
B 70 T .8
INT w CO % ENS
Denally: gm/cc Cast 1.80
Malting Peint; °C
C/H Ratio Frossing Peimt: °C
Impast Sencitivity, 2 Kg Wh: Belling Pelnt: °C
Bureou of Mines Apporatus, cm
Sample Wt 20 mg Refractive Index, n2
P cotinny Arsenal Apparotus, in. 18 o
Sampie WY, mg 2 =
-3
Priction Pondulum Tost: Vocwem Stobilly Tost:
Stes! Shos Unaffacted cc/40 Hrs, ot
Fibar Shoe Unaffected 90°C come
Rifte Bullet T 1%0°c "
mpact Test:  Tricls 120°C o3
% .
Explosions 135'C
Portials 150°C
Burned 200 Geam Bomb Sond Teat:
Unaffected 3ond, gm Explorstory 8.4
Explosion Tomporsture: % Someitivity te Initiotion:
Seconds, 0.1 (no cop used) - Minimum Detongting Charge, gm
1 =-- Marcury Fulmincte I
5 Flames errsticelly 335 sod Azide 0.3
10 Tetryi meen
15
20 Bellisric Merter, % TNT: 115
Trousi Test, % TNT:
75 C taternstione] Hest Tyer:
% Loss in 48 Hrs Plete Dont Toor:
Method
100°C Hoet Tomt: Condition
9% Loss, sy 48 Hrs Confined
9% Loss, 2nd 48 M Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detenstion Rote:
Flommebility index: Confinement None
Condition Cast
Hygroscopicity: % Charge Diameter, in 1.0
otili Density, gm/cc 1.80
v ' Rots, meters/second 8317
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ANMCP 706-177 Octol, 70/
Bosster Sonaltivity Teet: Decomposition Equation:
Condition Oxygen. otoms /sec
Tetry! (Z2/sac)
etry., om Heat, kilocalorie/mole
Wagx, in. for 50% Detonation (AH, kcal/mol)
Wax, gm Temperature Ronge, °C
Density, gm/cc Phose
Heot of: Plot .
Combustion, cal/gm are2 A Impact Test:
Explosion, cai/gm lo7h 60 mm Morrer Projectile:
Gas Volume, cc/gm 8Ly 50% Inert, Velocity, f1/sex
Formation, cal/gm cme- Aluminum Fineness
Fusion, cal/gm
500-1b Generel Purpose Bombs:
Specific Heet: ¢ [/gm/°C
Piate Thickness, inches
1
14
1o
LB
Surning Rete:
em/sec
Bomb Drop Test:
Thermel 5
cal/sec/em/*C 77, 2000-ib Semi-Armer- Piercing Bomb vs Concrate:
Coetficiont of & ion: Max Safe Drop, fr
Linear, %/°C 500-1 Genersl Purpose Bomb vs Comcrete:
Volumo. %/‘C H'ight, (73
Trials
Hordnoss, Mobs’ Scele: Unotfected
Low Order
Young’s Modulue:
y High Qrder
€', dynes/cm
E, ib/inch? 1000-b Genars! Purpose Bomb vs Concrete:
Density, gm/cc
Height, ft
Compressive Strength; Ib/inch? 1510 Triols
See below Unaffected
Vapor Pressure: Low Order
*‘C mm Mercury High Order
Compressive Strength: 1b/inch® *
verage (10 tests) 1510 .
High 1750 Ul;imte D?ignza*itor)\ % o ag
verage ests .
Low 1330 Eizh 2.55
Low 1.97
*Test specimen 1/2" x 1/2°' c¢ylinder (approximctel; 3 sm) pressed et 2 tons (2,000 1t) total

load or 30,000 psi w'*h & 2

250

minnte *ime of dwell.

it e,

\’h-w” |

)

T T e S




iy

Frar By b

b s gy e P il WA O R T I W AR PARLOYE G e N Wl W P e B P @ ¥ T WOl e U e ¥ W A e S P W P P g W .

B I R

Octol, 70/30 AMCP 706-177
rfmmiu Toot: Shepod Chorge Effectiveness, TNT == 109:
O mn NE, M71 Prejectily, Lo WC.91; Gloss Cones  Steei Cones
Density, gm/cc Hole Volume
Chorge Wt, Ib Hole Dcpth
Tetal No. of Fragments:
Ceoler: Buff
For TNT
Fer Subject HE

3 inck HE, MA2AT Projectile, Lot KC-S:

Principal Uses:  HE projectile and bomdb filler

Density, gm/cc
Chorge Wt, Ib
Totel Ne. of Pragmonis:
Methed of 2 Cast
For TNT Loeding s
For Subject HE
Looding Density: gm/cc 1.80
Frogment Velocity: it/suc
At 9 #t
At 254 #t Storage:
Density, gm/cc
Method Iy
Blost (Ratotivs te TNT): Hazarr Class (Quontity-Distance) Class 9
Ales Compatibility Group Group I
Peak Pressure '
impulse Exudation
Energy
Alr, Confined: Work to Produce Rupture: ft-1b/inchd
!
mpulse Averaze (10 tests) l-gS
High 1.87
Usnder Weter:
Peak Pressure Lov 1-10
Impulss Efflux Viscosity, Saybolt Seconds: 59
Energy
Peok Prm;m
Impulse
Energy

*Test specimen 1/2" x 1/2" cylinder (approxi-
metely 3 gm) pressed a: 3 tons (6,000 1b)
total loed or 30,000 ps! witn a 2 minute
time of dwell.

251
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AMCP 706-177

Octol

i}

Effect of Altizude. Dismeter and of Confinement on Detoostion Veloei
(Eﬁnce b) - L Yeloeloy

r | one-Inch colum Tvo-Inch Column
i loaive Simulated Altitude, | ned Unconfin Coufined [Unconfined |
g Teet s J [] s ﬂl .
! 70/30, RikX/TNT; Ground 7900 " 8100 7660 8030
| density, gm/cc 1.62 1
. 30,000 8020 | 8120 T900(4)| 7800
| 60,000 80ko 8140 8010 7950
: 90,000 8060 7980 8010 | Tno
: T
* Average 8005 8085 7805 7873
=1
: ! i ;
. T0/30, BMX/TNT; ; Ground 7960 900(k) | TBT0 | T6o(h)
_ density, gm/ce 1.61 | i i
; 30,000 8050 8060 i T9% 7710
; 66,000 {8020 790 - T8% | 7650
: 90,000 " 7950 8000 9% ' 7650
Aversge 1995 973 7908 7663
ke 2

#70/30 Octol confined charge in 1/4" steel tube, AIST 1015 seamless, 1" diameter 18" long,
and 2" dfameter 7" long. All means were determined from sets cf five values unless other-
A 26 gm tetry booster was used to initiate esch charge.

wise indiceted by ( ).

Average Fragment Velocities at Various Altitudes*

(g)

Simulated Altitude, Feet
Explosive Charge Diametsr, ' Ground 000 60,000
Inches : s [ s . 8
| 70/, ROX/TNT 1 %3‘415 ¥r2 | 666 . 3685
4 . .
? 2 ' LENT 5192 52X 60wl
: :
. T0/30, BOX/TNT 1 3466 3680 Lol 317
2 4703 5h6k 6089 6111

#0Outside diemeter 2.54"; inside diameter 2.04"; length T".
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Octol, T0/30 AMCP 706-177
Tensile Strength:*
i 1b/inch® !
Aversge {8 tests) 1 '
High 20k
! Low 128 '
FTest specimen 88 per Ploatinny Arsensl sketch XL-OT6B, at 21°C.
Modulus of Elaaticity:*
1b/inch”
Average (10 tests) [ 713,000
! Righ 79,300
4
! 63,0K
spe x oyilinder (approximately 3 gm) pressed at 3 toms (6,000 1b) totsl
load or 30,000 psi with & 2 minute time of dwell.
Setbuck Sensitivity Test: { )
Critica). Prussure 92,000 psi®*
l Deasity, za/ce .72
*Pressure belov which no initiation i1s obtained and ebove vhich an incressing percentage of
© initistions can be expected as the setback pressure increases.
Pit Fregmentation Test:
105 mm M1 HE Projectdle;
"WeIght Gcoup, grains ¥o. of nts
/2 - 2 1297
2 - 5 665
5~ 10 Lot
- 25 661
25 - 50 b7e
0~ 715 2kt
75 - 150 . 322
150 - 750 : 295
750 - 2500 : 12
i Total Fumber Li6T
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halk }
_ AMCP 706-177 Octol, 75/25 VY
eo:uhlu: Meoleculer Weight: 276
Oxygen Belence:
B & €0, % =39
™ 25 o % =3
Denelty: gm/cc Cac* .81
Melting Point: °C
C/H Rotio Froezing Point: *C
lmpact Sensitivity, 2 Kg We: Beiling Peint: °C
Bureau of Mines Apparctus, cm -
Sample Wt 20 mg Refractive Index, 2
Picatine.y Arsenal Apparotus, in. 17 o .
Sample Wi, mg 25 Na
ng
Friction Pondulum Test: Vecuum Stobility Tex: .
Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C s
100°C eevn
3/16" Steel 1/8" A1 Jasec )
Bxplosions 0 70 .
Portiols - . 150°C
Burned - - 200 Grom Bomb Send Took:
Unaffected P 0 Sond, gm Exploratory 62.1 l’%“,
Cuplosion Tompersture: °c Sonsitivity te Initietion: Mo
Seconds, 0.1 (no cop used) e Minimum Detonating Chorge, gm
| cee Maercury Fulminate -
S Flemes erratically 350 Leod Azide 0.3
10 Tetryl -
i3
20 Bellistic Morter, % TNT: 116
Trousl TYeest, % TNT:
73°C intarnationsl Hoot Tost:
9% Loss in 48 Hrs Plote Deat Tour:
Maethod .
100°C Hoot Tost: Condition
% Lous, st 48 Hrs Confined
9% Lows, 2nd 48 Hes Density, gm/cc .
Explosion in 100 Hrs Brisance, % TNT
Detenetion Rate;
Plommeobility lndes: Confinement None
Condition Cast
Hygreseopishy: % Charge Diometer, in. 1.0
Dersity, gm/cc 1.8
Veletility: Rate, maters/second 8643
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i Octol, 75/2 ’ AMCP 706-177
‘,f\‘ .
: Sosster Sensitivity Test: Decomposition Equetien: ;
: } Condition %mn.) atoms/sec : ; .
/et
B Tetryl, gm Heat, kilocalorie/mole
Wax, in. for 50% Detonation {AH, keal/mol)
3 Waex, gm Temperoture Ronge, *C
i Density, gm/cc Phase
! Hoot of: Aot et
A Combustion, cal/gm 2676 Plate | Test:
) .
} Explosion, col/gm 113t 60 men Morter Projoctile:
! Gos Volume, cc/gm 83 50% lnert. Valocity, ft/sec
’ Formation, cal/gm Aluminum Fineness
} Fusion, col/gm 29,4
b *Calculated Jor 76.9% HMX, 23.1% TNT. 500-1 Gonerel Purpesc Bombe: .
i Specific Jeat: col /gm/°C b
! -79%C 0.200 Plate Thickness, inches
. ' -80° to +80°¢ C.240
¢ 337 to T4OC 0.2k5 1
! 90° to 1509 0.323 )
{ s*Determined for 76.9% HMX, 23.1% TNT. 'V*
1
1%
Burning Rete: i
cm/sec ;3
Bemb Dicp Test: 4§
. coi/sec/em/°C T7, 2000- Semi-Armer-Plercing Somb vs Concrete: , . . g .
N - ot i
1 Coott of & ion: Max Safe Drop, ft -
) Linear, 9%/°C $00-1 Generel Purpsse Bomd vs Concrete:
: Volume, %/°C Height, ft
M Trials
: Merdness, Mohs’ Scole: Unoffected
; Yeung's Medules: :‘;‘%':'
% £, dynes/cm?
i - £, W/inch? 1000- Geners! Purpess Boasb vs Contrete:
Density, gm/cc )
Haight, ft
;. Compressive Strength: Ib/inch? 1340 Trials
M See below
3 Unaffected
, ; Vepor Pressure: Low Order
; *C mm Mercury High Order
Compressive Strength: 16/1nch” L
[}
5 Average (10 tests) 13260) Ultimate Deformation: %
High 15 Average (10 tests 2.4
! Low 1040 High ) X g%
f #+#Test specimen 1/2" x 1/2" cylinder (approximetely 3 gm) pressed at 3 tons (6,000 1lb) total -
3 load or 30,000 psi with a 2 minute time of dwell.
: 255
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AMCP 706-177 Octol, 75/25 :
. A 1
SragmentoRion Tect: Shoped Charge Effoctivenens, TNT = 10%: e

90 mm NE, M71 Projoctile, Lot WC-91:
Density, gm/cc

Giloss Cones  Steel Cones
Hole Volume ’

Chorge Wt, Ib Hole Deptiy
Tetal No. of Fropments; Colon Butt
For TNT
For Subject HE
frincipel Uses:  HE projectile and bowd filler
3 inch HE, ME2AT Projechile, Lot KC-S: )
Daruity, gm/cc
Cherge W1, ib
Tatel Ne., of Progmonts:
Methed of Looding: t
For TNT Cos
For Subject HE
Loading Denalty: gm/cc 1.81
Fragment Yelueity: ft/sec
A9 *
AL 253 ft Steroge:
Dersity, gm/cc
Method Dry
Bloot (Reladive te TNT): Hazard Class (C-ontity-Distonce) Class 9
Alex Compatibility Group Group I
Peok
Impulse Exudation
Energy e
ke, Contined: Work to Produce Rupture: ft-lb/inchd *
Impuise Aversge (10 tests) - 1.3
Righ 1.57
Under Water: lov 1.07
Peok Pressure
impulse Efflux Viscosity, Saybolt Seconds: 9.0
Eﬂ'ﬂm'
Peak Pressure
impuise
Energy

#Test specimen 1/2" x 1/2" cylinder (approxi-
mately 3 gm) pressed st 3 tons-(6,000 1b)
total loed or 30,000 psi with & 2 minute

time of dwell.
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? — octol, 75/2 AMCP 706-177
. i H > .
) 5 _ » P R N
. ; . Frequent Velocity Test: () ‘ .
4 M26 Band Greoade: » .
“Avo@ f_z’gnt jV'elociag J
! glo-i?o sec over
! Composition B Loks

! . T5/85 Qyclotol 4008 ! ' R

; 1 15/25 octaz sk : | |

} ‘

'{ Tensile Strength:%

't .

5 } Aversge (10 tests) <
.r I l:lsh !
= . 32 _

- mﬁ wecToenss por FISatTig Toenal aketeh XL-OTEB, at 21°C. _ . i
) . -

’ Modulus of Elasticitys# ) s

ot . 1o/incE? . b

: . | Average {10 tests) ‘i &,m !, . , J

A . Hgh Po15,90 | R

’ Low ks,m | 1

#Tegt specimen 1/2" x 1/2" cylinder (approximately 3 gm) pressed at 3 tons (6,000 1b) total i
Icad or 30,000 psi with ¢ 2 minute time .f dwell. -
P . L
i Sctback Sensitivity m {a) i
, Critical sl ' N
O Tonsity, 76,0& o | 4
. i ' ¥iresrore 7 obtuined and ebave vhich sn increasing percentage of 5

; ! : initistions can de cxpectad as the setback pressure increases. ©R ';

1 T g Fregmentation Test: (a, _ ‘ L

I ‘ 105 =m Ml HE Piujectile: . {

v .___1521179&“&.29_ ~ Bo. of Fregments | o
; i 1/2 « 2 1

! | 2. 5 7

4 5~ 10 535 i

t 10 - 25 719 ;

H 25« 5 580 : -

H 50 - 715 24

} ! 75 - 150 339 ;

B 150 ~ 750 293 !

: 756 ~ 2500 : 8 |

3 Total Number ' 5008 S

.

N
.

4

§

257 ‘
A4




Rt L

AMCP T06-177 Octol, 70/30: Octol 2
. e Water-wet EMX is added slovly to molten TNT in & steunm-jrcketed kettle at a Wm of
100°C. The mixture is heated and stirred until all moisture is evaporsted. The compusition
is cooled to a satisfactory pouring tempersature and cest lirectly into ammunition eowoncnu
or prepared in the Torm of ctips to be stored for later use. R
References: 52 -
(a) 1st Indorsement from Chief, Explosives Devslopment Section, to Chief, Explosives T
: Research Section, Picatinny Arsenal, dated 12 May 1958. Sublect: "Properiies of Octols an” . ‘
HM-3." : :
(b) A. W. O'Brien, Jr., C. ¥. Plumser, R. P. Woodburn and V. Philipchuk, Detonation Veloci- .
nem-umums and Fregment Velocity Dete':inutions of Veried By mmre stans aad Condi- ’ .
e Northern Corp t. > x N *
m'ré-oao 501-GFD- (¢) -58). :
r
. i :
- o~ {
yo, ?
N
' ‘
555« footnote 1, page 10.
258
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. PB-RDX AMCP 706-177
» —

t

. Compositica: Molecuiar Weight: 245

. %

N Oxygen Selence:

: X » Co, % .62

: Polystyrene (uamodified) 8.5 CO % -18

: Dioctylphthalate 1.5 ; gm/cc Unpressed 0.81

: Melting Peint: *C

. C/H Ratio Freazing Peint: °C

t

‘ lmpoct Senoltivity, 2 Kg We: Unpressed Beiling Pelat: °C

. Bursou of Mines Apparatus, cm 28

+ Somple Wt 20 mg Rafvective Index, nS

' - Picatinny Arsenal Apparatus, in. 15 °

. n:

, Friction Ponduium Tost: v Srabebty Too:

' Steel Shoe Unaffected cc/40 Hrs, ot

) Fiber Shoe Unaffected 90°C . :
" 100°C ————

. Rifle Bullet Impact Test: 10 Trials 120°C _ 0.b1

: % .

. Explosions 10 :::E

s Partials 90 :
. Burned 0 200 Grem Bomb Send Tost: X
4 Unaffected 0 Sond, gm B
5

: Explesion Tompersture: C Sensitivity te Initiatien:

) Seconds, 0.1 (no cop used) =-- Minimum Detonating Charge, gm

: ) fome- Mercury Fulminate

. 5 Smokes 21 Leod Azide

. 10 Tetryl

‘ 15

v 20 Bellistic Mortar, % TNT:

; Trousz! Test, % TNT:

. 7%2°C internationel Heat Teet:

: % Loss in 48 i3 Plate Dont Tont:

Method

, 100°C Mest Toot: Cof'{i'ion

. % Loss, 1st 48 Hrs 0.00 Conftnod

C 9% Loss, 2nd 48 Hrs 0.00 DO.M"V, gm/ce

: Explosion in 100 Hrs Kone Brisance, % TNT

. Detonstina Rete:

, Flammebility index: Confine nant

: Condition

' Hre picity: % Chorge Diomaeter, in.

s * Teat procedure described in PATR No. 22LT, Density, gm/cc

' May 1956. Rate, meters/second
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AMCP 706-177 PB-RDX
Sosster Sensltivity Toet: Decompesition Equetion:
Congition Oxygen, otoms/sec
(Z/3ec)
Tetryl, gm A Heot, kilocolorie/mole
Wax, in. for 50% Detongtion (AH, keal/mol)
Waox, gm Temperature Range, °C
Dengity, gm/cc Phase
Root of: Armer Impoct Tost:
Combustion, col/gm 3027 Plate oo
Explosion, col/gm 983 60 mem Morter Projoctite:
Gas Volume, cc/gm 50% Inert, Velocity, ft/sec
Formation, cal/gm Aluminun Fineness
Fusion, cal/gm
500-1b Gonerel Purpess Bombs:
Specific Heot: col/gm/°C
o Plate Thickness, inches
1
1y
1%
13
Burning Rete:
em/aec Bomb Drep Tont:
Thaemel Conductivity: .,
cal/sec/em/*C T7, 2000-% Semi-Asmer-Piarcing Bamb vs Concrote:
ft
ot & . Max Sate Drop,
Linear, %/°C 500- General Purpose Brosh vs Concrote:
Volume, %/°C Height, ¢
Triols
Horduos, Mohs' Scale: Unoffected
Low Order
Young's Modulus: See below Migh Order
E’', dynes,’ o
E, Ib/inch* 1000-1 Genernl Purposs Bomb vs Coacrste:
Dersity, gm/cc
Height, ft
Compremive Strength: Ib/inch? 2403 2149 Trials
Percent 8.9 13.1 Unatfected
Veper Prosswre: Low Order
*C mm Marcury High Order
Young's Modulus: * (a) Temperature

Ambient (o
E, 1b/isch® (svg of 5) 9,953 3%?'831
Density, gm/cc 1.60 1.57

*Pellets (Lot OAC-596-55) 0.750 inch diamete
0-second dwell.
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PB-RDX AMCP 706-177
—
Fregmentation Tost: Shaped Charge Bffectivenses, TNT = 100:
90 cvm HE, M71 Projectile, Lot WC91: Glass Cones  Steel Cones
Dersity, gm/cc Hole Volume
Charge Wh, ib Hole Depth
T =
For Subjact HE
Principel Usss: High zuchanical strength
3 lnch HE, MA2AY Projectile, Lot KC-5: explosive
Dengity, gm/cc
Charge W, b
Totel No. of Frogments: Mothod of Loading: Pressed
For TNT
For Subject HE
Leeding Demelty: gm/cc Pressed, psi x 107
0 10 - 20 P
hmvm ft/sc 1.10 .49 1.9 1.62
At 25% #t Sherage:
Density, gm/cc
Mathod Dry
Slast (Relative to TNT): Hozard Closs (Quontity-Distonce) Class 9
Ale: Compatihility Group Group I
Peck Pressure
Impulee Exudation None
Energy o
Confined Rorkwell Hardness, "R" Scale: (e)
N'f"wh. ) 1/2 Inch &iameter Penetrator, 60 Kg Load:
Pellet Specific
U.P‘:kwpﬂm No.* Gravi Hardness
ressure — e
Impulss 1 l.gk 8y
) 2 1.623 90
Enaiay 3 1.611 8L
b 1.600 8o
Underground: 5 1.590 75
Peck Pressure [ 1.571 T3
impulse 7 1.548 62
Energy 8 1.52h 49

#Pellets (Lot HOL-F-93) were 1-1/2 inches
in diemeter and 3/4 inch high.
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+1*CP 706-177 PBRIX —~
Sensitivity of PB-RDX and 2 Stearic Acid
Fes ets* to Initiation by Type II Special Blasting Caps (2)
Gap (Distance From Base of Cap to Pellet), Inches
Pellets . Q. B . . 0. ' 0.
PB-RIX with Pellet Density
1.55 gu/cc
Hc. of Trials : 8 5 6 2 1 1
Aversge Depih of Plate
Indentatiun, inches #* 0.082 4.090 0.087 0.080 0©.080 _
No. of ¥eilures 0 1 3 b 1 1 1
PB«RIX with Pellet De..3ity
1.60 gn/cc
Fo. of Trials 3 8 9 L 3 5 2 .
Aversge Depth of Plate .
Indentotion, inches 0.090 0.089 0.087 Q.&r 0.087 0.075 :
¥o. of Fedlures 0 0 2 3 2 3 z :
98/2 FDX/Stearic Acid With '
Pellet Density 1.63 gm/cc 1
No. of ‘frials 5 3 5 > 5 5 5 4 :
s %
Average Depth of Plate
Indentation, inches ¥+ 0.109 0.096 0.095 0.092 0,097 0.087
Ro. of Failures o] 1 0 3 L L 5
* Pellets 0.92 inch diameter, 0.375 inch height.
*% Mild steel plate 5" x 5" x 1",
Performance of PB-RIX as Booster; (v, d)
Ten 2.75 inch HFAT Ml Rocket Heads were unaffected in performance by storsge at T1°C for
28 days. Thus, PB-RIX was not desensitized by contact with TNT-bearing explosives. Tetryl,
similarly used, becomes desensitized when stored in bursting charges at elevated temperatures.
In addition, 108 modified MOTAL 57 mm projectiles were fired for performance against
armor. Each round contained & PB-RDX booster pellet. There was no evidence in these firings
that the projectiles were inadequately boostered.
262 N
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ob-RDX AMCP 706-177

Preparation:

The purchace description sheet for polystyrene-bonded RDX (X-PA-PD-1088, 25 October 1956)
requires that the PB-RDX shall be a mixture of RDX. coated and surrounded by a homogeneous
mixture of polystyrene and dioctylpnthalste, The specified percentage of RDX shall consist
of & mixture of 75% Type B, Class A RDX sand 25% Type B, Class E RIX. The grsnulation of the
unpressed composition shall be as follovs:

. Through U. S. Standard

i
Steve No. Minimum 4 | Maximum %
6 100 -
12 60 -
20 -- 2
35 .- 0

Two methods have been reported for the preperation of PB-RDX (Reference: Los Alamos Scien-
tific Laboratory, Contrect W-Th05-Eng 36 vith U.S. itomic Energy Commission, Report No. IA-
1L48). The earlier method employed & Baker-Perkine type mixer to blend the componen:s. This
procedure gasve a product with good pressing charecteristics. However, the molding composition
was nonuniform in granulation and tended to be dusty. The slurry method of PB-RDX preparation
gave a product vhich wes uniform, free-flowing and dustless. In sddition, PB-RDIX granulated
by the slurry method exhibited uvatisfactory drying, hand” ing and pressing charactéristics.

The final procedure incorporating the better features found from the study of such varisbles
as solvents, solvent/plastic ratios, lacquer addition and temmerature, sgitation, RIX particle
size distribution, dispersants and rosin additive, was as foliovs (Reference c):

Forty-two and five-tentts grams (42.5 gm) of polystyrene and 8 cc dioctylphtislate vere
diseolved in 200 cc toluene in a lacquer dissolver. Steam was introduced into the Jacket
until the temperature reached 65°C. The lacquer was agitated constantly until it was ready
to be added to the granulstor. This lacquer contained a 1:4 ratio of plastic-plasticizer to
toluene.

Four hundrea and fifty grame (450 gm) of RDX and 4500 grems of H,0 (retio 1:10) wvere added
1o the grenulator. The agitator was set for LOO rpm and the temperiture was raised to 75%
by introducing steam into the jacket. The temperature differential between the lacquer solu-
tion and the RDX/water slurry was 5° to 10°C.

The lacquer solution was poured through the clerging funnel into the grenulator. As soon
as the lacquer was added, a solution of gelatin in wvater was added, end che mixture was agi-
tated until the lecquer was well dispersed in the RDX slurry (spproximately 5 minutes). Granu-
lation took place at this point. Steam wus introduced again into the Jacket to distill the
solvent until the temperature reached 98°¢. Cooling vater wag then run into the jacket to
cool the batch to 40°C. The coated material from the granulator was collected on a Buchner
funnel and dried in a tray at T0PC for 2k houre. Temperstures below 70°C d1d net furnish
enough heat, but a temperature of 80°c produceé¢ stickiness and caking of PB-RDX.

Crigin:

An explosive consisting of RDX comted with polystyrene plasticized with dicctyphthalate
was initially developed in 1952 for the Atomic Energy Comadssjon by Los Alamos Seientific
Laboratory of the Univeralt; of California (Contract W-Th0S-Eng 36 with U. S. Atomic Energy
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AMCP 706177 — -

Commicsion, Raport No. IA-1M8). The specific formulation of 90/8.5/1.5 RIX/polystyrens/
dioctylphtixlate was subssquently standardised by Los Alamos. This explosive, origimelly
designated FBX, has desn redesignated PR-RIX. The detailed requirements for the present
polystyrens-bonded RIX(PB-RIX) are given in purchase description X-PA-PD-1088, 25 October 1956.

References; 33

() B. J. Zlotuchs, T. W. Stevens and C. E. Jaocbscn, Charecteristics of Folystyrens-
PATR No. 2497, April 1958.

(b) A. J. Pascazio, The Suitads of & Bare PEX Booster Fellet in the 2.75 Inch ML HEAT
Eocket Sead, PATR Bo. 227, Fovedber TopE e fetist o e 212 a l0 B

4

(c) Jo Le Vermillion and R. C. Mhrly, c-Bonded PLX, Its tion the Sl
Method, Holston Defense Corporation, Control No. o8 B

(d) Ce Jo Richimr, Do
Linar, Abert'esn Proving Groum
» October 1957.

53;« footnote 1, page 10,
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K Pentserythritol Trinitrate (PETRIN) AMCP 706-177
¥
» .
; s Molasoler Wolght: (CoigNa0y0) amn
: ¢ 22.1 Oxygen ;oluu:
: i gg' % "g
'} 5o 0CH, CH_ONO,
! oG — t—
‘ N 15.5 272 Demeley: gm/cc 1.54
} ®M% Mehing Point: °C 26 to 28
. 0 59.1
. C/H Rotio  0.141 Freszing Peiat: °C
i Impoct Semsltivity, 2 Ky W: Belig Pelat: °C b mm Eg Decomposes 130
r Bureou of Mines Apparatus, cm
! Somple Wt 20 mg Refractive tadex, n2
: Picatinny Arsenol Apparatus, in. 5 to 10 .
v Somple Wt, mg 38 ng
. ol
- Friction Poadulum Tost: Vecwem Stebility Tost:
, Stee! Shos ¢c/40 Hrs, ot
i Fiber Shoe 90°C ————
: 10¢°C 2.54 to 5.69]
. Rifie Suliet Impact Tost: Tr:h 120°C
: Explosions 135°C
: ,,,,,,,., ;:o'c
:
\ Bumed 200 Grom Bomb Send Teok: -3
i Unaffected Sond, gm
; Explovien Temperature: < Sonsitivity te (nitintion: %
$ Saconds, 0.1 (no cop used) Minimum Detonating Chorgs, gm :
: 1 Mareury Fulminate
N 5 Lead Azide
. 10 Tetryl
» 15
W 20 MM‘ 3 “ T"TS
»
: Trouzl Tost, % TNT:
. 75°C Intornatione! Haot Teat:
v % Loss in 48 Hrs Plate Dot Tost:
: Method
. 100°C Moot Tour: Condition
: % Loss, 15t 48 Hrs Confined
to. % Loss, 2nd 48 Hrs Density, gm/cc
. Explosion in 100 Hrs Brisonce, 9% TNT
) Detonetion Rote:
! Flanmebility index: Confinement
. Condition,
: Hrgeoscopichry: % Charge Diameter, in.
: T Dersity, gm/cc
v ¥ Rote, meters/second
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AMCP 706-177 Pentaerythritol irinitrate (PETRIN)
Frogmentetion Test: Shepod Chorge Effactivenses, TNT — 100:
90 mm ME, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
g Density, gm/cc Hole Volume
Charge Wt, Ib Hole Depth
Totel No. of Fragments:
For TNT Color: Wnite
For Subject RE
Principel Uses: Explosive, propellsnt or
3 inch HE, MA2A1 Projactile, Lot KC-S: ignites ingredient
Density, gm/cc
Charge Wt, Ib
Totel No. of Fragments:
Methed of Loading:
For TNT
For Subject HE
Loeding Density: gm/cc
Frogment Velecity: ft/sec
At9 ft
At 253 ft Storege:
Dersity, gm/cc :
Method Iry
Blsst (Relative te TNT): Hazard Closs {(Quontity-Distonce)
Alr: Compatibility Group
Peak Pressure
Impulse Exudotion None
Energy
PETRIN esters are listed in reference (b)
Als, Conined: and most of these esters have been siown to
Impuise heve explosive properties.
Uné . An Infrared spectrophotometric procedure
MLV'IW was developed for the determinstion of the
" scetone content of PETRIN (ref ¢). A 2.5 gm
Impulse semple of PETRIN is dissolved in chloroform
Energy snd the volume increesed to 25 milliliters in
# volumetric flesk, The acetone content of
. the PETRIN solution is determined by {13 infrs
; red absorption 8t 5.824 in 8 0.5 mm ceil. A
Peok P re double beem method is used with e reference
lmpule ceil containing chioroform and acetune-free
Energy PETRIN. The quantity of the latter must be
Absolute Viscosity, poiges: cerefully ad;usted to give & good balance be-
y g tween the test sample and reference cells for
P ;;gg 11'3 the stror. PETRIN peek et 6.02,4 maximum.
% .32
§g°g %g Hea: of:
Explosion, cel’sm 1204
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Pentacrythritol Trinitrate (PETRIN) AMCP 706-177
Preparation:
C(CB,0H), + 3HNO __.___.,HQS% OHCH,C(CH, N0, + G
CH ), 3 CH,C{CHNOS " 38
pentaerythritol nitric sulfuric pentaerythritol vater
acid acig trinitrate
MW 1% MW 63 MW 98 MW 271 MY 18

The earlies’ procedure used for the menufacture of PETRIN was that developed at Alleghany
Bellistics Laborstory. In this process, called the "A process,” 80% HENO:. and the solid pen-
taerythritol were charged to the reector and 80% E,50, ves added slowly @t a reate to permit
control of temperature at 0° to 5°C. This mixture wes beld for a 2-1/2-Lour resction period,
then drowned in water and filtered to give a cske containing both the tri- snd tetrs-nitretes
of pentaerythritol. The cake wvas dissolved in acetone and neutralized in solution with am-
woniu . carbonate, affer which the PETR ...s precipitated by the addition of weter. After fil-
tration, the PETRIN was recovered from the filirste by stripping off the solvent under vacuum.
Yields by this process averaged sbout 40%.

An jmproved process, called the "B process,” used the same primary resction procedure but
e different work-up procedure. After tke reaction holding pericd, water was addgd to dilute
the mixed acid and the batch was extracted in situ with methylere chloride. The organic
layer was separated, neutrslized with agueocus sodium bicerbonate, end stripped of methylene
ehloride under vacuum to yield tke product directly. Yields by thie process were sbout S0%
and quality of the product was much improv>d over that of the "A process.”
The "C process,” currently in use, involves essentisily the simulteneous synthesis snd
extreetion of PETRIN from tle resntion mixtre. Methylene ~hloride approximately equal to
the towal weight of the other ~omponentz ls added to the remction mixture bafore the sulfuris
acid, After s r.iiteble time foilowing the addition of sulfuric acid, the sclvent is removed
and re;-.aced by fresh solvent one or more {imes. The combined extrects are neutrslized and
conceLiruted. Becsuse of their initislls relatively lsrge volume, PETN _... be re-oved by
filtratit, from the concentreted PETRIN solution before the final solvent is siripped. Yields
by this praocess have been 60% to 65%.

Origin:

The nitration products of pentaerythritol or itc derivati.-s contsining not more then three
H02 groups were petented for use as explosives, propellants or ignition meterials in 1936

(German Tatente 638,432 and 638,433; CA 31, 1”12 (1937)).

A process in which pentaerythritol monoacetate wes converted to penteerythritol trinitrate
monoacetate, which was then saponified under carefully controlled conditions to PETRIN, was
reported 1n 1954 (K. S, Marens, U. E. Flrick ard R. F. Preckel, J Am Chem So¢ Tou, 1304).
ZTRIN was algo prepared by the nitration of pentserythritcl with & mixture af-soi mo3 and
80% HES())" in 1955 {A. %i. Camp, N. S. Murans, D. E. Eirick end R. F. Precksl, J Am Chem’Soc
ii, To1).
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AXCP 706-1T7

References: %

(a) Rohm and Beas Cowpany, mm Arsemal Divisicn, Process for the hnut:ct\m ol
U8 tol Trinitrate Monos te and Petrin Acrylate By

. a

b) B. Berlow, R. H. Barth avd J. B. anov ritols, ACS Monozreph Mo. 136,
5, Reinhold Pwblishing Corporation, New

(e} R. H. Pierson, An Infrered Spec tric Method for Determinstion of Acetone
ﬁfmt of % , U-8. ce Tes on S
]

roary 1958.

;§u footnote 1, page 10. :
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Rate, meters/second

Peutaerytr,itol Trinitroscrylate (PETRIN Acrylate AMCP 706-177
: oight: (CgHy(N30,;) 35
 — [ (Conar
C 235 Oxg: ;’dueo: o
. ONO -
E 35 tlma 2 0% -12
= ("1- 0, C=CH,,ONO,
129 % 2cﬂzl e € enslty: gm/cc
CH,0NO,
0 Shk.2 Melting Peint: *C T8 to 179
C/H Rotio 0.239 Freesing Peint: ‘C
Impoct Semsitivity, 2 Kg We: Belling Peint: °C
Bureou of Mines Apparotus, cm
Somple Wt 20 mg Refractive Index, nS
Picotinny Arsenal Apparatus, in. °
Sample Wt. mg Na
5
Steel Shoe <c/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bullet Impect Tast: Trials 120°C
% .
soen o
Partials
Burned 200 Gram Bomb Send Test:
Unoffected Sond, gm
Explosion Tampersture: °C Sensitwvity to Initistion:
Seconds, 0.1 (nu cop used) Minimum Detonating Charge, gm
| Mercury Fulminate
3 Lead Azide
10 Tetryl
15 ;
20 Bellistic Morter, % TNT:
; Treuz! Test, % TNT:
75°C internationn! Hoot Tost:
9% Loss in 48 Hrs Plote Dent Test:
Method
100°C Yoot Test: Condition
9% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detonc”'+a Rote:
Flammaebility index: Confinemaent
Condition
Hygroscopicity: % Ni1 Charge Diometer, in.
v } Density, gm/cc




(o !
AMEP 706177 Pentaerythritol Trinitroacrylate (PETRIN Achutc!
| Frogmontotion Teot:  Shaped Charge Etfectivencss, TNT == 100:
90 mm HE, M71 Projectile, Lot WC.91: Glass Cones  Steel Congs

Density, gm/cc Hole Volume

Charge Wt, Ib Hole Depth

Totel No. of Fragments:

J %

For TNT Color: White
For Subject HE

3 inch HE, MA2A1 Prejactile, Lot KC-3:

Principel Uses: Ingredient of composite
rocket propellants .

Density, gm/cc

Charge W, Ib
Tote! No. of Frogmont:: ‘

Mothod of Leoding:
For TNT
For Subject HE
Leading Density: gm/cc
Fragment Velecity: ft/sec
At 9 fr
At 25 ft Sterege:
Density, gm/cc
Method Dry at temperstures below
welting point
Biest (Relotive te TNT): Hazord Class (Quartity-Distonce)

Ale: Compatibility Group

Peck Pressure

Impulse Exudation

Energy
Alr, Coc.72=0d: ., Heat of:

Impulse Combustion, .i/um
Usdar ‘Weter: Explosion, cal’gm

Peak Pressure

I wilse

Energy
Uaderground:

Peok Pressu

Impulse

Energy
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Pentaerythri i irinitroscrylate (PETRIN Acrylate) AMCP 706-177 A
Preparation: (a)
HOCHAC(CHONO3)3  + CHp = CHOOCL  +  CgHsN(GHg)y —
pentaerythritol ucrylyl dimethyl
trinitrate (PETRIN) chloride aniline
MW 2T1 MW 0.5 MW 121

(oenoa!a)3cmxeocm =CH, + csxsx(m3}2xc1 —

pentaerythritol trinitrate mono- dimethylanine
acrylate (PETRIN acrylate) hydrochloride
MW 325

The original synthesis for PETRIN acrylate employed trifluoroacetic anhydride and glacial
acrylic acid as the acrylation asgent ror PETRIN. These two me.eriesls were charged to & re-
action veseel and the initial reacticn was controlled by the slow addition of PETRIN at &
temperature of 10° to 15°C. Following & period of one hour, the batch was drowned in water,
precipitating the PLIRIN acrylate. This solid was separated by filtration, dissolved in chlo-
roform, and neutralized in solution with sodium bicarbonate. The product was then crystel-
lized during @ period of 16 hours at 0% snd dried under vacuum to remove traces of solvent.
The vield for this process was about 60%.

A significant improvement in yield (to about 7h¥%) and purity (spproximetely 95%) was
realized Ly the substitution of methanol for chloroform end crystallization of the product
from the solution without neutralization, residusl acid being removed by washing the filter
cake with water.

Because of the high cost and hygroscopic nature of trifluorcacetic anhydride, s nev pro-
cess, based on dimethylaniline ".nd scrylyl chloride, was considered. This process is cur-
rently under development in ine Rohm and Haas Chemical Processing facilities and is not con- N
sidered optimum. Yields aversged L6% and product purities aversged 93.5%.

PETRIN Acrylate Propellants:

PETRIN acrylate could be used as a monopropellsnt because it has & specific impulse of
214 lb-sec/lb end a burning rete of 0.2 in/sec. The addition of an oxidizer increases both
the impulse and burning rate. -

A composition which presantly sppears most promising is as follown:

Composition ™
PEIRIN ecrylate () 97% purity), ¢ 3%.3 (binder)

Triethylene glycol “>initrate, % 11.8 (plesticizer)
Glycol diecrylate, % 2.9 {crosslinker)
Ammonium perchlorate, % 51.0 oxidizer)
Hydroquincne, % 0.01k (polymerization inhibitor)
Measured specific impulse 238 1lb-sec/lb, st density of 1.3.
Reference:5 3

(a) Rohm and Haas Company, Redstone Arsensl Division, Process for the Manufacture of
Pentaerythritol Tetranitrate Monoecrylate and Petrin Acrylate Propellants, 12 March 1955.

55see footnote 1, page 10,
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AMCP 706-177 Pentolite, 50/50; 10/90
Composition: Meloculer Weight: 2840 Eﬁ
%
Oxygon Belence:
PETN 50 10 CO: % 42 68
€O % -5 -21
INT 50 %0
Density: gm/cc 1.65 1.60
Malting Point: °C 76
C/H Ratic Froszing Point: °C
lmpoct “ensitivity, 2 Kg Wr: a;é% 10/90 Beiling Point: *C
Burer.u of Mines Apparotus, cm S
Somple Wt 20 mg Refractive Index, nZ
Picatinny Arsenal Apparatus, in. 12 1k o
Somple Wt, mg 15 18 Ras
n%
Friction Ponduium Toot: Vacuum Stability Tost: m 10/90
Steel Shoe Unuifected cc/40 Hrs, ot
Fiber Shoe tinaffected 90°C
- 100°C 3.0 3.0
Rifle Bultet lmpoct Toat: 25 Tricls, 50/50 120°C 1i+ 11+
% . .. -
o2 £
is 20 - "
Burmed 0 209 Grom Bomb Send Teet:
Unoffected 8 Sond, gm 55.6 k.5
Explosion Tumpereture: *C., 50/50 Semsitivity to Inkistion: 50/50
Seconds, 0.) (no cop used) 290 Minimum Detonating Charge, gm
| 266 Mercury Fulminate 0.19*
S Decomposes 220 Lead Azide 0.13*
10 20k . -
s 197 *a1eifmdbive (nitiet
20 190 Sellistic Mortar, % TNT: (e} 126
Trouzl Test, % TNT: (v) 122
75°C Inteinctienal Heet Test:
,92 Loss in 48 Hrs Plote Deat Tost: (<)

R Mathod B
100°C Heot Tont: 50/50 Condition Cast
% Loss, Ist 48 Hrs 0.0 Conﬁ.ncd No

% Loss, 2nd 48 Hrs 0.2 Density, gm/cc 1.66
Explosion in 100 Hrs Rone Brisonce, % TNT 121
Detoaction Rote:
Flommebility Index: Will not continue to burn Confinement lione
Condition Cest
) 50/50 10/¢
M "é"“ .F% E;r-zz_ '??ﬁ’ Charge Diameter, in. 1.0
Density, gm/cc 1.66
Voletility: Rate, meters/second 7465
272
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#
k)
¥
M pentolite, 50/50: 10/W) AMCP 706-177
¢
A 5
: Booster Semsitivity Test: (d) 50/50 Decompesition Equation:
) Condition Pressed Cast Oxygen, atoms/sec
; Tetryl, gm 100 100 (2 ‘sec)
¥ ‘ Meat, kilocolorie/mole
$ Wasx, in. for S0% Detonation 2.36 2.03 (3H, keal/mol)
; Wax, gm Temperature Ronge, °C
: Density, gm/cc 1.60 1.65 Phase
i —
N Combustion, ol Jom Arwor Plate tmpact Test: 50/50
] s
' Explosion, cal/gm 1220 60 mm Morter Projectile:
: Gas Volume, cc/gm 50% Inert, Velocity, ft/sec 170
N Formation, cal/gm Aluminum Fineness
: . Fusion, cal/gm
] 500-1b Genere! Purpose Bombs:
; Specific Heot: col/gm/°C
e Plate Thickness, inches
‘-
; 1
y
s 14
i “
H L 13,
¢ Surning Rete:
* em/sec
g Bomb Drop Test:
5 Thermel Conductivity:
9 : ' calfsec/em/"C T7, 2000-1b Semi-Armor-Piercing Bomb vs Concrete:
. /
g » ! Mox Sufe D f
< of nsion: ox e Drop, ft
{ Linear, %/°C 500-ib General Purpose Bomb vs Concrete:
? Volume, % /°C Height, ft
» Trials
F ! .
: Herdness, Mohs’ Scele: Unarfected
! Young's Modulus: m Crder
: E', dynes/cem? High QOrder
- E, ib/inch? 1000-1b Ganeral Purpose Bomb vs Concrete:
Density, gm/cc
Height, ft
. Compressive Strength: Ib/inch® 2000-2200 Trials
Dengt’y, gm/cc 1.65 Unaffected
. Yapor Pressure: Low Order
, °C mm Mercury High Order
i)
273
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AMCP 706-177 Pentolite 3 10
Fragmentation Teat: 50/50 Sheped Cherge B TNT = 100:
&Z& {2 2[29 2§L‘_{2
90 mm HE, M71 Prejectile, Lot WC.91: Gloss Cones(?) Steel Cones {g)
Density, gm/cc 1.65 Hole Volume 157 105 149 119
Charge W, ib 2,147 Hole Depth 116 116 131 119
Tetel Ne. of Fragments: Color: Yellov-vhite
For TNT T03
For Subjict HE 9638
Pringipal Uses: Shaped charges, bursting
3 inch HE, WI2A) Projectile, Lot KC-5: charges, demolition blocks
Density, ¢m/cc 1.65
Charge Wt, Ib 0.872
Totel Neo. of Frogments:
Methed of Loading:
For TNT 514 Cast
For Subject HE 650
Leoding Density: gm/cc 50/50 10/%0
Frogmoent Velecity: ft/sec 1.65 1.60
At 9 ft 2810
At 2544 ft 2580 Storege:
Density, gm/cc 1.66
Method Iry
Blast (Relotive te TNT): (e) Hozard Class (Quontity-Distonce) Class 9
Al Compatibility Group Group I
Peok Fressure 105
Impuise 107 Exudation
Energy ..
Compatibility with Metals:
Alr, Confined: :  Copper, brass, sluminum, megnesium,
moulse megaesium-aluminum alloy, mild steel coated
with acid-proof black peint, snd mild steel
Under Weter: plated with copper, cadmium or nickel are not
Peck Pressure affected. Zinc pleted steel is only slightly
Impulse affected.
Enurgy We’: Stainless steel, sluminum and mild
steel coted with acid-proof bleck paint sre
s not atfe .ted. Copper, brass, megnesium, meg-
Peak Pressure nesjum-aluminum s8lloy, milé steel and mild
i Ise steel plated with copper, cadmium, zine or
mpu nickel are slightly sffected.
o Effect of Temperature on (n)
Butectic xmperature, °C: 76 Rate of Detonstion: Z’bo
16 hrs at, °c -sh T 21
gm PETN/100 gm TNT Deneity, um/cc 1.67  1.66
T6°¢ 13.0 rate, m/sec W0 Thlo
957C 28.3
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Pentolite s 10 AMCP 706-177

Mtion:

Pentolite is msnufactured by either the slurry method or coprecigitatian of PETN and TNT.
In the slurry method PEIN, in water, is stirred and heated above 80°C. TNT is added and vhen
molten, it coats the particles of PEIN. The slurry is cooled with rapid stirring and the sepa-
rated granules are collected on a filter and dried belov 75°C.

In (oprecipitation, PEIN and INT are diasclved separately in acetune. The sclutions are
mixed and the explosives are precipitated aimultaneousl; by pouring the mix.d solution inte

cold water under vigorous agitation. The mrecipitated solid is collacted on & filter and
dried in air.

in:

Standardized during World War II, with the 50-50 Pm/m mixture being the more important
for bursting charges and booster-surround charges.

References: 3¢

(a) L. C. Smith and BE. G. Eyster, sical Testing of losives, Part II1 - Miscellsneous
Sensitivity Tests; Performance Tests, GSKD Report No. 57h&, Decezber 1945.

(b) Philip C. Keenan ang Dorothy Pipes, Table of Military High Explosives, Second Revisicn,

FAVORD Report No. 87-46, 26 July 19u6.
(c) D. P. Machougsll, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

(d) L. C. Smith and S. R. Walton, A Considerstion of RIX/Wax Mixtures ss a Substitute for
'Degzl in Boosters, NOL Memo 10,303, 15 June 1949,

gée) W. R. Tomlinson, Jr., Blast Effects of Bowb Explosives, PA Tech Div Lecture, 9 April
1

(f) Bestern Lsboratory, du Pont, Investis. - oo of mvit% Eﬁ.‘ectz Sec ITI, Veristion of
Cavity Bffect with Expiosive Composition, NDRC Contract -0RD-5T723.

(g) Eastern Iaboratory, du Pont, imestization of Cavi Effect, Final Report, Contract
W-672-0RD-5723, E. 1sb, du Pent, 18 Sptember 19%3. 2 Eifect

(k) V. F. McGarry and T. W. Stevens, Detonation Rates of the More Importent Military Explo.
sives at Srveral lifferent Temperatures, . , Novi r 1950.

(1) Also see tne follewing Picatinny Arsensl Technical Report on Pentolite:

[ i 2 3 4 2 [ I 8
1360 1291 1212 1133 1284 1325 1k36 1L77 1388
1420 1451 1262 1193 2004 1466 1677 1598
1570 1651 1372 1213 1796 1737 1668

1363 1838

565¢e factnote 1, page 10.
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AMCP 706-177 PLIN (Peataerythritol 'I’etrlnitrutez
Co;w&l: Melecular Waight: (0538Nh°12) 316
OO, Oxygon Belance:
n . 2
N 19.0 !. ) O, % 10
X 2.5 ‘l» 2 CO % 15
X 17.7 OENO—CHZ—?—CHQ— CN02 Deasity: gm/cc Crystal 1.77
o 60.8 ?{2 Meltiag Point: °C %1
C/H Retio 0.13% ONo,, Freezing Point: °C
Impoct Sensitivity, 2 Kg We: Boiling Point: °C
Bureou of Mines Apparatus, cm 17
Somple Wt 20 mg - Refractive Index, a2
Picatinny Arsenal Apparotus, in. 6 o
Sample Wt, mg 16 A
n%
Friction Pendulum Tost: Vacuum Stebility Test:
Steel Shoe Creckles cc/40 Hrs, ot
i wer Shoe Uneffected 90°C
100°C 0.5
Siifia Sullet Impeact Toot: 5 Trigls * 120°C 11+
% P
Expiosions 100 :2;_2
Partiols 0
Burned 0 200 Grem Bomb Send Test:
Hﬁf{ﬁ{“ o] Sand, gm 62.7
Explosion Tempereture: C Semitivity to Initigtion:
Seconds, 0.1 (no cop used) 272 Minimum Detonating Charge, gm
! 2kl Mercury Fulminate 0.1T*
5 Decomposes 225 Lead Azide 0.03*
10 211 Tetryl -
15 . *Altethgvg initieting charses.
20 P Ballistic Morter, % TNT: (&) 145
Trouz! Test, % TNT: (v} 173
75°C Internationel Heat Test:
% Loss in 48 Hrs 0.02 Plate Lent Test: (e)
Method A
100°C Heot Tost: Cond'ition Pressed
% Loss, Ist 48 Hrs 0.1 Confined Yef
% Loss, 2nd 48 Hrs 0.0 Density, gm/cc 1.50
Explosion in 100 Hrs Hone Brisance, % TNT 129
D ion Rote:
Flammobility Index: Will not continue to burn Confinement livne
S Condition Pregged
Hygroscopicity: % 30°C, 907 i 0.0 Chorge Diameter, in. 1.00
Density, gm/cc 1.70
Volatility: 0.2 Rote, meters/second 8300
27
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PETN ‘Pcntacrx*.hritol Temnitrtte!

<3 A B

AMCP 706-177

[ 4
, Bosster Seneitivity Test: (e) Decompoesition Equetion: ({& 8 ( 6 (gg N
: Condition Pressed Oxygen, otoms/sec 10077 10°V°° 109
T (Z/300)
: stoyl, gm > Heat, kilocalcrie/mole LT.0 50.9 52.3
© Wax, in. for 50% Detonation {AH, keal/mol)
; Wax, gm ’ 3 Temperature Range, °C 161-233 108-120 137-157
: Density, gm/cc 1.6 Phase Liquid Solid At melt-
b ing pointy
Ky Heeot of: Armor Plate .
: Combustion, cal/gm 1960 Impect Toat:
H Explosion, col/gm 1385 60 mm Morter Projectite:
E. Gos Volume, cc/gm 790 S0% Inert, Velocity, ft/sec
; Formation, cal/gm 383 Aluminum Fineness
. - Fusion, cal/gm ‘
: 500-ib Generel Purpose Bombs:
' Specific Heot: cal/gm/°C (d)
» Piate Thickness, inches
f ; Room Temperature 0.26
y 1
%
] 13
z Rurning Rete:
cm/sec
Bow:b Drop Test:
- Thermal Conductivity:
TR By byt 77, 20005 Semi-Armor-Piercing Bomb vs Concrete:
i R
s Cocthcioms of Expomsion Maox Safe Drop, ft
% Linear, %/°C 500-1b Generol Purpose Bomb vs Concrete:
: Volume, %/°C Height, ft
: - Trials
: Hordness, Mohs’ Scale: 1.9 Unaffected
j L
: Young's Modulus: Hc'vw Order
igh Order
M E’, dynes/cm?
i .
o E, Ib/inch? 1000-1b Generol Purpose Bomb vs Cencrete:
! Density, gm/cc
Height, ft
: . Compressive Strength: Ib/inch* Trials
: Unaofiected
f Vapor Pressure: Low Order
: *C mm Mercury High Order
E

e
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_“CP 106477 PETN ‘Penblcﬂthriﬁol 'htunitnte{
Frogmentation Toat: Shaped Charge Effectivoness, THT = 100:
90 mm NE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Deraity, gm/cc Hote Volume
Chorge WA, Ib Hole Depth
Tote! No. of Frogments:
For TNT Color: Wuite
For Subject ME
3 inch HE, MAZAY Prejectile, Lot KC-S: Class A - Detonating fuse snd boosters
Dersity, gm/ce Class B « Priming compositions
Charge ‘W, ib
Totel Ne. of Frogments: R
sathed “ m:
For TNT
For Subject HE
Leoding Deasity: gm/cc vs: x 203
3 A 10 20 0 Lo
'm""“"ﬂ ft/sec 1.37 4,58 1.6 1.71 1.73 1.Th
Ar 25y & Storege:
D“"‘W, 9"":"‘
Mehod Wet
Blact (Ralotive to TNT): Hazard Closs (Quantity-Distance) Class 9
Aes Comoatibility Group Group M (wet)
Peck Pressure
Impulse Exudation None
Energy
s Bulk Modulus at Room ) (1)
“"‘":‘.,:'“ : rature C):
Dynes/cu® x 10710 L.60
Under Weter: Density, gm/ce 1.77
Peak Pressure
Impuise
Energy
Undergrovad:
Peck Pressure
impulse
Energy
278
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PETN (Pentaerythritol Tetrsnitrate ANMCP 706-177

Compatibility wi-h Metals:

: Copper, bress, aluminum, magnesium, magnesium-sluminum alloy, stainless steel, mild
steel, mild steel coated with acid-proof black paint and mild ateel plated with copper, ced- ) .
; edum, nickel or zinc are not affected.

Wet: Stainless steel is unaffected and a’uminum only very slightly so after prolonged
1 storege. Copper, brass, magnesium, magnesium-aluminum alloy, mild steel, mild steel costed
vith acid-proof black paint and mild steel plated with cadmium, copper, nickel or zinc ere

4 affected.
t Sensitivity of PETN to electrustatic discharge, joules; Through 100 Mesh: (8)
14
¢ Unconfined 0.06
» Confined 0.21
: - Solubility, grams of PETN per 100 grams (%) of: (h)
* TDrichlorethyviene
! or A.cobol Acetone Benzene Toluene
;- % s % % %
; K 0 0.070 0 1h.37 0 0.150 0 0.150
¥ 20 0.195 20 2%.95 20 0.450 20 0.43%
L Lo 0.115 Lo .56 Lo 1.160 40 0.620
¢ 60 1.205 60 i2.68 80 7.900 60 2,490
’ 8 5.850 :
1 100 15.320 ;
H 112 %.900 i
z ~Ethoxy-ethyl- ¢
; : Methyl acetate Ether acetate Chlorcbenzene z
T e’ —— % 5
H Z % ke 2 X 2 °c 2 ’
: 20 13 0 0.200 20 1.5 20 0.35
’ Ky 17 20 0.3h0 30 4.1 30 2.8
a. ko 22 3.7 0.450 Lo 7.6 ko 6.1
4 50 A 50 11.2 50 9.2
' 6 k.2 60 12.2
: Carbon
: Ethylenedichloride Methanol Tetrachloroethane tetrachloride
L % 8 i x % % $
4
. 10 0.9 20 0.46 20 0.18 20 0.0%
t 0 1.5 Lo 1.15 k) 0.27 o) 0.108 .
I 50 2.6 60 2.6 Lo 0.50 Lo 0.118
. 50 0.58 50 0.121
; u
3
,

R L
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AMCP 706-177 PETN (Pentae>v’aritol letran’trute)

A
Isoprogsnol Isobutanc) Chloroform }

2 3

0 0.0

3

858 |°
o000

vewy =
53858 P

3EBBG |
ocoooo0
s8&G28 ™

100
109
Eutetic of *the system PETN-TNT is about 13% PETH 110 0.
and 87% ™NT st 76°C. 115 87
120 115
125 161

Preparation:

(Niggycerin anéd Nitroglycerin i2xplosives, Neoum) o
BHCHO + CH3CHO + CalOH)p ~ 2C(CH,0H), + Ca(HC00), C(CHOK), + LHNO;— C{CHZONO,), + UHn0 )

1. In +his preraration 1940 gm of formeldehyds and 600 gm of scetelieh;le sre dissolved ..
in 90 liters of water containing 1600 gm ruspended slsked lime. The reaction is complete in :
about 3 weeks 1f agitated several times a day. The solution is filtered, the calcium formate
precipitated vith camlic acid, filtered off, and ihe watar removed under rsduced pressuie.

On cooling the mother liguor about 200 gm crude pentaerysthritol, melting point 2350-2L0°C
are obtasned. Purification is reedily effectcd by stirrisng with 2 little alcohvl, filtering
anl recrystullization from water.

2, T. 40O cc of strong white nitrl c¢id, are sdded 100 gm «f pentaerythritol (through
50 mesh), at 5°C or below, under good & ition. After sd@itior is complete stirring, ot
5%, s continued fo: 15 minutes. The mixture ig drowmed in 3 liwers of ice-water, fil-ered, .
the product washed free of acid with water and then digested ) nou» {n 1 liter of hot 0.5% i :
sodium carbonate solution. The product is filtered, and recrystallized from acetone. \“'w

origin:

PETN was known as an explosive in 166k when it was proposed ag an 8dd!’ ‘on to smokeless
powders to raise their flammability and ease of comtustion (Germen Patent 81,66k (189k4).
Modarn methods of preparation are described by Vignon and Gerin (Compt ren: , 590 (1901) .
and Gevman Patent 265,025 {1912) end A. Stetttacher (7 ges Schiess - Sprengst. 11, 112, '
w2 (1716) and 24, 259 (1929)). PEIN vus not used or a practicel basis until e ter World War . .

Destructioa by Chewiza)l Decomposition:

PETN iz 4 .ompoc oy élnsolving in & times its weignt of technical grade acetone and burn-
‘ng the solution i a shellov container. If preferred, w.rm the scetone solution to L0°C,
stir and add 7 parts by wuight, to each part of PFIN, of a solution of 1 part sodium gulfide
(la23-95 0) in 2 par:s water heated to BO°C. The ag.eous solution should be added at such 8
rate that the acetone solution does not buil. After mixing is complete cuntinue gtirring for
one~half hour. N
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PETN (x’entaé!"yth:'itol Tetranitrate) AMCP 706-177
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(a) L. C. Swith end E. G. Byster, Physical Tesiing of @“ losives, Part JIT - Miscellaneous
Sensitivity Testy; Pelformance Tegts. OSRD Keport No. 5746, 27 December 1945,

/b, Ph. Neoum, Z ges Schiess - Sorengstoffw, pp. 151, 229, 267 (27 June 1932).

(¢) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 1i August 19k2.

(d) International Critical Tebles.

(e) M. A. Cook and M. T. Abegg, "Iso‘hermal Decomposition of Explosives,” University of
Utsh, Iné & Eng chem, (Jjune 1956), pp. 1090-1095.

{f, ‘A. J. B. Robertsor, "The Thermal Decomposition of Pencaerythritcl Tetranitrate, Nitro-
glyceri:.. Ethyrenediamire Dinitrate and Ammcnium Nitrste," J Chem Ind 67. 221 (1948).

(g) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitavity of Explosives to Initiation
by Electrostatic Discharges, U.S. Dept of Int, Bu.wau of Mines, RI 3052, 1946.

(h) Veriois sources in the open literature.

(i} W. 8. Cramer, Bulk Compressibility Dn+a on Severs)l High Fxplosives, NAVORD Report No.
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(J) Also =ee the following Picatinny Arsenal Technical Reports on PETN:
i g 2 L2 2 [ I g 2

760 1041 172 53 90k 1305 1246 Lot 18 2379
1170 1311 922 863  1laTh 1325 1276 527 £33 1429
1260 1381 1182 1063 1284 145 1316 85T 1238 1489
1290  1b51 1192 1133 thik 1705 1376 1lak7 1318 1559

{0o

1300 1561 1212 1253 1885  1kk6 1517 1383 2179
1320 1611 1262 1343 2125 1b56€ 1617 1368

1360 1651  13k2 1493 W66 1731 158

? 1352 1533 1556 197 1830

1390 1372 1796 2178

1430 1452

1450

1570

Shee Fantnote L, page 16,
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ANCP 706-177 Picramide (TNA) (2,4,6-Trinitroaniline)
Compasition: Aolecular Weight: ( C6HhNh06) 228
%
c 3.5 NH . Oxygen Belense:
COo: % -56
B L8 o Ne,, co % -14
N 2h.§ Density: gm/cc Crystal 1.76
0 ka2 NO, Melting Peint: °C 189 to 190
C/H Rotio  0.500 Freezing Point: °C
Impecr W. 2 Kg Wr: Colling Point: °C Decomposes before bgé}}lge
Bureau of Mines Apporatus, cm
Sample Wt 20 mg Rofractive Index, nS
Picatinny Arsenal Aoparatus, «n. 23 o
Somple Wt, mg 20 Rz
ng
Friction Pendulem Test: Yecuum Stability Test:
Stee! Shoe “=c/40 Hrs, ot
Fiber Shce 90*C ot
~ _ 100°C 0.9
Rifle Bullet Impoct Tese: Trials 129°C
) % 135°C
Exglosions
. 150°C
Partic's i
Burned 200 Gram Bomb Sand Test:
Unctfected Sand, gm L8.2
Explosion Temperature: °c Sensitivity to Initietion:
Seconds, 0.1 (no cap used) Minimum Detonating Choarge, gm
1 Mercury Fulminote ‘eee
5 Lead Azide 0-3
10 Tetryl .-
B
20 | Bellistic Morter, % TNT: 100
Trausl Test, % TNT: 107
75°C Internationai Heet Test: —
% Loss in 48 Hrs Plate Dant Tost:
Methcd
100°C Moot Test: Condition
% Loss, 1st 48 Hrs Confired
% Loss, 2nd 48 Hrs Dglnsity, gm/cc
Explosion in 100 Hrs i Brisance, % TNT
Detonation Rote:
Flemmebility Index: Confinerent None
Condition Pressed
Hygroscopicity: % Charge Diameter, in. 0.5
Density, gm/cc 1.7%
Velotitity: Qate, meters/second T30
N2
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Picramide {TNA) (2,4,6-Trinitroaniline)

AMCP 706-177

Fregmenietion Tost:

90 mm HE, M71 Projectrle, Lot WC-91:

Density, gm/cc
Charge Wt, 1b

Totel No. of Fragmants:
For TNT
For Subject HE

3 inch HE, MA2A1 Projectile, Lot XC-5:

Shaped Cherge Effcctivensss, TNT = 100:

Glaoss Cones  Steel Cones
Hole Volume
Hole Depth

Color: Yellow

Principel Uses: High tempersture reat
resistant expiosive

Density, gm/cc
Chorge Wt, Ib
Totel No. of Fragments: _
For TNT Method of Loading: Pressed
For Subject HE
Looding Density: gm/cc
¥ ¢ Velocity: ft/sec At 50,000 psi 1.72
Ar9 R
At 254 Storegs:
Density, gm/cc
Method Dr,
Blast (Reletive to TNT): Hozord Closs (Quantity-Distance) Clags 9
Air: Compatibility Group Group I
Peak Pressure
Impulse Exudation ’ Hone
Energy
M'. Confined: Solubili 1’2‘:’:
Impulse Insoluble in water, slightly solutle in
alcohol and ether. Soluble in hot glacial
Under Weter: acetic acid, Lot ethyl scetate snd in benzene
Peok Prassure and acetone.
Impuise
£ Heat of-
Comuustion, cel/zm (&) 2962
Underground: Explosion, cal/am 5k
Peok Pressure Formation, cal/gm (a) 131
lmprlse
Energy
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AMCP 706-177 Piccamide (TNA) (2,4,6-Trini*roan:line)

Preparation:

Five grams of picryl chlyride were dissolved in 180 milliliters of avsolutle methanol.
The solution wes then sature.ed with anhydrous, gaseous ammonis. The time required ves
approximately 30 minutes. The amino derivative precipitated in 75% vield (3.6 gm) melting
at 190°C (1itersture Mp 189°¢).

Origin:

Picramide (2,4 o-trinttroaniline} was first prepared in 155k by Piseni who treated picryl
chloride with ar .onium carbonate (CR 2% 853). The use of picramide, as & brisant explosive,
wvas petended by Chemische Febrik Griesheim 26 May 189L (German Patent 84,628). Meisenheimer
and Patzig reected trinitrobenzene with hydroxylamine in cold alcohol solution 1o obtsin
picramide (Ber 39, 2534 (1906)). Witt and Witte obtained the compound by nitrating 8 solu-
tion of eniline ia glacial acetic acid or concentrated 50, at about 57C with concentrated
HNO., (Ber 41, 3091 {1908}}. Holleman gives details of the prep =ation from p-nitroaniline
and”from acetanilide {Rec tras chim 43. 112 (1930)).

Reference: 38

(e) Williem H. Rinkenbach, "The Heats of Combustiol. and Formation of Aromatic Nitro
Compouras,” J Am Chem Soc 52, 116 {1930).

38see footnote 1, pag .U
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P{cratol, 52kt AMCP 706-177
Compaosition: Molecular Waeight: P
% —
Explosive D 52 °"g;";""‘"‘ “
2 € e
e L2 CO % 13 |
Density: gm/cc cas® 1.62
Malting Point: ‘C
—t
C/H Ratio Freezing Point: "C
impact Sansitivity, 2 Kg Wit: Boiling Point: ‘C
Bureoau of Mines Apparatus, cm 100+
Sample Wt 20 mg Retractive Index, n,
Picatinny Arsenal Appa..iu., in. 17 ne
Somple Wt, mg 19 2
[+]
—l N
Friction Pendulum Test: Vecuum Seability Test:
Steel Shoe unaf’ected cc/40 Mrs, .:
Fiber Shoe Unaffected 0 C
— 100°C 0.37
Rifle Buliet Impoact Test: Trials 120C 0.62
% . .-
Explosions 0 135°C .
Partials 0 150 C 0.7
Burned L0 200 Grom Bemb Send Test:
Ur.affected 60 Sand, gm Ls.0
Explosion Tempersture: C Senshivity te Initietins:
Seconds, 0.1 (no cop used) L56 Mir mmum Detonating “Large gm
1 35L Me-cury Fulrunate
5 Decomposes 285 Leac Azide 0. 20
10 s Tetryl 0.0
15 <0 s s et toan e e @ o o
20 255 Bellistic Morter, % TNT: w) Y
Trousl Tost, % TNT:
75°C internotions] Haot Test: . T
% Loge in 48 Hrs 0.0 Plate Dent *‘ent: )
Metrnd
100°C Meat Tost: i Cond:ron s
% Loss, 1st 48 Hrs 0.0 Confined .
% Loss, 2nd 48 Hrs 0.0 Density. gm/cc e
Explosion in 100 Hrs Tone Brisance, % TNT S L
Detenstion Rete: 1y
Flemmability index: Confinement e
P ——— Condition LTS
Hygrescopicity: % 307C, J0n 9.02 Charge Diamaeter, in ;
Dens.ty, gm/cc .
Velatility: Rote, meters/second P
D




AMCP 706-177 Picratcl, 52/48
Fregmentetion Test: Shoped Charge Effectivensss, TNY = 100:
90 mm ME, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Density, gm/cc 1.61 Hole Volunse
Charge Wt, 1b 2.075 Hole Depth
Totel No. of Fregments:
Color: ~-yel
For TNT 703 Brown-yellov
For Subject HE 769
Principal Uses: AP, SAP prolectiles and bombs
3 inch HE, MA2AT Projectile, Lot KC-5:
Density, gm/cc 1.61
Charge Wt, b 0.850
Totel No. of Fregmants:
Mathod of H Cast
Foe TNT 51k Loskiee
For jubject HE T
Loading Devsity: gm/zc 1.62
Frogment Velocity: ft/sec
A9 # 2590
At 2514 2320 Storage:
Density, gm/cc 1.62
Method bry
Biast (Relgtive to TNT): Hozord C.ass (Quantity-Distance) Claes 9 ,
Abr: Compatibility Group . Group 1
Peck Pressure 100
impulse 100 Exudation None at 65%
Energy --
Preparation:
Ah;, Cu’ﬂnd: Picratol is made by heating TNT to sbout
mpuise 90°C in a steam-jacketed melt keitle. Explo-
sive D is added slowly, without prenesiirg,
Under Water: and the mixture stirred until uniform {n com-
Peck Pressure position. This slurry is cooled to ebout 85°¢C
impulse and poured into the appropriate smmunition
o onent.
Energy omp
Origin:
Undergrouad: ——
Peck Prassure veveloped during World War 11 es sr. {nsensi.
impulse tive, ~=it-lomded AP bombt end prolectile filler
Energy Booster Sensitivity Jest: {c)
Bomb Drop Test: Condition Cast
Tetryl, gm 100,
T7, 2000-1% Semi-Armor-Piercing «“ax, in. for 504 Detonation 1.00
Bomt vs Concrete: Dengity, gm/ce 1.£3
Max Safe Drop, ft 10,000-12,000
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: Picratol 48 AMCP 706-177
, References: 59

" () i C. Smith and E. (. Eyster, Physical Testing of Explosives, Part III - Miscellaneous *
s Sensitivity Tests; Performance Tests, OSRD Report No. ! N Dece N .

¢ —_—

. (b) D. P. Machougall, Methods of sical Tes.ing, OSRD Report No. 803. 11 August 1942.

: {c¢) L. C. Smith and 5. R. Walton, A Considersiion of RDX/Wax Mixtures as a Substitute for
. Tetryl in Boosters, NOL Memo 10,363, 15 June 1949,

t (d) R. W. Drake, nt Velocity and Psnel Penetration of Several Explosives in Simu-

T lated Shells, OSRD Report No. , € January 1946.

. {e) Also see the following Picatinny Arser~l Techrical Reports on Picratol:

" .- 0 H 6 z 8 2

: 1470 1885 1466 1737 1838 1729

. 1796 1797

. 1956

:
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S9See footnote 1, page 10,
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177
AMCP 706- Pleric Acid
Composition: Molecular Weight: Cet 31%07) 229
% OH
Oxygen Belonce:
C .
33 CO. % -5
H 1.3 O,N NO., €O % -3-5
N 18.3 Density: gm/cc Crystal 1.76
0 48.9 Melting Point: °C 122
NO,
C/H Ratio 0.656 Freazing Point: "C
Impact Sensitivity, 2 Kg Wt: Boiling Point: °C
Bureau of Mines Apparatus, cm 85
Sample Wt 20 mg Refractive Index, n2,
Picatinny Arseno! Apparatus, in. 13 ne,
Semple Wt, nig 17 13
nS
’—Frkﬂou Pendulum Test:
sndulurs Test: Vacuum Stohility Test:
Steel Shoe cc/40 M-, ot
Fiber Shoe c. C
T 100°C 0.2
Rifle Bullet impoact Test: Triale 120°C 0.5
% "
Explosions 0 135°C
Partials &0 150°C
Burned Lo 200 Gram Bomb Sond Test:
Unatfected v Sand, gm 48,5
Explosion Temparature: °C Sensitivity to Initietion:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate C.26%
5 Decomposes 320 Lead Azide 0. 2kx
10 Tetryl
15 *Alternative initiating charges.
20 Bollistic Morter, % TNT: (a) 112
Yreuzl Test, % TNT: (r) 101
75°C Intarnotional Heot Test:
% Loss in 48 Hrs 0 O: Plote Dent Test: (C)

Method A
100°C Hoat Test: Condition Preesed
% Loss, Ist 48 Hrs 0.0% Confined o
% Loss, 2nd 48 Hrs 0.09 Density, gm/cc L-20
Explosion in 100 Hrs Ilone Brisance, % TNT 107

Detonation Rote: (a)
Flommability Index: Confinement Uncorfired
5 Condition Presged Cas
Hygrescopicity: % 0%, 0% i C.ob Charge D. imeter, in. L0 1.25
- Density, gn /cc Lo L.71
Volatility: Rate, meters /second 4270 7320

¥ ot
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: Sieric Acld AMCP 706-177
'Q
' Sooster Sensitivity Test: (c) Decompotition Equation:
N Condition Pressed Cas® Oxygen, otoms/sec
T 10 (Z/se)
_f ﬂryl,‘ om ] Heat, kilocalorie/mole
: Wox, in. for 509% Detonation (AH, kcal/mol)
N Wax, gm 2 0 Temperature Range, "C
) Density, gm/cc 1.¢ .7 Phase
»
M Heet of: .
: Combustion, cal/gm co72 Armor Plote Impact Test:
: Explosion, cal/gm 100? 60 mm Mortor Projectile:
: Gas Volume, cc/gm b1z 50% Inert, Velocity, ft/sec
. Forration, cal/gm aks Aluminum Fineness
¢ . Fusion, cal/gm rs) 20.’1_"
: Temperature, "~ 12z 500-1b Gene-al Purpose Bombs:
: Specific Heet: cal,gm/°C  (e)
L4 % Plate Thicknes., inches
1 ) 0.23
: 30 0.258 .
: 60 0.282 )
: %0 0.316 A
. 120 0.337 H;
2 ]:l‘
: Burning Raote:
N cm/sec
2 Bomb Crop Test:
F3 .
Thermat Conductivity: 4
f col/sac/cm/°C ty () 5.24 x 10‘1‘ 77, 2000-1b Semi-Armos- Piercing Bomb vs Concrete:
: o~ Density, gm/cc e
4
; CoeHicient of Expansion: Mox Satfe Drop, ft
» Linear, %/°C 500-1b General Purpose Bomb vs CToncrete:
»
3
k4 e
. Volume, % /°C Height, ft
f , Trials
i Hardness, Mohs' Scale: 2.1 Unaffected
.
1 Low Ord
. Yourg’s Modulus: H?wh (; ;:
r
: €', dynes/cm? 'gn Uraer .
' " E, Ib/inch 1000-1b General Purposte Bomb vs Concrete:
) Density, gm/cc :
Height, ft
ot Compressive Strength: Ib/inch* Trials
M Unaffected
' Yapor Pressure: Low Order
4 C mm Mercury High Ocder
145 2
) 0

M4
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AMCP 706-177 Picric Acid —
Frogmentetien Test: Shopad Charge Effectivaness, TNT = 100:
90 mm HE, M71 Projoctile, Lot WC-9): Gloss Cones  Steei Cones
Density, gm/cc Mole Volume
Charga Wt, Ib Hole Depth
Totel No. of Freg : Color: Yellow
For TNT
For Subject HE

3 inch HE, MA2A) Prejectile, Lot KC-S:
Dersity, gm/cc
Charge Wt, Ib

Tetel No. of Fragments:
For TNT
For Subject HE

Priacipel Uses: Formerly projectile filler,
now explosive admixture; and for the
manufac we of Explosive D

Methed of Loeding: Pressed

Leeding Density: gm/cc psi x 107
3 5 10 12 15 20
1.0 1.50 1.57 1.0 1.6L  1.64

Sterage:

Maethod Dry

Under Water:
Pwok Pressure
Impulse
Energy

Underground:
Peck Pressure
Impulise
Energy

Hazard Class (Quantity-Distance) Class 9 Do .

Compatibility Group Group I —

Exudation None
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N Plecic Acid AMCP 706-177
. ‘lubility: r 100 (8) of: (8)
. Water Alcoliol Benzene ) Toluene Ether
*
: X 8 i N X 4 X ] Zx 2
N 0 0.8 0 by o ~2 20 ~13 20 ~3
: 2 Q7 2 5.9 2 5.6 60 ~% .7 3.9
. Lo 1.88 ko 2.9 Lo 27.5
, 60 2.98 60 59
8o 4.53
100 T.1
Jarbon
Chloroform Etbyl acetate tetrochloride Pyridine Acetone
! X 2 2 )] b} g X ] X 4
. 20 ~2 20 42 2 ~0.07 10 2k 20 125
' 60 ~6 K 50 60 ~0.4 » 7.5 X 137
: ko 58 50 58 ) 164
: 50 69 50 208
. Methanol Isopropyl slcohol Propanol -1 Carbon disulfide
: A T S T T $
. 0 % 10 6.k o 2.k 20 0.12
, . 20 19 k4 9.8 20 3.3 k) 0.16
3 : ko 2 50 15.5 ko 5.k
- g : 50 5% 50 T.h §
L " - Preparation: (Summary Rep.:t of NIRC, Div §, Vol I) )
; 0636 + HG(M3)2 > CSKsms + m3 (1)
; Cefigheits + N, > CgHsNO + Hg(N03), (2)
5 CgHsNO + 2M0 > CeHsH,N0, (%)
X CgHgN MO0, + Hy0 > cézsoa + Ny + HNO, ()
, CeHsOH + HNOg Nop > OpNCAH,OH + B0 (3¢)
=~ o 0, . O.NC.H, OH 4
;,‘_ " E s oxidation and rearrangement 2 ®
> ’ 0NCECH + HAO4 %02 > (OpN)CeHUH + B0 5)

&y - (0aM)aCgHs0H + 03 __ Bp _, (55M) CeBy0H + Hyo @
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AMCP 706-177 Pleric Anid

The two variables of greatest ‘mportance in this process are nitric acid concentration and
the effe~tive concentration of benrzene (i.e., benzene dissolved in the oxynitration solution).
The optimei. ccncentration of niiric acid is in the range 10.4 to 11.6 molar {or the equivalent
of 50% to 5°% by weight for pure acid). The mcid concentration greatly inrluences the over
all rate ~f reaction, below 10.4 molar th¢ rante falls off repidly. while above 10.L molar the
rates ¢! both the oxynitration resction anu various side resctions, such as direct nitretion,
increase rapidly. The range mentioned atove seems, in general, to give the lowest proportion
of neutral nitro-compounds to niiro-phenols . {th, ut lhe same tinc, an adequate rate of ox,ni-
tration. The oxynitration solution must be tortified freguently, or, preferably, contiriously
with 2itric scid. Strengths of nitric acid between 95% ard 98% are best. due 1o the smaller
increase in reaction volume than if weaker ac!d were used. The uce of ebsolute nitric scigd
requires that its direct contact with liguid tenzeunc be avoided.

‘The effective concentration of berwene i. .-obably the most critical varistle affectine
the proportion of neutral nltro-compounds “c n:t+sphencls and amount+ of colored by-produc.s.
Saturation of the ogyuitration solution v'tY be..vne .s undesire.’  a.d thus in Satch processes
slov benzene addi‘jon is prefersble to the ddition ¢f it in one por.ion; in continuo.s pro-
cesses vher: an excess of benzene is useu .he rate of agitetion 1s important.

The concentration of mercuric nitrate catalyst doee not appear to be a critical factor
over o iaiul’ wide renge. (oncentrations of 0.3, to 0-5 mole of mercuric nitrate per iiter
of oxynitratic.. solution have been found to give saticfactory results in most cases.

A con*inuous p: "cess, known as the continuoug scration procese. works on the following
cycle. The oxynitre.fon solution jg satwrated +rith beniene by vigorous agitation vith excess
benzene at room tamperature, the saturated scol.tion is separated from excess benzene and iir-
culated thro gh @ heatud coll; it is then cooled to room temperature «..a agitai. 1 again, with
benzene, which extrsci . the orgenic product and resaturates the oxyni.rstion sotution. In
evalueting (h': process, the rate ol formation »f dinitrophenol per liter of reacting sclution
in the coll ‘= determ’':ed; 70 gm of dinitropheno) per liter per Lour s represer tative perfor-
mance. The dini.-~ nencl {8, of course. nitrated tc nleric seid,

origin: Ve

Pleric Acid was first prepered irn 7Tl t; Woulff wue four. *he reamction of nitric acid
and indigc yjelded a dye. Hausuarn isolated Picr! A- 1 in 1774 end st.d ed it furtier
(Journal de physique 32, 165 (178t)). The prep wretic: wae studied Ly man, chemists but in
1841 Taurent estatl!shed tts iden.ity (Ann chim obre I7I, 2 221 (1801)). It wes ured us 8
vellow dye untol Murpin, in 1wod, proposed Pler! . . ) as a varsti:, ciaorge T'or high exp’ sive
shell {Frencnh retent 177,512). The Britieh adopled . icric scld as a military explosive .n
+b58 under tae “isre of lyddite and other nationg soon began to use it es the firat melt-
loaded niyh explosive. Uxilures of other explosiver and Plcric Acid were developed until it
wBs wraduall, replaced t. TNT about 1900. Today 7o le Acld i{s used for the merufacture of
Explosive 1.

.

Jeptruction oy Tnemlcel jaecompositich.t

Pleric Acid s decomposed ., dissclving in &5 times ('8 weight of & golution mede from
1 part scdlum hydroxide and «1 parte sodin suilfide Ciie 3 )}{26) ir. 200 parts o1v water. Sore
hydrogern sulfide and ammenis are evolverd.
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Pleric oo . AMCP 706-177

fefarences: 50

(a) L. C. Smith and E. G. Eyster, %sial Testing of Explosives, Part III - Mircelianeous
. Sensitivity Tests; Performanc: Tests, Xo. 5T45, Daceaber 1945.

(v) Fh. Wmoum, Z ges Schiess-Sprengstoffw, pp. 181, 229, 267 (27 June 1932).

(c) D. P. Machougall, Methods of Paysicel Testing, OSRV Report No. 803, 11 Augusi 13%2.

{Q) G. H. Messerly, The Rate of Detcuation of Vsrious Explosive Compounds, OSRD Report
No. 121G, 22 Pevruary 1843,

M. D. Brwitz, The Rate ol Lelonacion of Verious de and Mixtures, OSRD Report
Fo. 561, 15 January 1945, .

(e) International Critical Tables.

(£} E. Butchinson, Tbe Thermal Sensitiveness of Explosives. The Thermal Conductivity
Bxplosive Materials, AC Fepart No. 2501, First Report, Eugu.sE T2, y

(g) Velues taken froa various sources in the open litersture.

(k) Also see the following Picatinny Arsenal Technical Keports on Picrie Acid:

1 2 3 L3 2 [ I 8 2
1651 132 1$83 69 65 266 137 1118 15-9

582 764 has 556 1557
1172 8 1585 926
1352 976
13712 986
15k6
1556

5"5« Lootnote i, page 10.
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AMCP 706-177 PIPE
C‘;’uﬂu: Melecular Weight: 310
Oxygen Belunce:
PETN 81 CO: % -Th
CO% -3
Gulf Crown I 01l 19
Donelty: gm/cc Hend tam,~d 1.35
Malting Polat: °C
C/H Rotio Freszing Peint: °C
Impect Sensitivity, 2 Kg Wr: Beillng Coint: °C
Bureou of Mines Apparatus, cm
Sample Wt 20 mg Refroctive Index, 3
Picatinny Arsenol Apparotus, in. 11 o
Semple Wt, mg 27 L
n&
Tout: Vecuum Stebility Tost:
Steal Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
- 100°C 0.h48
Rifle Bulist dmpect Test:  Trials 120°C 16 hours e
% o
Explosions o ‘35.C
Partials 0 150°C
Burned 0 200 Gecm Bomb Send Tost:
Unoffr ted 100 Sand, gm 41.6
Explesion Tempevoture: C Soneitivity te Inltiation:
Seconds, 0.1 (no cop used) Minimum Detongating Charge, gm
1 Mercury Fulmingte 0.20%
5 Decomposes* Leod Azide 0.20%
10
15 *Alteqlz'%trﬂive initiating charges,
20 Bellistic Mertar, % THT:
*No value obtained.
Treual Test, % TNT:
75°C internations! Heot Tost: 5
% Loss in 48 Hrs Plete Dont Toa: (a)

Maethod B
100°C Heot Tosi: Condition Hand tamped
% Loss, Ist 48 Hrs 0.17 C :nfined No
% Loss, 2nd 48 Hrs 0.00 Dersity, gm/cc 1.33

Explosion in 100 Hrs None Brisonce, % TNT 76
Detenation Rete:
smmobiity Index: Confinement None
. Condition Hand tamped
Hygroscapicty: % 30°C, 90% FH 0.02 Charge Diometer, in, 1.9
Densit,, gm/cc 1.37
Volatitiey: « Rate, meters/second 7075
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PIPE AMCP 706-177
Frogmentetion Tost: Shaped Charge Effoctivaness, TNT = 106:
90 mam HE, M71 Projoctile, Lot WZ-9Y: Gloss Cones  Steel Cones
Dersity, ym/cc 1.33 Hole Volume
Charge Wi, Ib 1.723 Hole Depth
Tetol Ne. of Fregments: Cot -
For TNT T03
For Subject HE 519
Principal Usss: Plastic demolition explosive
3 inch ME, MG2AY Projoctile, Lot XC-3:
Dersity, gm/cc 1.39
Charge Wt, ib 0.735
Totel Ne. of Fragments:
Maothed of Londinc: Hand tamped
For TNT 51 )
For Subject HE 428
Loading Demalty: gm/ic 1.35
Fragment Velocity: it/sec
A9 ft
At 25% £ Steregs:
Density, gm/cc
Mathod ory
Blest (Relative to TNT): Hozord Closs (Quantity-Distonce} Cless 9
Ale: Compatibility Group Group I
Peok Pressurs
impulse Exudation
Energy
Al Origin:
impuise PIPE, & mechanicel nixture of PETN end Gulf
Crown © (011, vas developed in the United Statles
Under Woler: during World War II.
Peck Pressure References: 51
impulse () L. C. Smith and E. G. Eyster, {;hxciul
Energy Tesring of _E_x_'g}.asivesi Part II]-Miscellsneous
Sensitivity Teste; Perfor-ance Tests, Re-
Underground: port Ne. 57LE, 27 December 1965,
Peck Preciure
(v} S. Livingston, rties of losives
impulse RIPE, PIPE and PEP-3, Pigataizlms_ﬁem Technl-
Energy cal Report 1517, April 1945,
PreEntion:

PIPE ig menufactured by simple mechanical
mixing of PETN in o.1,

blsee footnote i, page 10,
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Compaesitien: Molecular Weight: 291 .
% .
Oxygen Belonce: ¢
Lead Nitrete T0 CO: % -5.b "
CO % +9.3 N
INT kY .
Demsity: gm/:c .
Melting Peiat: °C :
C/M Rotic Froazing Pelnt: 'C
lmpect Semsitivity, 2 Kg Wt Beiling Poiat: °C
Bureau of Mines Apparatus, cm - .
Sample Wt 20 mg Refractive Index, nS .
Picatinny Arsenal Apparatus, in. 13 ° .
Sample Wt, mg 22 Mas .
" .
Friction Pendulus: Test: Vacuum Stebility Test: :
Steel Shoe cc/40 Hrs, at :
Fiber Shoe 90°C :
100°C .
Rifle Bulle? Impoct Test: Trials 120°C :
% 9, L ]
Explosions '35°C . 3
Pastials 130°C . i
Burned 200 Grem Sombd Send Test: )
Unaffected _Sand, gm ?.4 c e
Explosicn Tempereture: °C Sensitivity to Initietion: '.
Seconds, 0.1 (no cop used) Minimum Detonoting Chorge, gm
] Mercury Fuiminate .- .
5 Decomposes 238 Lead Azide 0.20 X
0 Tetryl 0.70 : d
15 :
20 Bellistic Morter, % TNT: : ;
’ , Trousl Test, % TNT: .
75°C Internations! Heot Test: .
% Loss in 48 Hrs Piote Dont Test:
Mesthod
100°C Hoet Test: Condition -
% Loss, Ist 48 Hrs Confined I
% Loss, 2nd 48 Hrs Dersity, gm/cc
Explosion in 100 Hrs Brisance, % TNT
Detonatien Rete: ()
Flemmability Index: Confinement
Condition
Hygrescopicity: % Charge Diameter, in.
Density, gm/ce 2.49 )
Voletility: Rate, meters/second L350 :
296 \ .,
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Plumbatol AMCP 706-177
Fragmentetion Took: Shoped Chorge KHectivenase, TNT = 100:
90 mem HE, SATT Projoctile, Lot WC-91: Glass Cones  Steel Cones  (s)
Density, gm/cc Hole Volume 11k :
Chorgn W, Ib Hole Depth 103
Totnd M. of Fragments:
U Celor: Light yellow
For TNT gLy
For Jubject HF
Principel Us>x
3 inch HE, MA2AY Prejectile, Lot KC-3: ’
-Density, gm/cc
Charge Wt, b
Totel Ne. of Frogments: Mothed of Loading:
Cast
. ForTNT
" For Subject HE
Leeding Denelty: gm/cc
Pragment Velecity: ft;'sec
At9 fr
At 25% ft Sterege:
Density, gm/cc
Maethod Dry
Blost (Relotive te TNT): Hezard Class (Quontity-Distonce) Class 9
Al Compatibility Group Group I
Peok Pressure
impuise Exudation
Energy
Origin:
Ale, Confined: grenn:
mpulse An explosive conteining 70% lead nitrnte
and 30% TNT has peen used in Belgium under the
Under Wed name of "Marcarite.”
Peak Pressure References: 62
Impuise (e) Esstern Laboratory, du Pont, Investi-
Energy gation of Cavity Effect, Sec III, Varistion of
Cavity Bffact with Explosive Corposition, NDRC
Undorground: Contrect W-B12-ORD-5123-
(b) ™.orpt's Dictionary of Applied Chem-
Impuise igtry. rourtn zZdition, Vol IV, longmens, Gre.n
Energy and Company, London -~ New York - Toronto,
. hék.
Preperation: p- b6k
Plumbetol is msnufactured by simple
mechanical mixing of iead nitrate in molten
TNT.

625ee footnote ¢, page 10,
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AMCP 706-177 PLX (Liguid)
. o~
Compenition: Meloculer Waeight: LY 2?
% . : & 1
_Nitromethane 100 95 Oxygen Belence: .
Ethylenediamine - 5 P :g :g :
*The mixture 95/5 Mitromethane/Ethylenediamine :
: is designated PLX (for Picatiray Liquid Explo-| Demshty: gm/cc 1.1% 1.12 .
! sive). See notc under . :
] Mobting Peins; *C -29 .
i -
; C/H Ratio Fressing Polnt: °C .
i tenpoct Senshivity, 2 Kg WA: 00 95/5 Reiling Peint: °C 101
Bureou of Mines Apparatus, =m 100+ 100+ ;
: Somple Wt 20 mg Refractive Indox. n2 :
i Picatinny Arsenal Apparatus, in. ° .
l 50"9'0 mn mg -] An - :
, ne :
} Friction Pondulum Tost: Vecuum Stobility Test: S
! “Stesl Shoe Unaffected ¢c/40 Hrs, ot T
{ Fiber Shoe Unaffected 90°C .
? 100°C .
i Rifle Bullet lmmect Test: 10 Trials 5 Trials 120°C :
§
i % ®
| P— % 4 :35.2 :
Partiols 0 0 50 .
Bumed o 0 200 Grass Bomb Sond Tewt: 100 /5 '
Unaffected 100 100 Sond, gm 8.1 50.6 e
Explosion Tompereture: *C o¢ Sensitivity te isHatien: L,
Seconds, 0.1 100 s[5 Minimum Detonoting Charge, gm
) L Mercury Fulminate
? 5 b0 30 Leod Azide
10 Tetryl
' 15
‘ 20 Saflistic Mortor, % TNT: 134
Trous! Tesk, % PA 127
75°C intusnations! Moot Test:
% Loss in 48 Hrs Plots Dant Test:
Method
100°C Heat Tost: : Condition
% Loss, 15t 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs brisance, % TNT
Detonation Rete: 1/3"# 1/32"#
Flammebility index: Confinement Glass Glass
b Condition Liquid Liquid
Hygroscopicity: % Chorge Diometer, in, 1.25 0.94
v. Deraity, gm/cc 1.1% 1.12
' D o i
298
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PLxX (1qutd) AMCP 706-177
Seoster Sensivivity Teot: Eitromethens Docampesition Bquation:  (4) Nitrome

Condition - O&m otoms/sec 10

Tetryl, gm

, .6

Wax, in. for 50% Detonation N o ovor/ mole %

Wax, gm Temparature Renge, °C Bo-k30

Density, gm/cc Phase Gaseous
Moot of: (e) Armor Plate lmpect

Combustion, cal/gm 28% Pate Tout:

Explosion, col/gm 60 mun Mortor Projoctile:

Gas Volume, cc/gm S0% inert, Velocity, ft/sec

Formation, cal/gm -348 Aluminum Fineness

Fusion, eol(gm ,

Vaporizatior, csl/gn 149 S00-& Gonorel Purpese Bombe:

Specific Heat: col/gm/*C (%)

C_ = 0.4209 - 0,00076t + 0.0000061t°
L] for 15°C to T0°C

Plate Thickness, inches

!

%
1%
1%
Buring Rete:
cm/sec
Romb Drop Test:
Thermet Conductivity:
col/sec/em/*C T7. 2000-I Somi-Armer-Plarcing Bomb va Concrote:
Coofficiont of Expansion: Max Safe Drop, ¢
Linear, %/°C 500-1b Generel Prirpese Bomb vs Concrete:
Voiluma, % /°C "Heigin, ft
Trials
Herdness, Mohs' Scele: Unatfected
Young's Medulue: ;‘:h(:‘:zr
€, dynes/cm?®
E, Ib/inch? 1000-1> Geners! Purpese Bomb vs Concrete:
Density, gm/cc
Height, ft
Compromive Strength: Ib/inch? Trials
Unaffectea
Veper Pressure: (¢) Low Order
*C mm Mercury High Order
T0 258
8s Lk
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AMCP 706-177 PLX (Liguid)
e
}
Fragmentiion Tesr: | Shoped Charge Effectivensss, TNT = 100: - -
90 mm HE, M71 Projectiia, Lot WC-91: Gloss Cones  Steel Cones .
Dersity, gm/cc Hole Volume !
Charge W, Ib Hole Depth .
Totel No. of Fragmiats: .
Color: Light yellow .
For TNT g% ve !
For Subject HE .
Principel Uses:  Minefield clearing .
3 inch ME, MA2AT Prejectile, Lot KE-5: :
Deisity, pm/cr. :
Charge W, It .
Tote: Na. of Fropments: :
Mothed of Loading: :
For TNT Pumping 3
For Subject HE - ¢
_ Leading Deneity: gm/cc 100 B/5 :
1.1k 1.12 5
Fragment Velecity: #t/vec N
At9ft s
Asr 25 fo Sterege: N
M"Y. ’“/“ :
Method Components stored separately; .
) mixed only when ready to use .
Binst (Relotive te TNT): Hozord Class (Quantity-Distonce) !
Al Compotibility Group O
Peck Pressure :
impuise Exudation .
Energy :
Minimum Propagating 100 9
. A";’ﬂ;“ ::‘" Thickness, in: 3.5 .063
: Under Water: Viscosity, centipoises: <) '
Peok Pressure Tews , 1ogc O;Z:B .
Impuise 25°C 0.625 ‘
; Enecgy , “ Lovc 0.533 .
f B Compatibility with Metals:
e Peak Pressure Stainless steel, nild steel sad duriron -
\?l : Impulse not affected; corrodes orass.
300
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in:

Nitromethene has deen known since 1872 (Kolbe, J prakt tham {2) 5, 427 (1872), but was
availabls cnly as & laboratory product until it appeared ss 2z -industsial chemioal fn 1940,
A number oi patents have been issued for nitrome2sne produiii ea e by-}moﬁnct of the eiirs-
tion of propene (U. S. Patent 1,967,667 (193); ¥ritish Petent !'3,707 (1937); and sradian
Patent 371,007 (193%). S s

The development of nitromethane liquid axplosives i baszed cn informetion tha% nitro-
methane is sensitized to initiation and propagaticn of eetonation by the addition of varicus
amines. This study wade at Plcatinny Arsensl irn 1345 indiomtsd tLet mixtvures of oitromethane
vith 5% of ethylenedismine, n-butyl-amine, cr morpholine ghowed considermdle promise for ap-
p:!,{.e?tion ic mine-field clearance (L. H. Erikesen and J. V. swowen, PATE Wo. 1565, 17 September
1945). : o . ’ ’

References®? :

(e) T. E. Holecomb and C. F. Dorsey, "thermodynsmic Properties of Nitroparsffins;” Ind
Engr Chem k1, 2788 (1549). B :

" (bz % 9»215 )willim, "A Study of the Physicsl Properties of Hitromethsne,” J Ap Cheém Soc
k1, 1 R ‘

»

(¢) L. Medard, "Explosive Properties of Nitrowetbave,” Mém poudr 33, 125 (1951). -

(4) T. L. Cottrell, T. E. Graheam and 7. J. reid, "The Thermsl .Decomposiytion of Bitra-
methanes,” Transsctions of the Feralsy Soctel; k7, sBh (ig51).

{e) F. Bellinger, H. B. Friedman, W. ¥. Bauer. J. W. Engtes and W. C. Bill, "Chemical
Propellants: Stability of Mononitromethane,” Ind Erngr Chem k0, 1320 (1948). ~

{f) Alsc see the following Picat'.ﬁmjf‘» ijaevs.l Technicel Reports on ¥itromethane:

~ ° Y - T 4 6 I 8 2
1660 1681 2113 1565 - 2016 1747 1708 1619
183 - ;
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&CP 706- : Potassium Dinitrobensfuroxan ‘m) /'\\ :
« - | o~ s -- . ' d -~
' cu;uhhf-: - Molosular Wolght:  (XCcH,N;,06) 225 . :
¢ en3: Oxygen Belence: ' i
B 0.4 €O % -60 N
. o % -18 !
¥ A& X . :
o . %3 Demalty: gm/cc 2.2 :
X : 1&.8‘\ _— . ) Molting Peint: °C Bxplodes 210 :
‘CMRato 006 \ Prosaing Point: °C §
Buregu Lt Mines Apporotus, o - . :
Somple Wt 20 mg Refrective Inden, nl :
Picotinny Arsencl Apporats, In. 3; {1 1b wt) 6 o o
Somple WY, mg T _ = :
. . ) ¢ ; : ng .
mm"* e g 1 VYecuum Srsbitny Teot: . 3
Stegl Shoe Explodss ‘ct/40 Hrs, ot .
Fiber Shoe Bxplodes 90°C :
. ‘ S 100°C .
Rifle Dullet impoct Tost:  Tricls . 120°C s
‘ % . 138" .
Portials « ' ;
Bumed _ | WG BembSond T v : t
Unaffected '» 1 R P ter fuse a5 > ('m g
Rxploiion Tempeinture: * Sonsitivity te Initledien: e i
Secands, 0.1 (no cop ueed) -~ Minimum Detonating Chorge, gm . L
o 1 : e Marcury Fulminote 0.% 0.20 . ‘ :
.3 250 Lead Azide 0.10 : ) o
e - Totryl '
18 : .
: 20 ’ : Boliiutic Morter, % TNT: |
o > ‘ Trouet Yout, % TNT: '
. 75°C Intemationel (leot Test: ~
"9 Loss in 48 Hry ) w Yot
100°C Hoat Tost: . . Condtion
N » : % Lots, Ist 48 Hes 0.03 . Confined .
” - . ) % Lﬂi; 2nd 48 Hrs 0-05 M'y’ W“ - - - e
S : Explosion in 100 Hrs None ltm,ﬁfN,"" )
M’ Indox: Confizement
X ‘k Hygrossspichy: % 30°C, 756 R 0.11 won
., . ‘ ] , ¢ 3)°c: 908 P 0:27 VChom Diariater, in,
- ; v. Deraity, gm/cc
2 Rote, mesters/second
m .
v '
‘
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Potessium Dinitrobessfurcuen (<INRY) ANCP 706177
Sesster Senshivity Tesh Dessmpesition Squation:
Condition mmlm
Totryl, g
Heot, 'mole
Wax, in. for 509% Detonation un,m
Wax, gm Tomperoture Range, °C
Dersity, gm/cc Phose
Moat of:
Comd col/gm 2209 Asmer Piote impost Test:
Explosion, col/gm 125 60 men Merter Projostite:
Gas Volume, cc/gm 60k {& 50% Inert, Vielocity, ft/sec
Formation, col/gm t Aluminum Fineness
Fusion, col/gm
$00-1b Genorel Purpese Bembe:
Specific Meat: col/gm/*C (D)
% L Piate Thickness, inches
K o1 |
] B
25 0.21T %
¢ .50 0.217 1%
%
Surning Rete:
/o Bomb Doop Tast:
Themet
col/sec/em/ °C T7, 2000-& Somi-Aruer-Plaseing Semb ve Conarete:
Cooticienr of Enpemsion: Max Sate Drop, ft
Linear, %/°C 500-B Gonerel Purpese Domb v» Consrote:
Volume, % /*C Haigin, ft
Trials
Hovdness, Mohe’ Seale: Unoffected
fu..’o Modwius: ::;' Ord
€, dynes/cm*
E, 1b/inch? 1000- Gonessl Purpese Bomb vs € sacrete:
Dersity, gm/cc
Height, ft
Comprostive Strength: 1b/inch* Tricls
Unaffected
Vager Pressure: Low Order ¢
‘. mm Mercury High Order

-
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AECP 706-177 Potassium Dinitrobeczfuroxan !KDNEF)
Sragmontetion Teet: thveped Charge Effectivencss, TNT = 100:
90 wum ME, MTY Projectile, Lot WC-91: Gloss Cones  Steel Cones
Dersity, gm/cc Hole Volume
Charge Wt, ib Hole Depth
Totel No. of Frop Color: Orange to browm
For TNT
For Subject HE
Priacipel Usss: Primary explosive
3 inch HE, MA2A 1 Projectile, Lot KC-3:
Density, gm/cc
Charge W, ib
Votel Ko. of Frogmonts: Mothed of Loeding: Pressed
For TNT
For Subject HE - -
Leading Demslty: gm/cc psi x 10
10 20 X “36 80
Fragment Velacity: ft/sec 1.63 1.77 1.81 1. 1.98
A9 fr
At 25% ft Sterege:
Density, gm/cc
Maethod Wet
Blost (Ralutive te TNT): Hozard Closs (Quontitv-Distonce) Class 9
Al Cornpatibility Group Group M (we:)
Peok Pressure
impulse Exudation
Enargy
Solubility in Wat .,
Alr, Confined: gn/100 gm solvent, et:
Impuise o
30°¢ 0.245
Under Weter: Stab Sensitivity:
Peak Pressure Density Firing Point (lnch-ounces
Impulse gn’ce _?.EL 1
Energy 1.3 73 ) Sk
1.77 €6 75 €3
Undergreund: 1.cl L2 Le t4
" Peak Pressure 1.86 12 1 18
1.93 11 17 1
Impulse 1.9 7 1n W
Energy .
Activetion Ererdy:
keai/moL H2.6
Irnduction-Perint, gec G.5-10
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Potassium Dinitxrobenzfurcxar (KDHEF) AMCP 706177

A tion of Potessium Salt of &,6-2initrcbensfuroxan: (a)

Bensfuroxan, made by the remction of ortho-nitrosniline =i alkaline sodium hypochlorite,
was dismrolved in § parts of 96% sulfuric acié 2ad nitrated at ;°-20°C with a & to 1 sulfuric-
nitric acid mixture. The salt was prepared by neutralization of the 4,€-dinitrobenzfuroxen
with potassium dicarbonats followed by recrystallization from hot wvater. The product forms :
in ssall golden crunge plates which explode at 210°C. ;

geigin: ?
e potassiun salt of b,6-dinitrobenzfuroxan was first prepared in 1899 by von P. Drost
(am 37, 56 (1999).

Ieferances; 6

(s) R. J. Gaughren, J. P. Picard and J. V. R. Xsufwan, "C(.atribution to the Chemistry of
Darivatives,” J Am Chem Soc T6, 2233 {(195%).

() C. lenchits, Jcs Celorimeter Determination of En y end Specific Heat of Eleven
3

o » .

{c) Also see the following Plostinny Arsenal Technical Reports on Potassivm Dinitro- ;

2 3 (] 2
.20 2093 2146 279 :

64gee footnote 1, page 10,
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AMCP 706-17'( PIX-L
c‘:"'"" Molecrier Waight: 252
RIX » Oxw-'lﬁ’duu: s
Tetrl 50 b2t 2
=T 20 B ”""'"" gm/cc 1.68
p Mal ¢ Paiat: °C Eutectie 67
C/H Ratio Freazing Pelow: °C
Bureou of Mines Apporotus, cm Lk
Somple Wt 20 mg - Refrective S
Picotinny Arsenol Apporatus, in. de ad -
Sompls W, mg N
ni
Foistion Pondulum Tout: v Tor
Stoe Shos cc/ 40 Hrs, at
Fiber Shoe 90°C -
100°C 3.0
Rifle Bolie? impect Tost:  Trials 120°C
. % i
Explosions 20 :::.g |
Portiols 2 ) .
Burned 0 200 Gram Bomb Séad Teot:
Unatfected 60 Sond, gm 4.8
Enplecion Tomprratwee: c Sonsitivity te Initistion:
Seconds, 0.1 {no cop used) Minimum Detonating Charge, gm
) Marcury Fulminote 0.2
T Lead Azide 0.22¢
10
15 *uM mstive initisting gggc_g ,
20 Bollistic Movtey, % TNT: . (a) 132
i Trous! 1“0 % TNT:
Intovactionsnt k { .
n: I.uh“ﬂr.:.“ - Plate Don? Toetr: (v} ,
Method B
108°C Moot Tost: Condition Cast
% Loss, Ist 48 Hes Contined . Fo
% Loss, 20d 48 Hrs Density, gm/cc 1.68
Expiosion in 100 Mrs Brisonce, % TNT 127
Plommebitity lnd Detonetion Rate:
g Confinement None.
% ‘ Condition Cast
%; 90% RE, 15 days 0.00 Chorge Diomater, in. 1.0
Volotiliey: Dermity, gm/cc .l'&
i Rote, meters/second 7655

s .

2 ::'w/g
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PTX-1 AMCP 706-177
Frogmentetion Tost: Sheped Charge Etfoctivenass, TNT = 108:
90 mm HE, M73 Projectile, Lot WC-91: Gloss Cones  Stee! Cones
Dersity, gm/cc 1.6k Hole Volume
Charge W, ib 2.1% Hole Depth
Totel No. of Fropmests: - ;
For TNT 703 | ’
For Subject HE 999
Principel Uses: Land mines and demolition :
3 inch HE, MA2AT Prejectile, Lot KC-S: cherges f
Deraity, gm/cc 1.63
Charge Wi, Ib 0.864 ;
;
Teotel Neo. of Fragments: ;
Mathed of Looding: Cast ;
For TNT 51k !
For Subject HE 685
Leeding Denslty: gm/cc 1.68 3
Frogment Veleclty: ft/sec )
A9 fr 2690 i
Ar 251 #¢ 2450 Stovege: i
Density, gm/cc 1.6k
Method - Dry ]
Blost (Relotive t0 TNT: Hazard Class (Quontity-Distonce) Class 9
Al : (a) Compotibility Group Group 1 ;
Peck Pressure 11
Impulse 109 Exudation Fxudes at 65°C
Energy --
Alr, Confined Preperstion:
Impulse The ternary explosive system consisting of
RIX, teiryl and TNT is prepared by sdding the
Under Weber sppropriate weight of vater-wet RIX to & tetry-
Pook Pressure tol (40/60) previcusly melted in a steam-
Jecketed melt kettle. Heating snd stirring
Impulse sre continued until sll the water is svaporsted
Energy and the mixture is uniform in composition.
PTX-1 is slso prepared by sdding tetryl to RIX
Undespeound: Composition B.
Peok Pressure Compatibility with Metslis:
impuise
Dry: Aluminum, mild steel not sffected.
Energy

Booster Sensitivity Test: O]
Condition

Tetryl, gm 100
Wax, in. for 50% Detonation 1.9%
Density, gm/cc 1.61

Prasaed Cast

100
1.82
1.68

Wet: Aluminum, mild steel not effecied.




AMCP 706-177 —

Origin:

The possibility of employing ternary mixtures to obtain explosives having grester power
and higher brissnce than binary mixtures vas suggested by the anmalysis of Russian T6 mm, :
armor plercing high explosive rounds (PATR No. 1311, 1T July 1943). The Russian type tarvery :
explosives, based on the camposition and laboratory studies of such mixtures, vers indicated
to be effective gsed fillers. In conducting a preliminery study of castable teinary explo- R
sive mixtures suggested by the Russian fillers, s mixture consisting of TOX/tetryl/IWT, desig- .
nated PIX-1 was developed vhich had explosive and physicel properties offering considerable .
lg:::)xm for wilitary applications (PATR No. 1350, 27 October 1943; and 1379, L1 January
I .

A PIX-3 composition, prepared by the additio. of Haleite to 50/60 tetrytol, alsc offered

prowise but limited to applicetions vhere the coarge would not be required to withstand stor-
age at 65°C vithwt exudation.

References: 7 .

(a) I. C. Smith and B. G. Eyster, ical Testing of Explosives, Part IIX - Miscellansous
Sensitivity Tests; Pexrformance Tests, . N .

(v) D. P. Machougall, Methods of Physicsl Testing, OSRD Report Ko. (03, 11 Augur. 1942,

I (c) L. C. tuith and 5. R. Wlton, A Consideratios of RIX/Wax Mixtures as s Substitute for
| Zetryl in Boostors, NOL Memo 10,303, 15 June I949.

| (4) W, R. Tomiinson, Jr., Blast Bffects of Bomb Explosives, PA Tech Div lscture,
9 April 1948.

(e) Also ses the following Picatimny Arsenal Technicsl Reports on PTX-1s
9 2 Fi ] 1 2 ( .
15% %02 1623 1466 137 1319
1506 1429
1h69
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0 PTX-2 AMCP 706177
h cu:unh-: Molocular Welght: 244 243
- Oxypen Belonce: :
1 RIX M o.on iy - » ;
“ PEIN 2 - 26 co% 3 h a
] f’ T™T ’ % - 33 Demalty: gm/cc 1.70 ;
Malting Poiat: *C Butectic 75 ‘
) C/H Ratio Prossiog Polet: °C g
3 Bureau of Mines Apporatus, cm B !
Somple Wt 20 mg Refroctive index, S 5
. . Picotinny Arsenal Appuratus, in. o
R Sompls Wi, mg a3 ; \
1 ng |
E. Feictlon Pevdulom Tost: Vocwem Sicbiiy Tow:
} Stesl Shoe Crackles cc/40 Hrs, ot |
4 i - 100°C 2.6 |
' Rife Sullet Impoct Tomr:  Trials 120°C 11+ 3
& Explosions & 135°C |
’ Portials 0 150°C | 3
: Burned 0 200 Gram Bomb Send Tout: -
: — Unotfected ko Sond, gm 56.9 | i
| Uxplision Tempessture: *c Sencltivity to Inktietien: N ‘
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm ]
N ) Mercury Fulminate 0.21
5 Lead Azide 0.00
¢ 10 Tetryl 0.00
15
t 20 Bollistic Mertar, % TNT: (a) 18
; Trousl Tout, % TNT:
* 75°C lnsornusions! Host Test:
: % Loss in 48 Hrs Plate Dont Tont: (v)
b , Method B
: 100°C Nost Toor: Condition Cast \
R % Loss, Ist 48 Hrs Confined No
v % Loss, 2nd 48 Hrs Dersity, gm/cc .M B
’ Explosion in 100 Hry Brisonce, % TNT 141
; Detenstion Rete:
’ u" cu‘“m None
: - Condition Cant
§ W RH, 15 days 0.00 Chorge Dh-;-m in. i'?ro
elatiltty: Deruity, gm/cc .
{ v Rote, meters/second 8065
g
‘é

C
£
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ANICP 706-177
Frogmontetion Toct: Shapatt Chorge EHectivenses, TNT = 108:
90 man ME, M71 Projoctile, Lot WC-91: : Glass Cones  Steel Conez :
Dersity, gm/cc 1.68 Hole Volume ~ ~ 130 '
ChargeWt, B 2.226 Hole Depth ;:
, Totel No. of Frogmerts: Calor: :
o For TNT 703
¢ For Subject HE 1128 -
Poincipel Used:  Shaped charges ¢
3 inch ME, MA2AT Projactile, Lot KC-S: Fraguentation charges :
Deraity, gm/ce ' 1.70 ‘
Charge Wt, ib o.8971 .-
¥
Tatel Neo. of Fropments: Matbod of Locdi Cast .
For TNT 51k :
For Subject ME . 50 :
Lasding Density: gm/cc 1.70 :
Progment Velocity: f:/sec :
A9 h ? ¢
Ar 25y # 50 Sterepe: ‘ 4
Dersity, gm/cc L7 -
Mathod Dry :
St (Rolstive to THTY: Hozord Closs {Quontity-Distonce) Class 9 C
; At (a) Compotibility Group Group I )
; Peck Pressurs 113 '
Impulse 13 Exuade rion Noue at 65°C :
Energy .- .
tion: ¢ ¢
Ale, Preparstion :
impules The ternary explosive system cousiasting of .
RDX, PETN and TNT is prepared by adding the .
Undor Weler: appropriste weight of water-wet ROX to & pen- .
Peok Pressure tolite {30/70) previcusly melted in & stesm- .
) Jecketed melt kettle. Hea'ing and stirring
mpulse are continued until «1] the water is evaporated
Energy snd the mixture is uniform in cowposition.
PIX=2 is also prepared by sdding vater-wet
Undesgraond: PETN to RIX Composition 3.
Pock Pressure Compatibility with Metsls:
impuies -
Energy Dry: Alusinux, mild steel not affected.
Booster Sensitivity Test (c) wWet: Aluminum not sffected.
Condition Presssd Cast
Tetryl, gn 10 100
Wax, in. for 50% Detonstion 1,87 2.3
Density, gw/ce .70 1.61
310
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P2 AMCP 705177

origtn

The possidility of esploying ternery mixtures to obtain explosives having greater power
and higher drisapce than binary mixtures whs by the enmlysis of Ruasian 76 mm, armor-
piercins high explosive rounds (PATR No. 1311, 1T July 15%3). The Russisn type termary explo-
sives, based on the composition srd laboratory studies of such mixtures, were indicated to be
affective fillers. In conducting a preliminary study of castable ternary explosive
mixtires sugested dy the Russian fillers, & mixture cousisting of IIX/PETH/TNT, designated
PIX-2 was developed vhich bad explosive and physicel properties offering consideredle advan-
tage for military applications {MATR No. 1360, 27 October 19%3; and 1379, 11 January 19hk).

A PTX-M composition, prepared by the addition of Haleite to 30/70 Pentolite, slsc offered

promise Dut becauss of border-iine stability in accelerated stability tests, PTI-h must be
proven by long term storsge to be acceptadble for use in standerd ammmition.

Baterences; ¢

(a) L. C, Swith snd B. G. Nyster, %‘eﬂ %u;! of %J.oo:lvmE Part ITT - Miscellaneous
Sensitivity Tests; Performance Tests, » .

(b) D. P, MmcDougsll, Methods >f Physical Testing, OSRD Report No. 803, 11 August 19%2.

(2) L. C. Smith and 8, R, Walton, A Consideration of Mixtures as & Substitute for
Tetsyl 1o Boosters, MOL Memo 10,303, P fgeption of Ex Mrties o1 & Bbstitute o
9'étl) ¥. R. Tomlinson, Jr,, Blast Effects of Bomb Explosives, FA Tech Div Tecture, 9 April
1988,

{e) Also see the following Picetinny Arsenal Technical Repurts on PTX-2:

2 2 K1 L] 2 § 8 2

1530 1482 1483 1k 1uks 1466 1838 13719
1623 1:2
1

66548 footnote 1, page 10,
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AMCP 706177

)]

Compashion: | Meloculur Woight: ar
RIX 9% : Olg;d-m =
Polyvinyl Acetate 8 @ % -io
Dibutylphthalate 2 Demeky: gm/cc Prassed 1.60

s oc R
C/H Retio Freasing Point: °C

impost Senshivity, 2 Kg We: Belling Peint: °C
Bureow of Mines Apporatus, cm 39
Sample Wt 20 mg Refroctive Index, n
Plcatinewy Arsenal Apporatus, in. 9 o
Sample Wt, mg 13 e

"~
Tout: Vecuum Stebillty Tost:
Stesf Shos Crackles ¢c/40 Hrs, ot
Fibee Shoe Unaffected 90°C
100°C 0.45
Rifle Bullet mpoct Teor:  5Trich # 120°C oo
. % - -8
Explosions 20 ISS.C
Porticls 0 150°C 11+
Bumed 60 200 Grom Bomb Sond Test:
| oHOP1e98s ot -160c - yRRrrected Sond, om 8.5
Explecion Tompereture: C Sensltivity te fakistion:
Seconds, 0.1 (no cop used) -~ Minimum Detonating Charge, gm
1 3% Marcury Fulminote
% Decomposes 375 Leod Azide 0.22
10 265 Tetryl
113
20 Bollistic Mortor, % TNT:
T_d '“a * ml
75°C intemnetional Heat Toot:
% Loss in 48 Hrs Plote Deat Test:
Method

100°C Heat Tont: Condition
9% Loss, 1st 48 birs 0.10 Confined
% Loss, 2nd 48 Hn 0.06 Dersity, grn/cc
Explosion in 100 Hrs None Brisonce, % TNV

Index: Confinement None
. o Condition Cast
Hyprosespielty: % 0°C, 90% BH 0,20 Charge Diometer, in. L0
) Density, gm/cc 1.60
Velotillty: 55°C, vacuo, 6 hrs 0.03 Rote, p 7910
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Progmentativn Tast:

99 s HE, M71 Projostite, Lot WC-91:
Donaity, gm/cc
Chorge WA, B

TVatal No. of Fragmenin:
For TNT

For Subject HE

lMIIM!MMm:
Derity, gm/cc
Chorge Wi, &

Total Ne. of Fragmenie:
For TNT

For Subject ME

Fragment Veloslly: #t/sec
A9t
At 25y, f
Density, gm/cc

Slost (Relstive te TNT):
Aln
Pook Prwsure
lmpulee
Energy

Ale; Conflned;
impuise

Pack Pressure

Phlticitx:
k0%

-25%

A TR




AMCP 706-177 | —_
Ereparetion:

Explosive PVA-4, a semi-plastic composition of Canadien origin, consists of 90% RDX, 84
polyvinyl acetate and 2§ dibutylphtielate (I8P). This formulation vas developed by Iv. Buthur-
land of Shevinigen Chemicals, Ltd. In evaluating various types of polyvinyl acetate commsr-
eially availadle in the United States, a type cbtained from Union Carbide and Carbon, under
the industrial mamed or designation "AYAT" was the mor promising coating for RIX in the pro-
porticns RIX/FVA(AYAT)/tBP 90/6/2.

A precticel wethod of preparing this composition was by the addition of & solution of the
coating agent to an squecus RIX slurry. Based on the quelity of the product and the pellet

dngities obtained, a procedure of edding an scetone solution of VA + IEP to a hot water
sluryy of RIK, under egitation, ws adopted as standard.

Befyrences: 67

(s) B8ee the following Picatimny Arsens) Technicel Reports on IVA-A: 1532 and 163%.

Uiu fooEnoto 1, psge 10,
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; , PN (Polyvimy] Nitrate) AMCP 706-177
4 ’ t
G ST —
Compeshiisns Meolosular Woight:  (CoBglic3) (89),
% — ;
- Ouygen Belence: :
¢ & . % -h5 L
C-CH-~ . L
X 15.6 R0l Demelty: gm/cc :
0 sh Mohing Poiat: °C  (Soft Pb) 50 |
C/M Retio 0.£03 Frossing Pelnt: °C ‘
lmpost Sombivity, 2 Kg We: 1h. 868N Seiliag Peint: °C
; Buresu of Mines Apparotus, cm ve v
) Somple We 20 mg Refractive lndex, n2 i
. . Picotinny Arsenol Apporais, in. b ° ’
: Somple WY, mg e
S nS
N Priction Pondulen Toot: Vecoum Stcbility Tost:
3 Stonl Shoe Crackles cc/40 Hrs, ot
‘ Fiber Shoe Unaffected 90°C
100°C 16 hourgy 11+
“o % », H
" Portioks ’ ] !
2 Burned 200 Grom Bewd Sond Tex:
t 7| Unoffecid Sond, gm ».9 ;
' | taplesion Tomporsture: < Somoitivity to tniistion:
Seconds, 0.) (no cop wsed) -~ Minimum Detonating Chargs, gm ;
1 .- Mercury Fulminote - i
\ [ 265 Leod Azide
f 10 Tetryl
15
’ 20 Solliatic Morter, % TNT:
' Tooual Tout, % TNT:
4 ’ 73°C lntomnctional Moot Your:
; % Lose in 48 Hn Plote Doat Test:
s . Mathod
V-
) 100°C Most Tosh Condition <
i % Loss, Ist 48 Kirs 1.9 Confined o
— : % Lows, 2nd 48 Hrs 2,1 Dersity, gm/ec - B
: Explosion in 100 Hrs None Brisance, % TNT
’ Detonstien Reve:
’ Mommebility lades: Confinement
" S Condition
’ Mygresoopletty: % 30°C, 90% RH 0.62 O 9o Diometer, in.
[
14 Dersity, gm/cc
H Volstiiey: Rote, meters/second
H
1
1
C L 318
V-
2
;vm-.
~




AMCP 706-1T7 P _(Polyvinyl Witrete
Feogmentation Tost: Shoped Chasge Sestizezem, TNT = W0
90 mm NE, MT1 Projectile, Lot WCA1: Glass Conen  Stesl Cones
Dersity, gm/cc Hole Volume
Charge Wt, ib Hols Depth
T“.lbdm Cotert
For TNT
HE -
For Subject v
3 inch MR, MAZAT Prajontile, Lot KC-5:
Ceralty, gw/cc .
Chorge WA, b
For TNV o
For Subject HE :
Leodiag uanlly; gen/cc
ﬁmwﬁlm -
zﬂﬁ Seroge: .
Darsity, gm/cc vt
T Ale ) Compatibility Geoup
Posk Prassure
larpulse m'
Energy -
65.5°C KI Test:
Ale, Confined: p
Impulse Minutes 60+
Under Water: 1357 Beat Test: Minutes
tmpulee Ped -Pumes 25
M' Explodes ) } 300+
240-Hour Hydrolysis Jest:
Pock Pressure < HNO, 3.07
Impuiss
Heet of:
m -—L—
Combustion, cal/gm 2960
Explosion, csl/gm é”j?

Gas Volune, cc/za

P R P PR Y SR PPV G VPSP U SO G PRP SR S SV S S
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BN (Polyvinyl Mitrate) AMCP 706-177

Preparetion;

1 alcohol is mixed vith scetic anhydride. The mixtuyre is cooled to -5°C and the
nitric acid 1s 84ded slovly vhile the waos is being stirr ¢. The ‘empersture is c.atrolled
by the rate of lc%d addition so that when !l the acid has been sdded the tewpersture does
ot ris» above 20°C. . ’

M the nitretion is compleis, the wixture is drowmed by slloving & fine stresm . the
syrupy liquid to flov from the nitrator and mix intimately with & large stream of veter. This
csuses the product to precipitate in a fine state.

e finely divided precipitate ic purified by boiling in frequent changes of water.
Origin;

e first preparetion of polyvinyl nitrate wvas reported in 1929 by solution of polyvinyl
aleohol in concentrated sulfuric acid and treatment with ritrating acid at e tempersture not

over 50°C. (German Patent 537,303). Iater patents issued relstive to polyvimyl nitrete in-
cluded U. S. Patent 2,118,487 (1938) and German Petent 737,199 (1943). '

. -t o ;. ",
VB S WA o W G AT

-y A N

i e T e it e BN S AR 2 o S S 2 B

R

.

;311

”‘ﬁ'ﬁ"’}

-— A o




‘ AMCP 706477 RIPE
w Meoloculer Wailght: 2%
i Oxygon Belence: -
= -
Gul¢ Crown E 031 15 : ¥
Demelty: gm/cc  Yana tamped 1.37
. Mohing Pelat: °C )
C/¥i Ratio Froating Peint; °C
/ | npast Semaltivity, 2 Ko Wr: Boiliag Pelur: °C
Bureou of Mines Apparotus, cm 53 -
Sorple Wt 20 mg Refrective Index, nS
Picatinny Arsenal Apporatus, in 13 °
Sample WA, mg 25 in
5 . ) hu’-
Folotion Pondulom Toot: . : Vecwum Stebitiey Tost:
Seael Shoe Unaffected cc/40 Hrs, ot
; Fiber Shog. Unaffected 90°C -
! = — 100°C c.34
: Rifle iuinp-.u Yo Trioks 120°C 0.56
3 % o
| Explosiors 0 o L .
1 Portick ] . ; —
f Burmed 0 200 Grars Bomb Sond Toot: :
‘ Unaffected 100 Sond, gm ko.1
: Gxplusien Ter.porature: °C Sensitivity te indtistion: °
: Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
.- - ) - Marcury Fulminate o
. § Decomposes; no value obtained Leod Azide 0.20
10 Tetryl '
15
20 Sellistic Merter, % TNT:  (a) 118
Trous! Test, % TNT:
75°C lntornotions! Heot Teot: =
% Loss in 43 Hrs Piate Dent Tost: (b)\
Method B
100°C Moot Toot: Condition Hand temped
% Loss, Ist 46 Nrs- 0.93 Confined No
T % Loss, 3nd 48 Hrs - .ok Density, gm/cc . L.37
" bixion in 100 Hrs None Brisonca, % TNT &
T | Vememebility lndex: Confinement _ Nors
T e —— - Condition. . Hand temped
*m % 30°C, 0% R 0-04 <haorge Diameter, in. 1.0
: Cencity, gm/cc - 1.37
v. Rate, meters/second S T390
318
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L 3 p—
_ o omE - o : AMCP 706-177
Froguoatation Teet: " Shcred Gherge Bfectivunscs, TNT = 108
90 mm ME, M7 Fosjestils Lot WCIY: Glass Cones $ed1 Cones
. Density, gm/cc B CnE . HoleVolume -
Chagge W % 186 Holy Depth = -
TR Tetel Me.of Frogeentes S N P .
Lo For TNT AR SUE | uhr‘ '( Wite
. For SubjactME - 592 e .
= TS L Principal Uses:  Flastic demolition explosive
3 theh HE-MATAY Projectile, Lot KCS: \ ~
Dersity. genfec = 1.2 RS
- CCergeWn e T 2T56
Al ‘. Rathid of Loadiag: Hand tawped
P TRY. B L :
For Subject HE~. - 501
~ . Loading Denslty: gm/cc 1.37
) Fragment Velacity: ft/sc
A9 &t 263’5,8
#t 2 Storags:
Dersity, gm/cc 1.395
Mathod ry
o Blast (Relotive to TNT): Mazard Closs (Quantity-Distonce) Closs 9
Peok Presture Yone st 85°C 1n %0 hrs
Impulse Exudotion  None at 95°¢C jn 48 w
Bxudes 4t 105°C in hrs
Energy
Als, Condlned: Sxiginy
Impulse RIPE, & mechaniosl mixture of RDX and Gulf
Crowm E 011, wvas daveloped in the United States
Under Water: during World wer II1.
¢ ; ""* Pressure Regsrences;”? .
i - ; (8) 4 C. Smith end E. 0. Byster, Physicsl
, Eneray Test! losivas, Part III - Miscsllsneous
i . . Tnaltivity Tests oreance ; -
¢ - Undergraund: port Wo. "58. P7 Lecember 1985,
. y Peck Pressure
; impulse (t) ©D. P. MacDougsil, Methods of Physicsl
‘ mpul Testing, OSRD Report No. 303, 11 Iueun""m.
; . (e} Also see the folloving Picatinny A -sensl
\ Ersperetion: Techrical Reports on RIPE: 1713, 1695 snd 1517.
. RIPE fs manufactured b, simpie mechan{-el
mixing of RDX in oil.
’
L]
f hHSee footnot= i, page 0.
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AMCP 706-177 Silver Azide
Composition: Molecular Weight: (Ag!i3) 150
%
Cxygen Belonce:
K 28.0 COs % -5
re T2.0 i % -5
Ag-N=N®XN Density: gm/cc Crystal 5.1
Peiet: °C ()
[ n 0.
C/H Ratio Froazing Peiat: *C
lmpoct Senitivity, 2 Ky Wr: Beiling Peint: *C
Bursau of Mines Apparatus, cm 6
Sample Wt 20 mg Refrective lndex, nS
Picatinny Arsanal Apparatus, in 3 ]
Sample Wt, mg 18 e
s
Frictien Pondubum Tz PA Smll Apparstus Vacuum Stability Tost:
Stesl Shoe Detouates €c/40 Hrs, ot
Fiber Shoe Detonates 90°C
100°C
Rifle Buliat impect Took: Tricls 120°C
% 135°C
Explosions 150°C
Portiols
Bumed 200 Geam Bomb Sond Toot:
| Unotiecrd B Sovter nufe) 18,9
Explasion T: twre: © Sencitivity to Initiation:
Seconds, 0.1 {no cop ucad) 310 Minimum Detonaring Chorge, gm
] — Maercury Fulminate
5 Explodes 290 Leod Azide
10 Torryl
5
20 Bellistic Merter, % TNT:
——| Trowal Tes, % Fg(oONC), (c) &
75°C Internetionei Hoet Test: s
% Loss in 48 Hrs Plets Doat Teot:
Mathod
100°C oot Toat: Condition
% Loss, Ist 48 Hrs Conffnod
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Bri - % TNT
Detonetion Rete:
Flammeability Index: Confinement
Condition
Mygroscopicity: % (b) 25°C, 100% [ 0.0k Chorge Diometer, in.
Dersity, gm/cc
Voletility: 75%, 2k hrs 0.00 Rote m::‘/m

)
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Silver Azide AMCP 706-177
Fragmentetion Tost: Sheped Chorge Etloitiver ous, TNT = l_ﬂz
90 mm HE, M71 Projoctile, Lot WC-91: Glass Cones  Stesl Cones
Deraity, gm/cc Hole Volume
Charge WA, b Hole Depth
Tatel No. of Fragments: -
White to
For TNT Color: i grey
For Subject ME
Principel Usen: Initiators
3 inch N8, MA2AT Projoctile, Lot XC-3:
" Dersity, gm/cc
Chorge W, b
Totel No. of Frogments:
Mothed of Loading: Presaed
For TNT
For Subject HE -~
= Laading Denslty: gm/cc Varisble
Fragment Yeloshy: ft/5ec
134
A% R Storepe:
Duraity, gm/cc
i Method Vet
Dlast (Relstive te TNT): Hazord Closs (Quantity-Distonce) Cians 9
Al Compatibility Group (a2up M
Peak Pressure
|M Exudation None
Enecgy
Ale, Confined; Initiating Efficiency:
impuie Grams Required to Give (¢)
Complete Initistion of TNT 0.02-0.05
Undor Woter: g:lubility fu 100 gu Solvent
) sl Room Temperature:
£ Solvent Grams
water (b) 0.006
o Amaonium hydroxide Soluble
Pressurs Ritric acid Decomposes
Peck Bther (b) 0.017
Impuise Etk,1 elcohol, 95% 0.006
Energy Acetone 0.015
Explosive Power:  (f) Unaffected by water snd COp. (a)
Kilogram meters 192,000 Hest of:
% Mercury Fulminate 1.097 Explosion, cal/gm (¢, aj Ls2
Formation, cal/gm kes €7.8
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AMCP 706-177 Silver Azide

tion

Maly + AghO; —s AgK3 ¢ + NaNOg
Prepare the following aqueous solutions:

a. 5% MK3, sodium azide, 50 ce

b. 25¢% AgiOg, silver nitrate, 25 cc

The silver nitrete solution is placed in 2 200 cc conductive rubber beaker equipped with =
bard vood stirrer operated by an air motor. The sodium azide solution is placed in a separe-
tory funnel feztened in a ring stand above the beaker containing the silver nitrete. A long
eord(lort) hhatmdtotho-topcockormupnmf\mmluthtmmml can be
erptied by remote control. The silver nitrate solution is now stirred very repidly and the
sodium azide is slowly run intc the mitrate solution. Stirring is cont!inued for 5 minutes.

The contents of the beaker are filtered through folded filter paper end \ashed free of sodium
azide and silver nitrate vith distilled water.

Silver azide should be stored under water in a conductive rubber container. This preopare-
tion ¥ill yield spproximately 7 grams.

The preparation should be conducted under a hood and behind & berricede. The product ob-
tained by the above procedure has & very fine particle size, slnost colloidal. Very fine sil-
ver atide is safer to handle and is just as efficient snd stable as the large, coarse orystal-
line material (Ref b). When a thin film of fne silver azide is precipiteted on mercury ful-
minate, tetryl, etc., these substances are as efficient weight for weight as pure silver aside
(Ref g). White silver azide is less affected by light than mercury or lead szide (Pet 1n).
Long colorless crystals vhich explode on breaking are cbtained from ammoaium hydroxide..

Qrigin:

Silver azide was first prepared in 1890-1 by T. Curtius (Ber 23, 3032; Ber 2k, 33k-5) by
passing hydrazoic acid (HN.) into neutral silver nitrste solution. Taylor and Kinkeubach pre-
pared pure "collodial” tes and showed its sensitivity depends upon 1ts particle size

(Army Ordvance % 82k (1925). Silver azide wvas found in a detonator of foreign emmmnition for
the first time fn 1945 (Ref 1).

References:5?

(a) A. R. Hitch, "Thermsl Decomposition of Certain Inorganic Trinitrides,"” J Am Chem Soc
40, 1195 (1918).

{v) C. A, Taylor and Wa. H. Rinkenbach, "Silver Azide: An Initiator of Detonation,” Army
Ordnance, Vol 5, p. 82k (1925).

(¢) E. De W. S. Colver, High Explosives, London and Nev York, p. 527.

(8) A. Stettbacher, Spreng u. Schiesstoffe, Rascher, Zurich, p. 97 (1948).
(e) A. Mershall, Explosives, 2nd B4, Vol II, p. 767, London.

(f) A. sStettbacher, Z ges Schiess-Sprengstoffv 10, pp. 193-214 (1915).

i;9See footnote 1, nage 10.
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Stlver Azide AMCP 706-177

- () F. Blechts, Chim et Ind fpectal Bo. 921-5 (June 1933); C. A. 28, &46.
() L. Wohler and W. Krupko, Berichte 46, 2047-2050 (1913).

(1) F. G. Haverlak, Bmmination of 120/k5 MM ER thell, Italisn (FMAN-hGh), PATR No. 1515,
10 April 1945.
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AMZP 706-177 Tetracene
G?ullu: Moleculer Waight: ( ceuanmo) 188
Oxygon Belence: .
c 12.8 - - CO; % -‘6‘0
. b3 SNl N-Em O = =
N (L Demelty: gm/cc At 3000 pst 1.05
nua NH-NH-NO
0 8.5 Melting Peiat: °C  Explodes 140-160
C/H Ratio 0.068 Pressing Peint: °C
Impoact Sonsitivity, 2 Kg We: Bolling Pelat: °C
Bureau of Mines Apparatus, cm T
Sompie Wt 20 mg Refractive index, nd
Picatinny Arsenal Apparatus, in.2; (8 oz wt) 8 o
Somple Wt, mg Nes
ne
Friction Pondulum Toot: Vocuum Stability Test:
Stae? Shoe cc/40 Hrs, ot
Fiber Shoe 90°C
100°C
Rifle Bullet Impect Teat:  Trials 120°C
% N
e e
Portials
Bumed '200 Grom Bomb Sond Test:
Unaffected ‘ k.0 28.0
Explosion Tomperature: *C Sensltivity te Initistion:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
| Maercury Fulminote 0.40
5 160 Leod Azide
10 Tetryl
15
20 Sollietic Merter, * TNT:
Trouzl Test, % TNT: (s) 61
75°C Internetions) Hoot Toot:
9% Loss in 48 Hrs 0.5 Piste Dont Test:
Method
100°C Hoot Tost: Condition
% Loss, Ist 48 Hrs 23.2 Confined
% Loss, 2nd 48 Hrs 3.4 D‘_""'Y, gm/cc
Explosion in 100 Hrs KNone Brisonce, % TNT
Detonetion Rete:
Flommability Index: Confinement
Condition
Kygrescepiciey: %  30°C, 90% RH 0.77 Charge Diometer, in.
Density, gm/cc

Velatitity:

Rate, meters/second
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o v
Para
i
§
Bpmasces = .
4
: § :
B ' ¥
; : O Tetracene AMCP 706-177 :
$ Frogmentetion Tost: Sheped Chorge Effactivenees, TNT = 100: é
]
4 90 mm HE, M71 Projactile, Lot WC-91: . Glass Cones  Steel Cones f
: Dersity, gm/cc Hole Volume §
‘ Charge Wt, b Hale Depth ;
'
T Frogmenis:
3 “;NT;;‘ Color: Pale yellow
»
) For Subject HE
i Principel Ures:  Priming compositions and
r
§ 3 insh HE, MA2A1 Projectile, Lot KC-3: detonators
: M”: WCC
i - Chorge Wh, Ib
t .
H
H Totel No. of Fragments: - Mathod of Looding
3 Pressed
. For TNT
: For Subject HE
3 Leading Denelty: gm/cc
; ’ * Velocity: ft/sec At 3000 psi 1.05
Art9 &t
E Ar 2514 ft ‘ Storage:
Density, cc ’ :
: . o/ Method Vet
*
M Blost (Relettve t0 TNT): Hazord Claas (Quontity-Distonce) Class 9
?
| S Al Compotibility Group Group M
: Pook P.essurs
2 Impulse B Exudation
’ Energy
} Ak, Confined Solubility:
‘ »
» impuise Practically insoluble in water, alcohol,
: acetone, ether, benzene, carbontetrachloride
’ Undor Water: or ethylenedichloride.
; Peak P Sensitivity to Electroststi
i neitivity ectros c
. Imputse Discharge, Joules: (v)
i Energy
i Unconfined 0.010
: . . Confined 0.012
’ Peak Pressure Hest of:
: Imp.ise Explosion, cal/gm 658
. Energy Gas Volume, cc/gn 1190
. Initiatirg Efficiency:
; Tetracene is not efficiert in initieting
high explosives.
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AMCP 706-177 Tetracene ~ : .

(Rinkenbach and Burton, Army Ordnance 12, 120 (193t)).

Tetracene is prepared by dissolving 5 gms of eminoguanidine dinitrate in 30 cc of water,
cooling to 0°C und mixing vith a sclution of 2.5 gms of sodium nitrete in 15 cc of vater. 'The
temperature iz maintained at about 10°C and G.5 gn of acetic acid is added. The tetrscene
sepaxates out and is wazhed with water, alcohol and ether. It is then aried.

R s e
.

Tetracene may also be prepared by placing aminoguenidine sulphate and sodium nitrite in a
large beaker and adding water her ‘ed to 30°C. The heat of reaction causes the mixture to boil;
after standing for two or three hours the separated tetracene is filtered of?, washed thoroughly

LR I G T

i and dried. A
' Origin:
, Tetracene vas first prepared in 1910 by Hoffmwan end Roth (Ber 43, 682) vho also studied i%s h
! chemlcul resctions and determined its structure (Hoffwan et al, Eer 43, 1087, 1866 (1910); Ber ;
! bh, 2496 (1911); and Ann 380, 131 (1911)). V. H. Rinkenbach and 0. ton made an extensive <
{ wtudy of tetracene and described its manufacture and explosive properties (Army Ordnance 12, .
120 (1931)). ;
" Destruction by Chemical Decomposition: ;
Tetracene is decomposed by adding it to boiling water and continuing boiling for some time !

to insure couplete decomposition.
References: 70 : : %

(a) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

o
L. C. Smith and E. G. Eyster, sical Testing of losives. Part III - Miscellaneous { }
Sensitivity Tests; Performance Tests, OSRD Report No. 5746, Tacember 1945. \v

(b) F. W. Brown, D. H. Kusler and F. C. Gibsog, Sensitivity of Explosives to Initistion
by Electrostatic Discharges, U. 5. Dept of Int, Bureeu o nes, RI , B

< {¢) Also see the following Picetinny Arsenal Technical Reports on Tetracene:

° 1 2 4 I 8 3 . :
1450 11 453 1104 kot 8 859
2164 2179

705ee footnote :, page 10.
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Tetranitrocarbezole (THC) AMCP 706-177
Compenition: Meloculer Weight: ( 012H5“5°8) W7
% oN K ‘NO
2 N 2 Oxygen Belence:
¢ b6 ~ . CO: % -85
2 % -0
H 1.h
02N NO2 Density: gm/cc
N 20.0
3.0 Mehing Point: °C  Pure 1,3,6,8-1somer 296
0 .
C/H Rotio 1.632 Freezing Point: °C
Impuct Sensitivity, 2 Kg We: Beiling Peint: °C
Bureou of Mines Apparatus, cm 100+
Sample Wt 20 mg Refractive index, nd
Picatinny Arsenal Appoaratus, in. 18 nS
Somple Wt, mg 14 L
n%
Stesl Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 0.2
Rifle Bullet Impect Test:  Tricls 120°C 0.2
% .
o e
Partials
Bumed 200 Grom Bomb Send Teet:
Unaffected Sand, gm 41.3
Explosion Tompereture: *'C Sensitivity te Initiation:
Secona:. 0.1 (no cap used) -~ Minimum Detonating Charge, gm
' .- Mercury Fulminote -
3 Tcomposes  LT0 Lead Azide 0.
10 Tetryl 0.25
15
20 Bellistic Merter, % TNT:
Treuzl Test, % TNT:
vk Pore Do To
Method
190°C ksot Test: Condition
. % Loas, Ist 48 Hrs 0.15 Conftned
% Low, 2nd 48 Hrs 0.05 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
- Detenation Rete:
Clommebility Index: Confinement
3 Condition
Hygrescoplcity: % 30°C, 90% Ri 0.01 Charge Diometar, in.
Density, gm/cc
Velotitiey: Rate, meters/second
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AMCP 706277

Tetranitrocarbazole "nlc)

Frogmentetion Teet: Shaped Cherge Etfectivensss, TNT = 100:
90 mm ME, M7 Projectile, Lot WC-91: Gicss Cones  Stes! Cones
Density, gm/cc Hole Volume
Chorge Wi, Ib Hole Depth
Totel No. of Frogments:
\4
For TNT Colon Light yellow
For Subject HE
Priacipel Usss: Component of igriter and
3 inch HE, MAZAY Projoctite, Lot KC5: pyrotechnic compositions
Derwity, gm/cc
Chorge W2, Ib
Totel No. of Fropments: Mezhod of Looding: Preased
For TNT
For Subject HE
Leading Demiity: gm/cc
Fragment Valecity: ft/sec s
At9#e
As 253 ft Sserege:
M'Ya W“
Maethod Dry
Slast (Relotive to TNT): Hozard Closs (Quontity-Distonce) Class 9
Alry Compoatibitity Group
Peok Pressuse
m Bxudstion
Energy
Confinsd Solubility in Water,
Ml'mwh /100 gm (%), st:
95°% 0.10
Under Weter:
Peok Pressure Qualitative Solubilities:
I'E Solvent Solubi litx
Jitrobenzene Very soluble
Undorgrownd: Acetone Soluble
Peok Pressiire Benzene Insoluble
i Chloroforz Insolubie
mpulse Carbontetrachloride Insoluble
Energy Ether Insoluble
Ether, petroleun Insoluble
328
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! ~ Tetranitrocerbazole (TNC) AMCP 706-177
kN &
: ‘

» Preperation: H

!

i Kll03
: HS80,
M H

. 02H N 02

02N N02

. Sulfonation: Fifty-six gms of carbazole is dissolved in 320 gms of HZS)& (96%, specific
B gu;'ity I.Bﬂ. the solution is agitated during the addition of the carbazole and the tempere-
: ture maintained at 25°-33°C. After the addition of the carbazole is cowpleted, the agitation
. is continued and solution complsted by reising the temperature to 80°-85°C and meintaining
this temperature for one hour. The sulphate is nov cooled to 20°C.

Nitretion:; The sulfonate solution is slowiy added to 168 gms of HNO, (Plant grade specific
gravity 1.525 at 15°C) saintaining the temperature at 30° to 50°C. ('m?a required - 1 hour 25
minutes). The tempersiure is then grnduang raised to 70° to 75°C and maintained for one hour
after vhich the temperature is reised to 85 to 90°C and held for one hour, then lowered to
room temperature defore drowning.

E e W om ow

3w

:. Drowning: The nitration mixture is drowned by pouring it into 2 t¢ 3 volumes of ice and
# water,

4 — Pnt_%d%z The seperated light yellow product is filtered on & Buchner Funnel and wvashed
; vith water ce to remove most of the acid.

' Purification: The TNC 18 placed in hot water (95° to 100°C) and boiled for Tive to ten

» ninutes vith rapid agitation, allowed to settle then filtered and washed once. This proce-
¢ dure is repeated twice, meking a total of three "boilings.” The final wash is acid fiee.

é Drying: The TNC 15 spreaed ‘n e thin layer and dried at 100° to 110°C for four hours.

Yield: T73.2%.

Melting Point of TNC as d: 280°C (compares to 296°C for pure 1,3,6,8-1somer in pre-
ceding ﬁ&j. —

origin:

The preparation of Tetranitrocarbazole (TNC) wvas first reported in 1880 by C. Graebe (Ann
202, 26 (1880)) who nitrated carbazole with 94% nitric ecid. Similer procedures were followed
57 R, Escalee (Ber 31, 259 (190k))and P. Zierch (Ber 42, 3800 1909} However, G. L. Ciemi-
cian and P. P. Silber cbserved the formation of four isomeric TNC's when acetyl carbazole was
treated with fuming nitric ecid (Gazz chim ital 12, 272 1682)., 1In 1912 and 1913 patents were
issued to the dyestuff manufecturer, Caselle and Company, cov:ring the preparation of polyni-
trocarbazoles (German Patent 268,173 and French Patent 464,5%). The Casella process of

e
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AMCP 706-177 Tetrani trocarbazole (INC) "

preparing polynitrocarbazoles by dissclving carbazole in sulfuric acld and treating the sclu-
tion of sulfonic acids with strong nitrating agents is essentially the process used today irn
the United States. The crude product, thus prepared, contains principally 1,3,6,8-TNC (W.
Sorsche and B. G. B. Scholten Ber 50, 596 (191T) aand about 10 of the 1,2,6,8-TNC isomer

(D. B. Murphy et a1 J Am Chem Soc 75, 4289 (1953). TNC was used in explosives by the Germans
during World War II.

References: /!

{a) D. B. Murphy, F. R. Schwartr, J. P. Picard end J. V. R. Kaufman, "Identificetion or
Isomers Formed in the Nitration of Carhezole,” J Am Chem Soc, TS, 4289-4291 (1953)

(v) S. Livingseton, Pre tion of Tetranitrocarbazole, PA Chemical Research Laborastory
Report No. 136,330, 11 Ko?gl 1951. -

(¢) D. Bi Muphy et al, m%e_maic Technical Rusearch Leading to the Development of ~
ed Ignition Powders - The Chemigs of Tetranitrocarvazole, FA Memorandum Report -
Fo. 22, 2 September 1952.

(d) S. Livingston, Development of Improved tion Type Powders, PATR No. 2267, July 1956.

(e) Also see the follwwing Ficstinny Arsenal Technical Reports on Tetranitrocsrbazole:

I

] 2 3 L] 1
2180 1802 1973 1484 1647
1937

7lsee foo.note 1, pers. 1C.
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. 2,4,2',4' ~Tetranitro-oxsnilide (TNO) AMCP 706-177
N Compesition: ? ? Moleculer Waight: (‘71&“8“601.0) 420
\ %
. c Lo.0 £ e Oxygen Belence:
. ] ) Co: % -84
: H 1.9 Nd M o % -3
' No,
) N 20.0 Density: gm/cc
; 0 38.1 Malting Point: °C Decomposes N3
'; C/H Ratio 0.735 02 NG, Freezing Point: *C
! Impect Sencitiviey, 2 Kg We: Boiling Peint: °C
» Bureau of Mines Apparatus, cm od
; Somple Wt 20 mg Refractive Index, n2
N Picatinny Arsenal Apparatus, in. 30 °
VT Somple Wt, mg 1 ]
N n%
é,‘ . Friction Peadulum Test: Vocuum Stability Teot:
: Steel Shoe Unaffected cc/40 Hrs, ot
» Fiber Shoe Unaffected 90°C --
* 100°C -
N Rifle Bullet impect Test: Trials 120°C o.11
? % .
’ Explosions :35.C
4 Portials 0°C
. Burned 200 Grom Bomb Sand Tout: )
Unaffected Sand, gm 16.3 {
- »
t Explosion Temparature: °C Sensitivity to laitiation: }
i’ Seconds, 0.1 (no cop used) -~ Minimum Detonating Charge, gm
'é'_ i .- X Mercury Fulminate
. 5 392 Lead Azide 0.20
v 10 Tetryl 0.25
4 15
4 20 Bellistic Morter, % TNT:
» e
“ Treusi Tost, % TNT:
’ 75°C internotional Hoot Test:
. % Loss in 48 Hrs Plete Deat Test:
, Method
; 100°C Hoot Tost: Condition
: % Loss, I3t 48 Hns 0.07 Confined
.o % Loss, 2nd 48 Hrs 0.00 Dfnsity. gm/ce
' Explosion in 100 Hes None Brisonce, % TNY
. Detonation Rete:
, Flammability Index: Confinement
' > Condition

Hygroscopicity: %  30°C, 90% Trace Charge Diometer, in.

Density, gin/cc
Volotitiey: Rate, meters/second \
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AMCP 706177 2,h,2',4' -Tetrani tro-cxanilide (TNO
Frogmeonietion Tost: Shoped Charge EHoctivenens, TNY = 100:
90 mm RE, M71 Projactile, Lot WC.91; Glass Cones  Stect Cones
€ ity gm/cc Hole Volume
Charge W, ib Hote Depth
Totel Neo. of Fregments:
For TNT Color: Light yellow
For Subject HE

3 lach HE, MA2AT Prajoctile, Lot KC-S:

Principel Uses: Couponent of black poder type
and pyrotechnic compositions

Dersity, gm/cc
Charge Wi, Ib
Totel No, o* Fragments: Mothod of Looding:  Pressed and extruded
For TNT coupositions
For Sub ect HE
Lesding Density: gm/cc
Frogment Velechy: ft/sec
A9 R
Ar 25y fr Sterege:
Dersity, gm/cc
Method Dry
Blest (Ralative te TNT): Hazard Closs (Quantity-Distonce) (lass 9
A Compatibility Group
Peok Prassure
Impuise Exudation
Energy
Solubility MIOO cc Solvent, in:
Alr, Conflned: . .
Impulse o_c ' ﬁ
. Water 100 <0.10
MWP.“ : Nitrobenzene 150 »15
Impuise Quelitative Solubilities:
Energy Solvent Solubility
Ethyl alcohol Insoluble
H Benzene Insoluble
Peok Pressure Butyl acetate Insoluble
Impuise Carbontetrachloride Insoluble
Ethyl ether Insoluble
Energy Acetic acid Soluble
Nitric acid Soluble
Caustic potash Soluble

Dimethyl formemide Very soluble|
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2,4,2' 4’ -Tetani tro-oxanilide (THO) AXCP 706-177
Nethod of Preparstion:
[ i
0 M
i | 2 ¢ ¢
C———C 2 Heat (200°C) | | +2H,0
| } - W HH
o o
{ i i ‘i
—— ¢ ¢
L f S |
N NH
NP .
’ 5 ‘/‘\" ‘ ¥,
Plant grade Y ;
sp gr 1.51 '\ ~
N0, R0,
Oxanilide:

Two parts of oxalic acid are mixed with one part of aniline in a round bottom flask. The
mixture is stirred and heated until the reaction is complete as evidenced by the cessation of
efrsrn cence. Tte mass 1s cooled to room temperature, poured into seversl veolumes of water
(21°-247C), filtered on & Bichner funnel and washed free of oxalic acid with wuter and then
washed free of aniline with acetone. The oxanilide is air dried to remove the acetone snd
then dried at 100°-110°C.

Tetranitro-oxanilide ‘m!

A 5 liter round bottom flask is aquipped with a stirrer of a type which wil? produce a
aowowverd "swirl.” The fissk is surrounded with a water jacket for hot and cold water. Fif-
teeu hundred grams {1.5 kilograms) of 98% plant grade nitric scid is placed into the flask.
Five hondred (500) grems of cxmnilide is slovly added to the acid under rupid sgitrtion while
the tempermture is maintained below L0C. After the addition of the oxanilide is completed
(24-3 hrs), the ngitation is continued 10-15 minutes. The temperature is then raised to 80°C
over a period of on2 hour and maintained at 80°-85°C for 3 hours. The scid slurry is then
cooled to room temperature snd drowned by pouring over cracked ice. The product is filtered
on & Blichner funnel and weshed with water until it is slmost acid free. The filter cake is
placed in a beaker and sufficient water added to form s "slurry.” Live gteam 18 run i{nto the
"slurry” under agitation for 10 minutes. The slurry is filtered and the residue washed. The
latter treatment of the "slurry” is repeated until the wesh water is found to be neutral to

333




706-177
AMCP 706- 2,4,2',4' -Tetrani tro-cxanilide (TNO) P

1itmue paper. The TNO is washed with alcohol, then acetone, air dried and finslly dried at
100°-110°C.
Yield = 90% to 97.5% of theoretical.

Origing

A. G. Perkin in 1892 obtained tetranitro-oxanilide directly by heating a solution of finely
powdered oxanilide in nitric acid. He also obtained the same compound by the action of a
cooled mixture of nitric and sulfuric acids on oxanilide and precipitating the product by
pouring the solution into vater (J Chem Soc 61, 460 (1892).

References: 72

(a) S. Livingston, Development of Tmproved Ignition Type Powders, PATR No. 2267, July 1956.

(b) D. Dubrow and J. Kristal, Substitution of Tetranitro Oxsnilide and Hesmnitro Oxesnilide
%"'hmn_gtro Carbazole, PA Fyrotechnic P Iaboratory - =38, cember

’!Scc footnote 1,
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AMCP T06-177

‘Ibﬂl
&;'dﬂu: Moleculer Weight: ( CTH§K508) 287
¢ 29.3 330’-3—!{02 a Bed . .
CO:. % . =47
N 2k.h Demeity: gm/cc Crystal 1.73
0 k.6 Maolting Peint: ‘C 1%
NO
C/H Retio 0.420 2 Freasing Point: °C
Impect Sensitivity, 2 Kg We: Beiling Peint: *C
Bureau of Mines Apparatus, cm 26
Sample Wt 20 mg Refrective index, nd
Picatinny Arsenal Apparatus, in. 8 o
Sample Wt, mg 18 Ay
e
Stee! Shoe Crackles cc/40 Hre. at
Fiber Shoe Unaffected 90°C --
— 100°C 0.3
Rifle Bullet Impect Teost: Tricls 120°C 1.0
% . e
Explosions 13 135°C
Partials sk 150°C i+
Burned 10 200 Geem Bomb Send Tast:
Unoffected 23 Sond, gm 54.2
Explosion Tomperature: °C Sensitivity to Initietion:
Seconds, 0.1 (no cop used) 340 Minimum Detonating Charge, gm
1 N4 Mercury Fulminate C. 20%
5 Ignites 257 Lead Azide 0.10%
10 238 Teiryl
15 2% | ¥Alternstive initisting charges.
2 2% Bellistic Morter, % TNT: (g) 1%
Treval Test, % TNT: {v) 125
75°C internutionsi Hoot Tost:
% Loss in 48 Hrs 0.01 Plate Dent Tost: (e)
Maethod A B
1002 Heot Tost: Condition Pressed Pressed
% 1085, Ist 48 Hrs 0.1 Confined Yes No
% Less, 2nd 48 Hrs 0.0 Density, gm/cc 1.50 1.59 1. 36
Explosicn in 160 Hrs None Brisonce, % TNT 116 115 %
Detonation Rete:
Flammebility index: 24h Confinement None
° Condition Pressed
Hysrescopicity: % >1°c, 90% R 0.0k Chorge Diameter, in. 1.0
Density, gm/cc 1.71
o)
Voletibty: 25c 0.00 Rats, meters/second 7850

335

P




AMCP 706-177 Tetryl
Booster Sensitivity Tost: (a) Docompesition Equation: (ﬁ N (hla
Condition Preased Oxygen, atoms/sec 10l5-4  ol2.9
(Z/sec) .
Tetryl, gm 100 Meat, kilocalorie/mole B.4 3.9
Wax, in. for 50% Detonation 2.01 (AM, keal/mol)
Woaox, gm Temperature Range, °C 211-260 132-16L4
Density, gm/cc 1.58 Phase Liquid  Liquid
Hoot of: Armer mpoct "
Combustion, cal/gm 2925 Plate | Tout:
Explosion, col/gm _ 1og-1130 60 mm Morter Projectile:
Gas Volume, cz/gm | . T60 50% Inert, Velocity, ft/sec
Formation, cal/gm -1k Aluminum Fineness
Fusion, col/gm (e) 22.2
Tewperature, ¢ 127 $00-8 Geners! Purpose Sombs:
Spo%'k Heet: col/gm/*C e
_C (e) Plate Thickness, inchas
=100 0.182
- 50 0.200 1
0 0.212 .
50 0.223 4
100 0.236 1%
13,
Burning Rete:
cm/sec
Somb Drep Tost:

Thermel Conductiviey: (1) N
col/sec/em/°C 5.81 x 107, at 1.394 &n/ce
6.83 x 10”" at 1.528 gm/cc

Cosfficiont of Expension:
Linear, %/°C

Volume, %/°C

Herduass, Mohrs’ Scele:

Young’s Medulus:
E, dynes/cm?
E, Ib/inch?
Density, gm/ic

Sompressive Strength: |b/inch?

Veper Pressure:
°C mm Mercury

T7, 2000-1b Semi-Armer-Piercing Bomb vs Concrote:

Max Safe Drop, ft
$00-Ib Generel Purpesz Somb vr Concrete:

Height, #t
Triols
Unaffected
Low Order
High Order

1000-1b Generel Purpose Bomb vs Concrete:

Height, ft
Triols

Unaffecteo
Low Order
High Order
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k Fregmentetion Tost: Shepad Cherge Effactivensss, TNT = 100:
90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones  Steel Cones
Dassity, gm/ce 1.58 Hole Volume
Chorge Wt, Ib 2.052 Hole Depth
Totel No. of Frop ) Color: Light yellow
For TNT T03
For Subject HE 864
Principal Uses:  Boosters; ingredient of explo-
sive mixtures, detonators, and
3 inch HE, MA2AT Projectile, Lot KC-S: blasting cspe
Density, gm/ce 1.62
Charge Wi, Ib 0.8L8
Totel Mo, of Frogmcats: Mothod of | Pressed
For TNT S1h ’
< For Subject HE 605
Loading Density: gm/cc See below
Fragmant Veiacity: ft/sec
Ar 9t
At 254 ft Sterege:
Mm; om/<c
Mathod D
e Blest (Rolabive te TNT): Hazard Class (Quantity-Distance) Cless 9
"W ' Ale: Compatibility Group Group L
Peok Pressure
Impulse Exudatirn Does not exude at 65°C
Energy
Alr, Confined: Loeding Jensity: gm/ce
Impulse Cast 1.62  Pressed pei x 10°
Under Weter: 0 3 5 10 12 15 20
Peck Pressure 0.9 L.k 1.h7  1.57 1.60 1.63 1.67
Impuise
kY
Enargy nn
Vndorground: Effect of Temperature on ()
Peak Pressure Rate of Detonst.on:
i fse
E:w 16 hrs at, ¢ 5k 21
i Density, gm/cc 1.52 1.5
Rate, m/sec 7130 7170
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AMCP 706-177
Tetryd
Preparation:

{Manufacture of Tetryl by Dinitromonomethylaniline Process, Wannamaker Chemicel Cc., Iac.)

Y Nij=-
06H3(N02)201 + CH32u{2 + NaOH — C6H3(N02,2 i cu3 + NaCl + H20

C6H3( N02) o~NH-CH, + 2HNO

3 3 \ Hac-N-NO2

02N N02

+ 24,0

N02

To a solution of 202.5 gm dinitrochlorbenzene in 200 cc benzene, at 75°c with good sgita-
tion, in 15 to 20 minutes, add 112 gm of 30% aquecus monomethylamine. Then «dd 129 gm of 31%
aqueous sodium hydroxide, in 15 to 20 minutes, at such a rate as to ceuse refluxing; continue
agitation for 3 hours at 70°C. The mixture is concentrated to a 11Q2id temperature of 101°-
102°0C, cooled, filtercd and the precipitate vashed with distilled watez until the washings
give no test with siliver nitrate, dried at 60°C (melting point 167.Z°

The dinitromethylaniline is nitrated to tetryl by solution of it in 884 sulfuric acid (197
gn nitroaniline/1190 gm sulfuric) at 25%¢, followed by additiocu of nitric acid. The process
is carried out so that the water content remains at 16%. Soclution {per 197 gm nitroaniline)
requires 5 to 10 minutaea, nitration, by addition of the sulfuric acid solution to nitric aecid,
lbout 1 hour at 30°C, plus 48 minutes at 50° to 55°C &t the end. The mixture is then cooled
to 20°C and filtered. The tetryl is dumped into 1 liter water, washed 2 or 3 times with 200
cc cold water, and then stirred 10 4¢ 15 minutes ot m°f‘ with SO0 ¢c water, filtered warm ard
then washed with water until the washings are neutra.l to meth:'l orange. The tetryl dried to
constan® weight at T0°C weighs about 270 gm.

Tetryl filtered from an scid containing 87% sulfuric scid {or more) -13% water, at 0%
(or over) may fire ir 30 minutes to 1 hour and 30 minutes, if not Arowned in water. A safe
nitration procedure, even on plant scale involves:

1. The concentration of sulfuric in the spent scid is mainteined at & lov level {approx
80/1.6/18.2 sulfuric/nitric/water).

2. WNitration maximum temperature is 50°C.
3. The slurry is cooled to 35°c before filtration.
4. Filtration time prior to drowning, is minimized (15 minutes meximum).

The crude tetryl produced is recrystallized to remove impurit . and occluled acid and to
control its granulacion.
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a[ Totryl AMCP 706-177
v Sensitivity of tetryl electrostatic discharge, joules; through 100 mesh: (i)
] Unconfined 0.007
f Confined L.k
3
$ Solubility of tetryl, grams in 100 grams {%) of:
4 water Carbon_tetrachloride Ethe. 954 Alcchol
3
: - % g TS T $
) o 0.0050 G 0.00T7 0 0.188 0 0.320
3 20 0,0075 20 0.015 10 0.3 10 0.425
> 40 0.0110 4o 0.058 20 0.1418 20 0.563
N 80 0.0810 50 0.154 3 0.493 30 0.76
. 100 0.184 50 1.72
: 75 5.33
’ Chloroforn Carbon disulfide Ethylene dichloride Acetone
N % ) 2 b % ] e} ]
%
‘ 0 0.28 0 0.009 25 k.s 20 75
' 20 0.39 10 0.015 75 ks 0 95
) 4o .20 20 0.021 o ° 116
1 (] 2.65 30 0.0%0 50 138
; Trichloroethylene Ethyl scc‘~te Benzene Toluene
* ) o, o, 0,
P % % : % t %
|4 0 0.0T 20 ~ 40 20 7.8 20 8.5
20 0.12 30 10.0
P %0 0.26 ko 12.5
; 60 0.67 50 15.0
¥ 80 1.50
3 86 1.76
i &'lene _'E{T_
T
! % -
: 20 3.3 30 de
4 30 L.k 100 149
* Lo 5.b 120 6L5
T 50 6.0
%: Origin:
* Tetryl was first described in 1879 bty Michler and Meyer (Ber 12, 1752), van Romturgh and
Martens studied its properties and proved its structure (Rec trav chin 2, 108 (1883); 6, 215
: (1887); ard Ber 19, 2126 (1886)). Tetryl was not used as an explosive until World War I.
) 339
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AMCP 706-177

Destruction by Chemical Decomposition:

Tetryl is decooposed by dissolving in 12 times its weight of a solution prepared from 1
part by weight of sodium sulfite {

NaoS04-

) in L parts watey.

be heated to 80°C to facilitate decompodition of the Tetryl.

References: ’3

(a)} L. C. Smith and E. G. Eyster,

(b) Pb Neoum, Z ges Schiess~--Sprengstoffw, pp. 151, 229, 26T (27 June 1932)
(¢) D. P. MacDougall, Methods of Physicel Testing, OSRD Report No. 803, 11 August 1942,

(d) L. . Smith sand S. R. Walton, A Considerstion of RDX/Wax Mixtures as a Substitute for

Repor®. No. 5T4b,

The sulfite solution may

P%sical Testing of EgloaivenE Part II1 - Miscellanecus
December .

Sensitivity Tests; Performence Tests, O

Tetryl in Boosters, NOL Memo 10,303; 15 Jume 1949.

(e) C. A. Teylor and Wm. H. Rinkenbach, "The Solubility of Trinitro-Phenylmethyl-Nitramine
{Tetryl) in Orgenic Solvents,” J Am Chem S:c L5, (1923) p. 10k

(f) E. Rutchinson, The The-mal Sensitiveness of

"xplosive Materisls, AC MI, Yrst Report, Augist 19%2.

{g)

_ 90-46, 20 April 1947.

(n) M. A. Cook and M. T. Abegg, "Isothermml Decomposition of Explosives,” University of

losives. 1he Thermal Conductiviiy of

Re J. Finkelstein and G. Gamow, Theory of the Detonation Process, NAVORD

Utah, Ind Eng Chem 1090-1095 (June 1956).

(1) J. W. Brown, D. H. Kusler and F. C. Gibson,

Sensitivity of

by Electrostatic Discharges, U. S. Dept of Int, Buresu of Mines,

losives to Initiation

RI %ﬁ, 1558,

(J) W. F. McGarry and T. W. Stevens, Detonation Rates of t.e More I

Explosives at Several Different Temperatures,

(k) Algo see the following Picatinny Arsem 1 Technical Reports on Tetryl:
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Tetryto!, §0/20 AMCP 706-177
Campesition: Maleculer Weight: o7k
%
Oxygen Belonce:
Tetryl 8o Co. % .52
™T 20 % <11
Density: gm/cc Cast 1.51
Melting Peint: *C 68
C/H Ratio Freasing Point: 'C
tmpect Senaltivity, 2 Kg We: Beiling Felnt: *C
Bureou of Mines Apporatus, cm 28
Sampile Wr 20 mg Refrective ludex, nd
Picatinny Arsenal Apparatus, in. g9 nS
Somple \Wt, mg 17 "
na
Friction Pondulum Toot: Vecuum Mh Tost:
Stewi Shoe cc/40 Mrs, at
Fiber Shos 90°C
100°C 3.0
Rifle Buliet Impect Tont: Trials 120°C 11
% .
e e
Partials 20
Bumed 0 200 Grewm Somb Send Test:
Unotfectad 8o Sand, gm 54.0
Explasion Tomparetare: *C Sensitivity te (nitl_sen:
Seconds, 0.1 (nc cop used) Minimum Detonating Charge, gm
1 Mercury Fulminaote O.22%
5 Ignites 20 Leod Azide 0.17*
10
s #altel¥ive initiating charges.
20 Bellistic Morter, % TNT:
Treuz! Teat, % TNT:
75°C Intermnetior el Hoot Tost: )
9% Loss in 48 Hrs Plate Dent Toot:
Method
100°C Hoot Teot: Condition
% Loss, Ist 48 Hrs 0.1 Confined
% loss, 2nd 48 Hrs 0.5 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
—_— Jutonstion Rete:
Flammebility Index: Will not continue to burn Confinement
C it 3
Hygroscapicity: % 0.02 Charge Diomater, in.
- Vot X Density, gm/cc

Rate, meters/second

31
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AMCP 706-177

Tetrytol, 80/20

Fregmentstion Tost:

90 mm HE, M7) Projectile, Lot WC-91:
Density, gm/cc
Chage Wt, Ib

Totel No. of Frogments:
For TNT
For Subject KE

3 inch HE, MAZAT Prejectile, Lot KC-5:
Density, gm/cc
Charge Wt, 1b

Totel No. of Fragments:
For TNT
For Subject HE

Shoped Charga Eilectiveners, TNT = 100:

Gloss Cones  Steel Cones
Hole Volume
Hole Depth

Coler: Light yellow to buff

Pracipel Uies: Bursters, demolition blocks

Maethod of Looding:

Frogment Yelocity: ft/sec

Density, gm/cc

Loeding Density: gm/cc

Blast (Relotive to TNT):

Air:
Peak Pressure

Impuise
Energy

Alr, Confined:
Impulse

Under Water:
Peck Pressure

Impuise
Energy

Undergreund:
Peck Pressure
Impulse
Energy

Sterege:
Method
Hozard Class (Quantity-Distance)

Compatibility Group

Dry
Class 9

Grop I

Exudation Ixudes at 65°C
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Teirytel, T5/25 AMCP 706477
Comperition: Molecular Weight: 270
%
Ox Salence:
Tetryl 75 o % -5k
INT 25 co% -2
Density: gm/cc Cast 1.59
Melting Point: °C 68
C/H Ratio Freezing Peint: °C
Impect Sensitivity, 2 Kg We: Beiling Point: °C
Bureau of Mines Apparatus, cm 28
Somple Wt 20 mg Refractive Index, g,
Picatinny Arsenal Apparatus, in. 10 °
Sampis Wt, mg 17 Nz
no
»
Friction Penduium Test: Vecuum Stability Test:
Steel Shoe Cracke cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C
100°C 3.0
Rifle Bullet Impect Test:  Trials 120°C 11+
% o
Explosions ) 0 :3202
Partials 30
Burod 0 200 Grom Bomb Sond Test:
Uraffected T0 Sand, am 53.7
Ex; iesion Tompereture: °C Semsitivity to Initigtion:
{i.onds, O 1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminagte 0.23*
5 Ignites 310 Lead Azide 0.19*
10
15 *Alte.zl:ﬁg!ive initiating charges.
20 Dellistic Morter, % TNT:  (a) 122
Trout Test, % TNT:
75°C internetione] Heot Test:
9% Lass in 48 Hrs Plote Dent Test: (v)

Method B B
100°C Heat Test: Co@ition (%ast Cast
% Loss, Ist 48 Hrs Confined lo ) Yer

% Loss, 2nd 48 Hrs Density. gra/cc il’“ hf?
Explosion in 100 Hrs Brisance, % TNT  1I°
Detonation Rete:
Flammebility lndex: V111 not continue to burn Confinement Lone
Condition Cas*,
Hyyroscopicity: % 0.03 Charge Diameter, in. 1.0
Density, gm/cc 1.€0
Velotiliry: Rate, meters/second T3S
o ¥
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AMCP T06-177 Tetrytol, 75/25
Frogmentetion Test: Shaped Cherge Effectivences, TNT = 100:
90 man HE, M71 Projectile, Lot WC-1: Glass Cones  Steel Cones (a)
Density, gm/cc 1.39 Hole Volume 127
Chorge Wt, 1b 2.101 Hole Depth 120
Totel Ne. of Frogments:
Color: ’
For TNT 703 Light yellow to buff
For Subject HE 857
Principel Uses: Bursters, demolition blocks
3 inch HE, MA2AY Prejectile, Lot XC-S:
Demsity, gm/cc 1.60
Chorge Wi, 1b 0.845
Tetal Ne. of Frogments:
Mathod of Looding: Cast
For TNT Sik
For Subject HE 591
Loading Density: gm/cc 1.59
frogment Velecity: ft/sec
At 9 ft
At 251 ft Sterege:
Dersity, gm/cc
Mathod Dry
Blost (Rolative t2 THT): Hozxard Class (Quantity-Distoncs) Class 9
Ale: Compatibility Group Group I
Peak Pretsure
Impulse Exudotion Exudes at 65°C
Energy
. O,
Alr, Confined: Butectic Tempersture, “C: €T.5
Impulse gr Tetryl/100 gm TNT
67.5°C 5482
Under Water:
Feak Pressure Booster Sensitivity Test: (¢)
) ise
Erm:u Condition Cant
"y Tetryl, am 100
Wax, in. for 50% Detomation 1.65
Vedergrouad: Density, gm/ce 1.66
Peak Prassure
impulse

Ismm
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: . Tetrytol, 70/ AMCP 706-177
N
t o
X Composition: Melecular Waight: 266
. %
! Oxygen Balence:
: Tetryl T C0: % -55
: T 0 coO% -13
: Density: gm/cc Cast 1.60
, Malting Point: °C 68
, C/H Retio Freazing Peint: °C
: Impect Saxsitivity, 2 Kg We: Beiling Point: *C
) Bureau of Mines Apparatus, cm 28
: Sample Wt 20 mg Refractive Index, n3
Picatinny Arsenal Apparatus, in. 11 °
. Sample Wt, mg 18 na
, ne,
. Friction Pendulnm Tost: Vecuum Stebility Test:
R Steel Shoe Unaffected cc/40 Mrs, at
' Fiber Shoe Unaffected 90°C
‘ : 100°C 3.2
, Rifie Bullet Ir:poct Test:  Triols 120°C 11+
:‘ AN % 3
. Exp'aions 0 :35_2
> Puartials 55 %0
‘ Bumned 0 200 Gram Bomb Send Tout:
) Unatected Ls Sand, gm 53.2
P '] txplesion Tomperature: °C Sensitivity to Initietion:
Seconds, 0.1 (no cop used) 416 Minimum Detonating Charge, gm
1 387 Mercury Fulminate 0,23
5 Ignites 320 Leod Azide 0.22%
10 302
15 289 *Alte%wive initiaticg charges. ‘
Treuzl Test, % TNT:
75°C Internationel Hout Test: )
% Loss in 48 Hrs Plate Dent Test: (v)
Method B
100°C Moot Test: Witim Cast
% Loss, Ist 48 Hrs 0.1 Cm’f"d Yes
L. % Loss, 2nd 48 Hrs 0.1 Dc.rmty, gm/ce 1.60
) Explosion in 100 Hrs None Brisance, % TNT uz
. Detonetion Rete:
Flammebility Index: Will not continue to burn Confinument None
. Conditicr. __ cast
g Hygroscopicity: % 0.02 Charge Dirinatar, in. 1.0
. Density, gm/cc 1.60
Voletility: Rote, meters/second 7340




AMCP 706-177

Tetrytol, 70/3 P
Ferogmentetion Teet: Sheped Charge Effectivences, TNT = 100:
90 mm HE, M71 Projectiie, Lot WC-91: . Gloss Cones  Steel Cones
. Density, gm/cc 1.60 Hole Volume
Charge Wt, Ib 2.09% Hole Depth
Totel No. of Fragments: Color: iight yellow to tuff
For TNT T03
For Subject HE 8Lo
Principel Uses: Bursters, demolition blocks
3 inch HE, MA2AY Penjectile, Lot KC-5:
Density, gm/cc 1.60
Cherge Wt, Ib C.8L42
Tetel No. of Fregments:
Mathod of Losding: Cast
For TNT 514
. For Subject HE 585
Leeding Density: gm/cc 1.6
Fregment Velecity: ft/sec !
At 9 &t
At 2514 #t Storege:
Density, gm/cc
Method Dry
Slast (Relotive to TNT): Hazord Class (Quentity-Listonce) Cless 9
i
\
Ale: Compatibility Group Group I
Peak Pressure .
Impulse Exudation Exudes at 65°C
Energy
Alr, Confined:
Impulse
Under Weter:
Peok Pressure
impulse
Energy
Underground:
Penk Pressure
impulse
Energy
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: A Tetrytol 62 ::2 AMCP 7““77
4
'
. Compesition: Molecular Weight: 264
’ %
! Oxygen Balence:
: Tetryl 65 Co: % .56
* CO % -1%
. TNT 35
Density: gm/cc 1.60
. Melting Peint: °C 68
C/H Ratio Freexzing Point: °C
N Impect Sensitivity, 2 Kg W: Boiling Point: °C
R Bureou of Mines Apparatus, cm 28
: Sample Wt 20 mg Refractive Index, n2
: Picatinny Arsenal Apparatus, in. 11 ©
. Sampie Wt, mg 17 na
B ng
L Friction Pendulum Teost: Vecvum Stebility Test:
; Steel Shoe Cracks cc/40 Hrs, at
! Fiber Shoe Uneffected 90°C
) 100°C 2.8
. Rifie Bullet Impact Test: Trials 120°C 11+
» % o
! Explosions 0 l35.C
> Partiols 10 130°C
) Burned 0 200 Gram Bomb Sond Test:
. Unaoffected 90 Sand, gm 52.6
»
s Explosion Tempereture: “C Sensitivity to Initiotion:
, Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm
’ 1 Mercury Fulminote 0.23%
. 5 Ignites 35 Leod Azide 0.2
. 10
¢ 15 *AltMive initiating charges.
. 20 Ballistic Morter, % TNT:
Trouzl Test, % TNT:
. 75°C intornstions) Hest Test:
. % Loss in 48 Hrs Piste Deat Test:
R Mathcd
100°C Moot Tost: Condition
% Loss, 15t 48 Hrs Contined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Detonction Rete:
Flammebility tndex: VWill not continue to turn Confinement lione
Condition Cagt,
Hygrescopicity: % 0.0z Chorge Diameter, in. 1.0
Density gm/cc 1.60
Voleritity: Rote, meters/second 7310
347
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AMCP 706-177

Tetrytol, 62[32

Frogmentetion Test:

90 mm HE, M71 Projectile, Lot WC-91:
Dersity, gm/cc
Charge Wt, ib

Totel Neo. of Fragments:
For TNT
For Subject HE

3 inch HE, MA2AY Projectile, Lot KC-3:
Density, gm/cc
Charge Wt, ib

Totnl Ne. of Fragments:
For TNT
For Subject HE

1.61
2.010

703
856

0.845

51k
585

Shaped Charge Effectiveness, THT = 100:

(a) (=)
Gloss Cones  Steel Cones

Hole Volume 133 126
Hote Depth 120 119

Color: Light yellow to buff

Principel Uses: pyraters, demolitior blocks

Mathed of Londing: Co-*

Fragmont Velecity: ft/sec
At9 ft
At 25% ft
Density, gm/cc

Loading Density: gm/cc 1.60

Blast (Relative te TNT):

Alr:
Peak Pressure

Impuise
Energy

Alr, Confined:
Impulse

Under Weter:
Peak Pressurs
impulise

E_mav

Undorground:
Peak Pressure
impuise
Energy

Steregy:
Maethod Dry
Hozard Closs (Quontity-Distonce) Class 9
Compatibility Group Group 1

Exudation Exudes at 65°¢C
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AMCP 706-177
Tetrytol, 80/20, 75/25, 70/30, 65/35 ¢

Compatibility with Metals:

:+ Copper, brsss, aluminum, magnesium, stainless steel, mild steel, mild steel coated
wvith acid proof black paint aud mild steel plated with copper, cadmium, zine or nickel are
unaffected. Magnesium-aluminum alloy is slightly affected.

Wet: Stainless steel and mild steel coated with scid-proof black »aint are unaffected.
Copver, bress, aluminum, magnesium, magnesium-aluminum alloy, mild steel and mild stee) plated
with cadmium, copper, zinc or nickel are slightly affected.

Preperation:

Tetrytols a—e manufactured by heating TNT in a melting kettle, equipped with & stirrer,
until all the INT is melteC. The necessary amount of tetryl is added and heating and stirring
are continued. The trmperature is allowed to drop from 100°C uniil the mixture is of maximum
viscosity suitable for pouring. Purt of the tetryl dissolves iu TNT forming a eutectic mixe
ture which contains 55 percent tetryl. This mixture freezes at 67.5°C.

Oorigin:

Tetrytols were developed during World War II. The 70/30 tetryl/INT castable mixture is
the most importent in military applications.

References: 74

(a) L. C. Smith er. E. G. Evster, Physical Testing of Jos8ives, Part ITI, Miscellaneous
Sensitivity Tests, Performance Tests, OSRD Report No. 5740, December 1945.

(v) D. P. ¥acDougall, Methods of Physical Testing, OSRD Feport No. 503, 11 August 1942.

(¢) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949,

(d) Eastern Leboratory, du Pont, Investigetion of Cavity Effect, Sec III, Variatior of
Cavity Effect with Explosive ngosition, iﬁc Contract Wo(c-ORD-5T723.

(e) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, Eastern
1ab, du Pont, 16 September 1943, NDRC Contract W-0[2-ORD-5,23.

(£) Also see the following Picatinny Arsenal Technical Reports on Tetrytol:

° 1 2 3 2 6 I 8 3
1260 1291 1372 1193 1265 1376 k7T 1158 1379
1360 131 1213 1325 1435 1737 1388
1420 1451 1363 1885 1466 1757 1838
1500 1651 1493 2125 1506
1530 1951

7zSee footnote |, page 10,
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AMCP 706-177 INT {Trinitrotoluene}
Composition: Molecular Weight: (CTHSN306) 2e7
%
c 37.0 cH Oxygen Baloncs:
3 CO: % -Th
. CO% =29
: 2.2 0 N~ NC_
N 13.5 < Density: gm/cc Crystal 1.65
0 k2.3 Malting Point: °C 81
C/H Ratio  0.5k9 NQZ Freezing Point: °C
Impeoct Sensitivity, 2 Kg Wi: Bailing Point: °C
Bureou of Mines Apparatus, cm 95«10+
Sample Wt 20 mg Refractive index, nS a 1.5430
Picatinny Arsenal Apparotus, in. 1k-15 8 1.6742
le Wt, *
Somple W1, mg 1 T LTt
Friction Pondulum Tost: Vecuum Stability Test:
Steel Shoe Unaffected ¢cc/40 Hrs, ot
Fiber Shoe Uneffected 90°C
100°C 0.10
Rifle Bullet Impact Test: Trials 120°C 0.23
% .
— ; e 0.tk
Portials 0 0-65
Burned 0 200 Gram Bomb Sond Test:
Unaffected 6 Sand, gm K.0 43
Explosion Temperoture: *C Sensit.vity to Initiation:
Seconds, 0.1 (no cop used) STO Minimum Detonating Charge, gm
1 220 Mercury Fulmingte 0.2h*
5 Decomposes 75 Leod Azide 0.27*
10 465
15 *Alt.remjtive initieting cherges. |
20 Beltistic Morter, % TNT: Std=100
Trouzl Test, % TNT: Sta»100
75°C International Heot Test: o
A Plats Dent Tost: {a)
Loss in 48 Hi .
% Loss in 48 Hrs 0.0k Method A A B
100°C Hest Tost: WitSm Sast P ‘ssed Cast
% Loss, Ist 48 Hrs 0.2 Confined "2 ves “°6
% Loss, 2nd 4B Hrs 0.2 Dfn=--w, gm/cc ; 1 1.50 1.61
Explosion in 100 Hrs lione Brisonce, % TNT 00 100 100
Detonation Rete:
Flammebility index: {v) 100 Confinement Unconfined Un.confined
Condition Pressed Cast
Hygroscopicity: % 30°C, 90% RH 0.03 Charge Diometer, in. 1.0 1.0
> Density, gm/cc 1.56 1.56
Volatility: »°C Ni1 Rote, meters/second 6825

€640

350
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TNT (Trinitrotoluene) AMCP 706-177
Boostar Senstivity Test: (c) Decompasition Equetior.: (hh.h (1)12.2
Condition Pregged Cast Oxysen, atoms/sec 10 10
100 100 (Z/sec)
Tetryl, gm , , Heat, kilocolorie/mole  34.4 3.k
Wox, in. for 50% Detongtion 1.68 0.82 (3H, keal/mol)
Wax, gm Temperoture Ronge, °C  275-310 23-277
Density, g.n/cc 1.55 1.50 Phase Liquid Liquid
Heet of: (a} Armor Plate .
Combustion, cal/gm 3620 Impect Test:
Explosion, cal/gm 1080 60 mm Merter Prejoctile: (3)
Gas Voiume, cc/gm T30 50% Inert, Velocity, ft/sec 71100
Formation, col/gm 78.5 Aluminum Fineness
Fusion, cal/gm 22,3
Temperature, “C 79 $S00-1b Genersl Purpose Bembs: (3)
Specjfic Heer: col/gm/*C
c : Plate Thickness, inches Trials % Inert
) 0.309
20 0.328 ) o
50 0.353 . 0
80 0. 374 1y
1. L 100
¥, N 50
Burning Rote:
cm/sec
Bomb Drop Test:
Thermel Conductivity:

cal/sec/em/°C See next page.

Coetficient of Expacnion: (v)
Linear, %/°C -40° to 60°C 5.4 x 1072 (b)
-b0% to A% 6.7 x 107°
Volume, %/°C 27° to 20°C 16 x 107 ()

16° to 70°C 26.3 x 1072 (4}

Mordness, Mohs’ Scele:  (¢) 1.k
Your—' MVedulus: (v) o
E', uynes/cm? 5.45 x 10
E, Ib/inch* 0.79 x 10
Density, gm/cc 161
Compressive Strength: ib/inch? 13800~1L000
Density, gm/cc 1.62
Vepor Pressure: (e;
°C mm Mercury
50 0.0L2
£S5 0.053
90 0.067

95 0.055
100 0.10¢

Y7, 2000-tb Semi-Armer-Piercing Somb vs Concrete:

Max Sofe Drop, ft 50005000

500-1b General Purposs Bomb vs Cencrete:

No Seal Sesl
Height, ft 5,000 L.5,000
Trials 25 20
Unaffected 2L 20
Low Order 2 o]
High Order 0 0

1050-15 General Purpose Bemb vs Concrete:

No Seuwl _Se_a_l_
Height, #t 5,000 5,000
Trials 21 2¢
Unaffected 1z 22
Low Ovier 0 0
High Order 3 L
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D}nes/cm x 10
Densl ., gm/

AMCP 706-177 - TNT (Trinitrotuluene)
Frogmentetion FYest: Shaped Chorge Iffectivensss, TNT = 100:
0 mlﬂl, M71 Prejectile, Lot WC-91: - : Géc.x Cones ~ Steel Conss
ensity, gm/cc 1.60 Hc ‘e Volume 0 100
Char;e W, Ib = 2.104 - Hole Depth 100 100
* Tatal Me. of Fragments: , ' -
Color: Light yellow:
For TNT 703 gy
Tor Subject HE 63
" ‘ Principsl Uses:  GP bombs, FE projestiles,
N jocti K ‘demolition chergés, depth charges,
3inch HE, MA2A1 P o, Lot KC-S: grenader, propella:t couposgitions
Density; gm/cc 1.60 : . ‘
Chargs Wi, Ib 0.8:6
""”‘*“"‘*""’\ v . Athed of Londing: 1. Cast
For TNT 514 A 2. Pressed
For Subject HE 31k
s Loading Demalty: gm/cc Sce belov
Frogment Velocity: #1/sec (k)
At9 fr &
Ar 2515 fr 2o Sterage:
Jensity, gm/cc 1.58
‘ Maethod ‘ Dry
' #last {Kelative o TNTR Hazard Closs . wontity-Distonce) Clese 9
L Ain ‘ Compatibility Group Group I
3 Peok Pressure - 100
Impulse k 100 Exudation Kone at 65°C
- Energy . 100
,g,,mv Loeding Density: gm/cc
Impuise 100 1. Cast 1.58-1.59 2. Pressed psi x ].03
Under Water: 3 5 10 15 20 Ky 50
Reak Pressurs 100 1.35 1.0 1.45 1.52 1.55 1.59 1.6
Impuise 100 Thermal Conductivitys
Enengy 100 cal/sec/cm,/
i
. -4
- ety s s (8) 5% X100
. " . LA
Peok Pressure f‘“o .ok gm/ee (B3 5.6 x 107
impulse 1oc 1.67 gw/ee {g] 12.21 x 107°
Energy 10v Viecomity, poizes:
Temy , R5°C 0.139
100 0.095
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T (Trindtrotoluene

Effect of Twpersture o Mate of Detosstics: {1}

Tugarature of Charge, %

Bours at Tewperature
Denaity, gm/ce
™te, maters/second

-34 2 € 60
16 16 2% T2
2.63 1.62 1.6 1.64
600 €820 6770 650

Senssiviy i Electrostatic Discherge, Joules; Firough 100 Mesh:

Taeonfinet
Coafined

Met Seasitivit,- versus Temp :ratun

I °

‘Picatirey Arsensl Apparatus, 2 sg wt, inches:

inches
. 17
1b
T

3 . :
2 (5 expl in 20 trials) -

Mx t ﬁ&l:ltiﬂg versus foading Mythod, largs Tmpact Apparatus, Iaches: ‘

' Pressed at 1.60 gm/cc 70
Cast et .50 galon 26 .
%Wn Irpacs &fssinﬂg; versus Tewpsteture, Confinepent:
‘ . Boe o .
‘tandard Iron Bowb: Teupers ture L1050 to 110%
%o Alr Hpace ' ‘ :
Trials - 10 10
Wm 1 very low oxder’ T
Ai* Space \ .
frisls 0 10
- . Explosions : _ -0 , 0
With or Without Air Spece
T losions 0 ]

AMCP 706-177




AMCP 706-177 NT (Trinitrotoluaae)
usd ture versus Initie® ture:
INT Tewpersture, Initial osion ture, OC
Room A70 (Decowposes
105°.200° 580 innemn )
Explosion Tompersture versus Confinement, °C:
Unconfined Decomposes 470 .
Sealed in glass cepillary Explodes 320-335 :
Yiscosity at 80.5%C: ' ‘
Viscosity, X, cp log X = 7.046 S + 1.26 :
8 = § solid in slurry .
Particle sise effect, smell .
Densi ces :
’ :c_ State dcc .
. 27 to 70 Flaasd 1.65 :
o 80 7 Flaked 1.6h k
o 8 Lignid 1.48 .
h ’ \.BT Iii:md M 1-&8 hd
, k- Liguia ‘ 1.47 .
. Solability of TP, /100 gu (), m: (f) ] ‘
Water " Acatone Benzene Tolveue
o % = g 2 £ X 4
s M o2 2 & 2o 2 oz
S 20 55 .
: 0 o.gg; : ko 228 Lo 180 he i
o 0.06T5 60 600 66 8 60 T I
) go Y 2000 8o ?1700
. " cazbon Trichloro-
N tetrachloride Bther Chloroform " atgyleme :
8 8 % s bR 1
o [+ O,P’.O 0o - 1.73 0 6 & 3.5
0 2,35 20 2,29 20 19 55 60
- ko 1.75 ] . bo 65 ‘
60 6.90 60 302 )
70 17.34 - - E
75 - .35 o L C o )
R
* C N
¥ h
: 254 \
4 B wovmm—";
s : -
 § .
! . ‘ : ‘ ’
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NMCP 706-177
O DT (Trinitrotolusne)
lene -F -
Byridine Methyl acetste dﬁ'ﬁ& §‘T«%u
b} % X ] % ] 2 5 ]
20 1%0 20 73 20 * o 29.5 ‘
Go 50 260 €0 560 50 9% «
T 1250
Tetrachloro- I 1 :
. " Aniline % Ethanol :
X b S $ ] ] X $
2 18 10 6.1 20 0.76 o 0.62
o 5% k] 11.5 ko 1.96 2 1.25
50 10 50 29 50 2.95 ko 2.85
70 T 60 8.4
8o i3 T0 15
Iscdutyl aleohol | Carbon disuifide Chlorobensene
% $ % ] 2 $
0 0.20 ¢ .14 20 45
20 - 0.61 20 0. bk x 51
40 1.4 ko 1.k 4o Kt
50 2.35 50 1ué
) 2ratior.
r m&‘ M
iAc 7258, 7239, 7260 - Nitretion Kinetics)
Chemietry of Powder and Bxplosives, Devis)
cx3 053 Co
. 08 5O, .
+ HNO, ———
%0,

s

In ¢lder procecses trinitretoluens (INT) was slowly and lsboriously nitrsted in three
stages using successively stronger scids. Today, however, a single stage nitration is pos-
sible, in a shor? time (less than ove hour) producing TNT st s cost of & little leas then
T ,6¢/Lo. -In Bngland, & Lvc stage continucus pricess was developed during World Wer II; in the
. £irat colnter cupfent stage, tc -us was niirsted to the mouo stage mononitrotoluene (MNT);

& i . in ths second giige, also count  curresnt, MAS was nitrated to THT.
i ‘ ~
N A
i
;g v ~
¥ . 355
A
»%é“&{»}!&—' > - - -
‘E ; ;m ‘.'
: L \‘ 5 ~ ’ N k
L ~ T ~
. = . i
L L
s =N . -
Ly{- he -
}_\__ Z‘. o H,F* ' T E i i . ‘\l‘,“.' ".7‘;
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AMCP 706-177 INT (Triaitrotoluene)

It vas the British work, on the kinetics of nitretion of toluene to TNT, that first pointed
out the basic importance to nitration processes of the nitroxyl ion (NOg+), on the ocane hand,
and the role of the bisulfate ion (BSO;-) and unionized sulftric acid on the other. These
concepts wvare successful i, explaining the maximum in nitration rate occurring at a sulfuric
acid content of 92%. This work, for instance, leads to the follcving equation for the rate of
formation of THT fyrom DRT:

4(3) . x (W) [x (B8O~ + k" (Bpsoy)] (omm)

Tnree Process: Tclueue (100 gm) is ni:irated to the mono derivative by slowly mddi g
a J;ﬁ%rp-mmc ecid (sp gr 1.84) and 147 gm nitric acid (sp gr 1.42) to it at
30°.40%C, vith good agitation. Acid addition requires 1-1.5 hour, and stirring at 30°-40°C
is continued 30 minutes longer. The mixture is coolcd and the lower layer of spent acid

drewvn off.

Half the crude mono is dissolved in 109 gm sulfuric acia (sp gr 1.84) with cooling, tae
soJution heated to 50°C and a mixture of 54.5 gm nitric acid (sp gr 1.50) and Sk.5 gm sul«
furic acid (»p gr 1.84) adied, under sgitation, &% such a rate that the temperature is main-
tained betveen 90° and 100°C. Acid sddition requires 1 hour, and stirring at 90°-100°C is
cont! ued 2 more hours.

. While the dinitrsticm mixture is still at 90°C, 145 gm fuming sulfuric acid (vleum con-
taining 15% free S0,) is added slovly. A mixed acid of 92.5 gm each nitric acid (sp gr 1.50)
and 15¢ oleum is slivly a , under good egitation at 100°-11 '~ over 1#4-2 hours. The mix-
ture is stirred at 1007-115"C for 2 mor~ hours, cooled, filterea, and the INT cake broken up
azd washed with water. The TNT is weshed 3-b times with Lot water (85°9-95°C) witk goocd agi-
tation. The pro:ct can be purified either by recrystallization from alcohol or by weshing
it vith 5 times its weight of 5% sodium bisulfite solution at 90°C for } heur with vigorous
stirring, washing with hot water until the weshings are colorless, and cooling slovly witb
stirring to granulsts: the product.

Y

TNT was first prepared in 1863 by wilbrend (Ann 128, 178), later by Leilstein and Kuhlberg
(Ber 3, 202 (1870? sud elso Tiemann (Ber 3, 217 ,1870), eac) using different methods of stert-
ing materials. It wvas ne¢rl; 30 ysars later vhes Hauscruarn undertool its menufacture on an
industrial scale (2 angew Chem, 1891, p. 508; J Chem In?, 1891, p. 1028). “After 1901 TNT
began to be used extensively as & military expiosive and Cermany vecame the first nation to
adopt it as a standard shell filler (1902-1904). During Vorld War 1 all the major povers of
the world were using INT, with the quentity used limited only by the available supply of
toluvne. P-ior to World Wer II the development of eyntheic toluene from petroleum made
svailable in the United States, an slmost unlimited sui:ly of this rev materiel. Because of
the general suitability of TNT for melt-loading und {ts extensive use in Hinary and ternary
explosive mixtures, TNT {s considered the most irportant military explosive known today.

Destruction by Chemical Decomposition:

INT ic deccmposed by addirg it sluwly, wiile stirring, to 30 times its weight of a solution
prepared by diseolving 1 part of sodium sulfide (Fe,S-9Hz0) iu 6 parts of water.

References:’5

(a) D. P. MacDougsll, Methods of Physical Testing, NSHD Report No. 803, il August 1942,

73See footnote 1, page 10.
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T (Trinitrotoluens) AMCP 706-177
(v) Philip C. Keenan and Jovothy Pipes, Table of Military High Explosives, S:cond Rovi-

sion, FAVORD Repart Mo. 87-36, 26 July 19k6.

{e) L. . Smitk and 8. R. Walton, A Considerstion of M_@x_ Mixtures 2s & Substitute for
1‘2!1 in &m, NOL Nemo 10,?33 June =

(4) L. C. Swith apd E. H. Zyster, Physicel Testing of "locimg Part ITI, Miscel.isnecus
Bensitivity Tosts, Pexformence Tests, N N De: .
(e) Report AC-2587.

{f) Intersatioml Critical Tebles snd various other =ources in the open iitersture.

{g) B. Butchinson, The Thermsl ensitiveness of 1osives. The Therma] Conductivity of
Zxplosive Materials, s Firat » . .

(b) A. J. B. Roberiion, Trans Pared Soclety, bb. 977 (1948).

{3} M. A. Cook snd M. T. Abegg,"Isothormal Decomposition ¢f Explosives,” University of

_Utah, Ind Eng Chem (June 1956), pp. 2090-1095.

9k(.s) Comdttee of Div 2 and 8, NDRC, Report on HP% and Tritooal, OSRD No. 5506, 31 July
1 50 | .

{x) B. ‘v. Drake, %ﬁ: Yeloeig and Pansl Penstration of Seversl Explosives in 3iuu-
lated thelils, OSRD . A SNUAYY . \

(1) W. I. McGarry and T. V. Stevens, Detobation Fates of the More t Milits
Bxplosives st Seversl Different Tesperstures, TATE ho. £33, Novesber %ﬁ

{m) V. 8. Cramer, “ulk ressibility Data ou Seversl High Explosives, NAVORD Report Ko.
4380, 15 September 19,6—2—'”.

(n) ¥antrov, Jouwrnal of Chemicel Indust:y (Russia) 6, 1329, pp. 1685-1688.
{o) Also see the follcwing Picatinny Arsensl Technicsl Reports on THNT:

N -2 3 4 b 6 1 8 2
© 10 1 1 43 k.23 £5 86 k7 us - R
k1 551 582 83 &9k 195 266 8T 283 oko
] IR 782 133 87 k25 556 507 638 269
350 861 8o 213 90k 555 666 27 . 18 19
6% 891 912 - 513 109k 695 956 597 768 389
160 90L 1072 643 1104 135 107 838 459
8o 9 182 673 1126 805 1086  fo7 1983 709
1120 1081 1192 ™3 122k 915 116 817 1098 739
1k 2 272 853 128F 1145 1276 33 128 9

170 13| o192 863 1206 1155 1376 1107 1ikd 199
1260 1391 12 1063 1305 1225 146 147 1158 889
1276 13| 132 1323 13k 12685 k66 1237 1188 929
3 1451 13t 1233 1Wd 15 e 13T 1198 939
o 191 . ko2 1193 W 1S5 1556 1wT 1228 109
1460 1651 aks2 12k3 akkb 1395 163 k1T 1258 1109
1500 1821 Tz 1483 1Sk k25 1756 aker 18 1129
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AMCP 706-177 IN? (Trinitotoluers) ~
A .
e 2 Fi ] b3 [ 1 8 2 v s
IR 153 1492 1373 152k k35 1956 1437 13:8 1139 ‘
: 1550 1562 1h93 1540 145 2236 14ST 1338 1179 .
1550 1582 1553 2564 1495 1497 1388 1199 .
1730 1712 1633 16C 1515 1537 1418 1259
2016 1862 1693 1674 1535 1547 k28 1289
2100 1823 175k 1585 1557 1578 1339
2160 2063 1924 1605 15TT 1618 139
763 206k 1635 1597 1688 13719 :
a1 1665 1617 1728 1419 :
1865 1737 1828 420 .
1965 1797 1838 1469 .
115 1827 1858 1489 ‘
1885 1847 2008 1529
225 2007 a8 1549 .
275 21h7 2168 1629 :
267 1689
1709 ‘
1729 .
17h9
1809
1819
1879
1949
2159
279
ﬁ £
: N
!
438 | —
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AMCP 706-177
Jorpex
Composition: Meloculer Wolght: 44
%
. Oxygen Balence:
ROX ‘2 CO. % .gg
TNT ko €O % -
Alundnum 18 Deaslty: gm/cc Cast 1.76-1.81
Melting Point: °C
C/H Ratio Frossing Poimt: °C
lmpect Sonsitivity, 2 Kg Wh: Belling Pelat: °C
Bureou of Mines Apparatus, cm k2
Somple Wt 20 mg Refrective lndex, nS
Picotinny Arsenal Apparatus, in. 9 °
Sample Wt, mg 15 s
rQ
Tost: Vezuum Stability Trat:
Stes! Shoe <c/40 Hrs, ot
Fiber Shoe 9%0°C
100°C
Rifle Bullet impact Test:  Trials 120°C 1.0
% .
Explosions 20 :35'2
Partials 8o 50
Burned 0 ! 200 Grom Bomb Send Toat:
Unatfected 0 Sond, gm 59.5
Expicaien Toemperature: °C Sersitivity te Initietion:
Secords, 0.1 (no cop used) Minimur: Detonating Charge, gm
1 Marcury Fulmirate 0.18
5 Decomposes 260 Leod Azide
10 Tetry.
15
20 Bellistic Merter, % TNT: (g) 138
Trousi Tost, % TNT: (v) 164
75°C internations! Heet Yeost:
% Loss in 48 Hrs Plote Dent Test: (c)

Maethod R
100°C Moot Tont: Cond.ition . Cast
% Loss, 15t 48 Hrs 0.00 CM'M No

% Loss, 2nd 48 Hrs 0.10 Deraity, gm/cc 1.83
Expiosion in 100 Hrs None Briscnce, % TNT 120
Detenaticn Rete: (a)
Flommebility index: 196 Confinement None
r Condition Cast
Hygrescopicity: % 30 C, 90% RH 0.00 Charge Diometer, in. L0
Density, gm/cc 1.81
v ‘ Rote, meter./second Th95
159
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Seaster Semeitivay Test:  (c) Decompesition Bquetion:
Condition Pressed Cassc Oxygen, atoma/zec :
. (Z/3ec} .
Yetryl, gm 10 3 Meat, kilocatorie/mole :
Wox, in. for 50% Detonction (AK, keal/mel) N
Wex, gm 2 4] Temparaturs Ronge, °C :
m, WICC 1-& 1081 Phose .
Moot of: (s) . — :
Combustion, col/gm 3740 Plete impoct Toot: )
Explosion, col/gm 1800 60 men Mortar Projectile: (o) :
Gos Volume, cc/gm 50% Inert, Valocity, ft/sec 185 .
Formaoticn, col/gm Aluminum Fineness
Fusion, ca!/gm .
500-1% Ganerel Pur 3008 Bembs:
Specific Mest: cal/gm/*C (v)
At -5% 9m 0.22 Plate Thickness, inches .
Density, gm/ce 1.82 1
it 15% 0.2k ]
1%
13
BSuming Rete:
cm/sec Somb Dres Tost: "
Thornea! Conductivity: (v} . \ N s :
col/ssc/em?*C 9.7 x 10 b T7, 2000-16 Semi-Armor-Plorcing Bosb vs Coner * 1 {
Density, gm/cc - 1.82 “ote " e A
Maex Drop,
Coofficiont of Exponsiop: o 1 .5
Lineor, %/°C -73 to 75°C 4.7 x 1077 (b) 500-1b Gensrel Purpess Besmb vs Concrete:
Volums, %/°C Height, ft
e Triols
 Karda. Mo Sesle: Unaffected
Young's Modulus: (v) " High Ord
E’, dynes/cm? 9.53 x 10
€, Ib/inch? 1.3 x 10 1C00-1b Genurel Purpose Bamb vs { sncrete: *
Density, gm/cc 1.77
. Height, ft )
Comprossive Strangth: Ih/inch* (b}  2105-2300 Trials
Density, SN/CC .77 Unoffected
Vaper Pressure: Low Order
*C mm Mercury High Order
350 N
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Torpex AMCP 706-177
m o
‘ - Frogmentution Test: Shoped Charge Effoctiveness, TNT = 100: :
50/36.5/13.5
90 mm HE, M71 Projectile, Lat WC-LT: Gloss Cones  Ster! Conet ?
{ Density, grm/cc 1.75 Hole Volume 150 145 ‘;
Chargs W, b 2.316 Hoie Depth 127 13 },«
Totel N of Frogments: j
For Subject HE 891
. Principel Uses: Depth charges, bombs |
! 3 inch HE, MEZAT Projectile, Lot KC-S: ::
. Darsity, gm/cc : . L.T9 !
‘{ . Chorge W, Ib 0. 950
{ Totel No. of Frep Mathed of Laading: Cast ;
; . For TNT 51k
\ For Subject HE 647 *
. Losding Deaclty: gm/cc 5.76-1.81 ‘»
t Frogwont Volochy: #t/sec 's
! A9 f 2960 L
' At2Sy f Stornge: ,
’ Density, gm/ce -- i »
’ Method Dry
; ) Blast (Baletive to TNT): {e) Hlagord Cicss 1Quontity-Distonce) Clase 9 3
N’ Al i Comnatib lity Group Group I S
Peok Pressure 122 Y
z impulse 125 \audetion
‘ Energy 146
! Effect of erature on
Ai.'w . =
i » PA Inpact Tes
! Under Weter: =R r‘g;%'—a&m ™
t Peok Pressure 116 ——
i impulse 127 25 15
y ° k3 7
H Energy 153 104 8
*
1 Undorground: Viscosity, poises:
i Peck Pressure o X
; impuise Tewp, 9502 2:3
;
»
v
4
7
5 5 361
L
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eion, KAVORD Report Ko. 87-46, 26 July 1946.

AMCP 706-177 —_—

Pregarstion:

Torpex is manulectured by heating TNT to approrimeely 100°C in a stemm-jscketed kettle
aqiipped vith a stirrer. Water wet RIX is added sloviy to the molten TNT, while mixing and
heating, until all the water is evaporsted. Aluminum is added and the mixture is stirred
until uniform. The mixture i# cooled, with continued aiirring, until it is suiteble for
pouring. Torpex cen also b2 msd: by 8dding the calculated amount of TNT to Compretition B
to mainteln the Aesired propertion of RDX/TNT, heatins and stirring, end adding 18 percent
cf aluminue ‘o complete the mixture.

in:
Torpex, & omstable high explosive, wes developed in Englazd during World War II for use

as a filler in wvarheads, mines and depth bombs. GSeveral varietfone in the composition of
torpex h~ve been evaluated but the following are thoae used in r .rvice munitions:

Torpex 2 Torpex 2
vnvered vaxed T3
(e) () ‘ (e)
RIX, % ] k1.6 Ly b
5T, % ko 39.7 39.5
Alumicum, % 18 8.0 17.9
wax. % 0.7 0.7
Caleium ctloride, % 0.5

(s) Made frou Composition B-2 or 60/40 Cyclctel.
{v) Made by tke sddition of sluminum to Composition B.
{c) Made by the sddition of caleium chloride to Torpex 2.

Wax hes the undesirable effect of (1) tending tc cosgulate the 3luminum, thus giving & less
houogeneous and more viscous product, (2) lowvering the density of the cast explosive from
1.72-1.75 t0 1.06-1.T0 for waxed torpex, and {3} lowering the compressive strength from 3700
Psi to 1970 psi for wexed torper. However, wax 18 used in service torpex for recsons of
safety, since there is evidence that its ;resence lowers the pensitivity of the exploeive to
impact &s meusured by isboratory drop tes'.e and bullet sensitivity tests of small cherges
{Bureau of Ord Res Memo Rpt No. 24, Janua.y 1945).

References:’6

9h(a) Commiztee of Div 2 and 8, NDRC, Repor:. on HBX and Tritonmal, OSRD No. 5406, 31 July
1945, R

(v) Philip C. Keenan and Dorothy C. Pipes, Teble of Military High Explosives, Second Revi-

(e} D. P. MacDougall, Methods of Ptysicsl Testing, CSRD Report No. 803, 11 August 1942.

L. C. Smith and B, H. Eyster, Physical Testing of losives, Part 1I1, Miscellaneous
Sensitivity Tests, Performance Tests, OSKD Report No. 5750, % December 1945.

765¢e footnote 1, page 10,
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i Torpe:, AMCP 706-177 53
- e (2) G. B. Messerly, The Bxte of Detonation of Verious Explosive Compounds, OSRD Report ;
Fo. 1219, 22 February 19%3. i
z M. D. Hurvitz, The Rate of Detomaticn of Various Compounds snd Mixtures, OSRD Report .
. No. 5611, 15 January 19%5. |
: g
; (¢) . Tomlinson, Jr., Blast Effects o Bomb Explosives, PA Tech Div Lecture, 9 April
. . .
i () Bustern Isborstory, o Poat, Ivestigetion of Oty Bfect, Sec I1], Vertation of
1 Cavivy Bffect with Bxplosive Composition, et - .
& Iy
~ {6) Also see the folloving Picatinny Arsenal Techuical Reports on Torpex:
i ° L 2 3 H ¢ 1 il
- 150 1651 19¢ 2353 185 1196 1797 163
o 1635
‘ 1885
o 2355
~ " .
i
.
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AMCP 706-177 1,3, 5-Trienino-2, b,6-Trint trobenzens (TATHB
Composition; Malossior Weight: (°§3§E§°g‘) 258
Iy NH Onyges Balenee:
c . 2 A
219 €0, % -6
2.3 o,¥ Ko, O % ~19.
¥ 2.6 LR N, Canedy: gm/cc Crystal 1.93
o 372 ¥o, Melting Point: °C 330 (b, o) ¥ ()
C/H Rotio  0.302 foossing Peint: °C
Impecs Ssnsitivity, 2 Kg Wt: Selling Peint: °C
Burea' of Mines Acparotus, um -
Picatinny Arsenal Apparctus, in. 21 n2
Somple Wt, mg T &
Mige
Friction Ponduium Tost: Yecuum Stnbillty Tosd:
Steel Shoe cc/40 Hrr, ot
Fiber Shoe 920°C once
100°C (2, b) 0.36
Rifle Buliet impact Tost:  Trials 120°C coee
% * T
— od |
Partiols
Burned 200 Grom Bomb Sand Teot:
Unaftected ~ Sand, gm %2.9
Expiesien Tompermiture: *C Sansitivity te Inlietion:
Seconds 0.1 (no cop usadi Minimum Detonating Charge, gm
i Mercury Fuiminate casc
5 Leod Azide 0.%
10 Tetryl R
15 .
2 | P o, 8 Y
Treuzi Tosd, % INT:
75°C Intorietionsl Heet Toet:
% Loss in 48 Hrs Piste Dant Toet:
: Methiod
100°C Heot Tost: Condition
% Loss, 13t 48 Hrs 0.00 Continad
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Mrs Kone | Brisance, % TNT
Dotonstion Aate:
Flammebiilty Index: 2. lirement None
—_— Condition Pressed
Hygroseo, icity: % C'warge Diometer, in. 0.5
- Deraity, gm/cc 1.50
Veletitty: Rats. meters/second - 7500
164
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1,3, 5« Triandno-8, b, 6-7 -11:1 trobenzene (TATHB) AMCP 785170
~ 'mM | Shaped Chorge Effectivencai, TNT = 100: %
90 mm NS, MPY Projesits, Lot WEAT: . Glos Cones  Stest Cones =
Deraity, grifee ' , © Hole Volume N
Chasge WA, B Hole Dapth L
Fragmente: i
"F:.'I“N‘:' Caler: Yellow ;
For Subject HE ‘
3 inch MK, MABAY Frejostie, Lot KC-5: !
Density, gpw/cc b . ¥
Chorge W, b ’ }
. . 3 2‘
m':“,r:f"""""‘ ‘ Mothed of Loodieg: - Pressod ‘
For Subject HE .
' Loading Demelty: gm/cc ?
Fonpmaent Velochty: ft/sec At 50,000 psi © 1.80 ;
Aok |
Density, gm/cc "
Mathod Dey !
N Slost (Raletive to- THT: Hozard Closs (Quantity-Distance) :
Aln Compatibiiity Group
Peck Preseure
Impuke Exudotion )
m - .
Ay, Conflned: Detonation Velocity: (s, b, ¢)
Impuiss Densi ce Meters/sec
Und or Weter: 1.290 530
s frautee ALT5 N
: * 1.575 6575
t Energy 1.882 7035
» 1.835 T229
N -Undosground:
- Peck Pressurs Heat of: .
"W Explosion, cal/gm 2831
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AMCP 706-177 1,3, 5-Trlantno-2,k, 6-Trini trcbensene (ATHB) )
tion: ; : {s) ‘ . R ':M“ ’
Absolute aloobol (200 milliliters) was setureted vith smmonis and then }2.5 gm {0.028 mol) ¢ <
of 1,3,5-tribrcen-g,k,6-trint trcbenzene, prepared according tc Hill (SAVOHD Report No. 3709, <
2 Fedbruary 1553), wes sdded. The flask vas stoppered and slioved to stand st room tewpexsture s

NP

for 2 day. adcitional ammcnia was bubbled into the mixture, whichk vas then heated ander reflux
for thirty sinutes, filtered hot, and the insoluble product collectad on & Bucke: + funnel.

™e product ves washed with water, alcohol, and drisd. The 4.7 gm of material recoversd was
recrystallised from nitrobensene.

A diesndvantage of the adove method was that it could not be used fo1° the nreparetion of
large guentities of TATMB. Since it &i2 not seem foaridle o develo: & nev wathod of prepers-
_tion, an investigation vas made of the reported aminecion rsacticns (see below). An
atterpt vas wmde (Ref £} tc £ind & modification vhich would produce high of & pare pro-
duet. The process vhich evolved from this study mey be sumerised as follows (Ref °): 1,3,5-
trichlorobensene was nitreted "in coe step” %o 1,3,5-icichloro-2,4,6-trinitrobensens in 85% ‘
yield. The cxude nitration product was aminated in benzsne vith smmonia ges <o DVMIB, in .
yielés of at lesst 95%.

in:

PATHE vas prepared for the first time in 1888 by C. L. Jackson and J. P. Wing, vho £ x4
the compound inscluble in alcchol, ether, chloroform, bentene, and g’acisl acetic scid; and
soluble in nitrobenzene ani sniline (Amer Chem Journal 10, 262 (1548'). B. Flarscheix and
B. L. Holmes TATNS from bentene free pentanitroeniline by gredually edding it to 10%
squecus ammonia {J Chem Soc, Pt 2,345 (1908)). After boiling, an urange-ysllov panisr me)*.
iag above 300°C was cbtained. Thi: product corresponded to thet &-scribed by Jecr.om and wing.
These suthars, as well as Paluer (Ame= Chem Journal 1h, 378 (1892,), attempted to reduce TATNB
to hexa-smincbenzene Either decomposition occurred or & hydroc™lorid: o penta-ssincbensens
was formed. Flursch. i and Holwes succeeded in reducing TATNB »ith parnylr:irszine by heating
them together up to 200°C (J Chem Soc, Pt 1,33 (1929)) (Bail i, 01 .l EIT, 1KT).

Peferences:’’ : { v

(2) F. Mylor, Jr., Syothesis of Nev High Explosives II, Derivatives of 1,3,5-Tribromo-
2,4,6-Prini . %mm_‘, " """3"}—__"‘_

{b)} L. D. Bampton, Small Scale Detonetion Velocity Measurements from 1951 to 1954,
BAYORD Repcrt ¥o. 3731, June 195K, ~ _""w.

gc) E. M. Fisher and E. A. Cbristian, Explosion Effects Dnta "heets, NAVORD Report No.
» 1b June 1955. -
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Zriethylens Glycol Dinitrate (T20N) Liguid < AMCP 706177
. R é P—— N av-'\
Came %, oeenlor Wl (e’ . 20
: ‘ - 2 \0 | CO:% -8
A 5. t,e” : €O % -2 i
\ . = '
3 y  ur . l o | Demalty: gm/cc 208 }_‘g
o ~ . o ’ :
. o 530 ch/o Mabisg Pelat: °C
E C/H Rotio 0.177 2 ‘w2w02 ‘ Freuzing Pelat: *C
Co Senpost Senshivty, 3 Kg Wi : Solling Pelnt: °C
: e - < Sureau of Mines Apporotus, cm 100+
s Sompie Wt 20 mg ‘ fefrective lndex, nd 1.85%0
b . Picotinny Arsencl Apporotus, in 43 o
E Somple W, mg : e
t. ) :~C Felotion Pondulum Toot: ' ‘ v VYecuom Stebitity Tost:
: Stvol Shoe Unafy QC“\d ©c/40 Hrs, ot
‘ Fiber Shoe Unaffected 90°C
1 - ‘ \ 100°C 0.45
; RMie Bullet mpect Test:  Trick 120°C 8 hours 0.8
; ¢ % 135°C ’
i 150°C
Porticls
0 Burned 200 Grom Bomb Sond Test:
— Unaffected Sand, gm .7
k j Explosiin Tampereture: *C Sensitivity te lnkistien:
B Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
] Mercury Fulminote
I 5 223 Leod Azide
: 10 Tetryl
1S
g 20 | Beliotic Merter, % TNT:
! Yrous] Tout, % TNT:
ot 75°C lnternations! Hoot Tast:
: : 9% Loss in 48 Hrs Plote oot Tost:
o Method
ol 100°C oot Toot: conditen
Lo % Loss, st 48 Hrs 1.8 Contind
e % Loss, 2nd 48 Hrs 1.6 Density, gm/ec
‘ Explosion in 100 Hrs None Brisance, % TNT
s A Detoaction Rete:
. ;,” Flommobility inden: Confinement Shelby steel
: Condition Liquid
- . Hyproscopiclty: % Charge Diometer, in, 1.25
: . Density, gm/cc 1.33
! N 0,
; Velwiey: 60°C, me/cx?/nr ko Rote, meters/second Fails
.
7
o ‘»’
L 367
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ANCP 706-177 Triethylene Glycol Rinitrate (TBGN) Liguid :
Y
Fragmentetion Test: Shoped Charge EHectivenam, TNT = 100: :
90 mm NE, M71 Projectile, Lot WC-V: Gloss Cones  Steel Cones
Density, gm/cc Hale Volume :
Chorga Wi, b Hole Depth .
Tetal Ne. of Fragw.ents: - :
Color: ¢
For TNT ‘
For Subject HE .
Principel Usca: Ingredient of rocket and double : .
3 lnch HE, MAZAT Projoctile, Lot KC-S: base propellants .
Density, gm/cc S
Charge Wt, b &
Tetel No. of Frogments: «
Mothed of Losding: .
For TNT :
Looding Denelty: gm/cc s
Fragment Veloclty: ft/sec .
At9 #t ‘
At 25% # Sterege: ‘
Density, gm/cc , i E
Method Liquid :
Biost (Relotive to TNT): Hazord Class (Quontity-Distonce) : {
Ales Compatibility Group . g
Peck Pressure . :
Impuise Exudation :
Solubility in Weter
Impulse 25¢C 0.55 *
60°¢C 0.68 ‘
Undee Weter: Solubilit: 100
Peok Pressure at C, in:
Impuise Ether bl
Energy Alcohol - :
2:1 Ether:Alcohol - . )
c Acetone - .
Peok Pressurs Viscosity, centipoiscs: :
Impuise Temp, 20°C 13.2 :
Energy Hydrolysis, % Acid: .
ofs 10 days at 2:°C 0.032 .
Heat Of: 5 days at 60°C 0.02y :
g‘;‘;“';imf °:}/ g 3‘;98 Vepor Pressure: .
osion, cal/gm ST —LU'C—'— Mercr: .
Gas VO].I.’IM, ce/gr 851 - == .
25 <0.001
338
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~ Triethylene Glycol Dinitrate (TECN) Liquid AMCP 705177

Origin:

i Lourenco prepured triethylene glycol in 1863 by keating giycol with ethylene bromide in s
4 sealed wube at 115°-120°C (Ann (3? 67, 275). Llatsr in the same year Wurtsz prepared triethy-
2 lene glycnl by heating mthylene axide with glyce™ at 100°C. By sction of nitrie acid triethy-
t lene glycol ves oxidized to (Hpy00C-C¥+0-Clp)o tenn {3) €9, 331, 351).
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The Germans and Itellans were the Tirst to prepere and use 'EGN during World War Il as an
ingredient of rocket and propellsnt powders. The comaercial production of TEGN in Quantity
is still difficult and its ure ts @ plesticizer for nitrocellulose is being replaced by other
1iqQuid nitretes.

tions

Tristhvliene glycol is purified by frectional distillation under vacuum in an 18-inch Vi-

goaux fractioning columm. The sssembly as a vhole is equivalent to 4.5 theoretical plates.

e The distillation is conducted using a 5 to 1 reflux ratio, at a pot temperature of spproxi-
mately 180°C, and a take-off temperature of approximataly 120°C.

The puriiled triethylene glycol (T8G) is nitrated by carefully stirring it ia%» 2.5 parts
of 65/%0/5 nitric acid/sulphuric acid/water maintained at 0 ¥ 5°C. The rate of cooling is
sufficient that 300 gm of TEG cea dbe added vithin 40 minutes. The mixture is stirred and
beld st 0 + 5°C, for 30 additional minutes. It is then drowned by pouring oni: & large quen-
tity of .ce and extracted thrvee times with ether. The combined extract ir water-washed to w
P of about &, shaken vith an excess of sodium bjcarbonate solution, and fu~iher washed vith
1% s0dium bicarbonate solution until the washings are colorless. ‘The ethersal solution 1s
wvater-wvashed until it has the same pH value as distilled water. It is carefal.: separated
frox excess water, treated with chemically pure calcium chloride to remove -lissolved water,
and filtered. The ether ia removed by bubbling with da eir until & minioa: =ate of loss in
weight is sttained. The yield is 1.3 gm per gm TEG (84% of theoretical) and the nitrogen
ecnz;:; of different batches range from 11.60 to 11.69% by the nitromete: method (calculated
13. .

References:’8

o g 9

()

(¢) See the following Picatinny Arsenal Technical Reports on TEGN:

3 2 [} 1 8
1 1953 17hS 1786 1767 1638
3 2193 2056 1817
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7854e footnote 1, puge 10.
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AMCP 706-177 meimonite
Compeeition: Malecular Walght: 217
%
Ouypon Bslence:
Pieric Acid 88 . 90 €O % 62
CO % -1%
Mononitronaphtaalene 12 10
» Demsity: gm/cc Cast 1.60
Malting Point: *C %
C/M Rotio Froasing Peint: °C
lmpoct Somaitivity, X Kg Wr: Boliing Pelnt: *C Explodes 00
Burecu of Mines Apporotus, cm 50
Sompie Wt 20 mg Rofroctive index, n2
Picatinny Arsenal Apparatus, in 10 o
Somple Wt, iag P
e
Friction Pordwium Tost: Yacuum Stebility Test:
Steet ». - cc/40 Hrs, at
Fiber Shoe 20°C
100°C
Rifle Buliet impect Tost:  Trials 120°C 0.9
% .
— o e
Portiale 0
Burmed 0 200 Gram Bomb Send Tost:
Unaffected 100 Sond, gm .2
Explssion Tompereture; *C Sonsitivity te Inltiation:
Seconds, 0.1 {no cap used) Minimum Detonating Chorge, gm
1 Marcury Fulminats
$ Decomposes s Laod Azide 0.20
10 Tetryl 0.0b
15
2 Bollistic Marter, % TNT:
Trous! Tont, % TNT:
75°C internstionsl] Heot Toot:
% Loss in 48 Hrs Piste Dont Toat:
Method
100°C Heat Toot: Condition
% Loss, Ist 48 Hrs Confined
9% Loss, 2nd 48 Hrs D-'wty; gm/ec
mm in 100 Hrs afm, % TNT
Detenction Rate:
Flommebility index: Confinernent None
Condition Csgt
Nypreseopielty: % Charge Diameter, in. 1.0
Density, gm/cc 1.60
v v Rote, meters/second T020
370
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} Trimonite AMCP 706-177

$ .~ -ww: Frogmontetion Teet: Mmmm=tﬁz

/ )
! 90 mwm NE, MT1 Projoctile, Lot WC-91: Gloss Cones  Steel Cones
; Density, gm/cc Hole Volume
' Chorge W, b Hole Depth
!
) Tetel Ne. of Frogments:

Colec:
! For TNT .
; For Subject HE
? Principel Uses: TNT substitute in projectiles
1] and bombs
’ 3 lnch HE, MA2A 1 Projectile, Lot KC-3:
! Density, gm/cc
' Charge W, Ib
: T""F:"Tg""""‘ Method of Loading: Cast
: . For Subject HE
’ Loading Desalty: gm/cc 1.60
! Frogment Velocity: ft/sec
H A9 ft
’ At 25% & Sterage:
' Dersity, gm/cc
’ Method Iry 3
' .
: Blast {Raletive to TNT): Hozard Closs (Quontity-Distonce) Class 9 g
? §
; Al Compatibility Group Group I z
¢ Peck Pressure fi
’ Impuise Exudation Exudes 8t 50°C
: Energy
! Alr, Confined: Preparation:
. Impulss

5’ Pleric acid and alpha-~-mononitronsphthalens
? are melted together in en sluminua or tin stes

i ’ Undes Water: Jjacketed melt kettle equipped vith & stirrer. ™
! Peak Pressure Although picric scid alone requires s high tem-
4 Impuise perature for its melt loeding (1209C), the
' Energy mixture forms a eutectic melting st 49°C. Care

! 4 must be taken to prevent the formation of dan- R

: gerous metallic picretes. Trimonits is of
f ”m""” interest as an emergency substitute for TNT.
. Energy
4
i
E4
i
?

3n
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AMCP 706-177 Drimontte

in:

Trimonite, a cestable mixture of picric scid/mononitronaphthalene was developed by the
British during Wor)d War IT as an improvement over tridite which is & mixture of 80/20 picric
acid/dinitrophencl. Both mixtures are suitable for melt-loading below 100°C and therefore
represent an improvement over melt-losding picric acid alone {melting point 122°C). However,
tridite is slightly inferior to picric acid as an explosive and dinitrophenol is objection-
able beceuse of its toxicity. Trimonite is also slightly inferior to picric acid and TNT as
an explosive. Becsuse of the lov eutectic tempersture of the picric acid-monoanitronephithelene
mixture (49°C), Tridite exudes when stored at elevated temperatures. It does not possess the
disadvantages of picric acid {corrosive action on metals, sase of decomposition, ete.) and is
a comparetively inexvensive substitute for TNT.

3
i
;
{
i
{
i
|
i
i
§

References: /7

(a) See the following Picstinny Arsenal Technicel Reports on Trimonite:

2 2 3 8
1352 1325 926 1098
1372 976 1853
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”See footnote 1, page !0,
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2;2;2-Trinitroethyl-b, b, b Trinitrou 1yyrete (THETE) AMCP 706-177
c-;.umnx Moler slar Weight: (c6u6N601,.) ¥B6
c 18.6 Ouygen Delence:
CO; % -h.2
H 1.6 . CO % 20.8
0-CH,.C(NO
N 21.8 25(%0p) 3 Density: gm/cc Form I 1.78
C=0
0 58.0 Molting Peint: °C 93
C/H Rotio 0.202 CpCHaC(NO2)3 Preozing Peint: °C
tmpact Sensitivity, 2 Kg W Boiling Point: *C
Bureou of Mines Apparatus, cm
Somplomzo'rg Refractive Index, n% Form I (e)
Sompltth, mg ratt, In Grystel Axis ; 1.518
50% point, cm {») 2) T igﬂ
hkllu h-‘dn- r“: Yecwem m Test:
Stee! Shoe cc/40 Hrs, at
Fiber Shoe 90°C c——-
- - 100°C L8 nrs 0.40
Rifle Bullo? Impoct Tosk:  Trials 120 &
% .
Exploss I3S'C
Portials 150°C
Burned 200 Grow Bomb Send Teat:
Unaffected Sand, gm
Sxplosion Tomperature: ° Sensitivity te Initiation:
Seconds, 0.1 (no cop used) i Minimum Detonoting Charge, gm
1 - Mercury Fulminate
5 50% point (Alhot bar) (a) 225 Leod Azide
10 Tetryl
13
20 Bollistic Merter, % TNT: (v} 136
Treux! Tost, % TNT.
73°C internations! Moot Tost:
% Loss in 48 Hrs Piste Dent Tost:
Method
100°C Moot Teat: Condition
% Loss, st 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT
Dstenetion Rete:
Flommebility Index: Confinement
Mygroscopichy: % 30°C, 90% RH 0.00 ien
: TSQC: 5 months NZ: fa) Charge Diometer, in.
v - Density, gm/cc 1.60 1.76
v Rate, meters/second 7760 8290
373
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AMCP 706-177 2,2,2-Trinitroethyl-k,b,b=Trinitrobutyrete ( TNETB)
Boettor Sensitivity Test: Decompesition Equation:
Condition Oxygen, otoms/sec b.h x 1021
T , (Z/sec)
'"Y'. o Hsat, kilocalorie/mole L3.4
‘Nax, in. for 50% ODetonation (A, keol/mol)
Wax, gm Temperature Range, °C
Cersity, gm/cc Phase Liquid
Neet of:
Combustion, col/gm 1685 mor Plate Impect Toot:
Explosion, cal/gm 60 mm Morter Projectile:
Gos Volume, cc/gm 50° inert, Valocity, ft/sec
Formation, col/gm 07 Aluminum Fineness
Fusion, cal/gm
Sublimet*..u, cal/gm (e t} 8ok 300-1 Genoral Purpese Bambs:
Specific “ieet: cal/gm/°C
Plote Thickness, inches
i
1y
1%
B P
Burning Rete:
cmi/sec
Semb Drop Test:
Thermel Conductivity:
cal/sec/em/*C T7. 2000-b Semi-Armor-Plercing Bomb vy Concrete;
Coetficiont of Ex Jow: Mox Safe Drop, ft
Linear, %/°C 500-1b General Purpcse Bomb vs Concrete:
Volume, %/°C Haight, ft
" Triols
Hardness, Mohs’ Scale: Unoffected
Yaung’s Moduwue: I:whO(;d;:
E', dynes/cm* 1oh Hrder
E, Ib/inch® 1000-1 Generel Purpese Bomb vs Concrete:
Denuity, gm/cc
- - . Height, ft
Comprossive Strongth: Ib/inch? Triols
Unaffected
Vepor Pressure: (e) Low Order
*‘C mm Mcrcury: High Order
65 3.3 x 10
75 1.3 x 10,
35 k.2 x 10
100 2.3 x 1073
120 1.k x 107
374
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' »
‘ H
{ 2,2,2-Trinitroethyl~k, b, boTrinitrobutyrete {TNETB) AMCP 706-177
{
) Fragmontatica Tost: : Shaoed Charge EHoctivensss, TNT = 100:
Ly : . )
Td 90 mm HE, MY Projectile, Lot WC97: ; Gloss Cones  Steel Cones
. Density, gm/cc N Hole Volume : o i
: Chorge Wr, 1b. Hole Depth .
’ N ;
‘C\- ‘l .
& ; Trtel No. of Frop * . Calor: Coloriess
I For TNT
4 .
N For Subject HE : - - : -
' ; Trincipel Uses: ~
‘ 3 inch HE, MA2AY Projectile, Lc? KC-5: ‘
. Density, gm/cc .
£ . S
, - Charge W1, ib ‘
b i \ .
. Tetel Neo. of Fragments: Mothed of Loading: ‘ e
; . For TNT
’ For Subject HE
! Looding Density: gm/cc Form I 1.783
. ‘ Form II  1.677
I rm Velecity: fr/sec Liguid, 99°%, 1.551
i ' ]
v At 25% Storage: -
N Density, gm/cc § .
? Mathod Wet
; « L
b Bles: (Relative to H-6;: Sphere  Cylinder (h) Hazord Class (Quantity-Distance) 5
;= Ale; 1-1b Cherge: EW»  EVX g oy Compatibility Group *
4 Peok Pressure 0.91 0.8L 2.81 0.75
: Impulse 0.73 0.67 7.7h 0.69 Exudation
< ; Energy ;
+ Bruce*on Safety Test 83
: Alr, . ce*on ety Test Results (g)
» impulse Mean and stendard devistion of lengths of
4 0.300 diemeter cylirnder eacross vhich initie-
: Under Weter: tion 18 possible for 50% certainty:
. Peck Pressure
. Imoul =T 0.391 + 0.¢ko
. euTEe D% Comp B 0.3 7 0.0
, Energy TIETB 0.920 + 0.059
¢ Underground: Absolute Viscosity, poises: (&)
i Peok Pressure : o o
’ . Tenp, 95.9 C : 0.173
}
- mpulse 106.3%C 0.138
H Energy :
¥ *Th, equivalent weight of H-& fui a unit weight
¥ of test mixture for equal performence at the
N same test distence; IV, equivaelent volune of
! K€ for & unit voiume of test mixture for egual
Y performarce at the same test distance.
: |

~
N
4
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AMCRTOHT 22 minttrosuyloh by betetnt robutyrate (PUETE)

Soludils ture): (s)

Solvent , Solubility
7 N A -y
| Weger ? Insoluble ‘
| wefexane | Insoluble :
! Carbon tetrachloride : Insoluble i
! Ethanol " 5 gn/1%0 gm solvent ;
! Chloroform 5 ga/100 gm solveat !
| Bersene 10 gn/100 gm soivent :
Mtromethany : Very soludble '
Glacisl &eetic acld Very soluble )
Ethyl scetate Very aoluble )
' INETS Forme Butectics With the Following Compounds:  (e)

! BOMES (bis(trinitroethyl) succinate 8o+
PIXEN (bis(trinitroethyl) nitraxine 68.5
{ B (trinitroberzens) ; 65
Compound A (chnel,.g., formed by
2

condsneation of 1,1l-dinitroethane) . ™
Teinitroethyl trinitrobenzoate (27% 80.5 (£)
sta c Datas (a)

Three polymorphic crystalline forms have been obaserved. Lov temperstuye Fox'l I goes through

a solid-sclid transition at 89°C giving Form II. Form II has & meltiag poi.. of 92.57 %o 93°C.

.On cooling, Form II does not transform reversidbly to Form I vhen 84°C 1s reacted. However,

Form II will transform to Form I nt room temperature, ususlly taking a Tew hours +c 4o so.
Form III was observed, wiich appeareg to be stable over s vary narrov tegperature range on
the order of 0.2° to 0.57C near 92.5°C.

Preparation; (@)

(no2)3cc32azécoc1 +  (NO,) 5T0H 50,
trinicrobutyryl chloride  trinitroethanol  sulfuric

acid
(n3,) 3ccrt,‘\cuecoocnec(1102) 3 ¢ ;041 —
2,2,2-trinitroethyl-b, b, 4-trinitro-  hydrochlorie

butyrete fcid N

Laboratory experiments indicate that the preseatl slov step iuvelving overnight treatment
of U,b h-trins trobutyryl chloride with 2,2,2-trinitroethanol and siuminum chloride can be
replaced by & fast and simple esterification in sulfuric acid. Using 100% sulfuric acid o~

"fortified H,50,, the ester can be prepared in yields of 95% t> 3% in 24 hours at 25°C, in

S bours at , or in 3 hours at 65°C, Above 65°C the reaciion time is less, but the ylerd
fal)s off and & less pure product is obteined. The crude white crystalline product on recryt-
tallizetion from dilute methanol gives a material melting &t 92° to 93°C.
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—~ 2,2,2-2rini woethyl-h, b, b-Trini trobutyrete (THETS) AMCP 106177

eigin: ‘ (®) | g
mwumvehudwmmmncmmwmummlw, !
chemdstyy otthuemnotequ'lnlwodinmmwm Schenck
at, who discovered in 19A2-1943 st trinitromethane or aitrofors, !O(l\g),.
of nw explosive derivntives. Dr. Sckonck prepazed the stable #01id aleohol
» from pitroform and formaldehyde. DIr. Schimmslschmidt reacted utrofon
with unsaturated organic compounds, such as acrylic acid, and predicted in 1943 that the eater
of 4, b, A-trint ticbutyric wcdd vith trinitrosthencl would be an interestinz axpiosive.

In 29NT tie U.5. ¥avy degsn & progres to explore these coupe 's. The initial task of im-
vestigating the chemis of trinitroethancl wvas undertaken by \ .2 Hercules Powder Company
{Mavy Contrect NOrd-9925). The U.S. Rubber Cospany studied the chemistry of nitroform (Nevy
Contrect NOrd-10,129). After preparstion of the first laboratory ssmples of THETB, consider-
shle interest was arcused. In early 1950 the Maugstuck Chemiecsl Division of U.S. Rubbar Com-

i
gs .

the production to 800 pounds with the sssistance of the Hercules Powder Cowpery in augs ing
the production at Nrugatuck (Bavy Contract NOrd-11,260). THETB is e high oxygen conts:
suplosive. .

Beferences: 80

a) J. M. Rosen, es of Trinitroethyl Trinitrobu te THETB, BAVORD Report No.
1'(“01955. :

(b) Bureau of Mines Repart No. 3107, Part IX, Ballistic Mortar Tests on mutmxgl
Zrinitrobutyrate, 5 April 1950.

- (e) 1. D. Hapton and G. Svadeba, Evaluation of 2,2,2-Trin'troethyl-h, b, h-Trinitrobu’, =te
' e Constituent of Castable Exploaives —wm—smw—‘*

.

' «w&"’;-m? Fan

.' : {a) U.8. Bubber Compary Quarter)y Progress Report ¥o. 23, S/mthesis of Nev ‘s
.~/ &ud Explosives, NBavy Coutrects NOrd-10-129 and -12,663, 19 August 1 )53.
(o) | A N luu, 0. H. Johnson, J. M. Rosen, D. V. Sickman end F. Taylor, Jr., g.}r_ep-ntion
and Properties of TMETB, a Nev Castable High Explosive, RAVORD Report ¥o. 3685,
(£) M. E. B2}, 3mthesis of Nev High glouve-, KAVORD Report No. 2965 1 April 1953.

(g) Jucodb Savitt, A Sensitivity Test for Castable Liguid BExplosives, Including Results

for Some New Materiais, WAVORD % ¥o. 2997, Z"&R% 133’!; e lese Ans

‘ {(h) R. V. Gipson, Semsitivity of Explceives, IX: Selected 1co-Chemical Date of len
Pue Bigh Explosives, EYoRD % BE 1%, ié June 1958.
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AMCP 706-177 Trinitro Triazidobentene . .
: .
Q;rﬂi.: Maoleculnr Weight: - (C6°6N12) 3%
‘ 302 Gxygei Ralence: K
2 2k : C0o.; % -29
. ] X CO% 0.0
X 50.0 3 3 . 5
) Demsizy: gm/cc Crystal 1.81
0 - 28.6 o X ‘noz
X  Matting Poiar: °C Decowposes 131
C/H Rotio 3- Frosuing Paies: °C
lmpoct Senaitivity, 2 Kg Wr: Teiling Puint: °C
Purecu of Mines Apparatus, cm (&)  £25
Somple Wt 20 mg Refroctive index, nZ
Picatinny Arsenal Apparatus, in 5 -
Somple Wr, mg . . fa
. n3
Friction Pondutum Toot: Yeocuusa Shobility Tost:
Steel Shoe ¢c/40 Hrs, ot
Fiber Shoe o'
. ~ 100°C .
Rifie Bullot lmpoct Tast:  Triols 120°C -
* -
Expiosions ot )
Portiols
Bumed 200 Grora Bomb Sead Test:
Unatfected Sond, gm
Explesies Tomporoture: < (s). Seruitivity to Initiotion:
Seconds, 0.1 (no cop usad) -~ Minimum Detonating Chorge, gm
1 e Mercury Fuiminate
5 150 Lead Azide
10 Tetryl
15
2 Bellistic Mertar, % TNT:
Treusi Tost, % FETN: 90
75°C intornations! Heot Tost: ;
% Loss in 48-Hn Plate Dont Toor:
Maethod
100°C Moot Tost: Condition
% Loss, Ist 48 Hes Confined
% Low,20d 48 Hy Dersity, gm/cc
Explosion in 100 Hrs . Brisance, % TNT .
Detonation Rate:
Rowmebili'y index: Confinement
= Condition
Wygrescepicity: % 30°c, 901 R¢ 0.00 Charge Digmater, in.
- Dersity, gm/cc
Velotitity: Rate, meters/second
378
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Trinitro Triazidobenzena

ANCP 706177

Frogmontaiion Tout:

Shaped Cliarge EHastivensss, TNT == 107;
90 mm Ni, M71 Prajectile, Lot WC-91: Gloss Cones - Steel Cones
Dersity, gm/cc Hole Volumg
Charge WA, b Hole Depth
Total No. of Fropacats: ; -
Color: Greenish-yellow
For TNT vel
¢ For Subject HE . '
o Principal Uses:  {c) Ingredient of primer mix
3 inch ME, MA2A1 Projuctile, Lot KC-S:
Dargity, gm/cc.
Charge Wt, Ib
Toiul No. of Fragments: Mothed of Looding: Fressed
For TNT Dead presses at about 42,000 psi
For Subject HE . —
Loading D .aelty: gm/cc
Zrogasent Velochty: f1/sec At 12,000 pst 1.75
A9t
At 25% ft Sterage:
Density, gm/cc
Mathod
Bisst (Relative to TNT): Haza-d Class (Qnamc{-bm«»o)
Air: Compatibility Group
Peck Pressure
Impulse Exudation Kone
Energy -
ualitative Solubilities
Alr, Confined: %Tﬁzm A Ture:
Impulse Solvent Solubility
Under Weder: Acetone Readily soluble
Peck Pressure Chloroform Moderatoly soluble
i ise Alcohol Sparingl, soluble
mpu Vater Insoluble
Compatibility with Metals:
Undorground: Wet: Does not sttack iron, steel, copper
Peok Pressure or or es. .
Impuise Heat of:
Combustion, cal/gm (2) 2554
Burning Rate: t)
cm/sec 0.65

379
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The resulting Lyo-trichlorobenszene is nitrated. Thie nitwdtion 16 carried i -
out by dissolving the mmterisl in varm 326 oleum, sdding strong mitrie acid, and heating to oo Lo et

140°-130°C until no trimitro trichlicrobenszone {melting wiint 187°C) precipitates (Ref ‘ - .

mmxmmemthenmumwamm
tooe solution of the trinitro trichlorobenzens, or better, ané pe.dered substance alone, to
an actively stirred solution of sodium azide in alcchol.
vensene is collected on & filter, washed with slcohol, water and dried. I
allowing the soluticn to cool, and callecting the grsenish ycllov N

diezo reaction.

by diasolving in chloroiorm
crystals {wmelting point 1

¢l Y

2l October 1949,

facture.
Refcrences:81 . .
(s) 8. Balf, Tects of Explosive Compounds Sibmitted by Arthur D. Little, Inc., PATR 1750, s

(>} A. 5. Belyseva and A. E. Belyseve CR 8.5. USSR 52, 503-505 (19h6) Chemical Abstrecte - -

b1, 4310.

A. E. Belyaeva and A. F. Bslyeevs, Doklsdy Akad Neuk. USSR 56, #91-bok (1947).

Teinitro m::&dobem

with aecmmoa)

N

This initisting expiosive vas first prepared 1n 1923 by Turek vho slso pertected it4 manu- : ;o o

~

(¢) PFrench Patent 893,941, 14 November 134k (cChemicel Abstracts k7, 837h).

{d) A. D. Yoffe, "Thermai Decomposition and Explosion of Azides,"

188-199 (1951).

{e) "T. L. Devis, The Chemistry of Fuwder and Explosives, Sohn Wiley and Sems, In:.,
New York (1943), p. W

{£) 0. Turek, Chim et Ind 26, 781 (1931); German Patent 498,050; British Patent 298,981.

————
Blsee footnate 1, page 10,
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Tuls is sccomplisked by mdding e ‘ace-

The precipitated triritro triasido- s
It may be puwified. £
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, thf v;fvt'v.
nta tol Octaritrete (TPEON AMCP 706-177
: Meloculor Wolght:  (C, gHoy Kg0oc) 32
s ( [ N——yr—
¢ . C0, % .32
?’2‘“& CHgomo, sza Desalty: gm/cc Crystal 1.58
008 808, £, Mebing oot -C 8 to B
i cm G080, cnaouo.‘, ‘ <
m m‘iu w Delling Peiat: °C
7" Burecu of Minex Apporotus, em
Sample Wt 20 mg Refractive Index, S
Picatinny Arsanal Apgnaratus, in. 9 °
wwto N Lo “-
ot 03
Fricion Pendubum Tert: Yocuom Siobility Toot:
Steel Shoe . Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C ——
- 100°C Pure _ 2.h5
Kiflo Bullet impoct Tost:  Triks 120°C Svecially purified 1.9%
) o % »,
o— g
" Bumed ‘ 200 Grom Bomb Send Toot:
Unoffecied Sond, gm 58.9
" Enplesiou Temporsture: < Semsitivity te Initiotion:
Seconds, 0.1 {nc cop used) --- Minimum Detonating Charge, gm
- 1 -=- Mercury Fulminate ———
R 5 25 Lead Azide 0.%
< Tetry
15
20 Dellistic Mertar, % TNT:
s Trouzl Tost, % TNT:
75°C Intornationa! Hoot Test:
9% Loss in 48 Hrs Plote Dent Tost:
Maethod
100°C Hoat Yoot: Condmon -
% Loss, Ist 48 Hrs 1,15 Conftnod
% Loss, 2nd 48 Hrs 0.75 Density, gm/cc .
Explasion in 100 Hrs None Brisance, % TNT
Dotenetion Rote:
Fammebiily Index: Confinement None
Condition Pressed
Yorescopichty: % Charge Diometer, in. 0.5
Density, gm/cc 1.56
Velatithy: Rote, meters/second 7650
381
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AMCP 706-177 Tripentaerythritol Octanitrete (TPEON) o
3 .
Condition b Oxygen, uioma/sec :
Tm" ] w*) .
; Heat, kilocolorie/mole 23. - -
Wox, in. for 50% Detonotion 4N, wmou/ 31 ‘ ¢
Waex, gm Temperaturs Rongs, °C . 215 to 250 .
Density, gm/cc ‘Phose Liquid :
:
Hoot oh ; M
Combustion, col/gm 2630 Asmor Plote lmpoct Took: :
Expiasion, col/gwm 1085 60 mem Martor Projoctite: ;
Ges Volume, ce/gm T62 50% Inert, Velocity, ft/sec :
Formaotion, col/gm Aluminum Fineness .
Fusion, cat/pm .
500-1 Gonerol Purpese Bombe: :
Spocifis Moot: cal/gm/*'C . . -
Specific Inpulse: Plate Thickness, inches :
1b-sec/1b (celeulated) 240 } .
17 :
% .
14, . M
Surning Rate: 4
cm/sec g
Bomb Drep Toor: -
e
Thermeal Conductivity: ! g
col/sec/em/*C 77, 2000-8 Somi-Armer-Piarcing Bemb vs Concrote: N
Coofficient of Exponsion: Max Safe Drop, ft
Linear, %/°C S00-1 Genersl Purpese Bomb vs Concrote:
Vdm, %/ *C H.%f, #
Tricls
Herdaoss, Nahs' Scole: Unaff ;
Low Order
Youuy's Modubus: High Order
E’, dynes/cm?
E, Ib/inch? 1000- Geners! Purpess Bemb vs Cencrote:
D““Y' ”/CC
Height, ft
Comprossive Strangth; ib/inch? Trials
Unoffected
Veper Pressurs: Low Order
*C mm Maercury High Order
1
382 p—
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Iripentaerythritol Octanitr:y, (TPEON) AMCP 706-177
Fragmentetiea Tew: M Charge Bfectivinens, TNT = 100:
90 mm HE, M7 Projoctile, Lot WC-91: Giloss Cones  Steel Cones
Deraity, gm/cc Hols Volume
Chorge Wt, b Hole Depth
Totel No. of Fropments: Cob Voite
For TNT
For Subject HE
Principel Usss: High explosive and as possible
3 inch NE, MA2AT Projoctite, Lot KC-S: plasticizer for nitrocelinlose
Density, gm/cc
Chorgs W, ib
Tetel No. of Fragments: Mothod of Losding: Cast or pressed
For TNT
For Subject HE
Leading Deseity: gn/cc
Pressed at 60,000 psi 1.565
Frogment Velocity: ft/sec
At 9 ft
Ar25% ft Sterege:
Dersity, gm/cc
Mathod Dry
Blost (Reletive to TNT): Hazard Class (Quontity-Distonce)
Alrs Compotibility Group
Peck Pressure
Impulse Exudotion None
Energy
Ale Hygroscopiclity, Cain or Lost in W, i:
impuise Time, Hre % RE ot 20°
Under Water: Lo T0 %
Penk Pressure \ 08 ]
mpulse 2 0. 40.01 +0.0:
: L8 -0.02 -0.01  +0.0Z
Energy 1h4 -0.0h -0.03  -0.02
192 -0.04 -0.02 R
Undorground: 216 -0.004 -0.0 40.03
Peok Pressure
Impulsi Solubility:
Energy Solvent Solubility
Weter Insoluble
Alcohol Soluble
Chloroform Soluble
Acetone, hot Very soluble
Benzene, hot Very soluble

383
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AMCP 706-177 Tripentaerythritol Octanitrate (TPEON) o~

Compatibility With Other High glonivn:
100°C Vesuum Stability Test:

NIX PEIR | RIX | TPEOK

al ges/40 hrs, S5 gm sample ok | 215 : 0.39 |2.k5

ul gas/b0 hrz, 5 gm sample i !
of 50/50, TPEON/HE 1.89 1 1.71 2.2 | =

Dipentasrythritol Hexanitrate { DPEHN) - TPEON Fusions: :

H

$TPRON | $IDPEHN Solidification Time, Days

100 0 -

95 5 i 3
9% 10 ' 3 69 :

- 20 5 LT3

| 50 50 » | 60 (mutecttc)

= 80 5 63 ;
10 0 3 69 :

©

100 - 73 ) s,

Preparation: (a) haned
Twenty grats (0.054 mol) of nitration grade tripentserythritol (TFE) (99%) minimum purity)

were slovly added, with etirriag, to 160 gm (2.55 mol) of 99% nitric acid at a temperature of
-25° to 0°C. On equivalent weight basis, this quantity of 99% nitric acid corresponds to an
excess of 6.3 times the TPE used After addition of the TPE, t'.. reaction mixture wms stirred
for about cme hour at 0° to 5°7 and poured into eight times its volume of cracked fce. The
product, vhen allowed to stand overnignt, was crushed under water; filtered with suction; and
washed copiously with water. It was then treated twice with sbout 5 times its weight of a 1%
ammonium carbonate sulution, stirred for several hours, filtered and washed with water until
the final weshings were neutral to litrus. The final product was wvashed successively with

50 c: ~ach of ethanol and ether. The material drigd in air weighad 37.8 gu or 96% of theory
based on TPE. It had a melting range of T1° to T4°C. Crystallization cf the crude TFEON frou
chloroform was found ¢o be the most suitable method of ovbtaining pure TPEOR.

o-igin: .

TPEON prepusred by the reaction of tripentaserythritol sad 99% nitric acid at 0° to 10°C wus
reported by Wyler in 1945 (J. A. Wyler to Trojan Powder Compeny: U.S. Patent 2,389, 228,
20 November 1945).




Tripen tol Octanitrate (TPEON ~ AMCP 70617V ‘
L o P h 82 \ . | - : ,1 v
, (9) J. J. laMonts, H. J. Jackson, S Livingston, L. B. Silbercéa and K. N. Jooes, The ’ _
Preparation and Explosive Properties of Tripentseryihritol Octanitrate, PATR No. 2490, 1958.
| () K. Masba, J. Yemashits and S. Tanaka, "Pentserythritol Tetranitrate,” J Ind Explosives
1 Soc (Japaz) 15, 262.9 (1954); A b9, 11283 (1955).
, () S D. Brever and H. Henkin, The Stability of PETN and Pentolite, OSRD Report No. 1h1k.

(¢) X. Berlow, R. H. Barth and J. E. Soow, The Peuntaerythritols, ACS Monogreph Fo. 13,
Reinhold Publishing Corporstion, Mew York, 1958. .
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AMCP 706-177 Tritooal, 80 :20
Co;.ﬂb-x Malocular Welght: 81
Oxygon Delonce:
e d <o, % 7
Aluminum 20 % -%
Density: gm/cc Cast 1.72
Molbing Tsint: °C
C/H Rotio Frosxing Polnt; *C
impact Sensitivity, 2 Kg We: Soikng Peiat: *C
Burecu of Minss Apporotus, cm 85
Sompie Wt 20 mg Refroctive Index, nS
Picotinny Arsenal Apparatus, in. 13 °
Somple Wt, mg 16 P
3
Friction Penduium Toot: Vacuum Stebiity Toet:
Steel Shoe Unsffected ¢c/40 Firs, at
Fiber Shoe Unaffected . 90°C
100°C .
Rifle Dullet lmpact Test:  Tricis 120°C g’;
% . "
Explosions 60 135°c ;
Bumed ° 200 Grom Bomb Send Tost:
Unaffected ko Sond, gm
Explosion Tomporsture: *C Sonsitivity te Indtiotion:
Seconds, 0.1 (no cop used) 610 Minimum Detonating Chargs, gm
1 520 Marcury Fuiminote
S Decomposes 70 Leod Azide 0.20
1 465 Totry 0.10
20 Sollistic Morter, % TNT: (2) 124
Trous! Test, % TNT: {v) 125
75°C intornations! Hoot Toor:
% Loss in 48 Hrs Plate Dent Tast: {e)

Maethod B
100°C Moot Tont: Condition Cast
9% Loss, 1st 48 Hrs Confined Yo
% Loss, 2nd 48 Hrs Jensity, gm/cc i.75

Explosion in 100 Hrs Brisonce, % TNT 93
Decanation Rete:
Flommebility Index: 100 Confinement None Fone
s Condition Cast Pressed
e pickty: % %0°C, 90% R 0.00 Chorge Diometer, in. 1.0 1.0
Density, gm/cc 1.71 1.72
Veletitity:
Rate, meters/second 6475 6700
186
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Tritonal, 80/20 AMCP 766-177
e e
Bosster Sensitivity Teet: (a) Desompesition Squotion:
Condition Cast Oixygen, cloma/sec
100 (Z/wc)
Tet, gm s8 Hect, kilocalorie/mole
Wox, gm Temperoture Rongs, *C
Deraity, gm/cc .75 Phase
Hoet oh (<)
Combustion, cal/gm 5480 Armor Plate Impuct Toot: (e)
Bxplosion, col/gm 770 60 mm Mertor Projoctih
Gos Volume, cc/gm 5C% Inert, Velocity, H/sec 509 1100
Formation, cal/gm Aluminum Fineness 100 12
Fusion, col/gm
300-% Gonavel Purpese Bembs:
Specific Heot: col/gm/°C (V)
Trials Inert
At -s°c 0.23 Plate Thickness, inches
Density, gm/ce 1.7k i 0
1y ‘6 100
At 20°%¢ 0.31 1g 6 33
1% 0
Buraing Rete:
cm/sec Sernh Deep Tout: (o)
Thermai Conductivity:
e col/sec/cm/ °C () 1 x 107 77, 2000-8 Semi-Asms.-Pisrcing Bomb vs Concrete:
Density, gm/cc 1.73
Cooticient of Expansion: Max Safe Drop, ft
o Linear, %/°C S00-I Geners! Purpose Bemb vs Concrote:
Sesl Sesl
Volume, %/°C Height, #t 5,000 .
Triks 3k 1h
m Mobe' Scule; Unoffected g 1]‘
Y (b) Low Order [+] [+]
sung’s Moedulus:
H 2 [+)
£, dynes/cmt 6.67 x 1010 ioh Order
E, Ib/inch® 0.97 x 106 1000-1 Generc! Purpese Somb vs Concroder
Density, gm/cc 1.72 Seal
Height, f¢ 3,@
Comprossive Strength: Ib/inch®*  (b) 230 Tricls 2k
Density, gm/ce 1.75 Unoffected 23
Vepor Pressure; Low Order 0
*C mm Mercury High Order 1
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AMCP 706-177 Trional, 80/20
Frogmentation Tost: Shapsd Chorge Bifestivenses, TRY = 100:
90 mm NE, M7V Projoctlle, Lot WG9V Gloss Cones  Stesi Cones
Dercity, gm/ce - .7 Hole Volume
Chorgs W, 2.27¢ Hois Dapih
Tatet bdo. of Frogmentn:
For TNT 03 Cokor: fray
For Subject HE 616 - —
Pringipe! Yoos: 5P bowmds
3 inch HE, MEIAT Prajoctile, Lot KC-5:
Dersity, gm/cc 1.73
Charge Wi, I 0.914
Totul do. of Frogments:
For TNT S1k Mothod of Loading: Cast
For Subject HE 485
Leading Dol o/ 1.65-1.72
Feagment Velochty: ft/sec
A9 2460
At 253 fe 230 Stesege:
Osnsity, gm/cc 1.72
Method Iry
Slost (Relative %o THT): () Hazord Class (Quontity-Distance) Class 9
Aler Compatibility Gnup Group I
Peck Pressure 110
Impuise 15 Exudotion
Energy 19 —
Ale, Contined Preparetion; '
Impuise 1% Tritoasl is prepared by adding TNT and
aluminum senarately to a steam-je~kuted melt
Under Wetn: kettle equipped with g stirrer. BReating ~f
#s0k Pressure 105 the kettle and mixing of the ingredients are
mpulse 118 continued until all the TNT 1s melted. When
1 the viscosity of the mixture is considered
Energy 9 atisfactory (sdovt 85°C), the tritonal is
pcuared into poojectiles or bombs the same a3
TNT.
Peck Pressure 117
impuise 127
Energy 1%

N I I
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Tritonal, 80/20 AMCP 7106177

ing

The Addition cf aluminum to increase the power of explosives vas proposed by Eaceles in
1899 and patented by Roth in 1900 (Germen Patent 172,327). Some recent ctudies, directed
tovards establishment of the optimum amount of aluminum in the TNT/Aluminum system, heve shoin
that (1) the blast effsct increases to a weximum vhen the aluminum content is 0% (Ref g);
the brisance, as measured by the Sand Test, passes through a maximum st about 17% aluminum
(Rsf h); in Fregmentation Tests, no maximm is observed, additions of aluminum causing a de-
crease in efficiency over the entire renge from 0% to 70% aluminum (Ref i); and (4) the rate
of detonation of cast charges is continuously decremse’ “y adlitiors of aluminum up to k0%
(Ref J). For all precticel purposes .t is concluded that the addition of 188 to 20% sluminum
to TNT improves its performence to a maxiwmum. This conclusion is in agreement with that of
British workers vho measured performance of sluminized TNT-mixtures based on extensive lead
Block Test date (Ref x;.

Tritonal, consisting of 80% TNT and 20% aluminum, vas developed and standardized in the
United States during World War If for use in bombs.

Referennes:83

(e) L. C. Smith and E. H. Fyster, ical Testing of Explosives, Part III, Miscellaneous
Sensitivity Tests, Performance Tests, OSRD Report No. N De2x T o

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revi-
sion, NAVORD Report No. 87-46, 26 July 19u46.

(c) D. P. MacDougall, Msthods of Physicel Testing, OSRD Report Xo. 803, 11 August 1942.

(4) 1. ©. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Eoosters, NOL Mewmo 10,303, 15 June B )

(e) Committee of Div 2 and 8, NDRC, Report oo HEX and Tritonal, OSRD Fo. 5406, 31 July 1945.
9|.§f) W. R. Tomlinson, Jr., Elast Effects of Bomb Explosives, PA Tech Div Lecture, 9 April
1 L]

(g) W. B. Kennedy, R. F. Arentzen and C. W. Tait, of the Performance of TNT/Al on
the Basis of Air-Blast Pressure and se, OSRD Report No. , Division 2, t
¥, XEE5, 2% Jenuary 19%5.

(h) V. R. Tomlinson, Jr., Develop New Hi,h Explosive Filler for AP Shot, PATR No. 1290,
First Progress Report, 19 May I§E§.

(1) W. R. Towlinsom, Jr., Duve1% Nev High Explosive Filler for AP Shot, FATR No. 1380,
Second Progress Report, 12 Januerv 2944,

(J) L. 8. Wise, Effact of Aluminum on the Kate of Detonstion of TNT, PATR No. 1550,
26 July 1945.

(X) Armament Ressarch Dept, The Effect of Aluminu» on the Pcwer of Explosives, British
Report AC-6437, May 1944 (Bxplosives Report 511/4%).

o .
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B3%See footnote 1, page 10.




AMCP 706-177 Tritonsl, 80/20 N

(1) Also see the following Picatinny Arsenal Technical Reports on Tritoral:
0 3 .3 2 [ 1 8

1% 1693 b 117 1635 1956 3t 238 :
;fo o 2353 aar
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Yeltex No. Lh8# AMCP 706-177
Compasition: Molecular Waight: 261
% -
X , 70.0 Oxygen Selerce:
Nitrocellulose (13.15% K) 15.0 €O, % -26
Nf troglycerin 10.7 co% -0.5
2-Ritrodiphenylamine 1.3 Deasity: gm/cc Pressed 1.72
Triacetin 3.0
Meiting Poimt: °C
C/H Ratio Fressing Peint: *C
{mpect Sensitivity, 2 Kg Wr: Beiling Peimi: °C
bureau of Mines Apparatus, cm
Sample Wt 20 mg Refractive Index, 3
Picatinny Arsenal Apparotus, in. °
Sample Wt, mg Oz
n
Steel Shoe Unaffecied cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C csee
100°C 1.20
Rifle Bullet impect Test:  Tricls 120°C 29 hours 14
% .
Explosions 135'C
Partials 150°C
Burned 200 Grow Bomb Send Tost:
Unaffected Sond, ¢m 66.4
Explosion Tompereture: *C Sensitivity te Initistion:
Seconds, 0.1 (i cop used) Minimum Detonating Charge, gm
! Marcury Fulminate cenn
5 "eod Azide 0.30
10 Tetryl vee-
15
20 Balliotic Morter, % TNT:
Treuz! Test, % TNT:
75°C internetions! Hoot Tost:
% Loss in £@ Hrs Plate Dont Tost:
Maethod
99°C Hoot Tost: Condition
% Loss. Ist 48 Hrs 0.28 Cmﬁﬂ‘d
% Loss, 2nd 48 Hrs 1.12 D-.f'-my, gm/cc
Explosion in 100 Hrs None Brisace, % TNT
o Detenstion Rate:
Flemmebility Index: Confinement
Condition
""m“h: % CM?Q‘ Diamt?tr, in.
- Density, gm/cc
Voletility: Rote, meters/second (calculated) 8500
*See Jootnote ¢.. foll;‘;i ng pags.
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AMCP 706-177 Teltex No. Lifs
Sosster Semitivhy Tesk: Desomposition Squetion:
Condition Ouznm atorns/sec
R Heat, kilocalorie/mole
Wax, in. for 50% Oetonation (aM, ml/mol)/
Wox, gm Temperature Range, *C
Density, gm/cc Phase
Hoot of: Ammor lmpact
Combustion, col/gm 2359 Plate Yout:
Explosion, cal/gm 1226 60 men Morter Projostile:
Gaos Volume, cc/gm 509% Inert, Velocity, ft/sec
Forriation, cal/gm Aluminum Fineness
Fusion, col/gm
500-1b Gonerel Purpose Bombe:
Cowpression at Rupture: % 8.26 Plate Thickness, inches
Work to Froduce Rupture: !
£t-1b/inch 9.62 1Y
1%
1y
Surning Rete:
cm/sec
Bemb Drp Toot:
Thermel Conductivity:
col/sec/em/*C V7, 2000-1b Somi-Armer-Plercing Bomb vs Soncrote:
Cootficiont of & ion: Max Safe Drop, ft
Lineor, %/°C 500-1b Goneral Purpese Bemb vs Concrote:
Voilume, %/°C Height,
Triols
Merdasss, Mohs' Scole: Unaffected
Young’s Modulue: o HL“ oot
£, dynes/cm? 0.24 x 10" igh Order
E, Ib/inch? S.35 x10° 10001 Generel Purpese Bomb vs Concrote:
Dernsity, gm/cc
Height, ft
- Comiprassive Stvength: Ib/inch? 2720 Triols
Unaffected
VYeper Prossuce: Low Order
C mm Mercury High Order

*Name gssigned by Dr. Mar: M. Jones, formerly
of PA; based on original development by

James H. Veltman.
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i (’\ Veltex No. k8 AMCP 706-177
z Frogmentetion Teat: Shaped Charge Etactivensss, TRT = 108:
?
H 90 mem ME, M77 Projoctile, Lot WC-91: Giass Conss  Steet Cones .
K Denity, gm/ec Hole Volume
§ Charge W, & ' Hola Depth
i
i Totel No. of Fragments: p—
! For TNT Color:
] For Subject HE
} Principel Uses: High mechanical strength
3 inch HE, MA2AY Prejectile, Lot KC-S: machinsble explosive
X Density, gm/cc
©T Chirge We, tb
;
: Totel No. of Frogmer2n: o Preased
. For TNT Mathed of Loodieg:
; For Subject HE
P Losding Denelty: gm/cc
: p ) Velocity: f1/soc At 6,700 pst 1.72
’ A9 fr
? Ar 25y Sterege:
L ]
H Density, gm/cc
» Method m.y g
' Blost (Relotive 20 TNT:: Hazord Class (Quantity-Distance) z
’ Ln
' Ale: Compatibility Group 5
I Peok Prcssure
: { Exudation None
; EM Machinability Excellent
t
; Alr, Confined:
v impulise .
. Under Weter:
] Peck Pressure
;- Impulise
: Energy
. Undergrouad:
’ Peak Pressure
: Impulse
; Energy
?

N I
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AMCP 706-177 Veltex Ko. 4i8 —~

Prewtion:

E : The preparation of this class of explosive compositions is illustrated by the meiaod used
! for Veltex No. hh8: Place 675 cc of water in a slurry kettle equipped with an egit-t~~. Add
: 5.85 gm of 2-nitrodiphenylamine and agitate for several minutes to obtain dispersion. Ther
add 93.7 gn of water-wet nitrocellulose (dry weight 67.5 gm) in smsll portions. Prise the
temperature to 48°C and maintain this temperature, but continue the agitation. A nixture of
48,2 gm of nitroglycerin and 13.5 gm of triacetin is added over a 5-minutc period, with the
mixing continuing for an additional 10 minutes at 48°C. The IMX (350 gm) ic wdded over a
5-minute period vith agitation continued for 30 minutes at 48°C  The slurrr i3 cocled to
room tempersture and filtered. The filter cske is dried to a moicture cont=at between 8% and
; 12%. The incorporation of this mix is completed ™ rolling 50 gm poriions at a tewperature .
of approximately 90°C. The finished coll & is then preheated on a heat table at €57, Ine .
crements of 25 gm each are pressed a. 570. psi for four minutes at 71°C. A eylinder is then
built up by pressing together four 25 g increments for a dwell time of 15 minutes.

“ . ta o

PR B

in: .
Veltex is the neme given to a series of closely relsted nitrocellulose comporitions pre-
pared in 1957 et Picatinny Arsenal by the solventless process used for propellants. These
compositions ell contain a high percentage of sclid high explosive. They were investige‘ed
to determinate the suitability of the Holtex type explosive developed by Hispano Suiza of .
Switzerland, France and Spain, but for which the composition was not reported (Ref g). Com-
positions similar to Veltex No. 448 and containing A0% to 80% HMX, with either nitroglycerin
or triethyleneglycol dinitrate as colloiding egent for n’‘rocellulose, have also veen prepared.
In general these compositions showed lower heat gtability than that of conventionsl high ex-
plosive compositions.

References 84

y (a) U.S. Air Intelligence Information Report IR-269-55, Holtex--Hispano Suiza Explosive, pomiis
May 1955-

EO e B

o

Ezgee footnote 1, page 10.
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ENGINEERING DESIGN HANDBOOKS

Listed below are the Handdooks which have been published or are current!
dates prior to | August 1962 were published as 20-series Ordnance Corps {

~des ignated those publications as 706-series AMC Pamphlets (e.g., ORDP 20-138 was redes ignated AMCP 706-138). A
reprinted, or revised Nandbooks are being published as 706-series AMC Pasphlets.

No.
P 706-

100
104
106
107
108

109
e

m
"
m

14
us

161{s)

162{SRD)
165
170{¢}
175
5{L)
o
178(¢)
179
180
13%
8¢
182
{1
189
190

19}
195

197
k)
199
200

YUNOLR PREPARATION--not svailebls

Litle

*Design Guidance for Producibility

*Yalue Engineering

Elements of Armament Engineering, °art One,
Sources of Energy

Elements of Armsmant Engineering, Part Two,
Balltstics

Elements of Armenent Engineering, Part Three,
Heapon Systems and Components

*Tavles of the Cumulstive Binomtal Probabilities

Experimenta! Statistics, Section 1, Basi~ Con-
<epts and Analysts of Mes-urement Daty

Experimental Statistics, Swcifon 2, Analysis .
Enumerative and (lassificatory Data

Exporimenca) Statistics. Sectton 3, Planning
and Analysis of Comparative Experiments

Experimental Statistics, Soction 3. Specis?
Topics

Experimental Statistics, Sectrwn 7, Tadles

Environmental Series, Part One, Basic Enviror-
mental Concepts

*Environmental Series, Part Two, Basic Environ-
mental Factors

*Criteria for Environmental Contro: of Mobile
Systoms

**Packaging ang Pack Erngineering
*Hydravlic Fluids

Electrical wire and Cedle

*Infrared Mi'itary Systems, Part One
*Infrared Militory Systems, Part Twe ()

Destgr tor Air Yransport (nd KA. drs, of
Matericl!

*Mairratngdi ity Engrreery ig Theory ang Practice

Mr rtaing.‘tity Guide f.r Des yn

Invontions, Patenty, end Related Matters

Ser wechanisms. Section |, Theory

Servomechanisms, Section 2, Measurement and
Stgnel Converters

Servomechanisms, Section 3, Amplification

Servomechan:sms, Section 4, Power Elesents and
Systewm Design

Trajectories, Differential £yfects, and Data
for Projectiles

*Dynamics of a Tracking Gimba: System

Intertor 8all1stics of Guns

Elemerts of Termingl Ballistics, Part One, K11
Mechanisms and Vulneeability (U}

Elements of Termina) Ballistics. Part Two,
Coilection and Analvsrs of Dats Lomeerning
Tergers (y)

Elements of Terminal 8gil1stics, Part Three,
Application to Missile and Spece Targets (U}

Liquid-Filled Projectile Design

eoArmor and 1ts Applicetion (U)

Solid Propellents, Part One

€alid Propeliants, Part Two (i)

Pesperties of [xplosives of Military nterest

eProperties of EupiCstves of Wilitary Interest,
Section 2 {4} (REPLACER v -177)

Explostve Treins

*principles of Explos)re Behav’ ir

Military Pyracechnics, Part One, Theory end
Application

Miiitary Pyrotechnics, Part Two, Safety,
Procedures end Glossary

M l1tery Yyrotecnnics, Part Three, Progevties
of Matertals Used n . yrotechnic (ompostitions

*Military Pyrotechnice, Pert Four, Drvign of
Ammunition ‘¢ Pyrotechnic Effects

nilitary Pyrotechnics, Fart Five, Bibltiggrapry

*Army Weapon Syster Andtysis

"System Analysis anc Lost-Effectiveness

*Development Guida tar Reliability, Part One,
Introduction, Rachground, and Planning ‘or
Army Materie! Regquirements

*Development Guide for Reliability, Part Two,
Destign for keitability

*Deveiooment Guide 7or Reliability, Part Inree,
Reliadility Pradiction

*Deveioprent Guide fGr Reliability, Part Fowr,
veiiattlity Measurement

Deve lopmant Guide for Kellability, Pert Sive,
Contracting for Reliebtlity

*Jevelopment Guide for Relispility, Pér
Mathemstica! Agpendix and Glossary

Sva.

SOBSQUETE--out 0 3tCLR
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under preparetion. Menddooks with pudlication
lets.  AMC Cirgylar 310-38, 19 J»I{IMIJ.
o,

No. Title

RRcP 706- -

201 *Rotorcraft tngincering, Part Jne, Prelimina-y

sign

202 'ﬁo;:‘rcu't Engineering, Part Two, Ustetl

t

203 *Rotorcraft Engineering, Part Three, Qual!fica-
tion Assurance

208 *Timing Systems 4nd Components

210 Fuzes

2N(0) Fules, Proximity, Electrical, Part One (U}

21208) Fuzes., “roximity, Electrical, Part Two {U)

213(8) Fuzes, Proximity, Electrical, Part Three (U}

214($) Fuzes, Proximity, Electrical, Part Four {U)

2180C} futes, Pronimity, Electrical, Part Five (U}

238 *Haraening Weapon Systems Against RF fnergy

239(5) *Small Arms Amaunition (U

244($) Grenages (U)

281(s; *Lend Mines (U}

o2 Oesign for Conirel ot Projectile Flignt
Cnaracterisics (REPLACES -246)

244 Aomynition, section 1, arttllery Assunition--
General, with Tadle of Contents, Glossary,
and Index for Series

245(C) Ammunition, Section 2, Destgn for Terming:
Effects (Uj

246 *Ammyniticn, Section 3, Design for Control of
Flight Characteristics (REPLACED 8Y -242)

47 Ammgnttron, Section 4, Design for Projection

248 chwynitios, Section 5, Inspection Aspects of
Artiilery Amswnition Jestgn

243 Ammyinitior, Section &, ™anufacture of Metallic
Componerts af Arttliery Ammynttion

250 Guns --Generas)

51 Muzzle Devices

252 Gun Tubes

255 Spactral Charactertstics of Muzzle Flasn

260 Automstic weapors

210 vropellant Actuated Devices

280 Dos1gn of Aerodynemrcally Stebtlized Frre
Rockets

CUI{SRG}  weapon System Eftectsveness (i)

282 +Propulsionr gnd Pregellants (REPLACED @Y -288)

8 Aerodynamics

284100 Trajectorres [y}

285 Elements of Rircraft and Miscrie Propuision
REPLACES: -280°

286 Structires

230{C: WATneads--General ‘o

# Surface-1a-Arr Misciles, Part dne, System
ielagretion

i3 Purrgte-to-Air Misxisles, Part Twy, sespon
Cantro!

293 Surface-to-Air Miigtles, Part Three, (ompuiqrs

254.5) Surfare-to-Avr Misxiles, Pary four, Misgile
Armamgnt (U}

9519} Surfpce-to-dor Mogoiles, Part Five, Counter

“psures (O,
296 Surfeca-to-&ir Migcripe, ®art Lrx, Structure:
8 Poawr Sources

$971%) Surface-tu-Atr Migyles, Part Seven, Semle
Prociem (U}

k2 fire Contenl Systems--Guners!

3y Frrg Luntrol (mpy1ng System

ENY] Compentating [lesgnts

JI5ISR0) *Decign € ~ineers’ Kucloar £€fely Manugl,
Yolume 1, Mnitions ang despon Scst. Ny )

JIB{SRU; *Testgr Engineers Surlear [ffaciy Warua!,
dotume {1, flscrronmic System gnd (agritrcal
Systems (L}

J37ISRE; *Des? in Engimvers’ Nyclear £ffecly Menus'
Folwme 110, Mclesr Envtironment ()

J4ESRD *Desigr Engines s huclear £t ‘wcly Mangal,
Yolume 1Y, Muclegr £70ecty 1y}

by Carriades &0d Younts--leners!

34} fragles

KPS Recoti Systams

143 Tor Carvisges

M b ok Carr tages

M fauts Lostors

s Eraugting Machentom

347 Traversing Mechani-m

350 wheglad Ampnipians

35 Thw Automotive Asyesd!,

1% AuLomotive Sspoms oy

% Mtosotive Bogdies end wyilsy
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