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PREFACE

The Cngineertig Design Handbock Serfss of the Army Matertel Command is a cooratrated
sertes Cf nandiucks containing basi: infe-mation and fundamental data useful in the des‘gn
and development ef Aray materiel ana systems. The handbcoks are authoritative reference
=Joks uf prectical information and quantitative tacts heipful in the design and development
of Avwy materiel so that it will meet th. tactical and tccinical needs of the Armed Forces.

AMEP 795-177, Properties of Oxplosiue: of Military Interest, 1s one of a series en
Explosives. One hundred an< ten explosive compounds or mixtures are tisted herein, alpna-
betically, with their properties, including composition variattors. Thes: explosives were
selected because of their current or probabi*s anplication to military use.

The tabulated data reflect the results cf tests, and were irst compiled fer puplica-
tion at Picatinny Arsenal, Dover, New Jersey, by W. R. "omlinson, Jr. These data were
later revised Ly Oliver E. Sheffield, also of Picatinny Arsena’. fe che Engineeri‘q Hand-
book Office of Duke University, prise co cractor to the Army Mate'i:] Commend.

The Handbooks are readily available to all 2lements ef AMC, including personnel and
contractors having a need and/or requirement. The Army Materfel Command pclicy {s to re-
lease these Engineering Design Handhcoks to ither 000 activities and their contractors
and to other Government agencies in accordance with current Army Arguiation 70-3), dated
9 September 1966. Procedures for acquiring these randbooks follow:

a. Activities within AMC and other DOD agencies order direct on an official
form from:

Commandin, Officer
Letterkenny Army Depot, ATTN: AMXLE-ATD
Chambersbut 3, Pennsylvania, 17201

b. Contractors who ...ve Department of Defense contracts should submit their
reques ts through their contracting officer proper justification to the address

sted in par. a.

Cc. Government agencies other than Dt.” 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 colleges and
Wniversities) must forward their requests to:

Commanding General
U. S. Army Materiel Command
ATIN: RMCRD-TV
Washington, 0. €. 20315

e. All foreign requests must be submitted through the Washingtun, 0. &.
Embassy to:

Assistant Chief of Staff for intelligence
For2ign Liaison Office
Department-of the Army

_ Washington, 0. C. 20316
All requests, other than those originating within DOD, must be accompanied by a

valid juatification. ;

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

approximately. this symool is vwed before numbers.

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

American Chemical Society.
American iron end Steel Institute.
Liebig’s Annalen der Chemie.
Annales de chimie et de physique.
armor~piercing.
Aberdeen Proving Ground.
atmosphers; atmospheric pressure.
Beilstein Organische Chemie, 4th Edition.
Berichte 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 Abstracks.
calculated.
Chemical and Metallurgical Engineer-ng.
Chimie et Industrie. :
Comptes rendus hebdomadsires des eceances de

L’Acadenie des Sciences (Paric).
centipoice.
Comptes rendus hebdomadsires des seances de

l'academie des Sciences (Paris).
decomposes.

‘difference in heat. (i.e., heat evolved) by decomposition.
Deutsches Keichspatent.
modusus of elesticity or "Young's modulus”; longitudinal

stress/change in lengtk; (forge/area)/(elongation/
length); expressed in 1b/inc:.*.

same 28 £, but expressed in dynes/cn2,
Gazzetta Chimica Italiana.
generel purpose.
high expiosive.
high explosive antitank.
Industrial & Engineering Chemistry.
Journal of che American Chenical Society
The Journal of the Society of Chemical Indusiry (London).
Journal of the Chemical Society (London). .
Journal of the Franklin Institute.

Journal of the Industrial Explosives Society (Japan).
Journal flr praktigsgche Chemie.
lead azide
Landoltt-Bornstein Physitkalish-Chewische Tabellen,

5th Edition (Berlin).
molar.
Monatshefte fur Chemie (Wein).
Mémorial des poudres et aalpétres (Paris).
milligran.
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vitt

min
al
nu/e
MW
NAVORD
NC

D
®20
BORC
wroc
NG
NOL

ROTS
wac
os
ocH
oseD
PA
PATR
Phil Trans

Pogg Ann
Proce Roy Soc
Rec trav chis -
RE
RI
SAE
SAP
soi
Spec
std dev
TM
TM/TO

Trans Farad Soc
vac stab
Z angew Chen
% anorg Chess

-2 ges Schiesa-
Sprengstofiw

Z/sac
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ABBREVILTIONS AND SYMBGIS (cont'd)

sininus.
milliliter.
meters per second.
woleculer weight.
Bureau of Ordnance (U. 8. > +vy¥)
nitrocellulose,

indox of refraction, wit D band of sodium as Light
source, st twenty degrees centigraie.

Bationel Defense Research Committee.
Natacnal Fireworks Ordnance Corporation.
nitroglycerin.
U. S- Naval Ordnance Laboratory, White Oak, Silver

Spring, Maryland.
U. S. Naval Ordnance Teat Station, China Laxe, Calif.
National Research Council.
oxygen balance.
Ordnance Committee Minutes.
Office of Scientific Research srd Development
Picatinny Arsenal.
Picatinny Arsenal Technical Report.
Philosophical Transactions of the Royal Society of

London.
Poggendorf's Annalen der Physik.
Proceedings of the Royal Society cf iondes.
Recueil des travaux chimiques des Pays-Bas.
relative humidity. es
Report of Investigacion. Nt
Society of Automotive Engineers.
seni-armor-piercing. :
solution.
Specifications.
standard deviation.
Technical Hanuel, Departuent of the Army.
joint publication, as a TM and as a Department of the

Air Force Technical Order.
Transactions of the Fareday Soci+ty
vacuum stability.
Zeitschrift fiir angewandte Chemie. : --
Reitechrift flr anorganische und sligeneine Chemie.
Zeitschrift fur das gesamte Schiess und Sprengstoff-

wessen (Munchen).
atoms of oxyge> per second. .
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a PROPERTIES OF EXPLOSIVES OF MILITARY INTEREST
INTRCDUCTION -

. 1. A REPORT OF STANTARD TESTS. Mo etfort vas wate tc corer all the extetins. tice a open or classified security inforwation, on say explosive. ‘ther, the
main resouxve has been rejorts from facilities using etendard c* well-known test procedures.ee
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2 Compilation of date resulting in this handbook vas undertaken by Picatinny Arsenal “os
Gesired to provide a manual tatuating the charecteristics of explosives, based

on tests, with regerd to current, snd possible future, interest. the first resulting Picatinny:
Areens) publication was dated 20 June 1949. Revision 1, PA Technical Report Bo. 1780, dated

rs Apet;. 1958, with revisions, provides the datu used herein.

= Tabulated data of tests on one huudred and ten explosive comp.zmda or aixtures
sensitivity to “riction, iepact, heat; perforwance characteristice or effectivuness

in weapons; physical and cherica!l properties; and method of preparatior, synthesis or menufac-
tire, with commente on rk torical origin, and supplementary references.

te Sn ot tate tae tee The references, as to sources of data or for more details n
‘in sted, when available, at the ed of ench section devoted to Bo
a given explosive compound, explosive mixture, or explosive ingre(tent. Where no reference is
given, it can be assumed that these data represent typical values obi ined by standard proce-
ures. When avaliable any reference should be conmilted for more details in interpreting test ,
data. 4

Also there are listed Picatinny Arsenal Technical Reports which contain ~ (ditional inform-
: tion on the particular excolocive. These report numbers are given in ascending order, in columns . :

“TM. eorresponding to their te.sinal digits, and in accordance vith the "Usiters Index” p: red for
Picatinny Arsenal by Docunentation Incorporated under Contract DAT-36-034-501-ORD-(P)-42 £1955). ;

5. ECIAM IIH OF TERMS AND METHODS OF THOTIMG. Data ure tabulated herein on three form-type
pager, in ug sequence RES. ny of these terms are self-explanatory.

a. First tabular page.

(1) Mame of the explosive in each instance.

(2) "Composition."

(3) “Impact Sensitivity, 2 kg wt.”

oe

4

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

A semple (approximstely 0.02 gram) of explosive is subjected to the action of a falling
weight, usually 2 kilograms. A 20-milligram sample of explo*.ve ie always used in the Bureau
of Mines (BM) apperetus when tes“ing solid explosives. ‘the weight of sample used in the Pica-
tinny Areenal (PA) apparatus is indicated in each case. The impact test value is the minimumen 
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#*Reference publications (a through q), applyiag *o thic introdu-tio. are listed at the end of
the introduct.on.
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height at which at lemet one of 10 t.tals resulte:tu Gxiveied. For the EN apparatus, the unit os : ER
of height le the cuntineter; for the FA apparatus, it is the inch. In the former, the éxplo- 1. Sw

‘ give ia held hetween tvo flet, parallel hardened (C 63 x 2) ctecl surfaces; in the latter case, | :. ar oe
j it 4s placed in the depréesion of a seall eteel dle-cup, capped by a thin brese cover, in the : s

center of which ie placed a slotted-vented-cylindrical steel plug, slotted side dom. In the ’ ee
i fed apparatus, the impact impulse ie transmitted to the sample by the upper flat surface, in the :
i PA, by the vanted ping. ‘The mein differences betveen the tvo tests are that the PA tect (1)

involves greater confinement, (2) distributes the translational imoulse over a smaller erea
due to the inclined sides of the die-cup cavity), and (3) involves a fricticnal component “

fagainst the inclined sides). :

The test velue obteined vith the PA apparatus depends, to a marked degree, on the samp?"
density. This value indicates the hazard to be expected on subjecting the particular sample
to en impact blow, but is of value in assessing a materi#l‘s inherent sensitivity only if the
apparent density (charge weight) is recorded along with the impact test value. ‘The values teb- :
yated herein were obtained o7 material acreened between 50 and 100 meeh, YU. S. Standard Screens
where mingle component explosives are involved, and through 50 mesh for the mixtures.
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(b) Impact sensitivity test for liquids. (b) .

The Pi Inpact Test fcr liquids is run in the same way as for solids. ‘The die-cup ia filled
end the top of the liquid meniscus adjusted to coinc‘de with the plane of the top rim of the
die-ceup, To date, this visual observation has been found adequate to assure that the liquid
does not wot the 4ie-cup rim efter the brass cap has been set in plece. Thus far the repro-
dictbility-of data otteinad in this way indicete that variations in sample size obtained are
not significant. .
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In the case of the BM apperetus, the procedure that was describe for aclids is used with
the folloving variations:

1. ‘Tho weight of explosive tested is 0.007-gn. ms sei r * .

2. & dine of desiccated Milter paper (Whatmer. No. i) 9.5-millimeter diameter; is laid on Swe”
each drop, on the anvil, and then the plunger is lovered on the sample absorbed in the filter
paper.

(&) "Friction Pendulum Test.” (c)

A 7.O-gm sample of explosive, 50-100 mesh, is exposed to the action of a steel, or fiber,
shoe swinging es & pendulum at the end of a long steel rod. The behevior of the samie is
described qualitatively to indicate its reaction to this experience, i.¢., the moat energetic
reson io explosion, and in decreasing order of severity of reactio.: snaps, cracks, and

‘ected. .

(5) “Rifte Bullet Impact Test." (d)

Approximetely 0.5-pound of explosive 1s lcaded in the same manner ag it is loaded for actua}
use: that is, cast, pressed, or liquid in a 3-inch pipe nipple (2-inch inside diameter, 1/1b-
inch wall) closed on each end by a cap. The loaded item, in the standard test, contains a small
air space which can, if desired, be filled by inserting a wax plus. The loaded item 1s sub-
jected to the impact of a caliber .3 bullet fired perpendicularly to the long axis of the pipe
nipple, from a distance of 90 fest.
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(6) “Explosion Temperature.” (a) _ "
A 0.02-gm sample (0.0l-gn in the case of initiatore) of explosive, loose loaded in a No. 8 ee

blasting cap, is umersed for a short period in o Yood's metal cath. ‘Tie temperature determined ” a
ia that which produces exlosion, ignition or decc: aosition ‘oF the sample in 5 seconds, and the
behavior of the sample is indicated by "Explodes" or "Ignites" or "Decomposes” placed beside the
valuc. Where values were available for times other than 5 seconds, these have been included.
For 0.1l-second values, no cap was used. but the explosive was placed directly on Wood's metal
bath, iumediately after cleaning. ‘he value 0.1 second is estimated, not determined, and repre-
sents an interval regarded as instanteneous to the observer's eye. Dashes indicate no action.

(7) "75°C international Heat Test." (a)

A 10-gm sample is heated for 48 hours a% 75°c. The sample a‘ter this exposure is observed
for signs of decomposition or volatility.

“

(8) "200°C Heat Test." (a)

A 0.6-gm sample is heated for two 48-hour periods at 100°C. It is also noted whether expo-
sure at 100°C for 100 hours results jn explosion.

(9) "Flammotility Index.” (h)

The measure o¢ the likelihood that . Lare cherce will catch fire vien exposed to flames is
the index of flammbility. The test is made Sy bringing an oxyhydrogen flame to bear on the : ‘
explosive. The msximm time of exposure which gives no ignition in 10 trials and the miniaun
exposure which gives ignition in each of 10 trials are determined. ‘The index of flanmability
48 100 divided by the menn of the two times in seconds. The moat flammeble substances have highee 
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~ oe (10) “Hygroscopicity.” i

—_ — A 5- to l0-gm sample is exposed for hygroscopici ty under the ctated conditions, until equili-
i brium is attained, or in cages where 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 ae 50 and on & 100 mech screen. °
?

; (12) “Volatility.” 8
; :

i A .d-gm sample ig exposed for volatility under the stated conditions. The sample if solid
: is prepcred by sieving through a 50 and on # 100 mesh sieve.

‘ (12) “Molecular Weight.”

The molecular weight {MW) of & mixture can be calculated from the equation

- MW of mixture = 100
; wee Diy 8 + BD

i, Ba Wg Wy

; Where a, b, c and © ere the weight rurcents of the compenente, and mv), mvg, mw; and mw, their
‘ corresponding molecular weights.
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(13) "Omyger Balance.”

fhe oxygen balance (0B) is calc lated from the empirical formule of a compound in parcentege
of omygen required for complete conversion of oarvon to carton dioxide (or carton movexide) and ‘
Nydrogen to water. When setal is present the reaciione are assined to occur in the following
~ €or :

Metal + 0 -——} Metal Oxide
C+ Eo —— > +, £

Cp + Hy —— CO + Hyd
200 + O, ———» 200,

Procedure for vsiculating oxygen belance is to determine the number of grasatoms
are excess or deficient for 100 grams of a comprauméd. ‘This number mul~:plied by
of oxygen gives

the oxygen balance: 1666 (x + ¥ - 2)

of
the atomic veight

+ molecular waight of compound » oxyge balance to (0p and Bp0, vhere X = atoms of =rbon.
Y = atous of hydrogen, 7 = atoms of oxygen. The oxygen belence of « mixture is equal to the
eum of the percent cocposition tines the oxygen balance for each component.

Yhe oarbon/hydrogen (C/#} ratio is calculated as follows:

agin Lo G/e ratio ;
(14) "Density." anton,

(15) "Meiting Point.”

(16) "Freesing Prat."

(17) “Psiling Foint."

(18) “Refractive Index."

(19) ‘Vacuum Stability Test.” (e)

A 5.0-gm sample (1.0 gm for initiators), after having been carefully dried. is heated for Lo
40 hours, in vacuo at the desired teaperature. 2

(20) "200 Gram Bomb Sund Test."

(a) Sand test for solids. (a)

A O.4egm sample of explosive, pressed at 3000 pounds per square inch into a Ho. 6 cap, is
initiated by lead azide, or mercury fulminate (or, if neccssary, ty lead azide and tetryl), in
® 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 samle -cushes the maximm ret weight of sand, ‘ an
ie designated as its sensitivity to initiation end +> set weight of eand crashed, floer then FE
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30 mech, ie termed the pend test velue, ‘he net weight of cand crushed is obtained by sub-
tracting from the total the amount crushed by the initiator vhen ahot slone.

es (>) Sand test for liquids. (b)

The sand tast for liquids is mad in accordance vith the procedure given for solids except
that the followi.g procedure for losaing tne test samples is substituted:

Cut the clogad end from a No. 6 blasting cap and load one end of the resulting cylinder
with 0.20 gm of lead azide and 0.25 gm of tetryl, using a pressure of 3000 psi for consoli-
Gating each charge. With a pin, prick the powler trein in one end of a piece of miner'e bleck

fuse 8 or 9 inches léng. (Crimp to the pricked end a loaded cylinder, taking care that
a of the fuse is held firmly against the charge in the cap. (Crimp near the mouth of the
es to avoid squeezing the charge. ‘Transfer a veighed portion of 0.400 gm of the teat

ive to an aliminum cap, taking precautions when the explosive is liquid to insert *ne
in such a manner tint as little as ;oesible adheres to the side walls of the cap, <4

‘ solid material is being tested use mterial fine enough to pass through a No. 100 U. 8. .
. Standerd Sieve. The caps used shall be of the foliowing dimensions: length 2.00 inches, in-
_ ternal diameter 0.2h8-inch, wall thickness 0.025-inch. Press solid explosives, after insertion
‘ into the aluminum cap, by means of hand preseure to an apparent density of approximately 1.2 gn .
: per cubic centimeter. ‘This was done by cxerting hand pressure on 4 wooden plunger until the ,

plunger had entered the cep to a depth of 3.93 centimeters. Following are the dimensions of '
: the interior of the cap: height 5.00 cm, area of cross section 0.312 square centimeters. In-
\ sert the cylinder containing the fuse and explosive charge of tetryl and lead azide into the ae |
. aluminum cap containing the test explosive for the determination of sand crushed. :
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(21) "Sensitivity to Initiation.” {
. : This is sensitivity to initiation as described under the preceding heading. ‘The minimrs
é detonating » in grems, required to detonate the explosive sample, ia given. 3

(22) “Ballistic Mortar, % tT." (e)

The amount cf sample wider 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 ae proportionate basis, as having a certein INT valie, i.e., as being |

. @ certain percent as effective as TNT in this respect. The forms is ;

INT velue = 10 x 100.
sample weight

The ballistic mortar consists of a “ong compound supporting rod, at the end of which is sup-
ported a heavy short-nosed mortar. The mortar containge a chamber about 6 inches in diameter
and 1 foot long. A projectile occupies about 7 inches of the chamber and the sample to be
tested occupies a small portion of the remainder of the chamber. When the sample is detonated,
the projectile is drive: into a sand benk, and the mortar swings through an angle which is
rarked on paper by a pencil attached to the mortar. ‘The angle thus indicaces the neight to
which the pendulum is ~sised by the explosion, end this lse*ter represents the energy measured :
by this test proceiwe. |

. (23) "Treuzl Test, % THT.” (4)

A sample 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 a lead block 200-zm in diameter and 200-mm in .
height. The borehole in made centrally in the up-:r face of each block, which is cast in a mold }

- from desilverized lead of *he best quality. Although these tests have been mole under a variety

|
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of conditions, where possible the data have been taken from or related to those of Reference f
(S3aoum). Here a No. 8 blasting cap was usec for initiation of the sample contained in glese.
The veight of sat,.e used was adjusted to give, with the initiator, a total expansion of 250 to
300 cc, since within this range expansion and sample weight were linearly related under the con-
Aitions -* Yaoum's teat. ‘Thus expansions for equivalent weights were readily calculated, and
the tes’ alue expressed in percent of the expansion of an equivalent weight of TNT.

(2h) "Plate Dent Test." (a)

Two methods vere used for plate dent tests.

(a) .Method A - ‘Ine charge is contained in a copper tute, having an internal dieneter
of V/h-inch ond 1/16-inch wall. ‘This loaded tube is placed vertically on a equare piece of
cold-rolled steel plate, 5/8-inch thick; 4-inch and 3-1/k-inch square plate gave tie same re-
sults. The steel plate '# in a herizontal 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 cente: of the
plate. md the centers of the charge, pate, and supporting tube are in the same line. A 20-gn
charge of the explosive under test is coostered. by a 5-gm pellet of tetiyl, in turn initiated
by a No- 8 detonator.

(b) Method B - A 1-5/8-inch diameter, 5-inch long uncased charge is fired on a
1-3/h-inch thick, 5-square inch cold-rolled steel plate, with one or more similar plates 16
backing. ‘The charge is initiated with a No. 8 detonator and two 1-5/8-inck diemetar, 30-gm
tetryl boosters.

Plate dent test value, or relative brisance = le Dent Depth x 100. 7
Dent Dep or at 1. ec a ,

(25) "TMocation Rate.” (g)

uging the rotating drum camera, under the conditions stated, e.g., usually charges 1 inch fn '
diameter, 20 inches long, wrapped in cellulose acetate sheet, and initiated by a system desigze2
to produce high order stable detcnation at the meximum rate under the particular «.mditions. A
t;deal initieting system for this consisted of four tetryl pellets 0.995 inch in aliameter, 0.75
inch long, pressed te 1.50 gn/cc, with a Corps of Engineers special blastirg cap placed in a
ce :tral hole in the end pellet.
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The detonation rates reported in the tables contained herein were determined principally by = - <

b. Second tabular page.

(1) "Booster Sensitivity Test." (p) . : . --
The booster sensitivit; test procedure is a scaled up modification of th: Bruceton method

(unconfined charge). The source of the shock consists of two tetryl pellets, each 1.57 inches .
dtameter by i.60 inches high, of approximately 100 gm total weight. The initial shock is de-
graded through wax spacers of cast Acrawax B, 1-5/8 inches diameter. ‘The test charges are 1-5/8
inches diameter by 5 inches long. ‘The value given is the thickness of wex in inches at the 50%
detonation point. ‘The weight of tetry) pellet noted is the minimum which will produce detona-
tion with the spacer indicated. ~.

Heats of combustion and explosion are generally determined on samples weighing of the order
of .1 to 2 gm, in standard calorimeter tombs such as the Parr or Emerson, approximately 400-cc-
(for low loading density), ox the Boas, approximately 45 ce (for high loading density). For-

(2) "Heat of" (calorimetric tea=s). (i) Lo
w

e
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ae tee eee ae al ~“ } ° . - * a ‘a
: ~~” heats of combustion the semple is burned under about 40 atwospheres of oxygen; for heats of Sot Me OS

. 4 explosion, nitrogen, or one atmosphere of air is used. . : a

(3) “Specific Heat.”

(4) “Burning Rate."

(5) "Thermal Conductivity.” ; ae

(6) “Coefficient of Expansion."

(7) "Hardness, Mohs' Scale."

(8) “Young's Modulus."

.

(9) “Compressive Sworeth.”

(10) "Vapor Pressure."

€ (11) “Decomposition Equation." 4S 7 :
(12) “Armor Plate Impact Test." (Jj)

(a) . 60-mm Morter Projectile.

A modified GO-mm, MiQA2, mortar projectile is loaded with the explosive to be tested, drilled
to the proper depth (about 1/2 inch), and e flat-based steel plug screwed into the projectile to
give a smooth close-fit between the plug base and the charge. The pert of the plug outside the
projectile is rounded off in the form of a spherical section. The loaded projectile with Fins
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 and propelling charge, consisting of an igniter for a 2. %-inch rocket (bazoo-A 5 gm of 4F b).ck pusver, and a quantity of shotgun propellant sufficient to give the desired
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, ‘nert or affected,
is determined by observation (e.g., whether or not flash occurs on impact). Within the range of ae
flight stebility of the projectile, 200-1100 ft/sec, the 50% point is located. ; aa
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(b) 500-1b General Purpose Bombs.

(13) “Bomb Drop Test.”

Bomb drops are made using bombs assembled in the conventional manner, as for service usage,
Vut containing cither inert or sim lated fuzes. The target is usually reinforced concrete.

&
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_ (1) "“Pragmentation Test.” (1) ,

The weight of each empty projectile and weight of water displaced by the explosive charge is . a oe
determined, and from this the specific gravity of the charge is calculated. All 3-inch and : -
90-mm nrojectiles are initiated by M20 Booster pellets, and those used with 3-inch HE, H42A1,
Lot KC-5 and 90-mm HE, M71, Lot WC-91 projectiles are controlled in weight and height es follows:
22.50 + 0-10 gm, and 0.480 to 0.485 inch.
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the projuctile assexbled with fure, actuated by @ Blasting Cap, Special, Type It (Spec 9-
20) placed directly on a iead of comparable diameter. and booster, are placed in boxes con- ‘
structed of half-inch pine. ‘the 90-mm projectiles ave fragwented in boxes 22 x 10-1/2 x 10-1/2
inches and the 3-inch projectiles in boxes 15 x 9 x 9 inches outside dinzusions. the box vith
projectile is placed on abuut 4 feet of sand in # s.ee] fregmentation tub, the detocator vires
ere connected, end the box covered with approximately 4 feet more of saud. The projectile is
fired and the sand run onto a gyrating b-mesh screen on which the fragments are recovered.

(2) "Pregment: Velocity.”

Charges 10-1/8 inches long and 2 inches in diemeter, containing a booster cavity, filled by
& T2-gn tetryl pellet (1-3/8 inches diameter, 2 inches long, everage density 1.594) are fired
in a model projectile of Shelby scamless tubing, 2 inches ID, 3 inches OD, SAE 1020 steel, with
@ weldad-on cold rolled steel base. ‘The projectile is so fired in e chamber, connected to a
corridor containing velocity zgtations, that a desired wedge of projectile casing fragments can . Le
be observed. ‘The fragment velocities are determined by shadow photographs, using flesh bulbs, ,
and rotating Grum cameras, each behind three slits. The drua cameras have a writing speed of
30 meters per second.

(3) “Blast (Relative t> TNT)."

The blest pressures and impulses given were determined almost exclusively with tourmeline
gages, and the usual necessary specialized electrical circuits, shielded cc-axial cables,
oscillographs, *‘c. In general, the date represent results of teste with large cased charges.

(4) “Shaped Charge Effectivensas, THT « 100." (k, m)

Unconfinud charges 2 inches in diameter and 6 inches long, boostered by a lO-gm pressed
tetsyl pellet, set in a 20-mm pellet (truncated cone) cf cast 60/h0 cyclotol, are shot »geinst
3-inch homogeneous armor plate at a 1-3/16 inches standoff. The cenes used are comercial Pyre..
eless funnels, sealed off at the start of the stem, 2 inches in diameter, 0.110 to 0.125 inch
well thickness.

Unconfined charges 1.63 inches in diameter and 6 inches long are tested at a standoff of Smee?
1.63 inches against stacks of 4 x 4 x 1 inch mild steel plates. MQAl steel cones are used.
Results are averages of 4 trials.

(5) “Color.”

(6) "Principal Uses."

(7) "Method of Loading.”

(8) "Loading Density.” . Pe

(9) “Storage.”

Ammunition and bulk explosives in storage represent varying degrees of hazard end compati- - ‘
bility. This has led to their being divided into a number cf hazard classes and compatibility too
groaps &# indicated in subparagraphs (b) and [c) below.

(a) Method: Wet or dry.

(b) Bezard Class (Quantity-Distance).
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Ammunition and bulk explosives are divided into quantity-distance classes, Clase 1 through
12, according to the damage expected if they explode or ignite (Reference: Army Materiel Command
Regulation, AMCR 385-100, ANC Manual, chapter 17). Ali standard explosives in bulk are
included in four of theve 3 “lags ©, 2A, 9, and 12 (TM 9-1910/10 11A-1-3).

(ce) Compatibility Group.

Explosives and ammunition are grouped for compatibility with respect to the following factors:

Effects of explosion of the item.

Rate of deterioration.IP
 

ir

Se~cativity to initiation.

Type of packing.

Effects of fire involving the item.

In
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Quax.tity of explosive per unit.

(4) Beudation.

ad. Miscellaneous entries.

Where svaileble and appropriate, the following or related data are given, in spece at
the bottom of the third form, or on plain pages.

(1) Solubility.

(2) Metho’s of nanufactire.

(5) Historica: information.

(4) Bulk compressibility modulus. (q)

The direct experimental measurement of the dynamic bulk modulus of @ golid i¢ difficult, and
few such measurements heave been made. One apparatus has been deve @t the daval Ordnance
Taboratory and is described in detail in Reference q. Bulk modulus (ite reciprocal is the com-
prassibility) is cufined as the ratio of stress to strain vhen the stress is a pressure sppiied
equally on ali surfaces of the sample and the strain is the sesulting change in volume per unit
voltme.

- (5) Ry@rolysis tests. (0)

The 240-hour hydrolysis test is conducted as follows: A S~gm sample of the dry nitroce2lu-
lose is weighed accurately in a tare-weighed 250-cc Pyrex flask hiving «
for a Pyrex condenser. ‘Then 100 ce of distilled water 1s added to the nitroce?lulose in the

and the flask fitted to the condenser. ‘The flask is placed in a steam bath in which the
water is kept boiling constantly t; seans of electric hotplates. At the end of 240 hours the
amount of solid developed by the hydrolysis of the nitrocellulose is measured by an electromstic
PE wathod.

(6) Sensitivity to initiatic. ty electrostatic discharge. (n)

| a
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The samples are tested under two amounts of confinement, designated as unconfined and con-
fined. In the unconfined test, a sample of approximitely 0.05 gm is dumped into a shalloy de.
pression in a steel block and flattened out with e spatula. In the confined tests (partly
confined). che sample of approximately 0.05 gm iz introduced into soft-glass tube (~ 7 mm ID x
18 wa long) which fite over ¢ matal peg. ‘The volume of the space around the charge at zero gep
ig # 0.15 co; at a gap of 0.6 me, it is~ 0. ce. In addition te providing moderate confine-
ment, this system also minimizes dispersion of the sample by the test epark, and reduces the
effect of material bei: - repelled from the needle point by electrostatic Meld effect.

When a test is to be made, the needle point electrode is screwed up untii the gep between
electzodes is greater than the critical gep discharge at the test voltage. The sample is then
placed in position, the high-voltage terminal of the charged condensor is eawitched <o the point
electrode by means of o mercury ewitch, end the electrode is screwed down until discharge occurs.

the sperk energy (in Joules), for zero probability of ignition, is determined.

(7) Destruction by chemical decomposition.

Burning is the preferred method of destroying explosives. Initiating type explosives (in
quantity) are usually destroyed by detonrtion with demolition blocks. Destruction of explo- .
sives by chemical decomrosition can be effectively used where small laboratory quantities are
itovolved. Procedures given are standard for only lead azide, mercury fulminate and nitrogly-
cerin.

(8) Other information.

(9) References.
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A
 

A
M

 
N

a
e

 h
e

 wi
 

Be
 

en
e 

R
E

 i
 

Ra
pe

Seiatet 
in

at
e 

Aala
nd 

D
e

; W. S. Cramer, Bulk Compressibility Date on Severel Explosives, MAVORD Report No. 4360,
15 September 1956. ‘
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AMCP 706-177 

:

Anatol, 80/20 
; )

ge i

. Weight !
Amoniun Wi trate 8 vee B 

, 
:

wT 20 CO % an |

Density: gm/cc Cast 1M - |

iepect Sencitivity, 2 Kg We: 
= 

:

Semple Wt 20 mg Retrective tndex, nb,
Preatinny Arseno! Apparatus, in. 15 

: 
:

= 
|

ft

TM ffected Vecuum Stebility Test: !

Peer Sh Oe oc/40 brs, ot
Fiber Shoe Unaffected 40 We :

E , roore .bRite Bullet impect Test: 5 Trials r0ore ot |

: 
:

wre 6.8 ;
sien 0 150°C !

° 206 Grom Bomb fend Test: _

ad 100 Sand, gm 5.5 ; + |

Mini Negueet |
’ Seconds, 0.1 (no cop used) Sensitivity _ Z |

; 
i

“ Lead Azide 0.20
is Tetryi 0.07 |

73°C intornetionel Hoot Test: 

.

% Lons in 48 Hrs 0.06 Tue Dow Foun

| 
.

100°C Hoot Tost: Condition
% Lose, Ist 48 Hrs 0.03 Confined 

fee

Explosion in 100 Hrs hone aN
Detenetion Kote:

pmmeabiiity index: Confineme::t Nore one

. piclty: Condition cast cast
— a i $1, Chorge Diameter, in. 1.0 Lo

Vv Mi hee ‘ 16 Ls
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Amatol, 60/20 AMCP 706-177

Pragmentetion Test: Shaped Cheege Effectivences, TNT = 160:

90 mam HE, M71 Projectile, Let WC-91: Gloss Cones Stent Cones
Density, gm/cc Hole Volume
Charge Wt, Hole Dapth

Total No. of Fragments: -
For TNT Color: Buff-yellow

For Subject HE
Principe! Uses: Boubs, HE projectiles

2 inch HE, MARAT Projectite, Lat KC-5: :
Density, gm/ec
Churge Wh, Ib

Tetet Ne. of Fragments: of Cast

For Subject HE
Leoding Density: gm/cc 1.46

Fragment Velocity: ft/sec (2)
Ar? fr 1900
At BY fe ; 1750 Sterege:
Daraity, gm/cc

: Method Dry

Binet (Reletive te TNT): Hazard Class (Quantity-Diatonce) Class 9

Ales Compatibitity Group Group I
Peak Pressure
Impulse Exudation Does not exude at 65°C
Energy

Ale, Confined: Booster Sensitivity Test: (e)
Condition ee
Tetryl, gm

Under Weter: Wax, in. for 50% Detoneti 0.83Peok Pressure Density, gu/cc i 1.65
impulee
Ene Heat of: (4, e)

Combustion, o 1002"
losion, ca. LooPeck, Pressure ne sie elon 930"

impulse
Energy

*Caiculated from composition of mixture.
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AMCP 706-177 Amatol, 66/b0

Compoeiion: Molecular Weight: 1oD

Oxygen Boleace:
Ammonium Nitrate 60 CO, % . -18
THT ko CO % +2

Density: g/cc Cast 1.60

C/H Ratio Freezing Point: °C

lenpect Sensitivity, 2 Kg We: Belling Point; °C
Bursou of Mines Apporatus, cm 95

Sample Wt 20 mg Refractive Index, n°
Picatinny Arsenal Apparatus, in. 16 °

Somple Wt, ing LT On
ne

Friction Pendulum Test: Vecuum Stebitity Test:

Steel Shoe ce/40 Hrs, ot
Fiber Shoe 90°C

Rifle Bullet T 100°Ctenpoct Test: rials 120°C

Explosions ® 135°C
Partials 150°C
Burned 200 Grem Bomb Send Test:
Unotfected Sand, gm 41.5

Explosion Temporeture: °c Soncitivity te Initiction:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

i , Mercury Fulminote

5 Decomposes 270 Leod Azide 0.20
10 Tetry! 0.06
15

20 Bollistic Mecter, % TNT: (2) 128
Trous! Test, % THT:

73°C tntornatione! Hoot Test:
% Less in 48 Hrs Plate Dent Tost:

Method
100°C Meet Test: Condition

% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/ce
Explosion in 100 Hrs Brisance, % TNT

Detonation Rete:
Fiommebility Index: Continemen. Fone

— Condizion Cast
Hyprescopichty: % Charge Diameter, in. 1.0

Density, gm/ce 1.50

Vetetitiny: Hil Rate, meters/second 5760
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Amatol, 60/%0 AMCP 706-177

Fregmentation Tost: Sheped Charge Effectiveness, TNT = Toe:

90 mm HE, M71 Projectile, Ler WC-91: Gloss Cones Stee! Cones
Density, gm/cc 1.49 Hole Volume
Chorge Wr, Ib 1.971 Hole Depth

Tetel No. of Frogments:

For TNT 703 Coler: Buff-yellow
For Subject HE 583

. Principel Uses: Bombs, HE projectiles

3 iach HE, M42A1 Projectile, Let XC-3: ;

Density, g/cc 1.57

Charge Wt, Ib 0.827

Tetel Ho. of Fregenonts: Methed of Leeding: Cant
For TNT sib
For Subject HE 4o8

Leoding Density: gm/cc 150

Fregment Velocity: ft/sec
Ate fh ,
At 25% ft Seorege:
Density, om/cc .

Mathod Dry

Biles? (Reietive to TNT): Hozard Class (Quontity-Distonce) Class 9

Ale; Compatibility Group Group I
Peck Pressure 95
impulse 85 Exucation Does not exude at 65°C
Energy 8b

Ale, Confined: Heat of: (4, e)}
Impulse Combustion, cal/gm 1650%

. Explosion, cel/gm 633
Under Water: Gar Volume, cc/gm 380"

Peok Pressure

impule

Energy

¢

Peok Pressure

Impulse

’ Energy

*Calculated from composition of mixture.
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AMCP 706.177 :
‘ Amatol, 50/50 -

: a

Compestion: Molecular Weight: 118 .

Ammonitn Hit ate 50 CO: % BT
mr . 56 CO % 23

Density: om/cc Caet 1.5 ;

C/H Ratio Freezing Point: °C
lanpect Senebiiviey, 2 Ke Wr: Belling Polat: °C

Bureau of Mines Apparatus, cv A] ;

Sempia Wt 20mg . Refractive tadex, nd,
Picatinny Artenal Apporata, in. 16 .
Sample Wt, mg 2? nS

' ne .
» Vest: Vecwum Stebittty Test:

Steel Shoe Unaffected c/40 Hrs, ot
Fiber Shoe Uneffected 90°C

fife Bullet lenpect Test: = Trials 120°C 10
% ° :Explosions fs) 135°C :

| Bumed ° 200 Gres Bomb Send Tew:
Unaffected 100 Send, gm he.5 i

Enplesion Temperature: i Senelivity te initiation: yo
Seconds, 0.1 (no cep used) Minimum Detonating Charge, gm

' Mercury Fulminote :
§ Decompoe ss 255 Lead Azide 0.20 .

13 .

20 Bollistic Meier, % THT: (2) 12h
~ Troval Test, % THT:

73°C lateruetionel Heet Test: -
% Less in 48 Hes Plate Dent Test:

Method B

190°C Meet Test: Condition Cast
% Loss, ist 48 Hrs Confined Ro
9% i063, 2nd 48 Hrs Density, grn/ce 1.55
Explosian in 100 Hrs Brisones, % TNT 52

q : Detonation Rete:
: Confinement None Roce

Condition Ceat Cast
rereneepiciny: % Mil Charge Diometer, in. 1.0 1.0

olasitiey: Density, gn/ce 1.55 1.55
’ Rote, maters/second 6430 629

16 
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Anatol, 50 1/50 AMCP 706-177

90 mm KE, MAYT Projectita, Lot WC-91: Gloss Cones Stee! Cones (5)
Denaity, gm/cc 1.55 Hole Volume = 4555

_ Charge Wt, ib 2.053 Hole Depth &9

Tetel Ne. of Fragments: 7
Colber: * Buff-ye) 1“For TNT 703 ee

For Subject HE 69
Principal Uees: Bombs, HE projectiles

3 inch ME, M4&ZA1 Prajectiie, Let KC-5; S ‘
Density, gm/ec 2.5%
Chorge Wi, ® 0.819

Tetel No. of Froqmente: : Mathed of coat
For TNT sus raed ot Looting: = cas ;
For Subject HE 385 : :

Reading Density: gm/ce | 1-59

Frageecat Votexty: ft/sec

Aa ft Storage:
Density, grmy'cc : are <

: Method Try .

Otest (Relative te TNT): Hazord Closs (Quontity-Distonce) Class 9

Ale: Compatibility Group Gooup I
Peak Pressure oT
Impulse 8T Badotion Does vot exude at 65°C
Energy

Booster Sensitivity Test: (a)
Als, Confined: Condi tion Cast

Impulse Tetryl, gr 100.
Wax, in. for 50% Detonation 0.6

Under Weter: Dene:ty, ga/ce 1.55
Pook Pressure Heat. ofof: (a. e)

““Gombustion, cei/en 1990pune Explosion, cal, yorEnergy 3 Gec Volume, ce/gu ” 655%
*Calculated from composition of mixture.

Peak Pressure 10k cific Heat: catlgn/Pc (4)Impulse 104 wee 9. 383
Exergy 104 Boah Drop Tee*:==a Semi -Arwor-Piercing

Bomb vs Concrete:

Max Safe Drop, ft. 4000-5000

7

ry



Compatibility vith Meals: . : a,
ae : Dey - Mateis unaffected are sinc, iron, tin, brass, brass t’. plated, brass NRO coated, - ti - ; - :
8 - brass shellac coated, nickel aluminum, steel, steel rlated ith nickel, zinc or tin, stein- she . Sy

: lesa steel, Parkexiced steel, and steel coated with acid-proof black paint. Metals elightly
ns affected are copper, bronze, leed and copper plated ateel.

tJon:

In preparing amatols the proper granulation oy a>:onium nitrete is required if tue =ximun ae “ oe,
density of the cest amatol is desired. The amion*... nitrate should be dried so as to contein . ae
not move than 0.25% moisture. It should be heated to about 90°C before being added to the .
appropriste weight of molten INT contained in 2 melting vessel equipped with an agitator. Con-
tinse mixing to insure uniformity and load by pouring fnto #hs1l or bonbs.

ni

Developed by the british during world War I in order to conserve TNT.

References: ?
(s) 1. C. Saith ead 8. H. Eyster, Physical Testinz of Explosives, Part III “Miscellaneous .Sensitivity Tests, Performence Tests, aS SE Si oT eee te ——
(ob) Report AC-17/Phys Ex 1. ‘
(c) De Ps MecLougell, Methods of Physicel Testing, OSRD Report No. 803, 11 August 1942.

ca
t

rn
 

rey

he

L. C. Sith and Be. G. Ryster, Pr g of Explosives, Part III - Miscellanesus tof 4
Sensitivity Tests; Performance Tests, O&h Th6, <f December 1955. . i

(2) comsittee of Div 2 and 8, FDRC, Report on HBX and Tritonal, OSE Report No. 5406, ane i
31 July 1945. a ee 3

(e} Philip C. Keensn and Dorothy Pipes, Table of Militery High Explosives, iecond Revision,
HAYORD Report No. &7-46, 26 July 1916. —

(f) R. W. Dreke, nt Velocity and Panel Penetration of Several Explosives in Simulated
Sells, OGRD Report No. » 2 January 1946, a

(gi astern Laboratory, du Port, Investigation ef Cavity Effect, Final Report, 18 September
1943, KDRC Conuract W-672-ORD-5723.

(hn) Aled see the following Picatinny Arsenal Technical Reperts cn Amatole:

Q 1 2 3 4 5 6 if 8 2
240 i 132 Th3 364 65 266 1207 548 549
350 731 182073 694 hes 556 sST 638 199
630 OL 121373 7? 695 666 1737 838 929
950 105% 1352 1323 874 715 986 1827 ~~ 1098 1129

1300 131i 1372 1493 i 735° 1376 2167 1246 1219
1530 1451 1552 1783 1155 Uhh6 1388 1369

f 1651 1285 1636 1568 1559
135 1796 1838
1455
1BH5

(4) TM 9+1910/T6 11A~-1-34, Military Explosives, April 1955.

7See footnote |, page 10.
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Ste! Shoe c¢/40 Hrs, at hy
90°C

Rife Bullet tecpact Tost: Tricis
sae i"

Explosions

Portiols

Burned

Unaffected

we . *

120°C rs an

200 Gram amb Sond Test:
_ Sand, gm 47.8

Explecion Temporeture: "c
Seconds, 0.1 (no cap used)

1
5 Decomposes 265

10

15

20

Seesitivity te lnitietion:
Minimum. Detonating Charge, gin

Mercury Fulminote 0.20
Lead Azide

Tetryl

Ballistic Merter, % TNT: (a) 122

75°C lnternetional Heal: Test:
% Loss in 48 Hrs

Treva! Test, % TNT:

Method

100°C Heet Test:
% Loss, Ist 48 Firs

% Loss, 2nd 48 Hrs
Explosion. in 100 He,

0.00

0.10

None

Condition

Confined

Density, gn/cc

Brisance, % TNT

Detonotion Rete:
Confinement

| Hysraccopichy: %
Condition

Charge Diomete-, in.

Veintiity:
Density, gm/ce
Rate, meters/second

19

ae demoed AMC? 706-197

Po ., Some. We 20 mg . Retroctive tndex, n®
‘Picatinny Arsenal Apparatus, in. <<. 12. Sa ° eae

Sempts Wt, mg . 39 a. ne
aa eer i Se <. ae
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Peagmentation Test: Shaped Chorge Offectivenens, THT = 106: ‘

90 mam HE, M71 Projoatiie, Let WC-91: Gloss Cones Steel Cones
Density, gn/ec Hole Volume
Charge Wi, tb Hole Depth

Total Me. of Fragments: Cod
For TNT ;
For Subject HE —

Peincipol Uses: «= Projectiie filler

3 inch WE, MARA! Prajectife, Let KC-5:
Dereity, gm/cc 1.65
Charge Wi,

Total No. of Feagmente: Mashed of Leading:For TNT 655 - Cast
For Subject HE 5D

Leeding Density: om/cc 1.65

Fragment VolecPy: ft/sec ’
Ate ft
At 25% ft _ Storage:
Density, gm/cc

Method Dry

Biest (Relutive te TNT): Hozerd Cless (Qh: antity-Distance) Clea 9

Ale: Compatibility Group
Peok Frassure
Impulee Exudation

Energy

Ale, Confined Origin:

Impulse Castable mixture developed in United States
during World wer I.

Under Weber:
Peak Pressure References:
Impulse (a) W. R. Tomlinson, Jr., sicel and Ex-
En Losive rties of Milita os-veu

hd TR No. 13f2, r 1983.
Underground: (b) Also see the following Picatinny Ar-

Peok Presrure genal Technical Reports on Ammonals: 1108,
impuise 1286, 1292, 1308 and 1783.
Energy

Preperation:

Procedure same as described under Amatcls,
except aluminum is added to the amonlum nt
trate-TNT molten mixture under sgitation u.-
til uniformity in coupesition is obtained.
Protoss is scoot ebed by pouring into the
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Amoniva Hi trete AMCP 706-177

~~ Meiuculor Weight: (4,%0,) 8
Oxygen Belenee:

: ° oe 4Zz 5 EW, - +80
0 60 Dench: gm/cc Crystal 1.73

Malting Polat: °C 170

C/H Ratio Freesing Pelut: °C
lenpest Sensitivity, 2 Kg We: Boiling Point: *C

Bureou of Mines Apparetus, cm 100+
Sormple Wt 20 mg Refreztive laden, nf

Picatinny Arsenal Apparatus, in. R °
Sample Wt, mg 17 nn

ne

Tost: Vecunm Stebltty Test:
Fiber Shoe Unaffected 90°C

190°C 0.3
Rifle Bullet impect Test: Trials 120°C 0.3

%Explosions 0 135°C
Partials re) 150°C 0.3
Bumed 0 200 Gramm Bomb Send Text:
Unoffected 200 Sond, gm m1

Explosion. Tempereture: *c Sencitivity te taltiction:
Seconds, 0.1 (no cop used) Minimum Detonating Cherge, gm

1 Mercury Fulminote

5 Ignites 465 Lead Azide 0.20 ©
. Tetryl 0.25
20 Bellictic Merter, % TNT: (a) 56

Trouzt Test, % TNT:
75°C laternctional Heat Test: (2)

% Loss in 48 Hrs 0.0 Plate Dent Tout:
: Method

100°C Meet Test: . Condition
% Loss, Ist 48 Hrs 0.7% Confined
% Loss, 2nd 48 Hrs 0.13 Density, gm/ce
Explosion in 100 Hrs None Brisance, % TNT

Detenction Rete: (b)
y Index: Confinement None Strong

Condition Solid Liquid

hc roars bl Extreme Charge Diometer, in. 1.25 4.5
Votitiey: Density, gm/ec 2.9 1.4

. Decomposes at 210°C Rate, meters/second 1000 2500

21
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AMCP 706-177 Amoniua Mitrete ; : &

Beester Senalelvity Test: Decomposition Uquation: (fF) 1, (h) we |
Condition Onygen, otoma/eec 10 iol 3 :
‘Tatryl, gra. (2/sec) :

ko. . :Wor, in. for 50% Detonation von weve ; #3 :
‘Wen, gm Temperoture Ronge, °C 243-261 217-2867 ‘
Denalty, om/ce Phase Liquid :

Neat of: ' \

Explosion, cal/gm be 60 men Mess :
Gos Volume, ee/gm 980 50% Inert, Velocity, ft/sec. :

Formation, col/gen 10968 Aluminum Fineness a
Fusion, cal/gm 18.23 i

$00-% Generel Purpose Bombe: ‘

Sipeaific Weet: cal/gm/*C (e) . i

“1500.89. 0sétO HT j

1%

1% :

cm/ese ‘
Semb Drop Test: ;

col/eecfem/*C2.9-3.9 x 107% T7, 2000-1 Semi-Armor-Piercing Sens ve Concrete: a
i } .

Cootficiont of Max Safe Drop, ft ws
Linear, %/°C 500-tb Genera! Purpose Bomb vs Concrete:
Volume, %/°C Height, ft .

; Trials .

E’, dynes/cm? ° . a

E, tb/inch* 1060-%» Genera! Purzece Bomb v. Concrete: ‘

Height, ft a

Compressive Strength: !b/inch* Triats .

Unaffected

Vapor Pressure: (s) Low Order .
bs a mm Mercury High Order

188 3.25
205 ToS
216 11.55
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‘
ta Anmoniun Hitrate AMCP 105-177

| 90 man 008, MY Projectite, Ler WC-91: Giors Cones Steal Cones
4 Density, gm/ce ; Hole Volume

of Chorge Wi, ib Hole Depth

| roe Froomente: Color: Color Less
: For Subject HE: | ‘Principal Uses: Explosive ingredient of

sh ; mixtures used in bombs or large
i ; 3 inch 108, MARAT Projectile, Let KC-5; caliber projectiles
: Density, gen/cc
i Charge Wt, &
}
; Total Ne. of Frogme Mabed of Needing: «Pressed or cest depending
; For TNT on composition of mixture
? For Subject HE
> ; Leeding Denelty: g/cc Veriable
: Frogment Velecit;: ft/sec
; At 9 ft
3 At 25% ft Rerege:

Density, gm/cc
1 Method Dry
5

“\, | Oteat Ratative to THT): Hazard Clots (Quontity-Distance) «Class 12

a) ‘ee? Ain Compatibility Geoup Group D
i Pook Pressure
° impulse Exudotios Kone

; Effect of Temperature on Impact, Ale, Confined: Sensitivity (Chemically pure grede): (b)
; Impulse
’ Temp. PA Iupact Test
: Under Weter: ac 2 Kg We, anches
; Peok Pressure

25 3L, Impulse 75 26
’ Energy 100 27

ye 150 27
. 175 12
a

; ieee Pressure Compatibility with Metels: (a)
bd In the presence of moisture, ammonium
. Energy nitrate reacts with copper, iron steel,
’ brass, lead end cadmium.

Entropy: (ge)
. cal/mol at 25°C 6.0

;
6
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AMCP 706-177 mentum Ritrate

Solubility of emmcoium nitrate, gram in 100 gree ($) of: (e)
Water = Alooho} Acetic Agta Bitrte Acta

°, ° ate$A ¢ & wt af oak is
2 192 ko 5 4 we? BTko OT 60 15 80.9 38 - 20.86&0 ann 78 10.5 101.0 20.7 OL 2.6
80 zo 120.0 125

200

Preparetions
Amponius nitrate ie prepared by the neutralization of an aquecus solution of ammonia with

nitric acid and evaporation of the solution. ‘The product which is very pure is dried in a
ervaining kettle.

Origin:
Pirst prepared by Glauber in 1659 and first used as an explosive ingredient in 1867 when a

Swedish patent was granted to Ohisson and Norrbin for a composite dynamite.

Destrustion by Cheuical Decomposition:
Ammoniun nitrate is decamposed by strong alkalies with the liberation of ammonia, and by

sulfuric acid with the formation of ammonium sulfate and nitric acid.

References: >

(e) Departments of the Arny and the Air Force IM 9-1910/T0 1la-1-3, Military Explosives,

(b) P. ¥. Macy, 7. D. Dudderar, E. F. Reese and L. H. Eriksen, Investigation of Sensitiviof Fer.ilizer Grade Ammonium Nitrate to Explosion, PATR No. 1658, ii July oor
(c) D. Ps teDougall, Methods of Physical Testing, OSRD Repart No. 803, 11 August 1942.

(4) L. C. Saith and B. G. Ryster, F
Sensitivity Tests; Performance Teste, OSRD Rep

(e) International Critical Tables, McGrav-Hill Book Co., N. Y-, Land-Bornat.

G. DD. Clift end B. T. Federoff, A Manual for Explosives Latoratories, Vol. IJ, Lefax
Society, Inc., Philadelphia, 1943.

(f) R. J. Finkelstein and G. Gamow, Theory of the Detonation Process, NAVORD Report No. 90-
46, 20 April 1947.

(e) George Feick, the Dissvciation Pressure and Free Energy cf Formation of Anmoniun Wi-trete, Arthur D. Little, Inc., J Am Chem Soc, iz BUS8-60 Tiel.
(hn) MM. A. Cook and M. Taylor Abegg, * Isothermal Decomposition of Explosives, University of

tah, Ind Eun Chem, June 1956, pp. 1090 to 1095.

See footnote 1, page 10
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jymont um Hitret AMCP 706-177

° oD (1) Also see the following Ploatinny Areenal ‘Technicel Reporte on Ammonium Witrete:
-@ 2 2 a - 2 € I 8 2
ao eu 182 Th3 bd 596 907 548 199= TH i me) 98s ute 666 iy 68 1%9
ev ya 1783) 10gh 1205 676: 1hT 98 rkog

1290 2183 12th the One 2167 3008
2720 13iL 123 1635 1206 103%

os 1991 1905 89-1675 1696
ae AN 1725

i; *®
3
t

;
?
}
? ie
y

?
,
y
?

,
3
3

om,

.
q

t
’
°

f
;
)

: \ 
‘

? i Let

’ i

;
j .
‘

=

‘

o p
rate

s!



“Ss

ANCP 706-177 Ammoniua Perchlorate

Compestton Moleculer Weight: (CLIO) 17.5

mo 11.9 cos . :
s 5.4 HB, C10, , Denelty: g/cc. 1.95"

0 54.5 Mating Feint: °C

tepact Sensitivity, 2 Kg We: Belling Polat: °C
Bureau of Mines Apparatus, em 6T -

Sample Wr 20 mg Retrective tadex, a®
Picotinny Arsen} Apporatus, in ah ey
Sample Wi, mg eb We

Staal Shoe Snaps 6/40 Hes, ot 2
Fiber Shos Yacttected 9O ke ES

100°C — < SORg
Rifle Bellet taipect Testi Triols 120°C: 0.20

% rwfon . vaste .
Portials » 480°c | | 0.3

Unoftfected Sand, gv” 6.0 .

Explocion Temperature: “c Sansitivity te faltietion:
Seconds, 0.1 (na cop used) Minimum Detoneting Charge, gm

5 435 . Lead Azide 0.26
10. Tetry! - 0625
15 : : :20 Beltixtic thertar, % TNT:

75°C teternetione! Heet Test: .
% Low in 48 Hrs Plate Dent Text:

160°C Heet Test: Condition
% toes, Ist 48 Hes 0.02 Confined
9 Lots, 2nd 48 Hes 9.00 Density, gm/ee
Explosion in 100 Hrs ‘one Brisonce, % TNT

Detonation Rete:
Flasenebitity Index: ’ Confinement

LL. Condition
Hygrescepicty: % Charge Diameter, in.

Gensity, gm/cc
Yolotility: Rate, meters/second
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AMCP 706-177

anual
* 90 mie Ia ser Peace La WEAN
ae, &.

Sheped Cherge Eifectivences, THT = 198:

Hole Volume

wal

wpa an Beplosive ingredient of |
mixtures wsed in pyrotechnics and
es projectile filler

Pressed o¢ coat depending
on sctkposition of mixture

” Variable c

Hozord Chase (Quomtity- 2 .w..ce) “leas 9
Compatibility Greup

Solubility in Water oe >
gm/200 ee saturated solution: — ~~

98 ee 2
zee a°C _— 39

Freeper ytloas ons

The: perchioretes ere prepered hy the action
of the acid on @ asuiteble bess; by the ther-
mal decomposition of certain chlorates; and
sy the electrolysis of chiorates (see origin).

Heat of:—— 5 . .

Formation, cal/em 665
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na AMCP 706-177 um Porchiorete

Seaeins (0)
“Q. Witaoberlich first prepared, in 1582, crystals of ammonium perchicrate from beriuspershilorete ond ammonion sulfate (Pogs Ann 25, 300). 7. Schlosing treated a hot solution of

ection pereiiorete vith emonium chloride, and on cooling, crystals of ammoniua perchloretewere obtained (Comp rend, a9, Dari). U. Alviet treated a sixture of 76 parte of an-
wonion nitrete with 2213 of sofiua perchlorate, and obtained e crop of emel. crystals of
ownenion te which were purified by recrystallimtion frou hot water (German Patent,
103,993, 3096). A. Aiolati mixed magnesiua or celciue perchlorete vith emacnius chloride anc.
ovys*mle of amactiium perchlorate deposited from the solution of very soluble sagnesius cr cal-

elom chloride (Geremn Patent, 112, 682, 1899).

Baterences;
o.'2 W. B. Tomlinson, Jr., Fhysical snd Explosive Properties of Military Bplosives, Pak
Bo. 1372, 29 Noveser 1943.

{b) 1. Davis, The Chenistry of Powler and Explosives, John Wiley end Sons, Inc., Wew
York, 1963.

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

100 522 * B43 354 1095 1726 1049
1783 So 1725 1969

ee footnote |, page 10.
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roo Baretol AMCP 706-177
H

. Compesition: Molecular Weight: 125
%

5 Barium nitrate 67 CO. % 3
. CO % 413
: INT 33
; Density: gm/cc Cast 2.55
»

, Melting Point: °C

3 C/K Retio Freezing Point: °C

4 Impoct Sencitivity, 2 Ky We: Boiling Point: °C
i Bureau of Mines Apporotus, cm 35
: Sompte Wt 20 mg Refractive Index, n°,
4 Picatinny Arsenal Apporotus, ‘in. 11 °
: Somple Wt, mg ak . Mas
: ne

' Steel Shoe cc/40 Hrs, ot

' Fiber Shoe 90°C
' 100°C
‘ Rifle Bullet impoct Test: Triols 120°C

: ; % 135°C} Explosions Cc
, Portiols 130
' Burned 200 Gram Bomb Sand Test:
: Unaffected Send, gm 26.8

; Explosion Tempereture: °C Sensitivity to Initiation:
; Sece ds, 0.1 (no cap used) tAinimum Detonating Chorge, gm

; ! Mercury Fulminote ;
° 5 Ignites 385 Leod Azide 0.20 |
: 10 Tetry! 0.10
' 15

' Trost Tes!, % TNT:
75 C iaternotional Heet Tect: “

% Loss in 48 Hrs Plote Deni Test: (a) 73:27
Method B

100°C Heat Test: Conditior: wazt
' % Loss, Ist 48 Hrs Confined No
, % Loss, 2nd 46 Hrs Density, gm/ce ee
: Explosion in 100 Hrs Brisance, % TNT el -

' Detonciion Rete:
’ Flammability index: Corfinement

Condition

i area cere he y 00 Charge Diameter, in.
, | 22 0% f : Density. grn/ce
. Volatility: Rate, meters/second

Z
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AMCP 706-177

Feaion, -eatvam, 15125 Bara tol :Be
Seecifie Heat: walfomye ) tHe Baretol

Max Sofe te Dep, tt

i Haight, ft Se“Compre et Ibfinch® = Frisk os
~ ee ss Unofiected .

C mm Mercury - igh Order
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Beratol AMCP 706-177

‘Pragmeniction Test: Sheped Cherge Effectiveness, TNT = 100:

90 uaa: 104, ATT Projectite, Let WC-91: Gloss Cones Stee! Cones
Dana, em/ce Hole Volume

Charge Wt, > Hole Depth

Tetel No. of Fregments:
Color:

For TNT
For Subject HE

Principel Uses: = Bomb filler
3 inch NE, MAZA1 Projectile, Let KC-5:

Density, grn/cc
Charge Wt, ib

‘etal :T he of Fregmonts: Mathed of | seding: Cant
For Subject HE

Leadian D avity:gm/ce 2.55

Fragment Velocity: ft/sec
ARO ft
At 25% ft Storage:

Density, g/cc
Mathod Dry

Blast (Relative te TNT): Hazard Class (Quantity-Distonce) Class 9

Al: Compatibility Group Group I
Peok Pressure

Energy

Als, Confined: Preperation:
long The appropriate weight of barium nitrate

heated to about 90°C is added to molton TNT
Under Woter: contained in e melting vessel equipped with

Peok Pressure an agitator. Continue mixing until uniform,
Impulse and load by pouring at the lowest practicei
Energy temperature.

Origin:Undergrevad: a
Peok Pressure Baratol, an explosive containing berium
impulse nitrate and TNT, the proportions veried to
Energy suit the required purposes, wes developed

durirg World War I.

31
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AMCP 706-177 Barstol

t

References: ° us ‘
(a) De P. MacDougall, Methods of Physicel Testing, OSRD Report No. 803, 11 August 1942. :

(ob) L. C. Smith and B. G. Ryster, Payetoel Testing of Beplosives, Part III - Miscellaneous :
Sensitivity Tests; Performance Tests, . ’ r 1945. 3

(c) Also see the folloving Pica‘inny Arsenal Technical Reports on Baratol: ‘ .
é

Q 3 $ | 8 : >
2010 1783 2206 2138 Po OE Us
2160 2233 : oe

(4) C. Lenchitz, W. Beach and R. Valicky, Enthelpy Changes, Heat of Fusion and Specific .:Heat of Basic Explcvives, PATR No. 250k, January oe :
e

oo

¥.
Nee”

N

3See footnote 1, page 10.
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Baronal AMCP 706-177

Composition: Molecular Weight: 221

Barium nitrate 50 Or zore Bolenee: -oh
TNT 35 CO % -7

Aluminum 15 Deesity: gm/cc 2.32

Melting Polat: °C

C/H Ratio Freezing Polat: °C

impact Sensitivity, 2 Kg Wt: Builing Point: °C
Bureou of Mines Apparatus, cm x

Sample Wt 20 mg Refractive Index, n2,
Picatinny Arsenal Apporotus, in. 12 .

Sample Wt, mg 22 Ts
ne

Friction Peadulem Test: Vecuum Stebiiity Test:

Steel Shoe cc/40 Hrs, at
Fiber Shoe 90°C

100°C
Rifle Bullet impoct Test: = Trials 120°C

% .,Explosions 135°C
. 1s0°¢Partials ;

Burned “| 206 Grew tomb Sand Test:
Unaffected Sard, ym 39.8

Explosion Tempereture: *¢ Sensitivity te ‘aitiation:
Seconds, 0.1 (no cap used) Minimum De‘onating Charge, gm

1 Mercury Fuln:inete

5 Ignites 345 Leod Azide 0.20
10 Tetry! 0.10
1§
20 Bellictic Merter, % TNT: (a) 96

. Trews! Test, % TNT:
75°C laternatione! Heat Test:

% Loss in 48 Hes Plate Dent Test:
Method

100°C Heet Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/ce
Explasion in 100 Hrs Brisonce, % TNT

Detonetion Rete: (o)
Flammability Index: Continement lone

Conditice Cast
Hygroscopicity: % Chorge Diameter, in. 1.0

— Den.itv, gm/cc 2. 32
Voalotitity: Rata, meters/second 5450

A)

Nelle 
“ke, 
A

ow
er



AMCP 706-177

Pregmentetion Teet:

90 mn NE, M7? Projectile, Lee WC-91:

Density, g/cc
Charge We, ib

Tetel Ne. of Fregments:

For TNT

For Subject, HE

3 inch HE, M42A1 Projectile, Let KC-S:

Denalty, g/cc.
Charge Wt, ib

Totel Ne. of Fragments:

For TNT

For Subject HE

Shaped Charge Effectiveness, TNT = 100:

Gloss Cones Stee! Cones
Hole Volurne

Hole Depth

Color:

Principel Uees: Bomb filler

iMethed of Leeding: = Cust

Fregme @ Velocity: ft/sec
At 9 ft
At 25% ft

Density, gm/ec

Blect (Relative te TNT):

Ale:
Peak Pressure
impuke

Energy

Alz, Confined:
impulse

Under Weter:
Peok Pressure
impulse

Energy

Storage:

Method Dry

Hozard Closs (Quontity-Distance) Class 9

Compatibility Group Group I

Exudetion

Preparation:

Procedure same as described under Baratol
except aluminum is added to the barium nie
trate-INT molton mixture under egitation
until uniformity in comparison is obtained.

Booster Sensitivity Test:
(c)

Condition Cast
Tetryl, gm 100
Wex, in. for 50% Detonation 0.86
Density, gm/ee 2.32

Heat of;

Comb.stion, cel/gm 2099
Explosion, csal/gm 1135

Gas Volume, ce/eu bio
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3

| Berna) AMCP 706-177 '
a: O References: © |

4 (a) 1. C. Suith and 5B. G. Ryster, oal Testing of Explosivue, Pert ~ Kiacellaneous
. Sensitivity fests; Perforuance Tests, : . , a .

Z (b) G. . Messerly, The Bate of Detopation of Various Explosive Compou:33, OGRD Report No.
} 1219, 22 February 1943. :

\

t M.D. Burwits, De OSRD Report

oy (ce) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 19h2.
. 4

t
’ ee Rie eee et oer ae aa Ts ae fae oe. ot- Composition of Nixture with Performance, » Dae ? .

(e) 8. J. Lowell, Propagation of Detonation in Long and Marrow Columns of Eqlosives, PATR
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AKCP 706-177

> )

Black Powder

Gompeeition: Molecular Weight: 8h
%

. Gaygen Belence:
Potessiua nitrets 7h.S CO, % - ~22

CO % -2
Sulfur 10.4

Density: ¢::/cc - Variable
Charcoal 15.6 :

Melting Point: °C

C/H Ratio Freeuing Paint: °C

lnpect Sensitivity, 2 Ky We: Belling Point: °C
Bureau of Mines Apporatus, cm 2 .

Somple Wt 20 mg Retrective Index, nf
Picatinny Arsenal Apporatus, in. 16 °

Somple Wr, mg 16 Nes
ni

Friction Paad-hom Test: Vecuum Stubility Test:
Steel Sve Snape cc/40 Hrs, at
Fiber Shoe Unaffected 90°C

100°C 0.5
Rifle Bullet impect Test: = Trials 120°C 0.9

% .Explosions pee

Portials 150
Burned 200 Gram Bomb Sead Test:
Unaffected Sand, gm 8

Explesion Tempereture: i 69 Sensitivity to Initietion:
Seconds, 0.1 (no cap used) 510 Minimum Detonoting Charge, gm

1 490 Mercury Fulminote
5 Ignites hay l. -ad Azide

10 35615 sensitive to igniting fuse
20 Baltistic Mortar, % TNT: 50

Trouz! Test, % TNT: (a) 19
75°C Internotional Hoot Test:

% Loss in 48 Hrs 0.31 Plate Dent Test:
Method

% Lear; Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/ce
Ex, Josion in 100 Hrs Brisonce, % TNT

Detonetion Rete:
Flammebility Index: Continement

LEC, TSF REO ConditionHygreeceplelty: % 200, 90% RE 1.98 Charge Diameter, in.
CC, 90% RH 2.51

Volotitty Density, gm/ce 1.6
; Rate, meters/second boo
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Bleck Power AKMCP 706-177

Frogmeontation Test: Shaped Charge Effectivensee, TNT = 100:

90 mm HE, M71 Projectile, Let WC-91: Glass Cones Stee! Cones
Density, gm/ce Hole Volume

Chorge Wt, Ib Hole Depth

Tetel No. of Frogments: Color: Black
For TNT

For HEr Subject Principe! Uses: 1. Igniter powder
3 loch HE, MA2A1 Projectile, Let KC-S: 2. Time rings (fuzes)

Density, grn/cc

Chorge Wt, Ib

Tetel Ne. of Frogments: Methed of Leoding: 1. Loose (granulated)
For TNT 2. Pressed
For Subject HE .

Leading Density: om/cc psi x 10°
25 50 60 65 70 75

Frequent Volochy: ft/sec 1.74 1.84 2.86 2.87 21.88 1.89
At 25% ft Storege:
Density, gm/ce

Method Dry

Bieet (Relative te TNT): Hozard Closs (Quantity-Distonce) Class 9

Air: Compatibility Group Group 0
Peck Pressure
Impulse Exudation None
Energy

100°C Vacuum Stability Test,
Als, Contined: ce gas/ko hrs;

Impulse Initial Value 0.5
After 2 houre at 65°C 0.86

Under Water: After 2 Lours at 65°C, 75% RH 1.46
Peok Sensitivity to Electrostatic
Impulse Discharge, Joules: (b)
Energy Unconfined 912.5

Confined 0.8

Peak Pressure Compatibility with Metals:
impulse Dry - Corvatible with all metals when
Energy moisture content is less thar 0.20%.

Initiating Efficiency:

Grems Required to Initiate

Wet - Attacks a11 common metals exc-pt
stainless eteel.

Heat of:

Igniter Comp K«3% 2.0 losion, cat/ 68hComp Exp , tf omIgniter K-29 2.3 Gae Volume, ce/gm 271

37
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AMCP 706-177 . ‘
Black Powder

id oY + ge oo ’
Preparation:

Willow or alder charcoal, flour of sulphur and 2-3% of water are placed in «a tumbling barrel
; and mixed for a short period (sbout 1/2 hour). ‘The mixture is transferred to a "wheel mill" end
‘ crystalline potassium nitrate containing 3-5% moisture is added and the mixture ie in: orpoveted :

for ewrerel hours. During the incorporation period the mixture is kept damp (2-3% moisture) by "
o2°iug water at intervals. The mill cake is then pressed at 6000 psi between aluminum plates. :
The pressed cakes are broken up betveen rubber or wood rolls. ‘The material is screened and toe
various particle sizes are seperated as desired. ‘he screened material is then trenaferred to
canvas trays and dried in hot sir ovens at 60°C. If it is desired to glaze the black powder,
the material before drying is polishe’ by rotation in a tumbling barrel to give it a sacoth
surface. It is next screened to remove the dust. The smooth particles are then placed in «
woogéen barrel and rotated with graphite. The miterial is egain screened to remove the excess
graphite, and dried. Naterial finer than #0 U. S. Sieve is not grephited.

WARNING :
i The batches of black power mst be of sufficient size to cover the bed of the "whee) mill.” - ,
: If the wheels run off on the bare bed, explosions usually result. ‘ «

Origins

The exact date of the discovery of black powder is unknown. Historians ettribute ite dis- . ae
covery to che Chinese, Hindus or Arabs. ‘The Greeks used it during the 7th Century. Marcus ‘

Bes Graecus in the 9th Century and Roger Bacon in the 13th Century described compositions siniler
a | ‘to the present powder. Beginning with the 16th Century, the composition of black powler con-

taining potassium nitrate, charcoal and sulfur has rersined unchanged with respect to the pro- t
portionality (75/15/10) of the ingredients. :.

Destruction by Chemical Decomposition: a i
Black powder can be desensitized by leaching with water to dissolve the potassium nitrate. \ . ra

The washings must be disposed of separatcly because the residue of sulfur end charcoal is com- *
bustible but not explosive. ;

References: ’

(a) Ph. Neoum, Nitroglycerine and Nitroglycerine Explosives, @altimore, 1928.

(b) F. W. Brown, D, H, Kusier and F. C. Gibson, Sensitivitv of Explosives to Initiation by
Electrostatic Discharges, U. S. Department of the Interior, Bureau o: es 9 .

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

‘See footnote 1, page 10.
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Back Fowler AMCP 706-177

cad Q R 2 3 4 3 6 I 8 2 :
250 cal 222 163 354 65 56 WT 168 379 'mo smn ee #30 fk ose kor850 662 ee 453 Shh 545 356 37 426 839 !2010 902 Te 3 554 605 686 5h7 558 B49

2450 pUbey ge 1043 a5 Th6 757 598 859
gh) 582 1153 59h 1275 1256 847 899
1452 762 3 654 1815 1316 1097 618 1259
1542 872 1333 1885 1536 1737 698 1309
171. 1022 1493 TM] 1905 1576 1T9T 838 133919211 1622 1383 1915 1586 1807 19
1952 2712 3 14 1946 1827 i 15892052 1802 1813 15h 1388 1791912 3 ahh 2528 1869

1973 1508 1778 1889
1808
1838

. 1928
2178
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AMCP 706-177 1,2,4-Butenetriol Trinitreve (BITN) Liguis

Composition: Molecular Weight: (C,,H7N 409) ahi
%

4 19.9 Oxygen Bolence:
H,C-ON0,, - CO: % -1l7

H 2.9 co % 10
Hot

N 17-5 / Density: gm/cc Liqulu 1.52
HG-ONO,

is) 59-7 Melting Polat: °C
HC-ONO.

C/H Ratio 9.13 Freezing Point: °C

impact Seneitivity, 2 Ky We: Belling Point: °C
Burecu of Mines Apporatus, cm 58

Sample Wt 20 mg Refrective Index, 22, 1.4736
Picatinny Arsenal Apporotus, in. <1 °

Sompte Wt, mg nies
ne

Friction Pendulum Test: Vecuum Stabiliey Test:

Stee! Shoe cc/40 Hrs, ot:
Fiber Shoe 90°C

100°C 2.33
Rifle Bullet imps :t Test: = Trials 120°

% as
Explosiorrs toc
Partials €
Burned 200 Gram Bomb Send Test:
Unoffected Sond, gm 48.6

Explecion Temperoture: a a Sensitivizy te Iniciotion:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

} Mercury Fulminote
5 Decomposes 230 Leod Azide 0-20

10 Tetry! 0-10
15
20 Ballistic Metter, Se TNT:

Tews! Test, % TNT:

75‘C laternatione! Heat Tost:% Loss in 48 Hrs Plate Dent Test:
Method

100°C Heer Toot: Condition
% Loss, Ist 48 Hrs 1.5 Confined
% Loss, 2nd 46 crs 1.2 Density, gm/ec
Explosion in 100 Hrs None Brisonce, % TNT

Detenetion Rete:
Flammebility Index: Confinement

( Condition
Hygroscepicity: % a) Chorge Diometer, |100°F, 95% Hil, 2h hrs Ooh ore ometers iP
v. Dens:y, gm/ec
oan me/on® far WA Retz, meters/second

Carin

whe
e:



1,2,4-Butonetrio) “rinitzate (BTIN) Lig.id AMCP 706-177

-

Fragmentotion Test: Sheped Charge Effectiveness, TNT - 100:

90 cam HE, M7? Projecti.e, Let WC-91: Gloss Cones Stee! Cones
Density, gm/ec Hole Volume

Tharze Wr, Ib Hole Depth

Totel [40. of Fragments:
For TNT Color: Yellow orl

For Subject HE
Peincipel Uses: = Fxmlosive plesticizer for

3 inch HE, M42A? Projectile, Let K.-S: nitrocel] ilose
Dersity, gm/cc

Charge Wr, Ib

Totel Ne. of Fregme.ts: Method of Londing:

For TNT

For Subject 4E
Looding Deasity: gm/cc L.5e

Fragment Velocity: {t/sec
At? ft
At 25% ft Storege:

Dersity, gm/ce
tAethod

Biest (Relative te TNT): Hazard Class (Quantity-Distance)

Ale: Compatibility Group
Peak Pressure
impulse Exudation

Energy {___. —__
Solubi it, in ater, 5Air, Confined: OO cn ett (s)

leignsive PSE hh a
ee ¢ 0.0%

Under Woter: Fre OLS
Peok Pressure Solutilit of water fn, (a)
Impulse umf 100 em: 0.0+

Energy Sewubilicy, gm/i0o0 om.
Be

Underground:
Peak Pressure TM

impulse errAloveol
Energy

I Hes . of: “ fs) Vic ct . uP ‘ fs)
Com scion. al/om oh} ‘ dow
Fog ooeien, esl/er let

Ges Volune, ot oe ay

oe
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AMCP 706-177 1,2,h-butanctriol Trinitrate (BTIN) iguid

tion { Labor’ :

To @ cooled mixture of 73.5 gm of 100% nitric acid, 446.2 gms of 106.2% sulfuric acid and
60.0 gu of 96.1% suifuric acid, 3 gus of the original (or rediatilied) 1,2,4-butanetriol was
added dropwise with agitation for a period of thirty minutes. the temperature of the reaction
mixture ves kept at 0°-5°C. When the agitation was completed. stirring waa continued for one
end one-half hours. ‘The aixture was poured into ice water, ani the resulting ofl suspension
was extrected with three 100 milliiiter portions of «ther. The combined ether extracts vere
washed vith water, then with « 5% acdium bicarbonate solution and finally with water. The nau-
tralised extract was dried with anhydrous calcium chloride and then the ether was evaporated.
The yellow oil was dried in a vacum desiccator over anhydrous celetum chloride antil the mate-
rial wes brought to constant weight.

Origin:
1,2,h-butanetriol wes Yiret synthesized by Wagner and Ginsberg in 1894 by oxidising allyl

carbinol with potassium peroanganate under mild conditions (Ber 27, 2437). Recently the U. S.
Tubber Laboratory, under the direction of P. Tawney, devised a new synthesis carried out with
allyl acetate and formaldehyde to give 1,2,h-butane triacatate which ves ceadily hydrolysed t:
butanetriol (U. S. Rubber Company Guarterly Report, May 1948). Working with pure 1,2,4-butane-
‘\wiol prepared by an improved technique of the Wagner method, the U. S. Ruval Laboratory in
1948 nitrated the butanetricl on a laburetory and a pilot plant scale (Refersuce a).

References; *

(a) J. A. Galiaghan, F. bacri, J. Bednarik, and F. McCollum, tue thesis of 1,2,4-Butane-trio] and the Bvaluation of Its Trin: trate, U. S, Naval Powder Factory cai Report Yo 10,10 Septesber 19,

(>) Also see the following Picatinny Arsens, Technical Reports on Butenetriol Trinitrate:
1755 and 1786.

8See footnote 1, page 10,
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Composition A-3 AMCP 706-177

Composition: Meleculer Weight: 227
my

Oxygen Belence:
ROX 91 CO; % a)

CO % +23
Wex 9 er

Density: g/cc 12,000 pet 1.65

Metting Point: °C

C/# Ratio Freezin, Point: °C

impect Seneitiviey, 2 Ke We: Belling Point: °C
Bureou of Mincs Apporatu, cm 100+

Sample Wt 20 mg Retrective Index, 4°
Picotinny Arsenal Apporotus, in. 16 .

Somple Wt, mg 17 ne
ne

Friction Pendulum Test: Vecesm Stobiiity Test:

Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°e

100°C 0.3
Rifte Bullet impect Test: = Triok 120°C 0.6

% *

Portials °
Burned (*) 200 Gram Bomb Send Test:
Unoftected 100 Sand, gm 51.5

Explosion Tempeveture: *¢ Sensitivity to Initiation:
Seconds, 0.1 (no cap used) Minimum Detonrating Chorge, gm

H Mercury Fulminote 0.22"

5 Decomposes = 250 Lead Azide 0.25%
1018 \_# Alte tive initiating vherges
20 Bettietic Merter, % TNT: (2) 13

Troux! Test, % TNT:
73°C laternetions! Heat Test: .% Loss in 48 Hrs Plate Dent Ti -t: (>)

Method B B
100°C Heet Test: Condivion Pressed Pressed

% Loss, Ist 48 Hrs 0.15 Confined “0 No
% Loss, 2nd 48 Hrs 0.35 Density, g/cc 1-61 120Explosion in 100 Hrs None Brisance, % TNT 120 7

Deteustion Rete: (c)
Plammebiiity Index: 195 Confinement None

Condition Pressed
Hygrescepicity: % 30°C, 904. RH 0.6 Charge Diameter, in. 1.0

Der:sity, gm/ce 1.59
r7 0, a]Voletility: 50°C, 15 days 1.023 Rote, meters/second 8100
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AMCP 706-177 Composition A-3

Fregmentetion Test: Shoper Sharge Effectiveness, TNT = 100:

90 mm HE, M71 Projectile, Loe WC-91: Glass Cones Steel Cones
Density, gm/cc 1.62 Hole Volume
Charge Wt, Ib 2.102 Hole Depth

Total No. of Fragments:
Foe TNT 703 Color: White-buff

For Su: iect HE 1138
Principe! Uses: HE, SAP, AP projectiles;

3 inch HE, M42A1 Projectile, Lot KC-S: Shaped Charges
Density, gm/cc 1.64
Charge Wt, Ib 0.861

Total No. of Fregeentr: Method of Loading: Pressed
For NT 514
For Subject HE 710 <7

Loeding Density: gm/cc psi x 10
3 bed

Fragment Velocity: ft/sec 1.4 1.6At9 ft 2800 i 2
At 25% ft 2530 Storage:
Density, g/cc 1.61

Method Dry

Blast (Reletive te TNT): brazard Closs (Quantity-Cistance) Class 9

Ale: Compatibilit; Group Group I
Peok Pressure

Impulse E. Jotion . 3 not exude at 65°C when waxes
Energy mlting sharply at or above 75°C are used.

Preparation:
Air Confined: aA water slurry of RDX is heated to 100°C

mapa with agitation. Wax and @ wetting agent ere
added and the mixture, under sgitation, is

Under Water: ceoled beiow the melting point of the wax.
Peok Pressure The wax coated RDX is collected ons filter
Impulse and aiy dried et 75°C.

Energy Effect of Temperature on
Fate of Detonation: (e)

Undergrosad: 16 hre at, °C “54 21
Peak Pressure De.sity, gn/ee 1.52 1.51
Impulse Rate, m/sec TE 7620

Energy Booster Sensitivity Test: (a)

Tondition Pressed
Qetryl, gm 100
Wax, in. for 72> Detonation 1.70
Lensity, gr/ec 1.62

Heat of:
Comcustion, cai/gm 1219

44
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AMCP 706-177
Composition A-3

Compatibility with Metals:

Dry ~ Aluminum, stainless steel, mild steel, mild steel coated 'rith acid-proof black paint
and mild steel plated with nickel or zinc are unsffected. Copper, magnesium, magnesium-aluminun
alloy, brass and mild steel plated with cadmiur. or copre: are siightly affected.

Wet ~ Stainless steel is unaffected. Copper, alvminum, magnesium, brase, mild steel, mitd
steel coated wit. acid-proof black paint and mild rteel plated with copper, cadmium, nickel or
zinc are slightiy affected.

Origin:

Developed by the British during World War II as RDX and beeswax. Subsequent changes in the
United States replaced beeswax with synthetic waryet, chansed the granulation of RDX and improved
the method of manufacture.

Destruction by Chemical Decomposition:

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

References: 9

(a) L. ¢. Smith and E. G. Evster, Physical Testing of Explosives, Part 1II - Miscellaneous
Sensitivity Tests; Performance Tests, OSRD Report No. 5745, 27 December 1945.

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1982.

(c) G. H. Meeserly, The 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 1946.

(a4) . C. Smith snd S. R. Walton, A Consideration cf RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, dated 15 June 194°.

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

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

9 L 2 3 4 3 6 Z 8 9
130 1h51 luge 1493 12h 1325 155€ 1boT 1336 1639
1310 LTSL 2112 1E14 1585 1936 1727 1388 2179

1634 1595 mer M73
2154 3715 1838

1635
2235

Sia: ar pees

See footnote 1, page 10.
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AMCP 706-177 Compoaition B

Compecition: Molecules Weight: gah
%

Oxygen Bolence:
ROX 60 CO, % -43

CO % 10
INT ko

Deneity: gm/ce t 6Wax, added 1 Cas 1.65

Melting Polat: °C (1) 78-80

C/H Ratie Freezing Polat: ‘C

wnpect Sencitivity, 2 Ke We: Belling Point: °C
Bureou of Mines Apperetus, cm 75

Somple Wt 20 mg Refrective Index, n2,
Picatiny Arseno! Apporotus, in. 14 .

Semple Wt, mg 19 Mss
ne

Steel Shoe Unaffected c¢/40 Hrs, at
Fiber Shoe Uneffected 90°C

160°C 0.7
Rife Bullet impect Test: = Trials 120°C 0.9

% 135°

Esler 3 10°CPartials 13 11+
Burned 4 200 Grem Semb Send Test:
Unaffected 80 Sand, gm 54.0

Explosion Tompereture: ¢ Sensitivity te Initiation:
Seconds, 0.1 (no cop used) 526 Minimum Detonoting Charge, gm

’ 368 Mercury Fulminote 0.22
5 Decomposes 278 Lead Azide 0.20"

10 255 Tetrylis > 25u * Alternative initiating charges
20 » 250 Beltistic Morter, % TNT: /a) 133

Trousi Test, % INT: (v) 130

75°C internetione! Heat Test:
% Lous in 48 Firs Plote Dent Test: (c)

Method 3

100°C Hoot Teet: Condition Cast

% Loss, Ist 48H 0.2 Confined No
% Loss, 2nd 48 Hrs 0.2 Density, gm/cc 71
Explosion in 100 Hes None Brisance, % TNT 132

Detonation Rete:
Ciommebility Index: 177 Continement None
i 3 Condition Cast

Hygrescepicity: % 30°C, 90% RH 0.02 Charge Diameter, in. 1-0
Density, gm/ce 1.68

Velotifity: Rote, meters/second THhO

:



MT

ben.

: Se sposition B AMCP 706-177
‘ * Rescter Se.altivity Yeu. (4) Decomposition Equotion:
3 Conditt1 Cast Oxygen, atoms /sec

: (Z/sec): Tetryl, gm 100 Heot, kilocolorie/molesd Wax, in. for 50% Detonation 1.40 (AH, keol/mol)
: Wox, gm Temperature Range, °C

a Density, gm/cc 1.66 Phase

j Heet of: (e) .; tion, cal/gen 2790 Armor Plate impoct Test: (e)

’ Explosion, cal/gm 12h0 60 mm Mortar Prejectiic:
: Gos Volume, cc/gm 50% Inert, Velocity, ft/sec 209
so Formation, cal/gm Aluminum Fineness

. Fusion, cal/gm (2) £.0

: Specific Hust: cal/gm/*C (2)
* % Tel Plate Thickness, inches
ms _— — Trials $ Inert

“7 0.235 1 0. 376 1 iN 100: 0 0.220 85 0. 354 11; 625 0.25) 90 0. 342 ‘a 50
; 50 0. 305 100 0.312 Is 2 )

s 1% ce]

. cm/sec

. Bomb Drep Test:

weal Conductivity:’ veetiyecony °C T7, 2000-1 Semi-Armer-Piorcing Bomb vs Conero'e:
Cos ott len: Max Safe Drop, ft

; Linear, %/°C 506-1 General Purpose Bomb ve Concrete:

No geal Seal
i Volume, %/°C rizight, ft 4000 WED.

‘ ; Trial:. 65 cy
: Herdaces, Mobs’ Scale: Uno’ ected 58 ¥
‘ , Low Order 2 2

, Young's ° High Order 5 1
E‘, dynes/<m?
E, ib/inch? 1000-% Genere! Purpose Bomb vs Concrete:
Density, gm; ce

Compressive Streegth: Ib/inch? (b)
, Density, gm/er

1610-2580
1.68

Vaper Presevre:
: ¢ mm Mercury

Height, ft

Trials

Unaffected

Low € jer

High Order



AMCP 706-177 Composition B

Fragmentation Test: Shoped Charge Effectiveness, TNT = 100:

90 mm HE, M71 Projectile, Lot WC-91;
(g) (hn)

Gloss Cones Steel Cones

Density, gm/ce 1.65 Hole Volume. 178 162
Chorge Wt, Ib 2.187 Hole Depth 125 148

Te-al No. of Frogments:For TNT ree 703 Color: Yellow-brown
For Subject HE 998

Principal Uses: Fragmentation bombs, HE
. projectiles. grenades, shaped

3 inch HE, M42AT Projectile, Lot KC-5: cherges

Density, g/cc 1-67
Charge Wr, Ib a.ce2

Total No. of Fiegments: Method of Locdine: Coot
For TNT 514

For Subject HE 7Ol

Loading Density: gm/cc 1.68

Fregment Velocity: ft/sec
At? ft 2gko
At 251. ft 2680 Storege:
Density, gm/ce 1.68

Method Dry

Blest (Reletive te TNT): (£) Hazord Class (Quantity-Distance) Clegss 9

Alr: Cornpatibitity Group Group I
Peak Pressure 120
Inpulse 110 Exudetion Very slight when stored at 71°C

Energy 116

Origin:Air, Confined: —
Impulse 75 RDX Composition B was developed by the

British between World War I and World Wer IJ.
Under Weter: Tt wag standardized by the United Stetes

Peok Pressure 110 early in World War II.

Impulse 108 Effect of Temperature on
Energy 121 Rate of Detonation: (1)

16 hrs at, °c 5 2h
Underground: Density, gm/ce 1.69 1.69

Peok Pressure 104 Rate, m/sec 7720 TE60
| 4 ommpulse ? Bulk Modulus at Room (")
Energy Tempersture (25°9-30°C);
Crater redius culed 107

% Wax in Comp B 1 2 3
ones/em® x 10789 5,100 3.542 ah
Density, rm/ee L-7é 1.70 Lefe

Viscosity, poises;
Temp, £300 3.1
. eon 2.7
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AMCP 706-177
Composition B

Compatibility with Metals:

Dry - Magnesium, aluminum, magnesium-aluminur allvy, mild steel, ctainless steel, mild steel
coated with acid-proof black paint and mild steel plated with zinc or nickel are unaffected.
Copper, Lrass and mild steel plated with copper om cadmium are slightly affected.

Wet - Aluminum and stainless steel are unaffected. Crpper, brass, mild steel, mild steel
coated with acid-proof black paint and mild steel plated with cedmiu:, copper, nickel or zine
are slightiy affected. Magnesinm and magnesium-sluminum alloy are more heavily affected.

Preparation:

Water wet RDX is added slowly with stirring to molten TP” melted in a steam-jacketed kettle
at a temperature of 100°C. Some water is poured off and heating and stirring are continued un-
til all moisture is evaporated. Wax is then added and when thoroughly mixed, the composition
is cooled to a satisfactory pouring temperature. It is cast directly into ammunitior components
or in the form of chips when Composition B is to be stored.

Destruction by Chemical Decomposition:

RDX Composition B is decomposed in 12 parts by weight of technical grade acetone heated to
45°C, While this is stirred vigorously, there is added 12 parte of a solution, heated to 70°C,
of 1 part sodium sulfide (NepS‘9Ho0) in & parts water. The sulfide solution is added slowly so
that the temperature of the acetone solution does not rise above 60°C. Alter add‘tion _ com~
plete, stirring is continued for one-half hour.

References: bad
(a) L. C, Smith and E.G. Hyster, Physical Testing of Explosives. Part III ~- Miscellaneous

Sensiti..ty Teste; Performance Tests, OuRD Report No. 5746, December 1945.

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives. Second Revision,
NAVORD Report No. 87-46, 26 July 1940.

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Keport No. 803, 1) August 1942.rene

(a) L. ¢. Smith and gs. R. Walton, A Consideration of RDX/Wax Mixtures es a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 Jure 1989.

(e) “.mmittee of Divisions 2 and 8, NDRC, Report on HEY and Tritonal, (°RD Report No. 5406,
31 July 1945.

if W. Re Tomlinson, Jr., Blast Effects of Bomb Explusives, PA Tech Div Lecture, 9 April
1948.

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation of Cavi-
ty Effect with Explosive Composition, NORC Contract WE72-ORD-572 3.

(hb) Eastern Laboratory du Pont, investigation of Cavity Frfect, Final Report. E Lab du Pont,
Contract W-672-ORD-5723, 18 September 1943.

(4) W. F. McGarry and T. W. Stevens, Detonstion Rates of the More Importent Militers Fxplo-
salves at Several Different Temperatures, PAYR No. 2353, November, 1950.

: See footnote 1, page 10.
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AMICP 706-177 Composition B _~

(J) W. S Cremer, Bulk ressibility Date on Several High Explosives, NAVORD Report No.4360, 15 Sepcember Se pie on Several High Mepiooires,
(x) Also cee the following Picatinny Arsenal Techaical Reports on RDX Composition B:

¢ L 2 3 4 3 6 1 8 2
1360 1211 1402 1313 1224 135 1466 1207 13 1339
159 2452 1482 1433 1rhak 1435 1k 76 1h37 1 1379
2100 2131 1592 1803 19h 1585 1556 1457 1438 1h69
2160 2251 1982 2008 1595 1756 137 1458 1819
2190 2053 2104 1865 1956 = «179T_-— «1688 TM19

2063 1885 223° 2007 1728
2103 2055 2147 1828
2233 2125 1838

2155 1978
2175 2008 '
2235 23% '

2168 .

(x) C. Lenchitz, W. Beach and R. Vajicky, Enthalpy Changes, Heat of Tusion and cific Heatof Pesic Explosives, PATR No. 2504, January 1959. Speci tte Heat



AMCP 706-177.; ;—~ Composition 5, Desensitized

‘ Composition: I ree Molecular Weight: “ ie
; % —_ — et. Cycloiite See Comp Bp

RIK & 5.8 Oxygen Selence: :
: ANT aaed, (Stanolina ho +0 CC. % See Cyclonite See Coup B
: or Ar atowex, 1650, 5 co See Cyclonite See Comp B

: Vinyleeal (MA26-14), > Density: g:n/e- Cat 1.65 1.65
. added
. Vistanex {5120 1. -: Albscer we ) 3.6 Making Point: °C
: C/H Ratio Freezing Point: *C

. tmpoct Sensitivity. 2 Kg We: Pl Pe skal Belling Point: *C
: Bureau of Mines Apparatus, cm 95
. Sample Wt 20 mg Refrective Index, n&,
: Picatinny Arsenal Apporotus, in. 14 13 °
. Sample Wt, mg 1T 16 fis

ns

. Stee! Shoe Unaffected ce/40 Hrs, at
é Fiber Shoe Unaffected 90°C

, Rifle Bullet Te Trials "ore: impect Test: ria! 120°C 0.99 0.92
: » ae 135°C
. Explosions G °Q i50°C uu ue
; Portials o (3) 130
° Burned 3 0 20 Gram Bomb Send Test: r* Iie
; Unotte:te4 >) 100 Sond, gm 52.7 55.0

> Explosion Te areture: com Ir*# Seneitivity te Initietion: Ie Tree
+ Seconds, 0.) (no cap used) Minimum Detonoting Chorge, gm
‘ 1 Mercury Fulminate
‘ 5 Decomposes 260 270 Lead Azide 0.22 0.26
: 10 Tatry!
4 15 ——
: 20 Bellistic Morter, % TNT:

: Treuzi Test, % TNT:
’ 738°C tnternetional Heat Test:
‘ % Loss in 48 Hrs Plate Dent Test:
‘ Method

; 10v'C Hoot Test: rX IT#* Condition
: ® Loss, Ist 48 Hrs 0.05 0.12 Confined
’ % Loss, 2nd 48 Hrs 0.19 0.18 Density, gm/ce

1 Explosion in 100 Hrs None None Brisance, % TNT
: Detonation Ra‘e:
F Flammebility index: Confinement

! —| Condition
: ‘ Mygrescepicity: % Charge Diameter, in.30°C, 904% RH 0.00 _0.0¢ oe Mromenen (0

— Density, grn/cc

Votstitiny: Nil Nil. Rate, meters/second
*Desensitized Com. ”, designated 1, use3 emlsified vax.

welepens' tized Com 3, designated II, uses .:sted RDX.

51



AMCP 706-177 Compoyition 3, Desensitized _

Fragmentation Test: Sheed Charge Effectiveness, TNT = 100:

90 mm HE, 471 Projectile, Lot WC-91: Gloss “ones Steel Cones

Derisity, gm/cc Hole Volume
Charge Wt, tb Hole Depth

Total No. of Fragments: Color: Yellow-brow!

ror TNT

For Subject HE
Principal Uses: Bombs

3 inch HE, M42AT Projectile, Lot KC-5: ee
Density, gm/cc TS q 205

- Charge Wt, Ib 0.87 0.86

Total No. of Fragments: , Meined of Loading: Cast
For TNT 5ib 5a
For Subject HE 609 659

Louding Density: gm/cc 1.65

Fragment Velocity: ft/sec
At 9 ft
A* 2516 ft Storage:

Density, gm/cc
Method Dry

Bisst (Relative te TNT): Hazard Class (Quontity-Distence) Class 9

z Air: Compatibility Group Group I wae
Peak Pressure

Impulse Exudation
Energy

Viscosity, poises: I* II**Air, Confined: LinP _ —
Impulse Terp, 83°C 3-5 3-1

95°C 2.6 2.7
Under Water:

Peok Pressure References:

| fmpulse (a) See the following Ficatinny Arsenal
Energy Technical Reports on PDX Compusition B,

Desersitized:
Underground:

Peak Pressure i 3 2 £
i LImpulse 21y1 1313 1h 35 1756
Energy 2053 1665

*Desensiticed Comp B, deci:neted |, uses
emulsified wax.

*¥Nesersitized Comp B, deci_: ated TI, uses
coated DX,

Yoga”
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Compesition ¢ AMCP 706-177

Compeakion: Maeteculer Weight:
%

Pl.sticizer, non- co %
explosive 1.7 + gm/ec

*Nonexplosive oily plasticizer conteining ~ or.
0.66 lecithin. Melting Point: °C

C/H Ratio Freezing Polat: °C

| tenpoct Soneitiviey. 2 big Wt: Belling Point: °C
Bureau of Mines Apporatis, cm 100+

Sompie \’r 20 mg Refrective index, n°,
Picatinny Arsenal Apparstus, in. . o
Sample Wr, me fs

‘ ng

Friction Pendu-hom Test: Vecuum Stnbi‘ity Test:
Steet Snoe c¢/40 Hrs, ot
Fiber Show 90°C

, * 100°C 0.3
Rifle Ballet bevsece Test: Tricks, 126°C 0.7

% cfExpiczions 0 ieore
Portiols 0 1Sa°¢c
Burned 0 200 Gram Bomb Sand Test:
Unaffected 100 Sand, gin 46.5

Ruplerion Temperature: c Sensitivity te Initietion:
Szconds, 0.) (no cor used? Minimum Detonating Charge, gm

1 : Mercury Fulminate
5 Decomposes 285 Leod Azide 0.25

10 Tetryi 0.11
15
20 Gellistic Morte:z, % TNT: (a) 120

. Treuzt Test, % TN’:
75°C tnternetional Heet Test:

% Loss in 48 Hes Plete Dent Test:
Method A

300°C Heat Test: Condition Hand Tamped
% Loss, 1st 48 hrs 60k Confined Yes
% Loss, 2nd 4? Hrs 0.00 Density. gm/ce 1.58
Explosion in 100 Firs Nene Brisonce, % TN?

" Detenaction Rete:
Flemmebility Index: Conti '

2 Condition
Hyprescepiclty: % 30°C, 95% RH 0.25 Charge Diameter, in.

| Ve‘ atiliny: 25°C, 5 days 0.00 Density, gm/ce
Rote, .neters/second
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AMCP 706-177 Composition ¢

Fragmentation Test: Shaped Cherge “ THT ¥ 100: ~7
f) 6)

90 cam HE, ATT Projectiis. Let WC-81; Gless Cones Stee! Cone:
Doneity, gm/ee Hole Volume 113 Lua -
Charge Wr, ib Hole Depth 101 la

‘Tetel Ne. of Frogmenite: Color: Waite
For THT .

For Subject HE
Principal Usesr Plastic demolition exslosive

3 tach NE, M4ZA1 Projectiia, Lat KC-5:

Density, qmn/ec
Change Wt, ib

Total Ne. of Frogmente: Mathed of Leodt Hand ,
For TNT

For Subject HE

Leading Density: gm/cc 1.49
Fragment Velocity: ft/sec -

Aro ft
At By fe Storage:
Density, gm/ceov Method Dry

lest (eletive to TNT): Hozerd Class (Quontity-Distonce) Class 9

Ale Compotibility Group Group I
Peak Pressure
lenpulee Exdotion —- Exudes above 40°C
Energy

lnpules Below 0° Brittle (0°c)
0-4o°C Plastic

Under Woter: Above 40°C Exudes (40°C)
Peok Pressure

Energy See references for Composition Cok.
Underground:

Peok Preseure

impulse

Energy
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Composition C2 AMCP 706-177

Convention: Maleculer Weigh..
ROX 78.7 Oxygen Belonce:
aT 5.0 oO &
TuT 12.0 co %
rr 2.7 -
Ke 0.6 Density; g/cc
Solvent 1.0

Melting Polat: °C

C/H Retio Preeaing Pacat: °C

tnpect Sensitivity, 2 Kg We: Boiling Point: *C
Bureou of Mines Apparots, tm +]

Somple Wt 20 mg Refrective index, n°
Picatinny Arsenal Apparatus, ia. °
Sample wr, me fa

ns

Tow Vecuum Steblity Test:
Steet Shoe c¢/40 Hrs, ot
Fiber Shoe 90°C

yoore .
Rifle Bullet lmpect Test: Tricks i20"C

% 5Explosions c 135°C

Burned ° 200 Grom Semb Send Test:
Unaffected 80 Sond, gm 47.5

Explosion Temperature: *c Sensitivity te indtietion:
Secends, 0.1 (no cap used? Minimum Detonating Chorge, gm

! Mercury Fulminote
5 Docomposes 285 Lead Azide 0.25
. Tetryi 0.10
20 Seltistic Merter, % TNT: (a) 126

Treust Test, % TNT:
75°C laternetionst Hoot Test:

% Loss in 48 Hes Pete Dent Test: (¢)}
Mathod B

100°C Meat Test: Condition Head temped
% Loss, Ist 48 Hes 1.8 Confined Ro
% Loss, 2nd 48 Hrs 14 Density, gen/ce 1.52
Explosion in 100 Hrs None Brisance, % TNT lll

Detenction Rote: (a)
Flommebdiitty fades: 178 Conti : Hone

Condition Hand temped

vs pleny: % 30°C, 95% RE 0-55 Charge (au~eter, in. 1.0
Velotitiry: 25°C, § days 0.00 toe ee eA
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AMCP 706-177 Composition C-2

Freguantetion Test: Shaped Chorge Effectivensss, TNT = 100:

90 mm ME, M71 Projectile, Let WC-91: Gloss Cores Stee! Cones
Density, gn/ec Hele Volume
Cnarge Wr, Ib Hole Depth

Tetel No. of Fregments: :

For Subject HE
Principal Uses: Plastic demolition explosive

3 inch HE, M42A) Projectile, Lot KC-5:

Density, gm/cc

Charge Wr, ib

Tete! Ne. of Fregments: \
Mathed of Loading: Hand tamped

For TNT ‘

For Subject HE
Loading Density: grn/cc 1.57

Fragment Velocity: ft/sec
At 9 ft
At 25% ft _ Storage:
Density, grn/ce

Mathod Dry

Blest (Reletive te TNT): Hozord Closs (Quontity-Distance) Tlase 9

¢ Compotibility Group Group I
Peak Pressure
Impulse Exudation Volatilizes above 52°C
Energy

Alr, Confined: Plasticity:
impulsemeu Beley o°c Plastic (-30°C)

O-40°C Plastic
Under Weter: > te) Ps +Pook Preseure above 40°C Hard (52°C)

1. pulse #Due to volitalization of plasticizer.

¥nergy
\ References:

Undcsyreuad: -Peak P See references for Composition C-4.

Impulse
Energy
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to ition Ce AMCP 706-177
; Seepsi tion toa |

RIX TT Onxyg.a Belsesa:

‘ INT 5 CO %
Int 16: MAT 5 Deneity: gm/ce

, 1{ Melting Point: *C

4 C/M Rotio Freezing Polat: °C
i tmpoct Sensitivity, 2 Ke We: Baiting Polat: *C
> Bureau of Mines Apporatus, cm 100+
. Somple Wt 20 mg Refrective Index, 2,
: Picatinny Arsenal Apporotus, in. 1b ne
; Sample Wt, mg 33 es
. * ne

Tewt: Vacuum Stobility Test:
5 Stee! Shee Unaffected cc/40 Hrs, at
‘ Fiber Shoe Unaffected 90°C
‘ 100°C 1.21
> Rifle Bullet lmpect Test; = Trials 1e"c lit
> 

*

é % a-
Explosions C 135%:

: Portiols ho ASSOC
td

; - Burned 0 2 2 Geem Bomb Sond Test:
, Unaffected & Sand, gm 53.1
*

; ~ | Explosion Terpereture: c Sensitivity te intiotion:
} Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

; 1 Mercury Fulminote
' § Decomposes 280 Leod Azide 0.20

; 10 Tetryl 0.08
; 15
‘ 20 Bollictic Mortar, % TNT: (8) 126
;

: 75°C International Heat Test:
, % Loss in 48 Hrs Flete Dent Test; (e)
, Method B
; 100°C Heet Test: Condition Hand tamped
; % Loss, 'st 48 Hrs 3.20 Confined No
’ % Loss, 2nd 48 Hrs 1.63 Density, gen/ce 1.57
j Explosion in 100 Hrs None Brisance, % TNT 118
4 Detencticn Rete: (4)

; 3 Condition Hand tamped
, Hygroccepictty: % 30°C, 95% RH 2. Charge Diometer, in. 1.0

Density, gm/ce 1.6
f ° 0;' Votatitity: 25°C, 5 days 1.15 Rote, meters/sece rd 7625
; ee om, ~

¢
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AMCP 706-177 Composition 3

Frogimentetion Test: Shaped Che -ge Effectiveness, TNT = 100:

70 wm HE, HA Projectile, Let WC-91: Giess Cones = Sten! Cones
Dersit,; gniee 158 Hole Volume
Charge Wt, ib 205 Hole Depth

Tetel No. of Frogments: Colee:Fee TNT 703 Yellow
roc Subject HE qhu

Principal “ous: = Plastic demolition explosive
3 Inch WE, M4ZAT Projectile, Let KC-S: ;

Density, gm/cc 1.6
Charge Wt, ib 0,8h2

Tetel Ne. of Fragments: Mathed of Leodiag: Hand temped
For TNT 514
For Subject HE 671

Leoding Denslty: g/cc. 1.58

Fragment Velocity: ft/sec
Ato ft
At 25% fi Srerege:
Density, om/ce :

Method Dry

Bleet (Relative te TNT): Hazard Closs (Quuntity-Distonce) Clase &

Als: Compatibility Group Group I
Peok Pressure 105

Impustse 109 Exudation Exudes at 77°C
Energy

Ale, Confined: Plasticity:

Impuise Below 0°C Hard (-29°)
6-40%C Plastic

Under Weter: Above 4o°c Exudes (77°C)
Peak Pressure
Impulse Booster Sensitivity Test: (n)

Energy Condition Pressed
Tetryl, gm 100

Underground: Wax, in. for 50% Detonation 1.36
Peak Pressure Density, gm/ce 1.62
Impulse References:
Energy e—e—e—

See references for Composition Cob.
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Composition C-\ AMCP 706-177
fo%

A | Conpestios Moreculer ‘Veight:

ROK 1 Oxygen Selence:9 CO. %
1 Plaaticizer, non- CO %
i explosive 9 saalty: gence

#* Conteins polyisobutylene 2.1%; mocor oil — -
1-66 and di(2-ethylhexyl) sebacate 5. 3%. Molting Pole?: °C

C/H Ratio Freezing Polat: °C

tenpnet Sensitivity, 2 Kg We: Belting Point: °C
Bureau of Mines Apparatus, cm 100+

Somple Wt 20 mg Refractive Index, n°,
. Pieotinny Arsenal Apparatus, in. 19 °

Somple Wr, mg et Ms
ny

Friction Pendulum Test: . Vacuum Stebiilty Test:
Steet Shoe Unafrected ce/40 Hrs, ot

£7 +7 Shee Unafrected 90°C ;
100°C 0.26

Rifle Bullet tmpect Test: = Trials 120°C

Purtiels 0
Burned 20 200 Gram Bomb Send Test:
Unaffected 80 ‘Sand, gm 55-7

ee .

F Exghevion Temperature: Ka Sensitivity to Initiation:
oe Secands, 0.1 (no cop used) Minimum Detonating Charge, gm

1 Mercury Fulminote

5 290 Lead Azide 9.20
0 Tetryl 0-10
15
20 | _Datiiette Mester, % TNT: (a) 19

Trews! Test, % TNT:
73°C Int sexetional Heet Test:

% Loss in 48 Hrs Plete Cent Test: (c)
. method P

100° Hort Test: Condition Hang temed
% Lon, it 48 Hrs 0.13 Confined No
$e bow, aed 4B Hes 0.00 Density, gm/ce 1.6
Exp! zon in 100 Hes tone Brisonce, % TNT v5

Detensticn Rete: (4)
Flammebility Index: Confinement None

Condition Hand tamped
Hygrescopicity: % 30°C, 95% RH Nil Charge Ciomerer, in. 1.0

a Density, gm/cc 1.59
Vototiliey: Rote, meters/se.ond Soho

59

Aatnare
rvnm 

t
e

e
s



AMCP 706-177 € wpoattion =k :

Fragmentetion ‘Vee Shaped Charge Effectivenses, TNT = 100: te
'

90 men KE, M71 Projectite, Let WC-91: Gloss Cones Stnet Cores ; i
Density, gm/ce Hole Volume “to
Charge Wt, Ib Hote Depth

cal Win. of Frog Collec: Light brow:For TNT :
For Subject HE Priesipc! Ures: Plastic demolition explosive :

23 ach HE, M&2A1 Projectik, Let KC-S; i

Charge Wt, Ib

; ;
Totel No, of Fragments: Methed of Leading: Hand tamped 3

For TNT i
For Subject HE i

Leeding Denelty: gm/cc 1.60 .

Fragment Velncity: ft/sec <
Ato ft .
At 25% ft Sterege: :
Density, gm/cc 5Math d Dry ;

: \

Blast (Reletive te TNT): Hozord Closs (Quantity-Distonce) Class 9 ‘
(ihn,

Ale: Compotibility Group Group I Naw" ;
Paok Pressure t
Impulse Exudation None at 77°C '
Energy t

Confined Effect of Temperature on (1) .
paneeres ; Rate of Detonation: .

16 hre at, °C 5h 21
Under Weter: Density, gm/cc 1.3% 1.35 - .

Peak Pressure Rate, w/sec 7020 TOhO foro
impulse :

Plastici ty: ‘

Below 0°C Plastic (-°7°C) 2
3 0-kO%C Plastic ‘

Peak Pressure Above 4o°c Plastic (T.°C) :
Impulse .
Energy '

i
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Compositions ¢, 0-2, C-3, Cok AMCP 706-177

tion:

Tn manufacturing Composition C-3, the mixed plasticizing agent is heated in a melting kettle
at 100°C. Water-wet RDX is added and heating and stirring sre continued until all che water is
evaporated. This mixture is then cooled and hand pressed into demolftion blocks or special iten
emrani tion.

Composition C-4 in presared by hand kneading and rolling, or in a Schrader Bowl mixer, RDX
of 4k micron size or less with the polyisobutylene-plasticizer previously made up in ether. ‘the
thoroughly blended explosive is dried in air at 60°C and loosely packed by hand temping to ite
maximum density.

ne

Developed by the British during World War II au a plastic explosive which could be hand
shaped. It wea standardized in the United States during World Wer II and subsequent development
led to mixtures designated (-2, C-3 and C-4.

Destruction Chemical De ition: .

Composition C-3 is decomposed by adding it slowly tc u solution composed of 1 1/4 parts
sodium hydroxide, 11 parte ‘mter, and 4 paris 95% alcohol, heated to 50°C. After addition of
Composition C-3 is complete, the solution is heated tc 80% and maintained at this temperature
for 15 minutes.

References: ie \
(a) Committee of Div 2 end 8, Fu, Report on HBX and Tr.tonal, OSR) No. 5406, 31 July 1945.
(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision,

NAVORD Report No. 87-46, 26 July 1946.

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

Le C. Gaith and E. G. Eyster, sical Testing of losives, Part III - Miscellaneous
Sensitivity Teste; Performance Tests, 0 Report No. 5746, De er 1945,

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

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

ous? W. R. Tomlinson, Jr., Blast Effects uf Bomb Explosives, PA Tech Div Lecture, 9 April
1948. —

(r) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Sec ITT, Variation of Cavi-
ty Effect with Explosive Composition, NDRC Contract WoTo-ORD-3723-

(gs) Eastern Laboratory, Gu Pont, Investigation of Cavity Effect, Final Report, 18 September
1943, NDPC Contract W-672-ORD-5723.

(h) L. C. Smit and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

<a. -

'See footnote 1, page 10.
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AMCP 706-177 compost tions ¢, 2, O93, Gch ~

(i) W. F. McGarry and 1. W. Stevens, Detonation Rates of the More Important Military Bxplo- (
sives at Several Temporetures, FATR No. “33, . ;

(3) Also see the following Picatinny Arsenal Technical Reports on ROX Composition (C: :
Q L a 4 2 § L 8 2 é

Comp C 1260 1293 1528 .1°38 :
C-2 1293 1416 1518 te

161. 1713 «92154 1595 41S 1797 1518 :
1695 1556 2028 {
1885 1766 ‘

Comp c-» 1766 «1907: 1828S 1819 -¢
1958 {
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Copper Chlorotetreszole AMCP 706-177

Compection: Molecular Weight: (CuColgClo) 271

Cc 8.9 N—N Oxygen Belence:
il col CO, % :

N 41.5 i, ou CO % 218

Cis 26.2 _— Daneity: gm/cc 2.04

Ca 23.8 I Melting Point: °C
C/H Ratio Proaning Point: *C

tenpeoct Sensitivity, 2 Ka We: Bolling Paint: ‘C
Sureou of Mines Apgoratus, em =

Sample Wr 20 mg Refrective Index, n°,
Picatinny Arsenat Apparatus, in. 1; (1 1b wt) 3 °

Sample Wt, mg 9 fis
nn

Friction Penden Test: Vecwum Stobility Test:
Steel Shoe Exploded ce/40 Hrs, ot
Fiber Shoe Exploded 90°C

1o0"c
Rifle Gullet Impact Test: Tricls 120°C

Explosions ® 135°C
Partials 159°C
Burned 200 Crem Bomb Send Test: (f)

inatfected oh .u Breet r fuse 27 2 *
Explosion Tempereture: °¢ Sensitivixy to lnitietion:

Seconds, 0.1 (nm. cap used) Minimum Detonating Charge, gm
! Mercury Fulminote

5 D5 Leod Azide 0.20 0.30
10 Tetry! 0.10
15
20 Bellistic Morter, % TNT:

Trouzi Test, % TNY:
75°C Internotione! Hoot Test:

% Loss in 48 Hrs Plate Dent Test:
Method

300°C Hoot Test: Condition
% Loss, Ist 48 Hrs 2.67 Confined
% Los, and 48 Hrs 6.10 Density, gm/cc
Explesion in 100 Hrs None Brisonce, % TNT

Detoretion Rete:
Flammability Index: Confinement

5 Condition
Mygreaceplelty: % 30°C, 90% AH 3.11 Chorge Diameter, in.

Density, gm/ec
Voletitity:

Rote, meters/second
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AMCP 706-177 Copper _Chlorovetrasole |

4 Fragmentetion Test: Shaped Chorye Sfentivonem, TNT =: 160: ‘ .

ae 90 mm HE, M7T Projectile, Let WC-91: Gloss Cones = Stee! Cones i f.
; Danaity, gm/ce Hole Volume 5;

:Tote! Ne. of Fragments: Rive
For TNT Caters
Fee Principal Uses: Primary explosive

3 inch HE, M42A} Projestite, Lut KC-5:
Dereity, gm/cc :

Cherge Wt, fb 
;

Tetel Ne. of Fragments: Method of Leodl Preesed : ;
For TNT :

For Subject HE
“, Leoding Demity:gm/ce PAIX 103 (ec)., 10 “% LY) 70 ;

Fragment Velocity: ft/sec 1.49 1.63 1TH 286

At 25% ft Stereg*:
Density, gm/cc vet

Steet (Relative te TNT): Hazerd Closs (Quantity-D: ie) Ciass 9 .
Fromme!

Ale: ; Compatibility Grew Group M iN i

impuke Exudation Hone . t

ate Stab_Sensitiv: ty: (c)

impule Density Firing Point (inch-ounces) — :
| | a: sa ar}

Under Woter: °

Pook Prossure 1.49 H 12 5 .
1.63 5 10

Fenpritow 1.7% 6 - 9
: Energy 1.86 4 r 6

Heat of: °
Peak Prascure -
impulse Explosion, cal/gn 432
Energy Specific Heat, ce1/ea/°C

Temp renge 6% 30°C 0.155
Wt of semple, gp 0.8920

~ aw
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Copper Chlorotetresole - AMCP 706-177
bos
t -! “.

Preparation: («)
Five srams of 5-aminotetrazole are dissolved in a mixture of 200 ml of veter end 70 ml of

{ concentrated RCl. Poough kerosene or nujol (which gives « slightly cleaner product) is added
{ to provide @ layer uf oil epproximately 1/h" thick on the surface. With only noderate stirring
‘ and external cooling to 10°-15°C, @ solu’ion of 5 grees of sodium nitrite in 70 cc of water is
' edded repidly by means of a burette extending below the oi] layer. Immediately after this addi-
{ tion, & solution of © gw of cupric chloride in a minimus emount of veter is added all at once,
| ad stirring is continued for about i hour. The re :/ion mixture is allowed to stand for a few

minutes till the bright blue copper salt cepareter. ‘he ofl is remored by decantation and my
{ be reused. The salt is filtered; washed with wete~ alcchol, and «chor; and dried - giving a
: yield of 6 grems or 7h4.

"
iy —1< HOMO ia

‘Nc-m, sa | »- W=Nt—Cl- +2H,0
' — N—N

t a. . |

: | | i—N

| ccl ¢ Cur | \, Cl +H.— 2ta va
; Cu‘ 7
I me
} Neer :

Origin:

The copper salt of 5-chlorotetrazole was first described in 1929 by R. Stolle (with
See E. Schick, F. Henke-Stark and L- Krauss) who prepared the compound by reection of the diazo-

nium chloride of 5-aminotetrazole with copper chloride (Ber 62A, 1123).

a

References: !2

(a) R. J. Gaughrar and J. V. R. Kaufman, Synthesis and Properties of Helotztrezole Salts,
PATR No. 2136, February 1955.

(b) A. M. Anzalone, J. E. Abel and A. C. Forsyth, Characteristics of Explosive Substences, ~
for Application in Ammunition, PATR No. 2179, May 1955. Vey
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(c) A. &. Forsyth, Pfc, S. Krasner and R. J. Geughran, pevetopeent of optim Eeplosive
freins. An Inves tion Concerning Stab Sensitivity versus ng y Sowe Ini ing
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. i Gyanuric Triazide 4

\ : Compaction: Maleceler Weight: (C3N)0) 20k
4 . c 17.6 K Oxygen Bolence:

t 3 CO: % oT. 4;
N 82.4 CO % : =23.5

{ \ Weneity: gm/cc Crystal 1.58
7 nee I, Melting Point: °C 9h

a C/H Rotio / Freezing Point: °C ——
. lapoct Senoltivity, 2 Kg Wr: Belling Point: °C

Bureou of Mines Apporotus,cm 1 kg wt 7

Somple Wt 20 mg Retrective Index, 3,
Picatinny Arsenal Apparatus, in. - :

Somple Wt, mg - ne
. ne

Friction Ponduham Test: Vecuum Stebility Test:
Stee! Shoe cc/40 firs, ot
Fiber Shoe . 90°C

. 100°C
Rifle Bullet impect Test: Tricls 120°

Portials :

Burned 200 Gres Bead Sond Test: ;
Unaffected Sond, gm 32.2 i ~

i Exp! scion Temperature: *c Sensitivity te Initietion: : “4
i Seconds, 0.1 (no cap used) 252 Minimum Detonot:ag Ciarge, gm Ment 3

U Mercury Fuiminote -
5 Leod Azide 0.20

'0 Tetryi 0.10
15
20 Bellietic Morter, % TNT:

Treezi Test, % TNT:
75°C laternatione! Heet Tost: :

% Loss in 48 Hrs Plote Dent Test:
Method

100°C Heet Teet: Condition -

% Loss, Ist 48 Firs Confined ; ;

_ % Loss, 2nd 48 Hrs Density, gm/cc 7
Explosion in 100 Hrs Brisance, % TNT .

Detonetion Rote: ;

Plamnobiiity ludex: Confinement -

' Condition -
1% Charge Diameter, in. - 0.3

v ° Density, gm/cc 1.15 ~eletility: = Decomposes above 100°C Rote, meters/ 5550-5600

So aod on



ANMCP 706-177
\ Cyanuric Triazide

Feagmentetion Test: Shaped Cherge Effectiveness, TNT = 160:

90 mm HE, M7? Projectile, Let WC-91: Gloss Cones Stee? Cones
Density, gm/cc Hole Volume
Chorge Wr, ib Hote Depth

i
i Tetel Ne. of Fregments:

Color: Colorless
For TNT

For Subject HE
Principal Uses: Not used because of difficulty

3 loch HE, M42A1 Projectile, Let KC-S: in contrelling sensitivity.
i Density, gm/cc

Charge Wt, tb

Tete! Me. of Fregments:
Methed of Leoding: Pressed

For TNT

For Subject HE

Leading Density: g/cc
At 200 atmospheres 1.5

frnement Velochy: ft/sec At 800 atmospheres 1.5
At 25% ft Storage:

i Density, gm/cc
Mathod

j leet (Reistive te TNT): Hezord Class (Quontity-Distonce) Class 9
? ~

Ale: Compatibility Group
t Peok Pressure
H Impulse Exudotion None

frery
' Air, Confined:
: Impulse

; Under Woeter:
Peok. Pressure

: impulse
i Energy

Uadergreund:
; Pook Pressure

Impulse

i

i
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AMCP 706-177 cyanuric Trieste

Preparation:
By the reaction of cyanuric chloride with an aqueous solution of sodium aside:

A 4 \
“C1 Mec | OR,

+ Walk, —> | i + 3WaCl
Be 3 Z

\; N¢
C1 i,

Recrystallization should be avoided as it leads to very large crystals which explode when
broken.

Origin:
Cyomuric Triazide was prepared 12 1847 by Cahours from chlorine und wethy] cyanete.

Later James improved the process (JCS 51, 260 (1887) and in 1921 E. Ott patented the prepare-
tion from cyanuric chloride and sodium exide (Ref b) Taylor and Rinkenbech prepared cyanuric
triazide in e pure state and determined its properties (Ref c).

Initla Efficiency:

Reported to be more efficient than lead azide. Capable of initiating Explosive D.

Solubility:

Insoluble in weter; readily soluble in hot ethanol, acetone, benzene, and ether.

Heat of:

Formation, cal/gn -1090 to -1138

References: 13
(a) A. H. Blatt, Compilation of Data on Organic Explosives, OSRD Report No. 2014,

February 1944.29

(b) Ott and Ohse, Ber 5h, 179 (1921).

(ce) Taylor and Rinkenbach, Bureau of Mines, RI 2513 (1923).

Taylor end Rinkenbach, J Frank Inst 204, 369 (1927).

T3se0 footnote 1, page 10.
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oS Cyclonite* (RDX) AMCP 706-177

Compectton: R Melecuter Weight: (CaligN¢0¢) 222

. ~ ~ Oxygen Belence:
° 16-3 ook [ | We CO: % -22

K 37.8 \ Density: g/cc Crystal 1.82
r) 43.2 \ Melting Point: °C 20h
C/H Ratio 0.995 Freezing Polat: °C

impeoct Sensitivity, 2 Kg We: Belfing Point: °C
. Bureou of Mines Apporotus, em 4

Sample Wt 20 mg Refractive Index, n°,
Picatinny Arsenal Apparatus, in 8 °

Sample Wt, mg 18 Nes
nS

Friction Pendulem Test: v Stobility Test:

Stee! Shoe Explcdes cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C

100°C 0.7Rifle Bullet lmpect Test: Trials 120°C 09
% 135°C -

Explosions 100
Portials 0 150°C 2.5
Burned 0 200 Gram Bomb Send Test:

~ Unoffected ) Sond, gm 60.2

Explecion Tomporeture: "Cc Sencltivity te lnitietion:
Seconds, 0.1 (no cap used) 405. Minimum Detonoting Charge, gr

1 6 Mercury Fulminote 0. 19"
5 Decomposes 260 Leod Azide 0.05#

10 2ko
5 235 [+ aierubtive initinting chergee,

20 - Bollietic Morter, % TNT: (2) 150
Troust Toot, % TNT: = (b) 157

75°C taternctionel Heet Test:% Loss in 48 Hrs 0.03 Plate Dent Test: (ce),
Method A

100°C Meet Test: Condition Pressed
% Loss, Ist 48 Hrs 0 oh Confined Yes
% Loss, 2nd 48 Hrs 0.00 Density, gm/ce 1.50
Explosion in 100 Hrs None Prisance, % TNT 135

Detenotion Rete:
Flemmebility Index: (a) 278 Confinement None

Condition Pressed

Hrgreecapleity: % 25°C, 100% RH 0.02 Charge Diometer. in. 1.0
letiliey: Density, gm/ce 1.65

M , my Rote, meters/sacond 8180
“Name given by Clarence J. Bain of Picatinny Arsenal.
it T4; British, RDX.

Germans cll it Hexoren; Italians call
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ANCP 706-177 Gyslonite (RIX) oo
} on

Besster Scxsitivity Yost: Decempscition Equation: i) .Condition Cuyyen, atoms /sec ( 1018-5
Tetryi, gm ~ .Heat, kilocolorie/mole ky.‘Wax, in. for 50% Detonstion (aH, eye 15
Wes, om Temperoture Range, “C 213-299

Density, g/cc Phase Liquid

Naat of: Armor impectCombustion, col/gm 2265 Plete Test:
Explosion, col/gtn 128 60 mm Mocter Projectite:

Gos Volume, ec/gm 908 50% Inert, Velocity, ft/sec
Formation, cal/gm “$5 Aluminum Fineness
Solution, cal/mol (28-55% HN},) 7.269

“Assuming cyclonite unisoleculat 500-1 Gensral Purpace Bombs: £
Specific beet: cal/gm/*C% on/ % Plate Thickness, inches

20 0.298 100 0-406 '
ho 0. 331 120 0.827 14
a 0. 360 1ho GARG 1%
60 0. Bh

cmn/owc Bomb Drop Tet: j
‘Therma! Conductivity: (h) . on.col/eecfor/"C 1.263 5.91 « 107% 17, 2000. Semi-Armer-Plercing Bomb vs Concrete:

|__Density, gn/ec 1-533 6.968 x 10 dl
, ott : Max Safe Drop, ft

Lineor, %/°C 500-lb Gensrel Purpose Bomb vs Concrete:

Volume, %/°C Height, ft
Trials

“Macdnens, Mohs’ Seale: 2.5 Unaffected

Young's Medubss: Mh Over .
E’, dynes/cm*

E, Ib/inch* 1000-1» Geneva! Purpose Bomb vs Concrete:
Density, gm/cc

Height, ft
Cats wossive Strength: ib/inch* Triats

i 3 mm Mercury High Order

70 was
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cloni te (RIX) AMCP 706-177

Fregmentation Test: Shaped Cherge Effectiveness, TNT = 100:

90 man HE, M71 Projectile, Let WC-91: Gloss Cones Stee! Cones

Dersity, gm/ec Hole Volume
Chorge W, Hole Dapth

Tatal Ne. of Pragments:
For TNT Coler: White

For Subject HE
Principal Uees: Detonator base charge, and

ingredient for projectile end3 inch HE, M42A1 Frojectifa, Let KC-5: bomb fillers
Density, om/ec
Chorge We, ib

Tetel Ne. of Fragments: Mathed of edFor TNT Leeding: Press

For Subject HE ;

: Looting Donelty: (“4 pai x 10: gv 10 2 15 2
Fragment Velocity: ft/sec 146 1.52 1.601.631.6568

At 25% ft Sterege:

Density, gm/cc
Method Wet

Blost \Reletive to TNT): Hezard Class (Quontity-Distonce) Class 9

Ale: Come atibility Group Group M {wrt
Peok Pressure Group L (dry
impulse Exudotion Hone
Energy

Effect of Temperature on
Ale, Confined: .lnopuat Rate of Detonation: (k)

16 hra et, °C “5h 21
Under Weter: Density, gm/cc 1.61 1.62

Pook Pressure Rate, a/sec 8100 8050
impulse

Effect of Temperature on

Enero Impact Sensitivity:
Underground: Temp. PA Impect Test

Peok Pressure oc 2kg Wt, inches

Room 9
Energy 3.2 8

104 5

71

BA
S 

DR
S



RIXlon teAMCP 706-177

substances: (j)100 gm of the followsSolubility of Cyclonite;
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elonite (RIX AMCP 706-177\ Gyctonite (ROX)
vv i .

aaa Solubility of Cyclonite, Holston Lot E-2-5 in Various Sulvents:

Solubili

Seo
rene

nt; Grade or
Solvent “e+ Saree” = 28% Heated talline Fora

Acetone 56 cP 8.2 16.5 at 60°C hexegonal-thick
Cyclohex:none 155.6 cP 13-0 24.0 at 93°C cubic (masaive fora)
Mitromethane 100.8 1.5 12.4 at 97°C pilates
Acetonitrile 81.6 Miacet 11.3 33.4 at 93°C plates

Chem. Co.
1-3 tropropane ¢ 126.5 EK Pract 1.4 10.6 at 93°C short needles
2-Nitropropane 120 EX Prac; 2.3 211.6 at 93°C short needles
2, 4-Pentanedione 180.5 Carbide & 2.9 18.3 et 93°C flat prises

- ; Carbon
MethylLiscbutylketone 15.8 2k 3.6 at 93°C long prisms
n-Propylacetate 101.6 EK Red Iabel 1.5 6.0 at 93°C long prisms, some

cubic
n-Butyl formate 105.6 EX Red Lebel 1-4 4.6 at 95°C iong priames
Bthyl acetate Tl-1 Baker's 2.0 6.Lat boil. hexagonal plates
n-Propylpropionate 121 EX Red label «= «0.8 —Ss-2.6 at 93°C ehort prisms, some

‘ cubic
Butylecetate 126.5 EX Techsicel 1.1 4.0 at 93°C long prisus
Methylethylketone 19.6: 5.6 13.9 at boil. coarse plates
Nitroethane 114.2 =X Red Ixbel -6 19.5 at 93°C plates
Tsopropylacetate 88-90 cP lel 32 at boil. long prisms

_—~ Mesitylozide 128 EX Red label 4.8 14.5 at 93°C plates
. ReAmylacetate 1h6 ce 1.0 21 et 93°C prisms

. , Dimethyicarbdonate 88-91 EK Red label 1.4 6.6 at boil. plates
“ss Diethylcarbonate 125-126.5 EK Red label 0.7 3.2 at 93°C prions

Tsonmylacetate 132 cP 1.2 3.6 at 93°C = prisms
Ethylpropionate 98-100 EK Red Lebel = 30s 10.7 at 93°C fairly thick hex

Plates
Methyl-n-butyrat.. 101.5-103.5 EK Red Label 1.2 4.9 at 93°C needles
CycLopentanone 130.6 EK Red Label 11.5 39.0 at 93.5°C hexagonal plates
Acrylonitrile 71-3 Cyanamid Co. 4.0 16.4 at boil. flat plates
Methyl cellosolveac state 144.5 Carbide & 1.6 8.8 at 93°C massive hexagons and

Carbon prisms

* EX, Eastman Kodak; Pract, practical.
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AMCP 706-177 cyelonite (RDI) : a

(Summary Technical Report of the KDRC, Div 8, Vol 1) ; ON

NO a .

n” } oe
cf ~ ,

. 2 2(Haig M, + MEHO, + OMH, NO, + 6(cH,CO), +) oak 110,
. NN| ty

/mmonium nitrete and acetic anhydride are placed in a flask and, vhile the mixture is stirred . . . °
at T5°C, the following three liquide are introduced concurrently and proportionately: ecetic an- ' fats >
hydride, concentrated nitric acid, and «@ solution of hexamine in glacial acetic acid. The fine) i : we :
mixture is held for a short time at 75°C, diluted with water to 30% acetic acid, and simmered to .
hydrolyze unstable reaction by-products, woich are a mixture of various nitrated and acetylated H a ;
derivatives of hexamine fragments. After simmering, the slurry is cooled and the precipitated : i
cyelonite removed by filtration. The yield is 78% of the theoretical amount (2 moles) of cyclo- ‘ ve
nite melting at 199°C. By dissolving the ammonium nitrate in the nitric acid, a continuous pro- :
ceas, based on 3 liquids, is possible. ;

The product is recrystallized from acetone, or cyclohexanone, to (a) remove acidity, (b)}
control particle size and (e)} to produce stable A-2K. ‘The preparative procedure described
stove, the Bachmann or Combination process, yields cyclonite containing 3-84 HMX.

bs

vik

First prepared by Henning in 1899 (German Patent 104,280) and later by von Hertz (U. 8. a“ 5
Patent 1, 402,693) in 1922 vho recognized its value as an explosive. Not used on a large scale Nee”
in explosive ammunition until World War II. i trae

Destruction by Chemical Decomposition:

Cyclonite (RIX) 18 decomposed by adding it slowly to 25 times its weight o/ boiling 5% sodium i
hydroxide. Boiling should be continued for one-half hour. .

® oy

References: }4

i (a) 1. C. Smith and E. G. Eyster, sical Testing of Explosives, Part III - Miscellaneous '
Sensitivity Teste; Performance Tests, 0; Report No. , Dec r 5. .

i (b) Ph. Neoum, Z. gee Schiess Sorengstoffv, pp. 161, 229, 267 (27 June 1932).

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

—— : (4) Philip C. Keenan and oy ae Table of Military High Explosives, Second Revision, “oe
: NAVORD Report No. 87-46, 26 July 1946.

—S

See footnote 1, page 10.
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(f) Report AC-2587.

(e) Dnterpationel Critical Tables
iand. Bornst.

a elonite (RIX) AMCP 706-177 :

- ¢) Axvament Research Department (Woolvich), Solubility of RDX in Nitric Acid (ARD Expl Rpt P ~ -
ea)h3 September 1943).

B. T. Fedoroff et a1, A Manual for Explosives Iaboratories, Lefax Society Inc, Phila-
Gelphia, 1943-6. —

(h) 8. Hutchinson, The Thersel Pensitiveness of Explosives. ‘The Thermal Conductivity ofExplosive Materials, NS Fi et hee Se: wea
(1) R. J. Finkelstein aad G. Gamow, Theory of the Detonation Process, NAVORD Report Ho. 90-
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- (3) International Criticel ‘bles. Pan
(xk) W. F. McGarry and 7. W. Stevens, Detonation Rates of thy More t Military Explo- ae| sives at Several Different Temperatures, FAIR No. 2563, Noverbe ———— oe

. (21) Also see the following Picatinny Arsenal Technical Reports on Cyclonite: oe
: 

a

, 9 2 2 3 LS 3 g i 8 2 ee
H wt 8=— 1a 582 863 1184 65 12% 8571438 709 he S

1290 12h. 1342 1193 waik 1175 1316 1207 1458 1379 ! g
1360 1311 1352 1293 1454 1185 1416 1427 1498 1429 %

—. 1450 1421 1372 1433 1614 1435 Wh6 1437 1578 1khg imS 1760 1481 1402 1483 1634 1bh5 1466 1517 3838 1469 |
. 1980 1562 1452 1503 202h 1715 1476 1617 1958 1709 ;
ae 2100 1611 1492 2693 215k 1855 1516 1687 1958 1909 ;

1651 1532 1713 220k 1885 1556 1737 2008 2059
1741 2062 1793 1915 1756 LTT 2028 2179 “
1752 212 1923 1935 1766 1787 2178
1761 2095 1796 1197 2198
2131 2125 18% 1957
2151 2205 1936 ray

1956 2227
2016
2056

: 2176
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AMCP 706-177 elotel, 75/2 ;

an
. ‘ 4

Composition: Molecular Weight: 22h New 4
% - ‘

Oxygen Bolence: :
ROX 5 CO, % -35 ‘

co % -6 :
NT: 25 -

Dannity: gm/cc Cast 1.71 .

Melting Point: °C ‘

tmpect Sensitivity, 2 Kg We: B-ting Paint: °C ;
Bureau of Mines Apporotus, cm :

Sample Wt 20 mg Refrective ladex, n2 "4
Picatinny Arsenal Appara‘us, in. . ‘

Somple We, mg ms :
ad :

a

Frictt a Pendulum Test: Vecuem Stability Test: ‘

5 eel Shoe Unaffected cc/40 Hrs, ot :
Fiber Shoe Unaffected 90°C ‘

100°C 9.23 t
Rifle Bultet impact Test: — Triols 120°C Oui :

% . - :

’ Partials Guokes ho - :
Burned 1) 200 Grom Somb Send Test: i
Unotfected Kk) Sond, gm F

Explosion Tompereture: *c Seneitt-ity te Indtietion: C
Seconds, 0.1 (no .of used) Minimum Detonating Charge, gm :

1 Mercury Fulminote .

5 Lead Azide :
0 Tatryl :
15 ,
20 Bellistic Marter, % TNT: :

Trousl Test, % TNT: - .
735°C lnternetionel Heat Test:

% Loss in 48 Hrs Plate Bent Test: 7!

100°C Host Test: Condition
9% Loss, Ist 48 Hes Contined -

% Loss, 2nd 48 Hrs Density, gm/ce
Exptosion in 100 Hrs Brisonce, % INT

Detenction Rate:
Fleremability Index: Confinement None None |

Condition Cast Cast
Hygrescepicity: % Chorge Diometer, in. 1.0 1.0

Density, gm/cc 1.70 1-7

Voletility: Rote, meters/second 8035 798

16
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t cyelotol, 15/25 AMCP 706-177
§ . -

s Condition Oryoen " atoms/sec
: sec

3 Tateyl, gm Heat, kilocolorie/mole
: Wax, in. for 50% Detonation (AH, kcal/mol)

e Wax, gm Temperature Range, °C
i Density, gen/ce Phose

} Meet of:
+ Combustion, cal/gm 2625" Armor Plate lmpect Tost:

4 Explosion, enl/gm itl 60 mm Merter Projectile:
‘ Gos Volume, cc/gm 862 50% Inert, Velocity, ft/sec

_ @ Formation, cal/gm Aluminum Fineness

1 Fusion, col/gm (nh) 5.0
; *Calcujated from ccaposition of mixture. 500-% Generel Purpose Sembe:

t. Specific Heat: col/gm/°C (bh)‘f Og on Of oy "Plate Thickness, inches
; —_ -
: -T5 0-220 75 0.352 1
> (s) 0.225 85 0.35 - %
‘ 25 0. 25h 90 0.32 1%
‘ 50 0.296 100 0.351 1%

} “ Beeb Drop Test: ;
, Thermo! Conductivity: :$ oo. col/sec/em/"C T7, 2000-tb Semi-Armer-Piercing Bemb vs Concrete: |

ee Ceotfich of g loa: Mox Safe Drop, ft

; Linear, 9 /°C 300-0 Generel Purpese Bomb vs Concrete:

Vokome, % /°C Height, fr
j Triots -

Merdacss, Mohs’ Scole: Unotfected

a Order‘ Young's Medole:: tow
; €’, dynes/em*: High Order
i '

‘ E, Io/inch* 1000-Ib Generel Purpose Bomb va Concrete:
; Density, ym/cc

: . Height, fr

t Compressive Strength: !b/inch? Trials
; : Unoffected
es ‘ Vapor Premare: Low Orde:

: a *¢ mm Mercury High Order

: 
—

1
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3 inch WE, M42A1 Projectile, Let KC-S:

AMCP 706-177 Gyelotol, 75/25

. Fregmentetion Test: Shaped Chesge Effectivences, THT = 100:

SO man WE, DAT1 Projectile, Let WCE-O1: Gloss Cones Steel Cones
Density, gm/cc 1.T2 Hole Volume
Cherge Wt, ib 2.22 Hole Depth

Teotel No. of Fragments: ;

For Subject HE 1514
Principal thee: Shaped charge bomb especially

fragmentation; HE projectiles;
grenades

Density, gm/cc .

Cherge Wt, ib

For TNT .
For Subject HE

Leading Density: gm/ce 1.72

Fragment Velocity: ft/sec
AMO
At 25% ft Sterege:
Density, gmn/ec

Mathod Dry

Bios? (Reletive te TNT): fa) Hozerd Closs ‘Quontity-Distonce) Class 9

Ale: Compatibility Group Group I
Peok Pr o. ve ~ lu

Energy -
Preparation: See Composition B

Als, Confined: Origin: Developed by the British between World
impuise Wars I and II and standardized in the United

States early in World War II.
Under Weter: Bleck Modulus at Room

peek Pressure Temperature (25°~30°C):
Dynes/em= x 10°10 . 3.09

Energy Density, gm/ec 1.7h
Absolute Viscosity, poises:*

3 6]

Peak Pressure Temp, Soe elon
impui:> Efflux Viscosity, Saybolt Seconds:
Energy Temp, 85°C 9-14

* Compositions using Spec Craoe Type A,
Cless A RDK.

** Composition prepared using RDX of optimum
particle size. :
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Gyclotol, 70/30 AMCP 706-177

Conpoetion: Meteculer Weight: 22k

RDX Oxygea Belence:
7 CO; % -37

INT x CO % - 8

Density: gmn/cc Cast 1.72

Melting Point: °C

C/H Ratio Freezing Point: °C

beapect Sensitivity, 2 Kg Wt: Belting Point: °C
} Bureou of Mines Apporotus, cm 60

Sample Wt 70 mg Refrective index, n°,
Picatinny Arsenal Apporotus, in. 14 °

Somple Wi, mg 20 ne

ction Pendulum Tost: Vecuum Stability Test:
Steet Shoe Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 90°C
106°C

Rifle Bullet impoct Vest: = Trials 120°C 0.86

% nee
Explosions 30 tore
Partials i ¢) :

Burned ") 200 Grom Bomb Send Test: i
Unoffected ko Sand, gm 56.6 ‘

é

Explosion Temperature: C Sensitivity te Initiotion: 2
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

1 - Mercury Fulminate 0.21%

5 Decomposes 265 Leod Azide 0.20%
10 Tetry!

20 Ballistic Morter, % TNT: (2) 135

Teoun! Test, % TNT:
75°C taternationel Heat Test: .

% Loss in 48 Hrs Plete Dent Test: (b) ~
. Method B

% Loss, Ist 48 hrs 0.07 Confined No
% Loss, 2nd 48 Hrs 0.08 Density, gm/cc 1.725
Exptosion in 100 Hirs None Brisance, % TNT 1%

Detonation Rete:
Flemmability Index: Confinement None

Condition Cast
Hygrescopicity: % Nil Charge Diameter, in. 1.0

lett Density, g/cc 1-73
¥ ; Nit Rote, meters/second 8060

19



AMCP 706-177 Gyclotol, 70/30

Fragmeniotion Teet: Shaped Charge Effectivences, TNT = 106:

98 me HE, MT? Projectite, Lat WC-91: Gloss Cones = Steel Cones. (e)
Density, gm/ec 1.71 Hole Volume
Charge Wt, Ib 2.213 Hole Depth 130

Tetel No. of Frogments: Color: Yellow-buff
For TNT 703

For Subject HE 1165

3 iach HE, M42A1 Projectile, Let XC-S:

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

Density, gm/cc 1.72
Chorge Wr, it 0.923

Tetal Ne. of Fregments: :Methed of Leoding: CasrFor TNT 5b *
For Subject HE 828 —

Leading Density: gm/cc 1.71

Frogment Velocity: ft/sec
At? ft
At 25% ft -Sterage:
Density, gm/cc

Method Dry

Bizet (Relative te TNT): (4) Hazord Class (Quontity-Distonce) Class 9

Ale: Compatibility Group Group I
Peok Pressure 110 .

impulse 120 Exudation
Energy --

: Preparation: See Composition B
Ale, Confi-od:

impulse Origin: Developed by the British between
orld Wars I and TI and stendar*ized in

Weter: the United Statee early in World War .I.

Pook Pressure Absolute Viscosity, poises:*

Impulse Temp, 85°C --
Energy 90°c 53-2

Efflux Viscosity, Saybolt Seconds:

e Temp, 85°C 5
Peak Pressure Heat of: +
long Combustion, cal/gm 2685
Energy Explosion, cal/gn 1213

Gas Volume, cc/gn 854

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

* Calculated fri sosition of mixture.
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: Gyclotol, 65/35 AMCP 706-177
*

4 TM

t Convention: Molecular Weight: 20h
a

g Oxygen Belence:
‘ xx ; CO: % ~40
; oN 35 co % 9
,Y

. Denelty: gm/ce Cast 171
® Melting Point: °C

: C/H Ratio Freezing Point: °C
> tenpoct Seneitivity, 2 Kg We: Belling Point: °C
e Bureau of Mine- .Aoparatus, cm
t- Sample Wt 20 mg Ratrective ladex, n&
i Picotinny Arsenal Apparatus, in. ne
} Somple Wr. mg =
: ne

é Friction Pendulum Test: Vecwom Stebility Test:
$ Stee! Shoe Unaffected cc/40 Hrs, at
$ Fiber Shoe Unaffected 90°C
: 100°C
e Rifie Bullet lnpect Test: = Trials 120°C

Explosi % 135°Crs

4 150°C
¢ Partials

i Burned 200 Grom Bomb Send Test:

} Need Explosion Te nporeture: *¢ Sensitivity te Initiotion:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 Decomposes 270 Lead Azide

} 10 Tetry!
15j 20 Bellistic Merter, % TNT: (a) Ly

‘ Treusi Test, % THT:
¥

735°C laternations! Heot Test:
t . % Loss in 48 Hrs Pieee Dent Test:

} 100°C Hest Test: Condition
to % Loss, Ist 48 Hrs Confined
; % Loss, 2nd 48 Hrs Density, om/ec

Explosion in 100 Hrs Brisonce, % TNT
: Detenction Rete:
4 Flammability index: Confinement None
; Condition Cast
‘ Hygrescepicity: % Nil Charge Diameter, in. 1-0
: Density, gm/cc 1.72
H v " Mil Rote, meters/second TS
t
e

;
, 8]

, 4
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* Calculated from composition of mixture.

Fragmentetion Test: Shaped Charge Effectivences, THT = 1066;

90 men 100, MP1 Projectile, Let WG-91: Gloss Cones = Stee! Cones (e)
Density, gm/ec 1.72 Hole Volume
Chorge Wr, ib 2.253 Hole Depth 130

Tetet Ne. of Pregmente:

For TNT 703 Colors Yellow-buff
For Subject HE 1153

dally freguentati HE. eapecia on

3 inch HE, eee Projectile, Lot Ress n projectiles, grenades
Density, ce *
Chorge Wt, 0.922

Tetel Ne. of Fregments: paethed of Cast

For THT sus . °
For Subject HE 769

Loading Density: gni/cc 1-71

Fragment Volociiy: ft/sec
Ato te
At 23% Srerage:
Density, (4on Mathod Dry

Blast (Relative te TNT): Hozord Class (Quantity-Distonce) Class 9

Ale; Compatibility Group Group I
Peak Pressure
Imputee Exudation

Energy

Ab Preparation: See Composition B
, Confined:
lrpulse Origin: Developed by the British >etween

World Wers I and II and standardized in
Under Weter: the United States early in World War IT.

Pook. PressureImpule Eutectic Temperature, °C: 19

Energy gm REX/100 gn INT
79°C 4.16

Underground: 95°C 5.85
Peok Pressure Absolute Viscosity, poises:*

Temp, 85°bey mr Bee 22
Heat of: *

* Composition using Spee Grade Type A,
Combustion, cal/gm 2755 Class A RDX.
Explosion, cel/gm 1205

Ges Volume, cc/gm 845

Pn
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Cyclotor, 60/40 AMCP 706-177

my

TM Composition: Molecular Weight: 228

Onygen Belence:

ROX 60 Co. % 43
; NT ho CO % 10
4 Denelty: ym/cc Cast 1.68

Mehing Polat: °C

. C/H Ratio Freezing Polat: °C

leapect Sencitivity, 2 Kg We: Belling Point: *C
Bureau of Mines Apperotus,em = 75

*°* Somple Wt 20 Refrective index, nZ
‘ Picetinny Arseno! Apporatus, in. 14 °
: Somple Wt, mg 19 ng
: ne$ -

‘ Friction Pendulum Test: Vecunen Stabitity Test:
* Stee! Shoe Unaffected cc/40 Hrs, ot
; Fiber Shoe Uneffected 90°C

t0o°c¢ Rifle Bullet tmpect Test: Trials 0" 0.29
% °

} Partials 55
} Burned 25 200 Grem Bema Send Test:
{ ; . Unatfected 15 Sand, gm 54.6

Y

j TY Exp'ssien Temperature: *¢ Sensitivity te tnitietion:
i Seconds, 0.1 {no cap used) Minimum Detoneting Charge, gm
; 1 Mercury Fulminate 0.g2*
‘ 5 Decomposes 260 Leod Azide 0.20"
‘ 10
: 15 *altesiatiy (ng charces-
; 20 Bellistic Merter, % TNT: (2) 1.33
: Trowal Test, % TNT:
‘ 73°C internationel Heat Toot:i % Lose in 48 Hrs Plate Dent Test: (v)
i Mathod B
; 100°C Heet Test: Condit:on Cast
: % Loss, Ist 48 Hrs Confined No
‘ % Loss, 2nd 48 Hrs Density, om/ce 1.72
: Explosion in 100 Hrs Brisonce, % TNT 132

’ Flaemmebility index: Conti Hone
; Condition Cast
, Hyprescopiclty: % Nil Charge Diometer, in. 1.0
,

‘ Density, gm/cc 1.72
' Volotiliey: Nil Rote, meters/second 7900

;
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AMCP 706-177 Gyelotol, 60/40

Frogmentetion Test: Shaped Charge Effectiveness, TNT = 100:

90 men HE, M71 Projectile, Lee WC-91: ; Gless Cones «= Steel Cones (8)
Density, gm/cc 3.65 Hole Volume =—-:178 162
Chorge We, ib 2.187 Hole Depth 125 148

Total Neo. of Frogments: Color: Yellow-buff
For TNT 703
For Subject HE 998

Principal Uses: Shaped cherge tomb;
especially gmentation HE

3 inch HE, M42A1 Projectile, Lot KC-5: projectiles, grenades

Density, gm/ec 1.67

Total Ne, of Fregments: Methed of Leeding: Cast

For TNT 514
For Subject HE 701

Leeding Develty: gm/cc 1.68

Fregment Velocity: #t/sec (c)
At 9 ft 2965
At 25% ft 2800 Sterege:
Density, gm/cc ~

Method Dry

Biect (Relative te TNT): (a) Hazard Class (Quantity-Distonce) Ciass 9

Ale: Compatibility Group Group I
Peck Pressure 104
Impuise 116 Exudotion

Energy oo

Ale, Confined: Preparation: See Composition B

Impulse Origin: Developed by the British between
orld Wers I and IT and standardized in

Under Weter: the United States early in World Wer IT.
Peak Pressure
impulse Bulk Modulus at Room :
nee Temperature (25°-30°C):

Dynes/cmTM x 10710 41h
Underground: Density, gm/ce 1.72

Peak Prese ure
Impulse Absolute Viscosity, poises:*

Energy . Temp, 35°C 12.3
feat of: * go°c --

comusetons c2 tem ne * Compositions using Spec Crade Type A,
Gas Voluse, cc/gm BhS Class A RDX.

Compressive Surength: Ub/i neh”
1-70 .m’ce 2200-3000

4 Calc.lsted fron composition of mixture.
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~ Gyclotol, 75/25, 70/30, 65/35 AMCP 706-177

References: '>
(a) % C. auith and B. G. Byster, Physical Testing of Explosives, Part III - Miscellaneous

Sensitivity Tests; Performance Tests, . .

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

(c) RB. W. Dreke, t Velocity and Panel Penetration of Several Explosives in Sim- :
lated Shelis, OSRD Ro. » @ January .

(a) V. Philipchuk, Free Air Blast Bveluation of HDX-TNT-Al, ROX-TNT, and TNT-Netal Systems,
National Northern Summary Report, Wi-P-, Rpril 1956. TM

(e) astern Latoratory, du Pont, Inves tion of Cavity Effect. Section ITI, Variation of. Cavity Effect with Composition, NDRC Fae RTO ORD Te Marton ofa °
(f) W. S. Cremer, Bulk peibility Data on Several losives, NAVORD Report Mo.4380, 15 Septesber Tas nny Date on Severe) High Dplosives
(gz) Also see the following Picatinny Arsenal Technical Reports on “yclotols:
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AMCP 706-177 Cyclotrimethylene Trinitrosamine

Compention: Ho Molecular Weight: ( ColigN¢0) 1th

© 20.6 ¢ Onygen Behance:
_ -55ER 3.5 OoN-N N-N=0 CO % -28

no A8.3 H, ¢ CH, Density: grn/ce

Oo 27.6 belting Polat: *¢ 105 to 107

C/¥ Ratio 0.12 i Proeniag Point: °C
banpect Sensitivity, 2 Kg Wr: Belling Point: °C

Bureau of Mines Apparatus, cm
Somple Wr 20 mg Refrective Index, n°,

Picotinny Arsenal Apparatus, in. 15 to 22 °
Samete Wt, mg 17 to 20 Nis

ne
Friction Pendulum Test: Vecuvm Stebiiity Test: (c)

Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C 0.20

100“c 9-19 3.7i*
Rifle Bullet Impect Test: == Tricls *Average value of 5 gm semple twice recrystel-

% lized from iscamyl alcohol.
Explosions

Partials

Burned 200 Grom Bomb Send Test:
Unaffected Sond, gm 59.2 5h.1

Explosion Temporeture: ¢ Sencitivity te Initiation:
Seconds, 0.1 (no cop used) Minium Detonating Charge, gm

1 Mercury Fulminate 0.200"
5 220 Leod Azide 0. 100##

105 +a 0Sfiltive initiating charges.
20 Belliatic Mester, % TNT: 130

Trews! Test, % TNT:
75°C taternctional Heat Test:

% Loss in 48 Hrs Plote Dont Test:
Method

100°C Hest Test: Condition
% Loss, ist 48 Firs 8.79 Confined
% Loss, 2nd 48 Hrs 2.98 Density, gn/ce
Explosion in 100 Hrs None Brisance, % TNT

Fiemmebility index: Confinement None

r) Condition Cast
Hyyrescepicity: % 30°C, 90% RH 9.02 Chorge Diorneter, in. 1.2

Density, gm/cc 1.42
v ¥ Rote, meters/second 7000 to 7300
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—,, Cyclotrimethylenc Trini trosamine AMCP 706-177
}

Frogmentetion Test: Sheped Charge Effectivensse, TNT = 100;

90 mm HE, M71 Projectile, Let WC-91: Gloss Cones Stee! Cones
Density, gm/ec Hole Volume
Charge Wt, ib Hole Depth

Tetel Me. of Fragments:For TNT Color: Yellow

For Subject HE
Principel Uses: Ingredient of projectile filler

3 inch UE, M42A1 Projectile, Ler KC-5:

Dereity, g/cc

Charge Wt, ib

Tete! No, of Fregmente: Mothed of Loading: Presced or cast with added
For TNT melting point depressants
For Subject HE

Leading Density: gm/cc See below

Fragment Velocity: ft/sec
Ard ft
At 25% ft Sterege:
Density, g/ccon Method Dry

yy Diost (Relative te TNT):

Ale
Peak Pressure

.
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Hozerd Class (Quatity-Distonce) Class 9

Compatibility Group Group M

Exudation None

Density at Various Pressures: {b‘

1b inch” ga/ce
2,420 1.1¢
4,830 1.23
9,650 1.37

14,500 1.54
24,200 1.53
33,800 1.57
42,500 1.59

Heat of:

Combustion, cal/gu 3158
Explosion, cal/gn 876
Formation, c2./gm -914
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AMCP 706-177 Cyclotrimethylene Trini trosanine
tt

tion of i -Trinitroso-s-triazine Cyclotrimethylene Trini trosamine:
Reference a —

2
HKO.-: SO), _ —HCHO + Mi,0H + MNO. ae, on~ HNO

H.C cH,

formeliehyde emacnium sodium nitric sulfuric
; hydroxide aitrate acid acid

An smmoniacal solution of an amine is prepared by adding aqueous formaldehyde to amsonium
hydroxide. ‘The rate of addition of formaldehyde is regulated to maintain a solution tempers-
ture of 30° to 35°C. .

Sodium nitrite is dissolved in water and the solution or slurry is then poured into tae
previously prepared emine-exmonia solution end totally dissolved by stirring. This solution
is chilled to below 0°c.

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

The resulting foamy head of cyclotrimethylene trinitroramine is allowed to ¢2t over the
icy spent liquor for 1/2 hour and is then collected on a sintered gless funnel end weshed to
neutrality. ‘The scist cyclotrimethylene trinitrosamine is removed from the funnel and air-
dried on filter paper. ‘The dry crude product melts at 106° to 107°C. Recrystallization from
iscamyl alcohol gives e pure compound meiting at 105° to 107°C.

in;

Cyclotrinethylene trinitrosamine was discovered in 1888 simulteneously by Griess and
Harrow (Ber 21 (1868), p. 2737) and by Mayer (Ber 22 (1888), p. 2883) when sodium nitrite
was allowed to react with hexamethylene tetramine Tn acid solution. This compound was later
studied by Duten and Scherff (Aon 268 (1895), p. 218) and by Delépine vho determined ite heat
of formation, vhich wes negative (Bull Soc chim (3) 15 (1536), p- 1199). Because cyclotri-
methylene trinitrosamine could be made at first in very poor yield only, it was a long time
pefore it received consideration for practical application as an explosive. However. the
study of cyclotrimthylene trinitroeamine wes continued and investigations were msde es tc
its bebavior in mixtures with other substances (Prof. D. G. Rémer "Report on Explosives,”
BIOSGP 2-HEC 5742).

Destruction by Chemical Decomposition:

Cyclotrimethylene trinitrosamine is easily decomposed by icid cr alkaii and even by
boiling in water.
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Gyclotrimethylene Trinitrosamine AMCP 706-177

High Temperature Decomposition, 0.02 gm ir 10 el Test Tube: (b)

Tmmereed 10 minutes in beth heated at 5°/minute

(1) Melting begins 105
Decomposition begins i 150 an ;
Nitrous gas : 160
Entire decomposition : 170 i

i (2} Some bubbles : 120
: Very slow decomposition 150
: Decomposes in 2 mim:tes 200 ;
. Decomposes in 40 seconds | 250 :

Immediate decomposition xO

Loug Term Stability: (b)

Cyclotrimethy.ene Trinitrosamine Joosely packed in covered wooden boxes for six years at
ambient temperatire and protected froma the sun:

1. Explosi e showed no color change.

2. Melting point decreased from 104.5° to 106°C.

3. Coefficient of "Utilisetion Practique"” decreased from 125.5 to 123.5.

4. An Del Test at 120% gave no color to iodine starch peper in 15 minutes.

Fusion Tests, Mixtures of Cyclotrimethylene Trinitrosamize and TNT: (v}

clotrimethylene ; Melting,
ni tz osamine, : Point, C

10 i 7h
20 | 68
30 : 62
bo : 55
he : 55 (Eutectic) |
50 : 61 !
60 69
70 TT
95 9

Eutectic Composition With THT: () Rate of Detonation, meters/second

42 cyclotrimrthylene Trini trosamine 7,000
50% INT
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§

AMCP 706-177 en. .,initrosamine . i
‘ : ‘s

~ 74 , ‘ ’ we te

Reaction of Cyclotrimethylene Trinitrosemine With Other Materials: (b)

; 1. Iron power Slight reaction

2. Copper powder Slight reaction .

3. Aluminus power Slight reaction ;
2 : hk. 2 parte picric acid + 1 part R-Salt | a. Violent decomposition after 2 hours at 10°c : sy _ “y

‘bd. Violent decomposition efter 10 to 15 minutes .
at 100°% : -.

ls. 2 perts nitre;iycerin + 1 part , No evidence of decomposition: after 5 days at : ' :
; R-Salt gore : .

Detonation Fy.te: (b)

Conf’ oenent * Paper cartridge _
C. edition reseed ; mL :
Charge Dieweter, in. 1.18

Rate, meters/second Density, g/cc ;

5180 0.85 : . : ae,

I . 7330 1.ho wos aa
7600 1.50 rn 4

“a
References: !¢

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

(b) Louis Medard and Maurice Dutour, "Etude Des Proprietés De La C) clotrimethylene
Trinitrosamine," Mdm poudr, 37, 1924 (1954).

(c) H. A. Bronner and J. V. R. Kaufman, "Synthesis and Properties of R-Salt,” PATR in
preparation 1959. . .

(a) Also see the following Picatinny Arseaal Technical Reports on Cyclotri, .thylene . ; ‘
Trinitrogamine; 1174, 2179. .

16See footnote 1, puge 10.
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DRX (Depth Bomb Explosive) AMCP 706-177

Composition: Molecular Weight: 83
%

Oxygen Baleace:
Amponium Nitrate al CO. % oh6

ROK al CO % -26
onr ho Deneity: om/cc Cast 1.68

Alusi nus 18 Melting Point: °C
C/H Ratio Freezing Polat: °C

Senoltivity, 2 Kg We: Belling Point: *C
Bureau of Mines Apparotus,cm = 35

Somple Wt 20 mg Refrective ladex, n°,
Picatinny Arsenal Apporotus, in. 13 °

Somple Wt, mg wu Nes
ne

Friction Pendulum Test: Vecuum Stebility Test:

Steel Shoe cc/40 Hrs, at
Fiber Shoe 90°C

100°C
Rifle Bullet lmpect Test: = Trials 120°C 6.15

Explosi % 135°C

Portiols 150°C
Burned 200 Grem Bomb Send Test:
Unaffected Send, gm 58.5

Euplesion Tempereture: ¢c Smeitivity to initiation:
Seconds, 0.1. (no cap used) Minirnum Detonoting Chorge. gr

1 Mercury Fulminate

5 Ignites 400 Leod Azide 0.20
10 Tetry! 0.10
15
20 Ballistic Merter, % TNT: (a) 146

Trews! Test, % TNT:
75°C Internationa! Heet Test:

% Loss In 48 Hrs Piete Dent Test: (b)
Method B

100°C Heat Test: Condition Cast

% Loss, Ist 48 Hrs Confined No
% Loss, 2nd 48 Hrs Density, gn/cc 1.76
Explosion in 100 Hrs Brisonce, % TNT 102

Detonetion Rete: (c)
Flemmebility index: Confinement None

Condition Cast

Hyprescopicity: % Charge Diameter, in. 1.6
Density, gm/ec 1.65

v ¥ Rate, meters/second €600
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AMCP 706-177 TEX (Depth Bomb Explosive)

Bocster Seneitivity Test: (e) | Decomposition Equation:
Condition Cast i atl otoms/sec

sec)Teteyl, gn 100 Heat, kilocalorie/mote
Wax, In. for 50% Detonation 1-35 (AH, kcal/mol)
Wex, gm Temperature Range, °C
Density, gm/ce 1.76 Phase

Heet of: (4) Armet tenpectCombustion, col/gr Plete Tom:
Explesion, cal/gm 1700 60 mm Moerter Projectile:

Gos Volume, cc/gm 50% Inert, Velocity, ft/sec
Formation, cal/gm ASuminum Fineness

Fusion, cal/gm
500-t» Generel Purposes Bombe:

Specific Heat: col/gm/* (a)
-5°C, density 1.75 gu/cc 0.25 Plate Thickness, inches

1

%
%
1%

Borning Rete:
cm/sec

Thermel

Benak Drop Test:

cal/sec/em/*C 13.2 x 107» TT, 2000-t» Semi-Armor-Piercing Bomb vs Concrete:
Density 1.75 gm/cc :

ot Exponeion: Max Sofe Drop, ft

Linear, %/°C -73°-75°C 4.5 x 10°” 500-t» General Purpose Bomb vs Concrete:

Volume, % /*C Height, ft

Trials

Young's Medehn: (4) Nok Ovws
E’, dynes/cm? 10.4 x 101° "
E, Ib/inch? — 1.51 x 10 1000-1 Generel Purpese Bomb vs Concrete:
Denity, gm/ce 1.72

Height, ft

Compressive Strength: tb/inch? (4) 3210-3360 Triots

Density 1.78 gz/ec Unaftected
Low OrderVaper Pressure:

*¢ mm Mercury High Order
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DBX (Deptt Bomb losive AMCP ''06-177

Pregmentetion Test: Sheped Charge Effectiveness, TNT = 100:

90 mm HE, M71 Projectite, Let WC-91: Glass Cones Steel Cones
Dersity, gm/cc Hole Velurne
Charge Wr, ib Hole Depth

Tetel No. of Fregments: Color: Gray
For TNT

For Subject HE
Principe! Uses: Depth charge

3 inch HE, MA2A) Projectile, Let KC-5:
Demiry, gm/cc

Chorge Wt, Ib

Tetel Ho. of Frogmonte: Methed of Leeding: Cast
For TNT.

For Subject HE
Leoding Density: g/cc 1.61-1.69

- Fragment Velocity: ft/sec
Ato? tt
At 25% ft Storege:

Density, gm/cc
Method Dry

Blast {Reletive te TNT): (a) Hazord Closs (Quontity-Distance) =» Class 9

Alr: Compatibility Group Group T
Peak Pressure 118
Impulse 127 Exudation

Ener vy 138

Air, Confined: Preparation: —

Impulse DBX can be manufactured by slowly adding
; water-wet RDX to molten TNT melted in a steam-

Under Weter: jacketed kettle equipped with a stirrer. When
Peak Pressure -- ell the water has evaporated, ammoninm nitrate
impulse -- is added and with heating end stirring con-
E 136 tinued, grained aluminum is added. The mix-

ture ie cooled with stirring continued to
maintain uniformity end when suitable for pour-

Underground: ing the mixture is cast. DBX can also be made
Peok Pressure by adding 21% ammonium nitrate and 18% alumi-
Impulse wim to 42% cyclotol or Composition B of 50/50
Energy PDX/INT content plug 19% of TNT previously

melted at about LOO C.
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AMCP 706-177 DBX (Depth Boub Explosive on;

in:

DEX wes developed and ured by the United States and Great Britain during World War II.

References: !”

(a) L. C. Guith and E. G. Byster, gical Testing of Explosives, Part III - Miscellaneous
Sensitivity Teste; Performance Tests, + No. ’ De .

(v) D. P. MacDougall, Nethods of Physicel Testing, OSRD Report No. 803, 12 August 19h2.

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

M. D. Hurwitz, The Rate of Detonation of Various ds and Nixtures, OSRD ReportMo. 5611, 15 January 136. ate of Petopation of Vertovs Compounds end eum.
(4) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision, .

MAVORD Report No. 87-46, 26 July 1946.

(e) L. C. Sith and S. R. Walton, A Consideration of ROX/Wax Mixtures ag a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June °

(f) Also see the following Picatinny Arsenal Technical Reports on DBX: 1585 and 1635.

See footnote 1, page 10.
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1, 3-Diamino-2,4,6-Trinitrobenzene (DATNB) - AMCP 706-177

Compeotion: Molecular Weight: © ( Cglislic0¢) 243
NH

2Cc 29.6 Oxygen Bolence:
O.N NO co, %

i: 2.1 id f4 CO %

kK 28.8 NH Density: gm/ce Crystal 1.83
0 39.5 NO, Mehiog Point: °C (a) 290
C/H Ratio 0. 380 Freezing Polat: °C

lepoct Sensitivity, 2 Kg Wr: Belting Point: °C
Bureau of Mines Apparatus, cm

Somple Wt 20 mg Retrective Index, no
Picatinny Arsena! Apporatus, in. 18 °

Sample Wt, mg 9 Nes
. ne

Friction Pendulun: Test: Vecuum Stebility Test:

Stee! Shoe cc/40 Hrs, at
Fiber Shoe 90°C

100°C
Rifle Bullet Impect Test: Triols 120°C

% s
Explosions 135°C
Portials 150°C
Burned 200 Grem Semb Send Test:
Unaffected Sond, gm ; 46.6

Explecion Tempereture: *¢c Sensitivity te Initiction:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

| Mercury Fulminete ween

5 Lead Azide 0.20
10 Tetryl 0.10
15
20 Bollistic Morter, % TNT: 100

Treuzi Test, % TNT:
75°C Internetione! Hoot Test:

% Loss in 48 Hrs Plate Dent Teet:
Method

100°C Meet Test: Condition
% Loss, Ist 48 Hrs 0.00 Confined
% Loss, 2nd 48 Hrs 0.4 Density, gmn/cc
Explosion in 100 Hrs None Brisance, % TNT

Detenotion Rete:

Flammability index: Confinement None
Condition Pressed

Hygrescepicity: % Charge Diarneter, in. 0.5
Density, g/cc 1.55

Volatility: Rate, meters/second 7500
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AMCP 796-177 1, 3-Diamino-2 ,4,6-Trinitrovenzene ( DAINB)

Fragmentation Test: shoped Charge Etfectivences, TNT = 100:

90 mu HE, M7! Projectile, Let WC-91: Glass Cones Stee! Cones
Density, gm/ec Hole Volume
Charge Wr, Ib Hole Depth

Total No. of Fregmente:
Color: Yellow

For TNT

For Subject HE
Principel Uses:

3 inch HE, M42A1 Projectile, Let KC-5:

Density, gm/cc

Chorge Wt, Ib

Totel Ne. of Frog : Method of Loeding: Pressed
For TNT

For Subject HE

Leoding Density: gm/cc P
At 50,000 i 1.Fregment Velocity: ft/sec *” Ps 5

At 9 ft
At 251, ft Sterege:

Density, gm/cc
Methed Dry

Glost (Relevive te THT): Hazard Class (Quontity-Distonce)

Ale: Compatibility Group
Peak Pressure
Impulse Exudation None

Energy
°fined: Cook-Off Temperature: ~C 320

ain Con . Time, minutes 8
impulse

Under W Heat of:
‘ater:Peok Pressure Explogion, cal/gm 2876

Impulse

Energy

Underground:
Peak Pressure

Impulse

Energy
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1, 3-Diamino-2,4,6-Trinitrobenzene (DATNB) AMCP 706-177

Preparation:

Fifty grams {50 gm) of ary styphnic acid was added to 200 gm of anhydrous pyridine with
stirring. The resultine slurry was stirred for an additional 30 minutes. The yellow product,
dipyridinium styphnatce, was collected by filtration and washed with approximattly 100 milli-
liters of diethyl ether. The product was dried over phosphorus (V} oxide, at room tempera-
ture, for,5 hours. Yield of 77 gm (Qu¢), melting point 168° to 170°C (literature me) ting
point 173 C)-

To 50 milliliters of phosphorus oxytrichloride, 29.8 gm of the dipyridinium styphnate were
added in emi 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 was separated by filtration and washed with water until the washing was neutral to lit-
Tus. ssi of 1, 3-dichhoro-2,4,6-trinitrobenzene 20.4 gm (98%), MP 130° to 131°C (literature
MP 126°C).

A suspension of 3 gm of 1,3-dichloro-2,4,6-trinitrovenzene in 9 milliliters of sbsoli.te
methanol was prepared. ‘This slurry was cooled to o°c, and dry ammonia was bubbled iio the
stirred suspension. After 20 minites the reaction mixture was allowed to warm to room tem-
perature, filtered by suction and washeé wi*h methanol and ether until a negative Beilstein
test for chloride ion was obtained on the wishings. Yield of 1, 3-diamino-2,4,6-trinitrobenzene
2.5 em (9T#),» MP 288° to 290°C (literature MP 285°C).

Origin:

DAINB, also called 2,4,6-trinitro-1l, 3-diamino-benzol or 2,4,6-trinitro-phenylenediamine-
(1,3), was first obtained by Noelting and Collin in 1884 (Ber 17, 260) and also by Barr in
1888 (Ber 21, 1546) from 2,4,6-trinitroresorcin dimethylether Th contact with ammoniacel
aicohol for several days. J. J. Blanksma obtained the same pro:uct in 192 by reacting
either 2-chloro-2,4,6-trinitroanisole or 3-chloro-2,4,6-trinitrophenetol with ammoniacel
aicohol (Rec trav chim 21, 324) and from 2,4,6-trinitroresorcin methylethyl etuer with ammo-
niacal eleohol (Rec trav chim 27, 56 (1908)).

Meisenheimer and Patzig in 190€ prepared DAINB in the form of yellow needles, MP 280°C
from 1,3,5-trinitrobenzene . ydroxylamine and sodium methylate in methyl alcohol (Ber 39, 25h0).
The product wes slightly soluble in glacial acetic acid but poorly soluble in other solvents.
It decomposed into NH3 end 2,4,6-trinitroresorcin when boiled with dilute NeOH or KOH (Beil 13,
60).

Korner and Contardi prepered DATNB by the reaction of either 2,4-dichloro-1,3, $-trinitro-
benzene or 2,4-dibromo-1,72,5-trinitrobenzene with ammoniacal alcohol at room temperature or
better by heating to 100°C (Atti R. Accad Lincei (5), 171, 473 (1903)); (5) 18 I, 101 (1909)).
A method of preparation by prolonged reaction of Nenitro-N-methy1-2, 3,4,6-tetrani troaniline
with a saturated ammonia solution was reported in 1913 by van Romburgh and Scheers (Akad
Amsterdam Vers] 22, 297).

C. F. Van Duin obtained DATNB melting at 301°C by reacting a concentrated aqueous ammonia
solution with Nenitro-N,N,N-trimethy1-2,4,6-trinitrophenylenediamine-(1,3) or with Nenitro-
N-wethy1-N-pheny1-2,4,6-trinitrophenylenediamine-(1,3) (Rec trav chim 38, 69-100 (1919)).
later Van Duin and Van Lenrep reacted concentrated aqueous ammonia with 2,4,6-trinitro-3-
aminoenisole or 2,4,6-trinitro-3-aminophenetol to obtein UATNB melting at 237° to 288°r (Rec
truv chim 39, 147-77 (1920))- In 1927 Lorang prepared the same compound by boiling 2,4,6-
tri itro-l, 3-bis (| -nitcoethyl ureido) benzene with water or by heating it with smmoniacal
aicohol ina tube st 100°C (Rec trav chim 44, 649) (Beil #17, 2 II 33)-
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AMCP 706-177
dacPianinc-2,4,6-Trinitrodensene (DAT) —,

A recent report describes the preperstion of DATRE in tvo steps fron commercially avail-able starting mterials. Pires w-nitroaniline was nitrated vith =| acid uixture totetranitroaniline. the crude tetrenitroaniline wag converted by methanoliz ammonia toCleminotrini tro-bentene in « high degree of purity. A conversion of 100 parts of a-nitroani-Line inte 210 parts of DATES was obtained by this method, which o&n easily be carried out on
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Diazodini trophenol AMCP 706-177

Compaction: 5 Molecular Weight: (CgHoN,0s) 210

c 34.3 j é Oxygen Belence:
0 CO; % -61

H 0.9 or® CO % “15
O.NK 26.7 2? MO 9 NOp Deesity: gm/ce Cryatal 1.63

0 36.2 ° Melting Point: °C 157
C/H Ratio 1.056 Freezing Polat: °C

fenpact Sensitivity, 2 Kg We: Belling Polat: °C
Bureou of Mines Apporatus, cm

Sample Wt 20 mg Refrective Index, n°,
Picatinny Arsenal Apporotus, in. 4; (1 1b wt) 7 °

Semple Wt, mg 15 Ms
ne

Steel Shoe Detonates ce/40 Hrs, at
Fiber Shoe Detonates 90°C

100°C 7-6
Rifle Bullet lmpect Test: = Trials 120°C

% 5

Partials

Burned 200 Grom Bomb Send Test: 87.5

Unoff Wa Powser fuse 45,
Explosion Tenspereture: *¢c Sensitivity te initiation:

Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm
1 200 Mercury Fulminote
5 195 Leed Azide 0.20

10 180 Tetry! 0.10
15
20 Bollictic Merter, % TNT: (a) oT

Trews! Test, % THT:

75°C Internetione! Hoot Test:
% Loss in 48 Hrs Plete Dent Test:

Method

100°C Hoot Test: Condition
% Loss, Ist 48 Hrs 2.10 Confined
% Loss, 2nd 48 Hrs 2.20 Density, gm/cc
Explosion in 100 Hrs None Brisonce, % TNT

Detenction Rete:
Flemmebifity Index: Confinement

Condition Pressed

Hygrescopicity: % 30°C, 90% RH 0.04 Charge Diameter, in.
° h Density, gm/cc 0.9 1.5 1.6

Volatility: 50°C, 30 months Unaffected Rote, meters/: 4400 6600 5900

#Until it is established which picramic acid (melting point 169°C) isomer is involved (Ref: J
Chem Soc, 2082, August 1949).



AMCP’ 5-177 Diazodinitrophenol

Fregmentetion Test:

90 wm HE, M71 Projectite, Lee WC-91:

Density, gm/cc

Charge Wt, Ib

Tete! Ne. of Fragments:

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 Cherge Effectivences, TNT = 100:

Gloss Cones Stee! Cones

Hole Volume x

Hole Depth

Color: Yellow needles

Principe! Uses: Percussion caps

Mathed of Lucding: Pressed

Fragment Velocity: ft/sec
At? ft
At 25% ft

Density, gm/cc

Leading Density: gm/cc Apparent 0.27
At 3000 psi 12h

Slest (Reletive to TNT):

Ale:
Peak Pressure

Impulse

Energy

Air, Contined:
Impulse

Under Woter:
Peok Pressure

Impulse

Energy

Underground:
Peok Pressure

Impuise

Energy

Storage:

Method Under water

Hazard Class (Quantity-Disiance) Class 9

Compatibility Group

Exudation None

Solubility:

Solutle in nitrogl;cerin, nitrobenzene,
aniline, pyridine, concentrated hydrochloric
acid, and in most common organic solvents.

Combustion, cal/zm 32h3
Explosion, cal/gm 820

Gas Volume, cc/gm BEE

Sensitivity to Electrostatic
Discharge, Joules: (ce) 0,012
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Diazodinitro, ‘ol AMCP 706-177

Solubility: 100 gu of the following subste:ices: (c)Soiu ng

Solubility ac 50°C

Sclvent 3

Etayl acetate 2.85
Methanol 1.25
Ethanol 2.43
Ethylenedichloricde 0.79
Carbon tetrachloride vrace
Chleroforn 0.11
Benzene 0.23
Toluene 0.15
Petrol: u ether Insoluble (at 20°C)
Ethyl ether 0.08 (30°C)
Carbon disulfiiy trace (30°C)

Preparation: (Chemistry o” Powler and Explog.ves, Davis)

—= HN0,8 — 2

(#) diazovize
OH - 5 __— OH NO, ——— 0 NO,

O,N at2 O5N - O,N

Ten gm f picramic acid is s.spended in 120 cc of 5% hydrochloric acid, and under efficient
agitation at about 0°c. 3.6 gm sodi: a nitrite in 10 cc water is Aumped into the suspension.
Stirring is continued for 20 minutes, the product filtered off rnd washed thoroughly with ice
water. The dark brown product, if ¢cissolved in acetone and precipitated in water, turns bril-
liant yellow.

Origin:

Discovered by Graess in 1858 (Annaler 106, 123; ey 205 (1600) and studied extensively by
L- V. Clark (ind Eng chem 23, 63 (1923). Developed for commercial use in 1928. This com-
pound was patented in the United States by Professor William M. Dane.

Destruction vy Chemizal Decomposit{on:

Dazodinitrophenol 1e decomposea ., adding the weter-wet material to 100 times its weight
of 10% sedi’. hydroxide. Nitrogen cas 18 evolved.

Referer css; 18

(a) Pailip C. Keenan and Dorothy “-*s, Teble of Military High Explosives, Second Revision,
RAVORD Report No. 87-46, 26 July 1946,

(bo) F. w. wes, D. He Kusler and fr. C. Sibson, Sensitivity of Explosives to Initiation by

TEsee footnute ., page 10.

wl



AMCP 706-177 Diazodin!trophenw)

Oe ee re

Electrostatic Discharges, U. S. Dept of Int, Bureau of Mines, RI 3852, 1986.

(c) L..V. Clark, "Diazodinit-ophenol, A Detonating Exlosive,” Ind Eng Chem 25, 663
(1933).

Seidell, Solubilities of Inorganic and Organic Compounds, Van Nostrund and Co., N. Y.

(4) Also see the following Picatinny Arsenal Technical Reports on Diarodinitrophenol:

Q 2 4 2 af 8 2
150 1352 » 355 807 318 2179
610 Pat 1838

2120
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Diethylene Glycol Dinitrate (D&GN) Liguid AMCP 706 177

Composition: Molecular Weight: — ( CyHgNo7) 196
%

c ah.s bof ~——— ono, Onypen Retence: “ky
- 8E hi HAC ~ CO %

0N1k,3 Hc Density: gm/cc Liquid 1.38
“| .} 57.1 Hc __ ono, Melting Point: °C 2

C/H Ratio 0.143 Freezing Point: °C

tmpect Secaitivic,, 2 Kg We: Belling Point: °C Decomposes 160.
Bureau of Mines Apparatus,cm 100+

Sample Wt 20 ing Cetrective Index, nQ
Picatinny Arssno!l Apporotus, in. 9 o

Sample Wt, mg Ms 1.44498
ne

Friction Pendulum Test: Vecuum Stebility Test:

Steel Shoe Explodes ce/40 Hrs, ot
Fiber Shoe 90°C

100°C 0. 3ec/20 hr/gn
Rifle Bcilet Impect Test: = Trials 120°C

% «
Explosions 135°¢
Portiats 150°C
Burned 200 Gram Bomb Sond Test:
Unatfected - Sand, gm 42.2

Explosion Temperature: a os Sensitivity to lnitietion:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminote

5 23T Lead Azide
10 Tetry!

15
20 Battistic Morter, % TNT: 90

Treuz! Test, % TNT: vad

75°C laternationel Heat Test:

Method

100°C Heet Test: Condition
% Loss, Ist 48 Hrs a) Cor ned
% Loss, 2nd 48 Hrs 2.0 Den..ty, am/ce

Explosion in 100 Hrs None Brisance, % TNT

Detonation Retc:
Flemmeability Index: Continement

Condition

Hygroscopicity: % Charge Diameter, in.
0 2 Density, gm/cc 1.33

Voletility: 60°C, mg/em*/hr 19% Rote, meters/second 6760

103
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AMCP 706-177 Diethylene Glycol Dinitrate (DEGN) Liquid ~_

Booster Sensitivity Test: Decomposition Equetion:
Condition Oxygen, otoms/sec

, (2/sec)
Tetry|, gm Heat, kilocolorie/mole
Wax, in. for 50% Detonotion (SH, kcal/mol)

Wax, gm ” Ternperature Range, °C
Density, gm/cc Phose

Mee. of: Armor Plate Impect .Combustion, cat/gm 2792 ' Test:
Explosion, col/gm Skt 60 mm Merter Projectile:

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

500-1) G ft Purpose Bomb

Specific Heet: cal/gn. °C
Plate Thickness, inches

]

ly

My

Burning Rete:
ern/sec

Bomb Drop Test:

Thermal Conductivity: ’
col/secfem/"C TT, 2000-lb Semi-Armor-tiercing Bomb vs Concrete:

Max Safe Drop, ft
Coefficient of Expansion:

Linear, %/°C 500-1 General Purpocs Bomb vs Concrete:

Volume, %/°C Height, f

a. A, f‘¢€ ry Tre‘ , Mobs Unoftty ied
Low Order

Young's Modulus: High Order
E’, dynes/cm*

E, Ib/inch? 1000-16 Gesaral Purpose Somb vs Concrete:
Densit,, gm/ce .

Height, f

Compressive Strength: tb/inch* Trials

Unaffected

Vapor Pressure: Low Order
Cc mm Mercury High Orcer

co 0.00%
Ze) G.4150

104
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Diethylene Glycol Dinitrate (DEGN) Liquid AMCP 706-177

Fregmentetion Test:

90 wm HE, M71 Projectile, Lee WC-91:

Density, gm/cc

Charge We, Ib

Vetel Ne, of Fregments:

For TNT

For Subject HE

3 inch HE, M42A1 Projectile, Let KC-5:

Sheped Charge Effectiveness, TNT =. 100:

Gloss Cones Stee! Cones

Hole Vc'ume

Hole Depth

Coler: Colorless

Principal Uses: Propellant somposi*ions

Density, gm/cc

Charge Wt, Ib

Total Ne. ef Fragments: Method ef Leading:

For TNT

For Subject HE

Leeding Mensity: gm/cc

' Frogment Velocity: ft/sec
At? ft
At 25%, ft Storege:
Density, gm/cc

Method Liquid

Biest (Reletive to TNT): Hazard Class (Quentity-Distonce) class 9

Air: Compatibility Group
Peok Pressure
Impulse Exudetion

Energy

Preparation: DDGN can be prepared with approxi-
Air, Confined: mately O5% yield by adding die‘hyleneglycol

Impulse to mixed acid (50% HNC 3," 45% HpS0,, and 5%
H,0). ‘The temperature is kept et 30°C or

Under Weter: lower. The separated PEGN is purified b
Peok Pressure washing with successive portions of water,
\ ise dilute sodium carbonate solution and water
bee until neutral.

roy Hydrolysis. % Acid:
10 days at 22°C 0.003

Underground: ° fe) 2Peok Pressure 9 daye at 00°C 0.003
Solubility in wWeter, vm/1O0O um, st:Impulse 0 fin Pa ALTA '

e-c 0.40
Energy 60°C 0.40

Solubility. em/100 vm, at 29°C, in:Viscosity, centipoises: 2 Shae eevee , oman :
ae SE Ether a)
Temp, 20°C Alcohol fave)

2:1 Ether:Alcohol 00
Acetone 00

Pay



AMCP 706-177 Diethylene Glycol Dinitrete (DEGN) Liguid

Origin:

First prepared and etudied by We. H. Rinkenbach in 1927 (Ind Eng Chem 19, 925 (1927) and
later by Rinkenbech and H. A. Aaronson (Ind Eng Chem 23, 160 (1931)) both of Picatinny Arsenal.
\Jeed in propeliant compositions by the Germans during World Wer II.

Lestruction by Chemical Decomposition:

DBGN is decomposed by adding it slowly to 10 times its weight of 16% sodium sulfide
(3wpS* 9820). Heat is liberated by this reaction but this is not hazar ious if stirring is
maintained during the addition of DEGN and continued until solution is complete.

Reierences: |?

ee the following Picatinny Arsenal Technical Reporte on DEGN:

Q , 62 3 hs 6 1 2
50 231 T2 673 4gu 346 487 279

180 551 602 Lhh3 1624 1516 1h2T 579
620 1391 42= 1282 1616 1487 1439

1490 1421 1392 1786 1817
1390

T3506 foo! note L, page 10,
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Bis(2,2-Dinitropropy)) Fumarate (DNPF) AMCP 706-177

Compoetion: Molecular Weight: (C,H oy) 80

cc 31.6 Onygen Belenes:
c(NO,,),,CH 259K 3.2 Pate ze 3 CO % -17

XN 14.7 CO,CHAC(NO,) 9TH, Density: gm/cc Crystal 1.60
Melting Point: ° Form I 89

9 0-5 ne Forv II 86
C/H Rotio Freezing Peint: °C

lapect Sensitivity, 2 Kg We: Boiling Point: °C
Bureeu of Mines Apperotus, cm 100+

Somple Wt 20 mg Refractive Index, nj}
Picatinny Arsenal Apparatus, in. 18 °

Sample Wt, mg 18 Ts
Re

Friction Pendulum Test: ; Vecuum Stebility Test:

Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90°C once

E lies § Tri 190°C 0.66
itle B mpect Test: rials 120°C weno

Explosions % 135°C 0.91
Partials 150°C
Burned 200 Gram Bomb Sond Test:
Unaffected Sond, gm

Explosion Tempersture: ¢ Sensitivity to Initistion:
Seconds, 0.1 (no cop used) -7" Minimum Detonating Charge, gm

’ tated Mercury Fulminete
4 Gmokes 250 Lead Azide

10 Tetry!
15
20 Ballistic Mortar, % TNT: \

Tres! Test, % TNT:

73°C International treet Test:
% Loss in 48 Hrs Plate Dent Test:

Method

100°C Heet Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm, cc
Explosion in 100 Hrs Brisonce, % TNT

Detcnation Rete:
Flammebility index: Confinement

Condition

Mygroscepicity: % Charge Diameter, in.
Density, gm/cc 1.49

Volatility: ate, meters/second faye)

107



- CP 706-177 Bis(2,2-Dinitropropyl) Fumarate (DNPF)

Fragmentation Test: Sheped Charge Effectiveness, TNT = 100:

90 mm HE, M71 Projectile, Lot WC-91: Glass Cones Steet Cones

Density, gm/cc Hole Volume

Charge Wt, ib Hole Depth

Total No. of Fragments: +For TNT Color: White

For Subject HE -—
Principe! Uses:

3 inch HE, M42A1 Projectile, Lot KC-5:

Density, gm/cc

Charge V/t, tb

Total No. of Fregments: .For TNT Method of Leoding: Cast

For Subject HE

Looding Density: yn/cc 1.50

Frogment Velocity: ft/sec
At ft
At 25% ft Storege:

Density, gm/ce

Method Dry

Blast (Relative to TNT):

Aun
Peak Pressure

Impulse

Energy

Air, Confined:
Impulse

Under Weter:
Peak Pressure

Impulse

Energy

Underground:
Peak Pressure

impulse

Energy

Compotibdility Gre a

Hozord Class (Quantity-Distance)

Su ntheeizea tn 1952

Mer. land.

Exudation None

Heat of:

Combustion, cal/gm TO
(calculated)

Detonation, cal/gm Jo?
(calculated)

Viscosity, poises:
Cs)

emp, HH IC 0.556
106.5°C 0.43,

Liquid Dengit,, gm/cc:

Temp, 96.9% 1. #2
106, 5°C 1.375

Crivdits

by Me Fe HILL of the
U.0. Uaveal Ordnence Laborator,, white Oek,

Lon
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Bis(2,2-Dinitropropyl) Fumarate (INPF) AMCP 706-177

Preparation: (a, »)

oo ) HC-COgCH5C(NOp) 9CH,
+ 2CHAS(“10 OH AlCl242 3HC-COC1] 3 me HC~C0pCHipC(NOg) 5CH,

3-3 mol 7-3 mol 1.6 mol O36 yield
fumaryl chloride 2@,2-dinitropropanol aluminum bis{dinitropropyl) fumerace

chloride

Dinitropropanol was nixed with chloroform (1320 williliters) and the mixture heated to
boiling. ‘The distillate was collected in & water separator. At first 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 tempera-
ture and the separator removed. Fumaryl chloride was introduced, followed by the aluminum
chloride which wes added in four equal portions. Air was blown into the flask for a minute
to effect mixing, and the reaction sustained itself without the adcition of heat for one hour.
Steam was gradually introduced so that the reflux temperature was reached 2-1/2 hours after
the beginning of the reaction. After 3 hours of reflux, the hot liquid was poured jnto a
bucket. As cooling took place the slurry was vigo .sly agitated until it finally set up at
room temperature. This material was broken up and mixed with dilute ice cold HCl. The solid
product was collected on & sintered funnel, washed with water and ith heacuc. The crude
material was recrystallized from methanol to give a product melting at 66°C (urcorrected),
but after storage for several days the melt‘ng point was 89°C.

References; 20

(e) M. E. Hill. Preparation and Properties of 2,2-Dinitropropamd Esters, NAVORD Report
No. 2497, 3 duly 1952.

(b>) D. L. Kouba and H. D. McNeil, Jr., Hercules Report on High Ex>los:-es. \.vy Contract
Nord-11280, Task A, 26 May 1958.

Po

20004 footnote §, page FO.
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AMCP 706-177 Bis(2,2-Dini Succinate (DNPS)

Compaction: Molecular Weight: (0) pty 1.8% 0) 382

c 31.4 Oxygen Belence:
CO. % +63

H 3-7 (No, CO % -21
CO, C(NO,),,CHN ik.T ii ee Density: gm/cc Crystal 1.51

0 5.2 CH,CO,CEC(NO,).CH., Malting Point: °C 86

C/H Ratio 0.250 Fronzing Polat: °C

tmpect Sensitivity, 2 Kg We: Boiling Point: °C
Bureau of Mines Apparetur. em

Sample Wt 20 mg Refractive Index, n°
Picatinny Arsenal Apparatus, in. °

Sample Wt, mg Tus
na

Beiction Pendulura Test: Vecuus Stability Test:

Stee! Shoe ec/40 Hrs, of
Fiber Shee 90°C woos

190°C 0.10
Rifte Bullet ‘xpect Test: = Triots 120°C

% .
Explosions 135°C
Portiols 150°C
Burned 200 Gram Bomb Send Test:
Unotfe-ted Sand, gm

Explosion Tempersture: ¢ Sensit'vity te Initiation:
Seconds, 0.1 (no cap used) --- Minimum Detonating Charge, gm

U “o- Mercury Fulminote
5 >400 Leod Azide

10 Tetry!
15
20 Ballistic Merter, % TNT:

Trou! Test, % TNT:
73°C internetionel Heat Teet:

% Loss in 48 Hrs Plate Dent Test:
Method

100°C Het Test: Condition
% Lous, Ist 48 Firs Confined
% Loss, 2nd 48 Firs Censity, gm/cc
Explosion in 100 Hrs Brisonce, % TNT

Detenetion Rete:

Condition

Hive piclty: % Charge Diameter, in.
Voletisity: Density, gm/ec

Rate, meters/second

0



y

a 
a

 
2

a
 

ee
 

e
e

Bia(2,2-Dinitropropyl) Succinate (DNPS) AMCP 706-177

Pregmentetion Toot: Sheped Cherge Eftectivences, TNT = 100:

90 mm EE, M71 Projectile, Let WC-91: Gloss Cones Stee? Cones

Density, gm/cc Hole Volume
Chorge Wt, Ib Hole Depth

Total Ne. af Fregments: Color: White
For TNT

For Subject HE
Principe] Uses:

3 ach ME, M42A} Projectile, Lat KC-5:

Density, gen/ce
Charge Wt, ib

Teotel Ne, of Fragments:
Methed of Leading: tFor TNT cas

For Subject HE

Leading Density: gm/cc

Freogment Velocity: ft/sec
Ard fe
At 25% ft Sovege:

Density, gen/ ce
Method Dry

Blect (Relative te TNT): Hazord Closs (Quontity-Distonce)

Ale: Compotibility Group
Peok Pressure
Impulse Exudotion None
Energy

Alr, Confined: Origin:
Impulse

Synthesized in 1953 by M. E. Hill of the
Under Weter: Manylond. Ordnence Laboratory, White Oek,

Pook Pretsure
imputse

Energy

3

Peok Pressure
Impulse

Energy



AMCP 706-177 Bis(2,2-Dinitropropyl) Succinate (DNPS)

Preparation: (a)

cecl COOCH,C(NOg) oCH2CH3C(N05)pCH204 + r? AlCl 3. ea
CHytucn, = CH COOCH:C(NO,) CH

succinyl eluminum ;
dinitropropeanol chloride chloride bis(2,2-dinitropropyl) succinate :

A methylene chloride solution of dinitropropanol (0.02 mol ‘n 15 milliliters) was mixed :
with 0.01 mol of succinyl chloride. To this solution 0.003 mcl of crushed anhydrous aluminum ~ .
chloride was added. It was necessary to cool the reaction vessel due to the vigorousness of .
the reaction. After 25 minutes at room temperature the reactior. solution wor refluxed 1-1/2 0
hours. Fine needle-like crystals formed upon cooling and adding hexane. The crystels were ‘
slurried in dilute hydrochloric acid and on recrystallization from methanol gave a 93% yield :
of INPS (melting point 85° to 85.6°C). 3

References: *! wo

(a) M. EB. Hill, Synthesis of Nev High Explosives, NAVORD keport No. 2965, 1 April 1953. :

pital,

21g... footnote !, page 10,
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~ 2,2-Dini tropropy1-h,4,4-Trinitre utyrate (DNPTB) AMCP 706-177
| rn

&t . _
{ Compecnion: Maleculer Weight: ( CHRgN,0, 9) 355

2 C 23.6 Oxygen Betence:
~ 4 co: ® -29

co .- i BR 2.5 OCH2C(NO,) 2G, ‘ 42.3

a N 19.7 Commo Density: gm/ce Crystal 1.68
“4 ‘¢. Formi al Form iIl 95a’ 0 5h.2 CiigCH,C( N03) Matting Polat: °C Form III 59 |

Senshtivhy, 2 Kg Wr: Belting Point: °C
b - Bureau of Mines >pporatus, cm
» Sample Wt 20 mg Refecctive ladex, n°

_3 Picatinny Anenol Apporatus, in °

; ny,
i

; om Tost: Vacuum Stebiity Test:
a ~ Seuat Shoe cc/40 Hrs, ot

Fiber Shae 90°C —
100-< .} Rite Baltes tinpect Test: Triots 10" 0-5

Exptosions % 135°C
Partiols 150°C
Basra 200 Grom Bomb Send Test:

aan Unoftected Sond, gm
a, daptesion Tempereture: *¢ Seuchtivity te Initiation:

“ _ Seconds, 0.1 (no cap used) --- Minimum Detonating Chorge, gm

i L o-- Mercury Fulminote
5 0 Lead Azide

; j 10 Tetryl
1s

{ 2» Bellistic Mortar, % TNT:
. : Trust Test, % THT:

73°C bntermationsl Heat Test:
% Loss in 48 Hrs Plote Dent Test:

Method

“ 100°C Meet Tew: Condition
; % Loss, Ist 48 Hrs Confined

eS % Loss; 2nd 48 Hrs Density, gm/cc
* Explosion in 100 Hrs Brisonce, % TNT
Ed

° Detenetion Rete:
, Plemmebility fedex: Confinement
> Condition

; ve picky: % Charge Diometer, in.
, obesity Density, gm/ce 1.67
; . : Rote, meters/second 7
’

fn



AMCP 706-177 2,2-Dini 1-4 4 b-Trinitrobu te (DNPTS

Pragmenteti en Y ent: Sheped Charge Effectivences, TNT = 100:

96 mum WE, AT? Projes:ile, Lot WC-9T: Gless Cones Stee! Cones
Danaity, gen/cc Hole Volume
Charge Wt, ib Hole Depth

Tetel Ne. of Fragments:for TNT Colee: White

- For Subject ME
Principal Uses:

3 bach 008, M42QA} Projectite, Let KC-5:
Deneity, gra/ee

. Charge Wr,

Tenet. te. # Peagmente:: Mathed ofFor TNT Leeding: Cast

For Subject HE 4
Leeding Density: gm/cc 1.67

Foagmant Velogity: ft/sec
AOR
At 35% f Storege:
Density, gm/ce

Method Dry

Gtect (Relative te THT): Hazard Class (Quantity-Distence)

Ale: Compot:bility Group
Peck Pressure
hvoulee Exudation None
Energy :

Ale, Confined: Heat of: (e) Solvent
impulae Transition, cal/em CCl, IMF
a Ii—» III 6.2 4.8

Under Water:
Peok Pressure i-—-—— iI -16.6 -22.0
Impule Heat of Solution :
Energy QE Solution, cal/ge

Material coh, IMF
Underground:

Peck Pressure Form IIT 29. 2 8. i
Impulse Forn I 35. 12.

Form II ly.1 “9.1
Energy

‘ Origin,

Synthesised in 1952 by M. E. 112 of the
U.S. Naval Orcnance (aboretory, White Oek,
Marylend.

114



EB
©
é

:
a

, 2,2-Dini tropropyi-k,k,4-T.initrobutyrete (DNPTB) AMCP 706-177
——_

“ | Begparation: (a, d)

i €8,C(802) ,08 + — \BQ,),CCHCH,coch alcl,
r)
’
’ trinitrobutyry) eluninun
‘ dinitropropancl chloride chlori?-

. CH,C(0,) gCHCOOCH, C(O) , + EQ

or Ginitropropyl trinitrobutyrate

) Dinitropropancl, trinitrcwutyryl chloride and eluninum chloride vere slowly mixed in car-
| bon tetrachloride at 60°C. ‘This mixture wee refluxed at 75°C for two hours. After the reac-
: . tion was completed, the mixture wa: cooled end the crystalline product separated and purified.
‘ Water iu the dinitropropanc) was resoved by azectropic distillation before the acid chloride |
i. vas added. The purified product bed e melting point of 95° to 96°C. a

. Mel gg

; . Three distinct crystallogrwphic modificaticus of INPTA have been observed. These poly- : va
‘ morphe have been characterized by means of X-ray diffraction end microscopic observation. or
° Yoru I crystallizes from soluiion in carbon tetrachloride, chloroform, acetone, chloroform-
: hexane, scetone-water, or methanol-water at room tempereture. Prolonged standing of Fors I
, at room temperature under the mother Liquor promotes # transition to Form II. Upon solidi-
’ fication of molten INPTS, Fore II is always observed.
»

4 Lineer Rate of Transformtion of Form II to Fora I (ce) e.

Temperature Average Rate Standard Average Rete a{ an c , 09: inch/hour Deviation m/hour
> 15 0.387 0.036 0.012

20 0.835 0,085 0.128
25 0.452 0.048 0.133

- xn 0.475 . 0.049 i 0.1k0

; 35 : 0.253 0.037 0.u;5

q , Both Forms I and III gave very erratic sensitivity values. ‘The high temperature polymorph, .
H Form II of DMPTB, gave consistent sensitivity values.

” References: #2
.€ (a) w. E. Hill, tion and Pr es of 2,2-Dini nol Esters, wAVYORD Report: No. 2697, 3 July 1358 re :

3
; (b) W. B. Hewson, Hercule’ Report on /figh Explosives, Navy Contract NOrd-112080, Task A,

' 5 18 October 1954.

; (ec) J. R. Holden and J. Wenograd, Physical Properties of an Experimental Castable Explo-
> sive 2,2-Dinitropropyl 2,4 ,b-Trinitrobutyrate DNPTB, BAVORD Report No. 4427, 11 December 1956.
*
+

ae ee foocnote 1, page 10.
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AMCP 706-177 2,4-Dinitrotoluene (INT)

Composition: Meleculer Weight: C7H¢Ro0, 1.82 .

Oxygen Selence: ’
C463 m CO, % “1h :
H 3.3 “9 CO % - 53 :

x 15.4 Doneity: gm/ce 1.524 :

* +) 35-0 ¥0, Melting Point: °C n
‘ C/H Ratio (0.579. Freazing Polat: °C :

impect Eensltivity, 2 Ke We: Boiling Point: °C Decomposes 3;R0 :
7 Bureou * Mines Apporotus, cm .

Sorte Wr 20 mg Refrective index, nc, :
Picatinny Arsene! Apporotus, in : ° .
Somple Wi, mg Os

Ne .

Steet Shoe Unaffected c/40 Hrs, ot :

Fiber Shoe Unaffected 90°C .
orc :

Rifle Bullet impect Test: = Trials 120°C 0.04 ;

Explosi % 135°C :
° 150°C ‘ 4

Pertials Qo 
{

Burned o 200 Grem Bomb Send Te: i
Unaffected 100 Sand, gm 19.3 ~ f ;

f ;Explosion Temperature: x a Sensitivity te lnitietion: { ; i
Seconds, 0.1 (no cap used) Miniroum Detonating Charge, gm &

j Mercury Fulminate \
5 Decomposes 310 Leod Azide 0.20

10 Tetry! 0.25
15
20 Ballistic Morter, % TNT: (2) 7

Treuzi Test, % TNT: = (b) 6h
73°C taternatione!. Meet Test:

% Loss in 48 Hrs Plete Dent Test:
Mathod

160°C Heet Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT

Detenation Rete:
Fle ~wability Index: Confinement

= Cand!tion .
Mygrescepicity: % 25°C, 100% RH 0.00 Chorge Diometer, in. :
v Density, gm/ce ‘

¥ Rote, meters/second
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2,4-" dni trotoluene (DT) AMCP 706-177

Fregmentetion Test:

90 am HE, M71 Projectite, Let WC-91:

Shoped Charge Effectivences, THT = 100:

Gloss Cones Steet Cones

Ghorge Wr, ib 
Hole Depth

Tetel Ne. of Fragments:
Color:For TNT 

Yellow

For Subject HE
Principal Uses: Ingredient of propellant

powder, dynamites and3 inch HE, M42A1 Projectile, Let KC-S: piaetic explosives
Density, gm/ec .
Charge Wi, lo

Tetel Ne. of Fragments: Mathed of Leeding: Pressed, extruded or cast
For TNT compocition
For Subject HE

Leeding Density: g/cc Veriebdle

Coagmont Velocity: ft/sec
ALO tt
At 25% ft Seerege:

Density, gn/cc
Method Dry

Blost Ueletive te THT): Hazord Close (Quont‘ty-Pistonce) Class 22
han Compatibility Group Group D

Peck Pressure ,
Impulse Emudotio

bie, 65.5°C XI Test:
fenpulse Minutes OF

Under Weter: Heat of:
Peak Pressure
impulse Combustion, cal/gm (b) 1585

Energy Thermal Cr ductivity:
Underground: cal, sec/ew/°CPec’ Pressure Density 1.322 g/cc 6.26 x 10"

irry. 80

Energy
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Stent peace cies:

AMCP 706-177 ake
uene

Preperation: *
See THT. :

ubili 200 gm of the following substances? ”

rey en Hitroglycerin Water
Sc 2 Se 2 Sc 3
2 = 08 20 3 22 0.027
3 0.29 50 0.037
45 0.49 100 0.25%
5 0.77 ‘

1.03 ‘

lity at 2 4 . .

cach 65.076 (ebsolute) 3.039 aaay? 2.43 tide (Gheonuta). 3.2 i
CEG 60. 6hh Acetone 82.91 ‘
Toluoi 45.470 Ethyl acetate 51-29 :
cH 5-014 CSp 2. 306 :Colgo (966) 1.926 Pyridine 76.810 :

Occurs as 75% of the products obtained on the nitration of toluene, tke remaining 25% being ‘
meiniy 2,6-DNT end other isomers of DWE. Also occurs as an impurity in crvde INT obtained by eo : wo
standard mamifecturing process. used in explosive mixtures at least since 1931. 4 a: <

References: 23 .
(a) I. C. Suith ond B. G. Eyster, fcal Testing of Explosives, Part ITI - Miscellaneous

Sensitivity Tests; Performance Tests : ° cember :

oO A. H. Blatt, Compilation of Data on Organic Explosives, OSRD Report iv. 2014, 29 Febru-
ary 1944

(c) Report Ac-2661.

(a) Aleo see the folios ng Picatinny Arsenal Technical Reports on D&T:

2 2 2@ 3 45 5 6 © 8&8 @g -
810 1352 72 394 1625 186 on 768

1830 1501. 372 3 Rr 2125 556 817 98 149
1651 ge2 3 1816 837 1538 ekg °
1781 = 1k 673 1084 1896 279
1821 «=«1EF2—s 1023 1008 T19
23, 461692) 3=— 1663 1164 17k9
2270 1743 134

2013 1464
152k
167%
1754
209%

"238¢e footnote 1, page 10.
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Dipenteeryhritol Hexanitrate (DEEHN) AMCP 706-177

Compertion: Metecwler Weight: (C1 oH) 6N6019) 554

21. Onygen Bolonce:

N 15.2 ONo,, ONO, CO % *3
° 60.2 ba < di

2 2 Benslty: gen/ce Crystal 1.63
ae a c 13-7

C/H Ratio 0.158 On0, ox6, Preceing Point: °C
texpoet Sonshinity, 2 Kg We: Belting Point: °C

Bureau of Mines Apparotus. cm 14
Somp'e Wt 20 mg Retcective index, ad

Picatinny Arsenal Apporotus, in. 4 °
Somple Wt, mg 10 nd

nis

Stee} Shoe Explodes cc/40 Hrs, ot
Fiber Snoe Unafferted 90°C
= 100°C 3-7

Rifts Bullet tempect Test: = Trials 120°C le
% *

Explesions 135°C
Partiot 180°C

Burned 200 Grom Bomb Send Test:
Unoffected Sand, gm 57.4

Explosion Vemporoture: *c Sensitivity to initiation:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, om

t 300 Mercury Filminote
5 Explodes 255 Leod Azide

_ 10 Tetry!
‘AS

2% Bollietic Merter, % TNT: (2) = 1hk2
a Tras! Test, % TNT: (b) 128

73°C tndseactione: Heet Test:
% Loss in 48 Hn Plete Bent Test:

a Method

100°C Meet Test: Condition
% Loss, Ist 48 Hes 0.12 Confined
% Loss, 2nd 48 Hrs 0.10 Density, gm/ce
Exptosion in 100 Hrs None Brisonce, % TWT

Detenction Rete: (c)
Flemmebiity index: Continement Copper tube

Condition Pressed

Density, grn/ec 1.59

v ¥ Rate, meters/second TuLo
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AMCP 706-177 Tipentaerythritol Hexanitrate (DPEHN) :

Fregmentetion Test: Sheped Chorge Effectivences, THT = 100: : ;

9 men HE, M71 Projectile, Ler WC-91: Gloss Cones Stel Cones :

Density, m/c Hole Volume ;

Tetel No. of Frogmente: Color: Woite :
For TNT .

For Subject HE :
Principal Voss: = Ingreditot of priming :

3 bach HE, MA2ZA1 Projectile, Let KC-5: compositions :
Density, gm/cc 7

: Charge Wt, ib : -

Tetel Ne. of Frogments: , Method of Laods Poseued .t
For TNT . .

} For Subject HE a

Fragment Velocity: ft/sec At 300 to 4000 psi 1.59 :
Ato fe
At 25% ft Storage: :
Density, gm/ce . 4

| Blast (Ralotive te THT: Hazord Closs (Quantity-Distonce) Class 9 _
7 . 5 : +

Ale, Contsned: Rreperrtions (Gost of Powder and :
impulse ives, s

2(BO-Clin),C Dehydratian ‘Under Weter: eae tie .
Peak Pressure (HO-Cp) 30-0-C( Cin-O8) 3 | > .
Impulse (0g80-Cilp) 30-0-C( C-Ol02) 3

ld Dipentaerythritol Hexanitrate is procured 7s
in the pure stat: (melting point 72°C) by a

Lon fractional crystillization of crude PETZ
Peak Pressure from moist acetone.

Impulse Origin: Formed as an impurity in the prepe-
Energy ration of PEIN. Properties first described

by W. Frederick and W. Brin in 1930
(Berichte pt 2861 (1930); Z. ges Schiess-
Sprengstoffw 27, 73-6, 125-7, 156-8 (1932)}

Heat of: :
Combustion, cal/gm 2260 :

: 120

,
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~ Dipentesrythritol Hexanitrate (IPH) AMCP 706-177

References: 24

(a) L. C. Smith and BE. G. Ryster, cal Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performance Tests, q > °

(b) A. Stettbacher, Die Schiess und Sprengstoffe, Leipsiz, p. 363.

(c) %. L. Iavis, The Chemistry of Powder and Explosives, John Wiley and Sons, Inc., HewYork (1983) pp. CE ca aa
a 8. Livingston, Characteristics of Explosives HAC and IPEHN, PATR No. 1561, 6 September

1945.
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AMCP 706-177 Dynamite, Low Velocity, Picatinny Arsenal (LVD)

Compection 99.5/0.5 RDX/1-MA dye* 17-5 Melecular Weight:

TNT 67.8 Oxygen Sotence:
Tripentaerythrito! - 8.6 co. %
68/32 Vistac ‘Yo 1/D0S binders** bad CO %
Cellulose acetate, LA-1 2.0

RIK, | Class B; 1-MA ts 964% pure l-methylamino- | Besely:gm/cc Loading 0.9
an quinone.

#Vietac No 1 is low MW polybutene; DOS is daiting Polat: °C
Ghogtysemecate. bs

Ratio Beeacing Point: °C

tnpoct Sensktivity, 2 Ky Wt: Belling Point: *C
Bureau of Mines Apporatus, cm

Somple Wt 20 mg Retrostive fades, 9,2,
Picatinny Arsenol Apporutus, in. 22 °

Somple Wt, mg 19 Ms
np

Stee! Shoe Unaffected cc/40 Hes, at
Fiber Shoe Unaffected 90°C

100°C

% 135°C

Portiols

Burned 206 Grom Bomb Send Test:
Unoffected Sand, gen 4.5 rw

|Explosion Tompereture: "C Sonaltivity to Inhiotion: —
Seconds, 0.1 (no cop used) Minimum Detonating Chorge, gm

1 Mercury Fulminote
5 Ignites 480 Leod Azide 0.20
0 Tetryl 0.15
15 =

75°C Internetions! Hoot Tes: — .
% Lous in 48 Hrs Plote Dent Test.

Method

100°C Hoot Test: Conditior °
% Loss, Ist 48 Hrs Confined
% Loss, Ind 46 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT °

Flemmebility index: Confinement None
Condition Hend tamped

Hygrescepicity: % on Charge Diometer, in. 1.25
|_ TC, 95% BH, 30 deve Satisfactory | Density, gm/ec 0.9

v ; Rote, meters/second 4907; or 14400 £t/sec
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nanite, Low Veloci Picati Arsenal (IVD AMCP 706-177

Frogmentetion Test: Shaped Chorge Etfectivences, TNT = 108:

90 cam NE, 1472 Projectite, toe WC-9T: Gless Comins = Stee! Cones
Density, gm/cc Hole Volume
Chorge We, Id Hole Depth

Tetel No. of Frogmente:
Cofer:For TNT Pink

For Subject HE :
Pelgcipel Gove: = Excavation, dewolition, -

2 lngh O18, MAPAT Projectile, Let KC-S: and cratering o
Density, gm/ce

Charge Wt, ib

Voto) Me, of Frogmente: Methed of Leoding: Wel) Packer machine Loaded
For TNT

For Subject HE
Leading Density: gm/cc 0.9

Fruscnent Velocity: ft/sec Tamped cartridge 1-1/2" diameter, 8" long
feo tt
At 25% ft Storage:

Density, gm/ce
Method Dry

Hest (Relative to THT): Hazard Class (Quontity-Distonce) Class 9

Ale: Compatibility Group Group A
Peok Pressure
Iv.pulee Exudation
Energy

Sensitivity to Initiation:Ale, Confined: Stick oF No. © Electric cep Positive
immpuise Stick dry, Corps of Exgineers Positive

Stick wet, Corps of Engineers Positive

Under Weter: Air Ga tion:Peok Pressure Max Sisters will, inch 2-1/2
\ ‘ win distance will not, inch 3
E Stick Water Insmersion:

eight gein, 9-16

Gadergreund: Heat of:
Pook Pressure Expicaion, cal/| 625
\ Gas Volume, cc/gm 611

Energy Cold Storage: Plastic to -65°F
Lov ee Useye;

- » i day, cap
erimper Satisfactory

12:3
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AMCP 706-177 te, Low Velocity, Picatinny Arsenal (IVD' “-_

Preparation:
To date this dynamite has been prepared on a laboratory scale, the details of which are ‘

Classified. It bas been shown, however, to be machine loadable on a Hall packing machine.

Origins
Nobel invented the original dynamite in 1866 and gave the name dynamite to mixtures of

nitroglycerin and kieselguhr. ‘he strength of a dynamite wee indicated by the percentage
of 3G in the mixture. Later oxidants and combustibles were substituted for the kieselguhr, .

4 and emmonium nitrate and/or nitrostarch replaced the NG, bringing into acistence new types ‘
; of dynemites. World War IT military operations required special demolition and crete ing

explosives free from the chjectioneble characteristics of i and many “dynamite substitutes”
were developed for sp.cific applications. The subject low velocity dynamite was developed in
1956 by Picatimy Arsen (Ref a).

e
a
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e
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we

Refercnces: 25 7,

i (a) H.W. Veigt, of Low-Velocity Mili osives valent to Comercis] ‘
: Dynamites, PA Techni ’ * :

; (bd) Also see the following Picutinny Arsenal Technical Reports on Dynamites: :

9 2 gg %-& g§ 6 fF 8 g
1260 «181 289 782 86 1285126 507 8hB (1819 :
1360 1611 153 1464 4s 57 1828 :

c 1720 1506 :

235ee footnote 1, page 10,
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Dynamite, Medium Velocity, Hercules (MVD! AMCP 706-177

net
; Composition: Malecular Weight:

%
Oxygen Selence:| sox Lf CO: % “51

bv 15 CO %7 Starch H
SAB Mo. 10 O11i Vietanex ofl gel* L Density: gm/cc Loading 1

#80/15/5, SAE No. 10 weight ofl/Vistanex B- Making Polat: °C
120x0/Mavy 12 wex,

C/H Rotio Freezing Point: °C

} tenpect Sensitivity, 2 Ke We: Nitroglycerin Equivelent, % 6
. Bureau of Minas Apporotus, cm = >100 _—:-

Sample Wt 20 mg 18 Refrective lndex, n°,
> Picatinny oneral Apparatus, in. = 25 ab

* nn
‘ :
} Feiction Pendulum Test: Vecuum Stability Teer:

$ « Steel Shoe Crackles cc/40 Hrs, at

} Fiber Shoe Unaffected 90°C
‘ 100°C 0.80

. Eos 135°C
: ' 150°CI Portio's

’ a“ Une-fected Send, gm 52.6

- NL Ruptecion Tempereture: Sensitivity te | sitietion:
Seconds, 0.1 (no cap usec) Minimum Detonoting Charge, gm

1 Marcury Fulminate

j 5 Leod Azide 0.20
i 10 Tetry! 0.10

; 1$
2 Bollistic Martar, % TNT: 122

{ _ Trouzi Test, % TNT:
y 73°C laternetionsl Meet Test:
j % Loss in 48 Hrs Piste Dent Test:
H Method

” 100°C Heat Test: Condition
; % Lens, Ist 48 Hrs 0.62 Contined
i . % Los, 2nd 48 Hrs 0.12 Density, gm/ce
j Explosion in 100 Hrs None a Brit. ce, % TNT
’ Detenetion Rete:
4 Plommehility lndex: Ccrfinement None
; Condition Machine tamped
, % Charge Diometer, i() ge er, in. 1.50
i zTLC, 95% RH, 3 days Satisfactory Density, gm/ee

Votasility: Rote, meters/second 6000-6600; or 20,000 ft/sec
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AMCP 706-177. Dynamite, Nediua Velocity, Herezles (MVD)

Fregmentetion Test: | Sheped Charge Effectiveness, TNT = 164:

90 same HE, MAT) Projectile, Let WC-91: Gloss Cones Steal Cones
Density, gm/ce Hole Volume

Charge Wt, Ib Hole Depth

Totel Ne. of Fregments:For TNT Color: Buff

For Subject HE
Principal Uses: Excavation, demolition, end

3 tach HE, MAZAI Projectile, Let KC-S: cratering
Density, gm/cc

Chorge Wt, to

Tete} ble. of Frogmente: Methed of Leeding: Hall Packer machine loaded
For TNT

. For Subject HE _

. Leading Denalty: grn/cc 1.1
F nt Velocity: ft/sec Cartridge 1-1/2" diameter, 8" long

Ar 9 ft
At 28% ft Storege:

Density, sin,'ce
Method Dry

Blect (Relative te TNT): Hazard Closs (Quontity-Distonce) Class 9

Ale: Compotibility Group Group A
Pook Pressure

lenpulee Exudation

. Sensitivity to Initiation:Ale, Confined: Stick a5. Wo. © Electric cap Positive
impulse Stick dry, Corps of Engineers Positive

Stick wet, Corps of
Under Woeter: Engineers > 50% Positive

Peok Pressure Air Ge tion:
impulse Max distance w_li, inch 1
E Min distance vill not, inch 2-1/2

Quarry Performance: 4 tons rock/ton

Undesgreund: explosive
Peck Pressure Stick Water Immersion:

impulse ie t gain, 25-27
Heat of: ,Energy “Explosion, cai/ © 935

Ges Volume, cc/gm 945
cold Storage: Plastic to -70°F
Low ture Usage:

- ’ Ys cap
crimper Satisfactory
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Dynamite, Medium Velocity, Hercules (MVD) AMCP 706-177

tion:

Manufactured on standard dynamite line and packaged on 4 Rall packing machine. Details of
handling materials and techniques of manufacture are classified.

Qrigin:
Military forces frequently require excewition, demolition, and cratering operatione for

which standard high explosives are unsuitak!e. Commercial blasting ¢ ‘plosives, except black
powder, are celled dynamites although they may contein no ni cerin. The sudject dynanite
eudstisute was developed in 1952 by the Hercules Powler Company (Ref a).

References: 26 ;

(a) W. R. Baldwin, Jr., Blas Losives te Substitute), Hercules Powler Compeny
Yormal Progress Report, RI ; t ? Contract DA- 34-ORD-110.

(>) H. W. Voigt, Devel t_of Low-Velocity Mili losives Byuivalent to CommercialDynamites, PA echnical Report NO> 2o7S Wasa NOB T ret> ° ——

26see footnote 1, page 10.
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AMCP 706-177 BC Blank Fire

] Conpennion: Molecular Weight: Approximately 503

Nitrocellulose, 13.258 N" & Oxygra Beleance:
Barium Nitrate 8 CO: % +5
Potassium Nitrate 8 CO % -25
Starch 3
Diphenylamine 0.75 Density: gm/cc
Aurine 0.25

Melting Point: °C

C/H Retie Freezing Point: °C

tmpoct Sensitivity, 2 Kg We: Belling Point: °C
Bureau of Mines Apporatus,cm 19

Somple Wt 20 mg Refractive Index, n°
Picatinny Arsenal Apporotus, in. °

Somple Wt, mg 20 Nes
[aa

Friction Pendulum Test: Vecwom Stebility Test:
Steel Shoe Snaps cc/40 Hes, ot
Fiber Shoe 90°C

-——— 100°C
Rifle Bellet impeoct Test: = Trials 120°C

. % 6
Explosions 135°C
Partials 150°C
Burned 200 Gram Bomb Saad Test:
Unoffected Sand, gra 46.8

Explosion Tempereture: ¢ Sensitivity to Initietion:
Seconds, 0.1 {no cop used) Minimum Detonoting Charge, gm

' Mercury Fulminate 0.22
5 Decomposes 200 Lead Azide

10 Tetzyl
15

20 Bellistic Morter, % TNT:
Treex! Teat, % TNT:

75°C internetional Hoot Test: —
% Loss in 48 Hrs 1.8 Plete Dent Test:

Method

100°C Heet Test: Condition
% Loss, Ist 48 Hrs 2.0 Confined
% Loss, 2nd 48 Hrs 0.2 Density, gm,‘cr:
Explosion in 100 Hrs None Brisonce, % TNT

Detenction Rote:
Flammability index: Confinement

# lei Condition
* % 30°c, 90% RH 6.2 Charge Giameter, in.

letiti Density, gm/cc

v , Rote, meters/second
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BC Blenk Fire AMCP 706-177

Fragmentetion Test: Shaped Chorge Effectiveness, THT = 100:

90 mm HE, M71 Projectite, Let WC-91: Glass Cones = Stee! Cones
Density, gm/ce Hole Volume
Chorge We, Ib Hole Depth

Tatel Ne. of Fregments:
Color:

For TNT

For Subject HE
; Principel ees: Grenades; caliber .30 blank

3 inch HE, M4ZA1 Projectife, Lee KC-5:

Dersity, g/cc
Charge Wt, Ib

Tetel Ne. of Fragments: a Mathe’ “4 Leeding: Loose
For TNT

For Subject HE
Loeding Density: gm/cc 0.ho

Bragment Velocity: :/s0c
At ft
At 25% ft Storage:
Density, om/ce

Method Wet

Binet (Relative te TNT): Hazord Class (Quantity-Distance) Claas 0

Air: Compatibility Group Group J
Fook Pressure
impulse Exudation

Enorgy
Preparation: EC Blank Pire is e partially

Ait, Confined: colloided propellant manufactured by a pro-
Impulse cess using eitber acetone and ethanol or a

mixture of butyl acetate and benzene to
Under Woter: gelatinize only a pert of the nitrocellu-

Peok Pressure lose. The process is controlled so that
Impulse the product passes through a No. 12 sieve

and is retained on a No. 5O sieve.
Energy

Origin:

Underground: Invented in 1882 as bulk sporting (smoke-
Peok less) powder by W. F. Reid and D. Johnson et _
Imputce the Explosive Company (whence the newe “PC")

in England (British Petent 619).

References:“‘(a) See the following Picatinny 120°C Heat Test; Minutes
Arsenal Technical Reports on EC Blank Fire: 891, Selmon Pink a 1 ie
901, 372, 512, 622, 233, 1373, 854, 65, 667, Red Fumes 300+
817, 69, 579 and 1399. Explodes 300+

Pisce footnote 1, page IC.
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AMCP 706-177 Ednatol, 55/45
oo,

mete eS Compesitica: Molecular Weight: 178

Haleite (Ethylene Dinitramine) 55 Onzgen Polonce: ‘ .bs “51 ;
INT 45 CO % -i7

Density: gm/cc Cast 1.62

_ Matting Polat: ‘C Eutectic 8

C/+ Rat > ; Freezing Point: *<

impoct Sencltivity, 2 Xg_ We: Boiling Poltt: °C
Bureou of Mines Apporctus, cm 95

Sompte Wt 20 mg Refractive faden, 7° .
Picatinny Arsenal Apparatus, in. °
Sample We, mg 20 fis

Steel Shoe Unaffected ec/40 Hr, at .
Fiber Shoe Unaffected 90°C

ec 1.0
Rifle Bullet impect Test: = T: ‘o/s 120°C 1

. % °

Explosions ) orc
Partials 0 .

Burned 7 200 Grcm Bomb Send Test: F

Explosion Tompereture: * = °C Sensitivity te taltietion: Lt :
Seconds, 9.1 (no cap used? 4.35 Minimum Detonating Charge, gm hall

1 ahs Mercury Fuiminate 0.22%

5 Decomposes 190 Leod Azide 0.268
10 183 Tat ,

aan 15 176 *Altern@tive initiating charges.
20 168 Sollistic Mertur, % THT: (2) 119

*Corposition Haleite/INT, 60/k0. treest Test, % THT: (db) 120
75°C international Heat Test:% Loss in 48 Hes Plate Dent Vout: 52/48

Mathod B

100°C Heat Test: Condition Cast -
% Loss, Ist 48 Hrs 0.2 Confined No .
% Loss, 2nd 48 Hrs 0.1 Density, gm/ce 1.62
Explosion in 100 Hrs None Brisonce, % TNT 1212

7 Detenetion Rete:
Flemmebiiity fades: Will not continue to burn Confinement Hone

Condition Cast
Hypresceyielty: % None Charge Diometer, in. 1.0

obetility Density, gm/cc 1.63
v ; Rote, meters/second THO
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Eduatol, 55 {45 AMCP 706-177

Fragmentation Test: Sacped Chorge Effectiveness, TNT = 100: 50/50

20 mm HE, M71 Prejectite, Let WC-91: Glass Cones Steel Cones
Oanaity, gm/ce 1.56 1.62 Hole Volume 126 123
Charge Wr, Ib 2.065 2.092 Hole Depth 117 121

Tetel Ne. of Fregments:
2 12For 703 703 Color: Yellov

Fo. Subject HE 8he 902
Principe Ueue: Projectiles, bombs; speciel

3 inch HE, MA2A1 Projectits, Let KC-S: ammunition components

Dersity, g/cc 1.60
Charge ‘Wt, tb 0.885

Tetel Ne. of Fragments: Methed of Lecding: cast 7
For TNT 54
For Subject HE 5%

Leoding Density: grn/cc 1.65

Frogmeont Velocity: ft/sec
Aro tt 2TH
At 25% ft 2b30 Storege:
Density, gm/ce 1.62

Method Dry

Blast (Reletive te TNT): (a, e) Hozard Closs (Quantity-Distonce) Clase 9

Ale: Compatibility Group Group I
Peak Pressure 108
Impulse 110 Exudation Does not exude at 65°C
Energy 108

Butectic Temperature, °C; 79.8Au Confined: “gm Haleite ate cn ONT
79.8% 0.48
95.0°C 1.12

Under Woter:
Peak Pressure -- Compatibility with Metals:
Impulse en : Brags, aluminum, stainless steel,

113 mild steel, mild steel coated with acid-
Energy proof black paint, and mild steel plated

with cadmium or nickel are unaffected. Cope
Underground: per, magnesium, magnesium-eluminum alloy and

Peak Pressu mild stcel plated with copper or zinc ere

Impulse slightly effected.

Energy Wet: Copper, brass, magnesium, magnesiuu-
Booster Sensitivity Test: (a) eluminum alloy, mild steel, mild steel coated

t with acideproof black paint and mild steel
Tetryl, em i plated with copper, cadmium, nickel or zinc
Wax in. for 50% Detone tion 1.28 sre heavily attacked. Aluminum is slightly
Density, g/cc 1.62 affected and stainless eteel is unsffected.
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(a) L. C. Smith and E. G. Eyster, sical Testing of Explosives, Part II - Miscelisneccs
oy Sensitivity Tests; Performance Tests, Report No. ’ r .

(>) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives, Second Revi-
sion, NAVORD Report No. 87-46, 26 July 1946.

q

s

:

. ~~ s

CP 706-177 . .AM Binatol, 5/45 ~~
. 

roy

Wet Haleite is added slowly to molton TNT heeted at about 100°C in a steem jacketed melting ‘
kettle equipped with a stirrer. Heating and etirring are continued until sll moisture is ;
evaporated. Loading is done by pouring the mixture cooled to 85°C. . t

in: :

Mixtures of Heleite (EDNA) and TNT, designated Ednatol, were developed et Picatinny Arsenal :
just prior to World Wer IT. :

References: ©2 :

oa
’

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

(4) lL. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, ROL Memo 10,303, 15 June 1959.

ous”) W. Re Tomlinson, Jr., Blast Efects of BowhExplosives, PA Tech Div Lecture, 9 April
1948.

(f) Eastern Laboratory, du Pont, Investigation of Sat Effect, Sec III, Variation of
Cavity Effect with Composition, NDRC Contract W-672-0 .

(g) astern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, 18 Septem.ber 1943, NDRC Contract Wb T2-ORD-SIoR ee

Be
e 

eS

(nh) Also see the following Picatinny Arsenal Technical Reports on Ednatei:

9 i 2 3 4 2 § Z 8 2 :
12990 109k sdn62i199'sisdegh 32501796) 1K57)198)Ss(279
v0O1K852 1372) 13630995 w77 1388 1g :
1k20 1652 kB2 1493 1885 1737 —s«1EB :
1530 1797

q 
.

.

*8See footnote 1, page 10, 
-
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Ethylene Glycol Di-Trinitrobutyrate (GINB) AMCP 706-177

Compaction: Molecular Weight: (Cy oH oN 0, 6) 468

25. Oxygen Belence:G 8.6 CO, % 3
BR 2.6 CO % 0

CO, CRO.MoT pHa CO, CH, CHA C( 3) Density: gm/cc Crystal =—:1.63
0 5h7 CH.,C0 2% CH2C(NO,) Melting Point: *C 96

C/H Ratio 0.235 Freezing Point: °C

lenpect Sencitivity, 2 Kg Wt: Seiling Point: °C
Bureau of Mines Apporatus, cm

Somple Wt 20 mg Refractive index, n°
Picatinny Arsenal Apparatus, in. °
Somple Wt, mg ss

ne

Friction Pandelum Test: Vecewm Stebility Test:

Steel Shoe cc/40 Hrs, at
Fiber Shoe 90°C

100°C
Ritte Sullet Impect Test: Trios 120°C

Exploss % 135°C
Portiols 1s0°c
Burned 200 Gramm Bomb Sead Test:
Unottected Sond, gm

Explosion Tompereture: *¢ Sensitivity te Initiation:
Seconds, 0.) (no cap used) --- Minimum Detonoting Charge, gm

} eee Mercury Fulminote
5 50% point 2H” Leod Azide

10 Tetryl
5
20 Bellistic Merter, % TNT:

Trousi Test, % TNT:

73°C lnternatione! Hoot Test:
% Loss in 48 Hrs Plate Dent Test:

Method

100°C Meet Test: Condition
% Loss, ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT

Detonation Rete:
Flammeobility Sndex: Confinement

Condition

Hyprecceplaity: % Charge Diometnr, in.
Density, gm/ce 1.63

Volasility: Rate, meters/second T3h0

133
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7 AMCP 706-177 Ethylene Glycol Di-Trinitrobutyrate (GIB)

Pragmentetion Test: Shaped Charge Effectiveness, TNT = 100:

90 mm HE, 71 Projectile, Let WC-91: Glass Cones Steel Cones

Density, gm/ce Hole Volume
a Charge Wt, ib Hole Depth

Tetel Ne. of Fregments: Col
For TNT .
For Subject HE

Principal Uses: = Cagting medium for HE compounds
3 inch HE, M42A1 Projectite, Let KC-5:

Density, gm/ec
Charge Wt, fb

Torel Ne. of Fragments: Method of Leeding: Cast
For TNT

For Subject HE
Leading Density: gm/cc 1.60

Peagment Velocity: ft/sec
Ad ft
At 25% ft Sterege:

Density, gm/ce
Method Dry

Blac (Relative te THT): Hozord Class (Quantiiy-Distonce)

Al Compatibility Group
Peak Pressure
tmpuise Exudation None

Energy
Ab, Preparation: (a)

impulse By the addition of nitroform to ethylene
glycol diacrylate. As the method of prepa-

Under Water; ration often leads to products difficult to
Peok Presiure purify, a preparation from ethylene glycol

, i ‘ and pure trinitrobutyric acid is in process.

Energy Origin:
~ First synthesized in 1951 by the U.S.

Peck Pressure Rubber Company, Research and Development
impulse General Laboratories, Passaic, New Jersey.

Energy Viscosity, poises:

Temp, 96.9°C 0.246
106.5°C 0.193

Liguid Densit: ec;
Temp, 98. 1.467

”106.5°C 1.459

Ewa to,
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P 706-177 RS~, Ethylene Glycol li-Trinitrobutyrate (cTNB) AMC a

References:29 4

(a) U. S. Rubber Company Progress Report No. zk, Navy Contract NOrd-10129, 1 February 1951 ‘d
to 1 May 1951. .

(b) U. S. Naval Ordnance Laboratory, Silver Spring, Maryland, Letter from Dr. 0. H. John-
son to Comending Officer, Picatinny Arsenal, 8 April 1955 (ORDBB 471.86/44-3, Registry No.
20°15); and NOL Letter from Dr. De Ve Sickaen to Coomanding Officer, Picatinny Arsenal,
29 November 1955 (ORDBB 471.86/159-1; Serial No. 22894).

see footnote 1, page ic.
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ALCP 706-177 Explosive D (Ammonium Picrate)

: 
Composition: 

Meleculer Weight: ( Cee), v7) 2k6

. O—NH Ouyger Bolexce:Cc 29.3 4 Co. % se

EH 2.4 O,N No, co % -13

L | oN 22.7 Denelty: gm/cx Crystal 1.72
a ° 45.6 Malting Peiat: °C = Dacomposes 265

NO.f C/H Ratio 0. 317 2 Preaving Polat: °C
, lnpect Sensitivity, 2 Kg We: Belling Polat: °C

Bursou of Mines Apparatus, cm .

Somple Wt 20 mg Refractive lndex, n°, a, 1.508
Picatinny Arsenal Appovatus, in. 17

Somple Wt, mg LP 1.870
Sy 1.97

Friction PeoAulam Test: Vecoum Stebility Test:

Fiber Shoe vuarrecied 90°C
100°C 0.2

Rifle Bullet impect Test: Tricls 120°C ok
% *Explosi 0 135°C ,

Portiols 0 150°C 0.
Burned 3 203 Grom Sumb Send Test:
Unoffected 70 Send, 97 39.5

Explesion Tomporeture: i Sensitivity te tnitiotion:
Seconds, 0.1 (no cap used) 405 Minimum Detonating Chorge, gm

1 367 Marcury Fulminote
5 Decomposes 318 Leod Azide 9.20

0 3h Tetryi 0.06
15 299
20 295 Bellietic Mortar, % THT: (a) 99

en Trount Test, % TNT:
75°C lnternatiqnal Heat Test:

% Loss in 48 Hrs Plate Dent Toot:
Method A

100°C Meet Test: Condition Pressed
% rss, Ist 48 Hrs 0-1 Confined Yes
% Loss, 2nd 48 Hrs 0.1 Density, gm/ce 1.50
Explosion in 100 Hrs None Brisonce, % TNT 91

Detonation Rete:

y Confinement None
Condition Pressed

piety: % 100% FH O-1 Charge Diometer, in. 1.0
olatiliey Density, gn/cc 1.55

. ; Rate, meters/second 6850
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losive D (Ammonium Picrete AMCP 706-177

Fragmentation Test: Shoped Cherge Effactivenses, TNT = 120:

90 mm 108, 71? Projectile, Let WC-93: Gloss Cones = Stee! Cones
Density, om/ec 1.50 Hole Volume
Chorge Wt, ib 19h Hole Dapth

Tetel Ne. of Fragmente:For TNT 703 Color: Yellov-orenge

For Subject HE 6h9
: Paacipel Uses: = AP grciectiles end boubs

3 inch NE, M4ZAT Projectile, Let KC-S:
Denalty, gm/ce 1.55
Charge Wt, ib 0.82

Total No. of Frogmente: ated of Lending: Pressed
For TNT 54
For Subject HE 508 5

Leeding Density: psi x 10 :3 5 once 12 15 2
Peagment Velocity: ft/sec. 1.33 SL 1b7 149 1.51 1.53

At 25% ft Stevege:
Density, gm/ec :

Mathod Dry

West (Relative te TNT): Hazard Class (Quantity-Distonce) Class 9

Ain Compotibility Group Group I
F wok Pressure

Impulse taxdotion None at 65°C
Energy

Sensitivity to ElectrostaticAk, Centined: Discharge, Joules: (4)

100 Meah:
Under Weter: Confined 6.0

Peak Pressure Unconfined 0.025
—_ Booster Sensitivity Ive: — (c)

Condition Pressed
Tetryl, an 100

Underground: Wax, in. for 50% Detonation 1.27
Peak Pressure Density, gu/cc 1.54

impulse Heat of:
Energy Combustion, cal/gn 2890

Explosion, cal/gn 800
Formation, cel/gm 395
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AMCP 706-377 Explosive D (Ammonium Picrete)

: Preparation:
Explosive Dis manufactured by suspending picric acid in hot water snd neutrelicing it with

gaseous or liquid ammonia. As the picrate is forwed, it goes into solution; on cooling, it
' : precipitates. An excess of ammonia leads to formation of the red form of ammonium picrste.
Boe, Thie should be avoided. ‘The separated crystals are washed with ~old water and dried.

F Bffect of Storage on Sand Test Values: :
. Minimum

=
| Pane oTStorage, mate Tetryl Cruehed

Yeers” Vc wy je
0 0.06 23
3-5 ” 0.25 23

7 2* orm 0.03 23
ke Horm] 0.08 23
Qa 50 0.2% - 23

* After 3.5 years at 50°C.
#® After 3.5 years at 50°C and 2 vears at migazine temperature.

Solubility: ga/100 gm (4), of: (e)

Water Alcohol Ethyl Acetate

% °¢ § 2¢ 3
20 Li o 0.515 fe) 0.290

106 TS 10 0.690 10 0. 300
cy 1.050 x 0. Bo
50 1.890 50 0.450
80 3.620 Bo 0.560

Origin:

First prepared by Merchend in 1641 and used by Rrogere in admixture with potessium nitrete
as & propellant in 1869. Used as a high explosive arter 1900.

Destruction Cheni cal ition:

Explosive D (ammonium picrate) is decomposed by dissolving in 30 times its veight of a.
solution mede from 1 part of sodium sulfide (Ne,S-9H20) in 6 parte of water.

References; 3°

(e) L. C. Smith and E. G. Ryster, esl Testing of Explosives, Part {IT - MiscellaneousSensitivity Tests; Performance Tests, ae ee ie ee~ ST Dececber 1088.

308ee footnote t, page 10.
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Explosive D (Azmonium Picrete) AMCP 706.117
ao!

(>) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 12 August 1942. i

(c). L. C. Smith rad SR. Walton, A Consideration of PDX/Wax Mixtures as @ Substitute for
Tetryl in Boosters, .OL Mewo 10,303, 15 June .

(a) Fs W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Bgigeires to Initiation
_- by Electrostatic Discharges, U. S. Dept of Int, Bureau o: nes, ’ e ;

(e) Various sources in the open literature.

(f) Also see the following Picatinny Arsenal Technical Reports on Explosive D:

S Q FS é F} 4 2 & I 8 2
- Mo tbh 132 8h3 694 65 266 «1737 328 2=—:1729

870 «321 «582 Toh 425 556 = 1T9T 83% 2759
ee :>) inte ; 874-1585 796 1838

> 1352 123% 1855 986
> 13Te 172k = iT25 1466
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AMCP 06-177 Glycerol Monolactate irinitrate (GLIN) Liguia

Composition: Meleculer Weight: (CcHN0),) 299

Oxygen Belence:ce ONO, CO. % ~~
R 30 GH 0 c~ Ci cl, CO % 3
N 1h. a ONO, Density: gm/cc Liquid L.AT

0 588 Matting Point: °C
C/H Ratio 0.180 Freeing Point: “C

leapact Sencltivity, 2 Kg Wr: Ceiling Polat: °C
Bureou of Mines Apporotus,cm 15 (1 1b wt); 42

Sample Wt 20 mg Refractive index, 2,
Picatinny Arsenal Apparatus, in. °

Somple Wr, mg ne 1.64

ne

Friction Pend = .n Test: Vecuum Stebility Test:
Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C

100°¢ 5.9
Rifle Bullet lpect Test: Triols 120°C

% 138°CExelon is0-c
Partials

Burned 206 Grom Bomb Send Test:
Unaffected Send, gm 13.1

Explosion Temperature: ¢ Senattivtcy te taltiation:
Seconds, 0.1 (no cop used) Minira m Detonating Cherge, cm

1 Mercury Fulminote

5 223 Lood Azide
10 Tetryi
1§
20 Bollietic Merter, % THT:

Troual Tew, % TNT:
73°C lnternetione! Heat Test:

% Loss in 48 Hrs Ptate Dene Test:
Method

100°C Heat Test: Condition
% Loss, Ist 48 Hrs 2.5 Confined
% Loss, 2nd 48 Hrs 1.8 Density, gm/ce
Explosion in 100 Hrs None Brisonce, % TNT

Detenetion Rete:
Finmmebility index: Confinement

: Condition

% Charge Diometer, in.
Density, gm/ceVeletility: 60°C, mg/en“/hr 28
Rate, meters/second
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Glycerol Monolactate Trinitrate {GLIN) Liquid AMCP 706-177

Fragmentation Test:

90 men NE, M71 Projectile, Let WC-91:

Dersity, g/cc
Charge Wr, tb

Tetel Me. of Fregments:

For TNT
For Subject HE

3 inch HE, M42A1 Projectile, Let KC-S:

Density, grn/ec

Sheped Cherge Effectiveness, TNT = 100:

Glass Cones Steet Cones. -
Hole Volume

Hole Depth

Color:

Principal Uses: Gelatinizer for nitrocellulose

Charge Wt, ib

Total Ne. of Fregments: Mcthed of Leading:For TNT .
For Subject HE

Leeding Density: grn/cc

Fregment Velocity: ft/sec
Ataf
At 25% ft Storege:

Density, gm/ce
Method Liquid

Biect (Relative te TNT); Hozard Class (Quontity-Distonce) Class 9

Ale: Cornpatibility Group
Peok Pressure
Impulse Exudation
Energy

Als, Confined: Hydrolysis, % Acid:
Impulse 10 days at 22°C 0.021

5 days at 60°C 0.014
Under Water: Solubility in Water,

Peak Pressure gm/100 gm, at:
impulse #58c <0.01
Energy 60°C <£0.015

Solubility, gm/100 gn,
Underground: at 25°C, in:

Peak Ether ey
Impulse 2:1 Ether:Alcohol =
Energy Acetone o

Heat of:

Combustion, cal/gm 2hoT
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AMCP 706-177 Glycerol Monolactate Trinttrate (GLIM) Liquid

tion:

. Glycerol monolactate (GML) _s prepared by heating a glycerol lectic acid mixture containing
ve hd excess lactic acid at 116°C for 112 hours with dry air bubbling through the liquid. ‘he

oat product which contains 0.67% free acid is carefully mixed with 6 parts of 40/60 TI /B2 90,
Pos. maintained at 20°C, stirred for 1 hour, cooled to 5°C, and poured on ice. It is ¢
aa with ether, weter-washed, adjusted to pH 7 by sheking with a sodium bicarbonate solution, and
oe egein water-washed tnice times. It ie then dried with calcium chloride, filtered end freed

of ether by bubblivg vi‘h eir until minim] loss in weight is obteined. The product has a
nitrate-nitrogen conte.t of 13.43% (theoretical 14.1% N). Another batch, prepared from “ML
obtained from glycerol-lactic acid containing 6.5% excess glycerol, had a nitrete-nitr’ge.
content of 14.30%, corresponding to a mixture containing 5.5% nitroglycerin. It 1 not con-
sidered practicable to prepare the pure GLIK.

int

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

, The preparation of glycerol monolactate by heating glycerol with equimolar proportions of
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 2,087,960).

Reference: 3!

(a) P. F. Macy and A. A. Saffitz, Explosive Plasticizers for Nitrocellulose, <ATR No.
1616, 22 July 1946. ——

es,

wy
,

wT5ee feotnote 1, page 10.
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Glycol Dinitrate (GDN) Iiguia AMCP 706-177

Compscition: Molecular Weight: (CoH,N50%) 152
%

Cc 15.8 ONO Oxygen Selence:
ao CO: % 0.0

Bz 2.6 ct, CO % 21

N 16.4 | Benelty:gm/co | Liquid, 25°C =. 1..48
) 63.2 SN Matting Point: °C -20

ONO
C/H Ratio 0.092 2 Breezing Point: °C

lmpeoct Sensitivity, 2 Kg Wr: Boiling Poin?: ‘C
Bureau of Mines Apporotus,cm 4 (1 1b wt); 56

Somple Wt 20 mg Kefrective Index, n°,
Picatinny Arsenal Apporatus, in. o

Somple Wt, mg fts 7.4452

aS

Briction Pendulum Teet: Vecwum Stebiity Test:

Stee! Shoe ce/40 Hes, at
Fiber Shoe 90°C

100°C
Rifle Ballet Impoct Test: = Triols 120°C

% .

Partials

Burned 200 Gram Bomb Send Test:
Unaffected Sand, gm

Explessen Temperersrs: *¢ Sensitivity to lnitiction:
Seconds, 0.1 (nc cap used) Minimum Detonating Charge, gm

1 Mercury Fulminote
5 Evplodes 257 Leod Azide

10 Tetry!
15
20 Ballistic Morter, % TNT:

Trews! Test, % TNT:
73°C International Meet Test:

% Loss in 48 Hrs Plete Dont Test:
Method

100°C Hoot Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/ec

Explosion in 100 Hrs Brisance, % TNT

Detonstion Rete:
Flammability Index: Confinewent Glass tube

> Condition Liquid
Hygrescopicity: % 30°C, 90% RH 0.00 Charge Diometer, in. 10

Density, gm/cc 1.485

Voletility: Rate, meters/second 7300 and 2050
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AMCP 706-177 Glycol Dinitrete (GDN) Liguid

Fregmentetion Test: Sheped Charge Effectiveness, TNT = 100:

90 mem HE, M71 Projectile, Ler WC-91: Gloss Cones Steel Cones

Density, gm/ce Hole Volume
Charge Wt, Ib Hole Depth

Tetel Ne. of Fragments: Color: Yellow
For TNT

For Sudject HE
Principal Uses: Ingredient of nonfreezing

3 inch HE, MA2A1 Projectile, Let KC-S: dynani te
Reraity, gm/cec

Charge Wt, ib

Total vv. of Frogments: Methed of Leeding:
For TNT

For Subject HE
Leeding Density: gm/cc

Fragment Velocity: ft/sec
At? ft
At 25% ft Storage:
Density, om/cc

Method Liquid

Stect (Relative te TNT): Hozard Class (Quantity-Distance) Class 9

Ale: Compatibility Group
Peck Pressure
Impulse Exudation

Energy

Ale, Confined: Solubility sn 1000 cc Water:

Impulse Temp, °c Grams
15 6.2

Under Weter: 20 4.8
Peok Pressure 50 9.2
Impulse Viscosity, centipoises:

Energy Temp, 20°C 4.2
Veror Pressure;

Underground: —————

Peok Pressure pa mm Mercury
Impulse fs) 0.0044

20 0.038
Energy Lo 0.26

60 1.3
80 5.9

100 22.0
Heat of:

Combustion, cal/gm 1764
Formation, cal/gm (b) 366
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ren Glycol Dinitrate (GDN) Liquid AMCP 706-177

Preperaticn:

Glycol dinitrate (ethylene glycol dinitrate, dinitroglycol, nitroglycol, dinitrodinethyl-
eneglycol) may be prepared by nitration of ethylene glycol, HOCHDCH,OH, with a mixed nitric
acid in the same apparatus that is used fcr the preparation of nitroglycerin. The glyco? is
prepared by synthesis from ethylene, and ethylene chlorohydrin:

HOC1l H0
CH, = CH 7————?> HOCH, CH.Cl —————> HOCH,,CH. OK2 2 ore NaHico 22

3

Origin:

Henry was the first to prepare and identify glycol dinitrate (Ber 3, 529 (1870) and Ann
chim phys [4 ]27, 243 (1872) but Kek21é had previously nitrated ethylene and obteined an un-

- stable oi] which he supposed to be glycol nitrate-nitrate. No immediate practical use was
wade of glycol dinitrate because glycol itself was relatively rare and expensive at the time.
It was 1904 before a patent was granted covering the use of GIN as an explosive (ae 179,789).
but it was seven years later before its actual use “4 an explosive was recorded (Mém poudr 16(1911) p. 214). ‘the principal physical properties of GDN were determined or recorded by Rink-enbach (Ref b).
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References: 32

fa) Ph. Naoum, Nitr cerin and Nitr cerin losives, translation, E. M. Symmes, The
— Williams and Wilkins Company, Z » De .

a (b) Wm. H. Rinkenbach, "the Properties of Glycol Dinitrate," Ind Eng Chem 18, 1195 (1926).

( () Wa. H. Rinkeabach, "Glycol Dinitrate in Dynamit: Manufacture," Chem Met Eng, 34, 296
1927).

(4) Wo. H. Rinkenbach, Ppplicetion of the Vacuum Stability Test to Nitroglycerin and Nitro-glycerin Explosives, PATR 1624, ugust .

a
 

2
 

S
h

 
2

 
a

 
a

 
ee

 
eee

 
ae

 
a

32See footnote 1, page 10.
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AMCP 706-177 #6

Compecition: Meleculer Weight: 93
%

RDX ks Oxygen Selence:
ar 30 CO: % ~66
Aluninua 20 CO % “¥
D2 Wax > Density: gm/cc > Cast = =1.74
Calcium Chloride,

added 0.5 Melting Point: °C

C/H Ratio Breexzing Point: °C

hk ~eet Sensitivity, 2 Ke Wr: Boiling Point: °C
Bureou of Mines Apparatus, cm --

Somple Wt 20 mg Refractive Index, n°,
Picotinny Arsenal Apporotus, in.(c) 14 °

Sample We, mg 18 Ms
ne

Friction Pendulum Test: Vecuum Stebliity Test:
Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe id 90°C ane

100°C 0.47
Ritle Bullet Impoct Test: = Triols (d) 120°C

% *

Partiols “-
Burned -- 200 Gram Bomb Send Test:
Unofttected 20 Sand, gm 49.5

Explosion Tompereture: *c (a) Sensitivity to Initiation:
Seconds, 0.1 (no ccp used) -°> Minimum Detonating Charge, gm

1 seo Mercury Fulminote cree
5 610(min) (c) Leod Azide 0.20

10 Tetry! 0.10
15
20 Bellistic Morter, % TNT: (4) 135

Trouzi Test, % TNT:
75°C internetione! Hoot Test:

% Loss in 48 Hes Plate Dent Test:
Method

100°C Hoot Test: Condition
% Loss, Ist 48 Hrs 0.78 Confined
% Loss, 2nd 48 Hrs 0.00 Density, gm/ec
Explosion in 100 Hrs None Bri » % TNT

Detenstion Rate: (a, b)
Flommcbility index: Confinement None

5 Condition Cast
Hygrescepicky: % 30°C, 95% RH, 7 days 2.01 ; i .Hoc? 3en mn + aye Lt? Chorge Diamster, in. 1.0

Density, gm/cc 1-71

Velotitiey: Rote, meters/second TL9L
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AMCP 706-177

Beeeter Sensitivity Test: Decomposition Equation:
Condition Oxygen, atoms/sec
Tetryl, (Z/sec)

etry! gm Heot, kilocatorie/mole
Wox, in. fm 30% Detonation (AH, keal/mo!)
Wax, gm Temperature Range, °C

Density, gm/ce Phase

Heet of: Armor Plate impectCombustion, cal/gm 3972 ' Test:
Explosion, cal/gm 923 60 mm Mertur Projectile:

Gas Volume, ec/gm 733 50% inert, Velocity, ft/sec
Formation, cal/gm Aluminum Fineness
Fusion, cai/gm Y8°C (b) 10.25

500-1 Generel Purpose Bombe:
Specific Heat: c_., ,m/°C (bd)

30°C 0.269 Plate Thickness, inches

50°C 0.268 1
A

\%
1%

Burning Rote:
cm/sec

Bemb Drop Teot:

Thermal Conductivity: (o) _col/sec/em/*C 35°C 1.10 x 10 3 T7, 2000-%) Semi-Armer-Plercing Bomb vs Concrete:

eet ti of Expe ; Max Sofe Drep, ft

toon” 4é/inch ho x 107% 500-W» Genera! Purpose Bemb vs Concrete:
35°C 83 x 107}
70° 132 x 107 Height, ft

Trials
Merdness, Mohs’ Scale: Unaffected

Young's Modulus: (b) 9 Men oun
E’, dynes/cm? 9-0 x 10”, ‘9 .
E, Ib/inch? + x lu 1000-% Goneral Purpese Bomb vs Concrete:
Density, gm/cc oe

Height, ft
Compressive Strength: \b/ixch? See be:cw Trials

Unaffected

Veper Preseure: Low Order
*¢ mm Mercury High Order

Compressive Strength: 1b / inch” 1053
Density, gm/ee 1-71
Ultimate deformation, % 1.32
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AMCP 706-177 H-6

Frogmentation Test: (>) Sheped Charge Effectivences, THT = 100: : ;
90 mm HE, M71 Projectile, Lot ECS-i-17: Gloss Cones 9 Sten! Tones

Density, gm/ce Hole Volume
Charge Wr, Ib Hole Depth Re

 
eG

Totel No. of Fragments:

For Composition B 998
For Subject HE ret *

S iach WE, MA2ZA1 Projectile, Lot KC-5:

Density, gm/cc
Charge Wr, ib

Color: Gray

a
 

e
e

 
e

e
s

Tetel Xe. of Fragments: Methed of Lending: Cast :
For TNT

For Subject HE se
e 

t
w

 
ee

e

Leoding Density: gm/cc 1.71 ~¢

Fragment Velocity: ft/sec
Ato ft
At 25% ft Sterege:

Density, gra/ec
Methed Dry

Blevt (Relative te TNT): (a) Hazard Closs (Quoniity-Distance) Class 9

A: 3-25" diameter sphere Compatibility Group Group I :
Peok Pressure & psi Catenary 25.4 Semeur?”
impulse NFOC Pendulum 19.8 Exudation None

Energy ose

48



¢
: 6 AMCP 706-177
,; o-TMs\
; Rffect_of Altitude, Crarge Diameter and Degree of Confinement on Det nation Velocity*
4
‘ (Reference ¢)

: ' ; In umn !" | Explosive Simulated Altitude, [Gontined’ Unconfined | Contined t Uncontined
; Feet n/8 , ns u/s i a8 :

; - } ager, Ground | 6820 ' 6720 | 6670 } 5270
‘ ‘ density ;
: “gufec 1.59 | 30,000 6660 . 693(2) 6610 . 6760(4)
: ; + 60,000 : 6800 - i 6520 - 6400(4)

a : 9¢ ,000 6810 6720 - 6550 6610(1)

" Average 6798 6790 —(st(“ié«i SB 6260
. . ——————————————————

a B-6, Ground nm90 0; THM - 7340 6870
; density,

, 4gee 1.69 30,000 700(2) TIO _ 730 7980
i 6,000 . 7280 7490 T7550 7010

90,000 > 7300(3)—«-T2TO 7500 7000
: Average - 7268 7385 1438 7215
» *Confined charge in 1/4" steel tebe, AISI 1015 seamless, 1" diameter 18" long, and 2”
° dienster 7" long. All means were determined from sets of five values unless otherwise :
: indicated by ( ). A 26 am tetryl booster was used to initiate each charge. _

; Average Fragment Velocities at Various Altitudes* (e) :
. T Simlated Altitude, Feet
. ‘Losive Charge Dianeter, Ground 000 60,000 96,000‘ Inches we 3 | as as
: THT, 2 2gho 2991 | nu19 2668
: density, }

i & :, gn/ce 1.52 2 3623 19L | 5077 M80

| B-6, 1 a 3563
density, :
gnfee 1.71 2 603 MTeH 8998 268

*Qutside diameter 2.54"; inside “tameter 2.04"; length 7".

References:

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

(In recognition of its development
late Dr. G. ¢. ule o

Haleite (Eth-lene Dinitramine) (EDNA)

as 6 military explosive by the

Pteatinny Arsenal.)

Composition: Meleculer Weight: (CoRc11,0),) 150
% NO.

2
c 16.0 HC —— 5 Co. % -2

H 4.0 k co % -10.5

N 37.3 Density: gm/cc Crystal 1-71
fe) .) 42.7 te— 3 ; Melting Point: °C Decomposes 175+

C/H Rotio 0.066 a Freezing Point: °C

Impact Sensit’? “v, 2 Kg We: Boiling Point: °C
Bureou of ines Apporatus,cm = 48

Sample Wt 20 mg Refractive Index, nf,
Picatinny Arsenal Apparatus, in. 14 °

Sample Wr, mg 17 nes
ns,

Friction Pendulum Test: Vacuum Stability Test;

Stee! Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90°C

100°C 0.5
Rifle Bulict Imnect Test: Trials 120°C 1.5

% ¢

Partials 60 5 Lit
Burned 20 200 Grom Bomb Sand Test:
Unaffected 20 Sand, gm 52.3

Expicsion Temporeture: *¢ Sensitivity to initiation:
Seconds, 0.1 (no cap used) 265 Minimum Detonating Charge, gm

1 216 Mercury Fulminate 0.21

5 Decomposes 169 Lead Azide 0.13
10 178 Tetry! --
15 173
20 170 Bollistic Morter, % TNT: (a) 139

Trousi Test, % TNT: (2) 122
75°C International Heet Test:

% Loss in 48 Hrs 0.01 Plate Dent Test: (e)
Method A

140°C Sieot Test: Condition Pressed
nect Vv% Loss, Ist 48 Hrs 0.2 Confined *e8

% Loss, 2nd 48 Hrs 0.4 Density, g/cc 1.50

Explosion in 100 Hrs None Brisonce, % TNT 122

Detonation Rete:
Flan aebility Index: 136 Confinement Unconfined

Condition Pressed
HMygrescopicity: % 0.01 Charge Diameter, in. 1.0
V Density, gm,’cc 1.69

‘shetility: Nil Rote, meters/second 7510
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Haleite (Ethylene Dinit.>‘.e) (EDNA) AMCP 706-177

Bosster Sensitivity Test: (a) Decampesiticn Equation: (e), 8 (s} (1)
Condition Pressed Oxygen, otorns/sec = 10°°°° 19M h 10 La

(Z/sec)Tetryt, grr 100 .Heat, kiiocalori le 5 . .Wax, in. for 50% Detonation 2.09 (3H, naira hia +5 3T-3 390.8
Wax, gm Temperature Ronge, “C 184-254 9 -- 144-16k °
Density, grvec 1.42 Phose Liquid Solid Solid

Hset of: P Piet
Combustion, cat/gm 2677 Impact Test:
Explosion, cal/gmn L276 60 mm Mortar Projectile:

. Gos Volume, <¢/gm 908 50% Inert, Velocity, ft/sec
Formation, cal’gm 134 Aluminum Fineness
Fusion, cal/ger.

500-t Genera! Purpose Bombs:

Specific Heet: col/gm/°C
Pilate Thickness, inches

J

ih,

ly,
Wr,

Burning Rote:
cm/sec

Bomb Drop Teet:

Thermat Conductivity:
col/sec/emn/*C T7, 2000-b Semi-Armor-Piercing Bomb vs Concrete:

ee

Coefficient uf Expansion: Max Sate Drop, ft
Linear, %/°C 500.t Genero! Purpose Bomb vs Concrete:
Volume, %/°C Height, f

Trials
° Hardm ss, Moka’ Scale: Unaffected

. Young's Modulus: rare
E’, dynes/cm* igh Order

. E, Ib/inch? 1000-Ib Genercl Purpose Bomb »s Concrete:
. Density, gm/cc

Height, fr
- Compressive Strength: !b/inch? Trials

Unoffected

Vapor Pressure: Low Order
“¢ mm Mercury High Order
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AMCP 76-177 Haleite (bthylene Dinitremine) (EDNA

( Fregmontetion Test: Shoped Cherye Etfectivences, TNT = 100:

90 mm HE, M71 Projectile, Let WC-91; Gloss Cones Stee! Cones
Density, gm/ce 1.61 Hole Volume
Charge Wr, ib -- Hole Depth

Tetel Neo. of Fregments:
For TNT Coler: White

For Subject HE
Principel Uses: Booster

3 inch NE, M42A1 Projectile, :

Density, gm/ce .: =x
Charge Wt, Ib -

Tatal Ne. of Fregments: .foe INT sth Methed of Leeding: Preased

For Subject HE 600
Leeding Deneity: gm/ce pai x 103

5 10 le 15 20Fregenent Velocity: ft/sac 1.28 1.38 2,42 1.68 1.49
At 25% ft Storege:

Deraity, gm/cc
Method Dry

Blost (Relative te TNT): Hozord Closs (Quontity-Distance) Clnss 9

Air: Compatibility Group
Peok Pressure
Impukke Exudation None
Energy

Ais, Confined:
Impulse

Under Weter:
Peok “ressure

Impulse

Energy

Peok Pressure
Impulse
Energy
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oN Haleite lene Dinitremine) (EDNA AMCP 706-177

- L Compatibility with Metals:
- Copper, brass, aluminum, mild steel, stainless steel, mild steel coated with acid-
lack paint, and mild steel plated with copper nickel, cadmium or zinc are unaffected.

Magnesium and magnesium-aluminum alloy are slightly affected.

ORE 
M

EE
R 

Br
y 

gw

Wet - Copper, brass, mild steel coated with acid-proof black peint, and mild steel plated
with copper, cadmium, nickel or zinc are heavily corroded. Aluminum is slightly effected and
steinless steel is unaffected.

Impact Sensitivities of Various Crystal Habits: :

Bureau of Mines Impect Test, 2 Kg Wt:

. Habit om

lst plate 55
; 2nd plate 55

Bi-pyrenid Th
Bracydome 66
Sphenoid 46

Solubility: 1400 of:

i Alcoto?.

t
0.25
0.75
2.13
6.8

20

1.00
2.46
5.2?

10.4
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tion:

(Summary Technical Report of the NDRC, Div 8, Yol 1)

CHO + HCN —» HO CH, Cs

(98% yiela)
HO CH. CN + m3 NH,CH CN + H,0

(82% yiela)

2 HAN CHLCH,NH,

° (88% yield)
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Haleite (Ethylene Dinitramine) (EDNA)

me Nh eG,
2— ! ~~ eG 2H_O TM7 00 + 2HNO fo + 2k —_"~
2

3 O+ HO —y
| Py

Ch

CH, == NH — NO
2 24 00,

CH,— NH -~NO, :

The rew materials used in this process are cheep 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 carbon 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 yield N,N’-diacetyl-ethylenediamine which can be treated in a way similar .
to the above to yleld Haleite.

Ethyleneurea is very easily nitrated, with strong nitric acid (95%). st ordinary teoperature, -
and in a very short time, and the dinitroethyleneurea produced appears .. u,drolyze, yielding ‘
Haleite, immediately after solution in water at 95°C. Doth the nitration and hydreiycis are
practically quantitative.
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First described in 1877 by Franchimont and Klotbie (Rec trev chim 7, 17 and 244) but it .
was 1935 before its value as an explosive was recognized. Standardized Curing World War II .
as a military explosive.

Destzuction Chemical Decomposition:

Haleite is decomposed by addition to hot, dilute sulfuric acid. Nitrous oxide, acetalde- j
hyde and -thy.ene glycol are evolved. Haleite is also decomposed by addition to 5 times its eo a
weight of 20% sodium hydroxide. ‘ :

“Senes q
References: 33

(a) L. C. Smith and E. G. Eyster, Physical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performance Tests, 0: Report No. 5746, 27 Decemper 1945.

(t) Report AC-2983/org Ex 179. :

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. £03, 11 August 1942. ‘

(a) L. C. Smith and S. R. Walton, A Consideration of RDX/wWax Mixtures as a Substitute for .
Tetryl in Boosters, NOL Memo 10,303, 15 June L969.

(e) R. J. Finkelstein and G. Gamow, Theory of the Detonation Process, NAVORD Report flo. -
90-46, 20 April 1947. .

(f) M. A. Cook and 4. Taylor Abbeg, "Isothermai Decomposition of Explosives.” University
of Utah, Ind Eng Chem (June 1956) pp. 1090-1095. -

33ene footnot. i, page 10.



Haleite (Ethylene Dinitramine) (EDNA) AMCP 706-177

(g) Also see the following Picatinny Arsenal Technical Repor:e on Haleite:

Q PS 2 2 4 2 é z 8 2
1200 1232 1162 1113 Aik 1255 786 897 1198 2279

_ 1290-452 1232 k93 lagh 32501796 1T3T)=S 1288 3.319
1360 «165212521923 k3h 1395 17ST = «378379
1380 1352 1885 1937 «=. 1388 19
1400 1372 1838 1489 :1600 2179 -
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AMCP 706-177 HBX-1

Composition: Meleculer Weight: 102
%

ROK “0 CO; % 68NT 3 CO % 235
Aluminum 17
D-2 Wex 5 Density: gm/cc Cast 1.72
Calcium Chloride 8yo. Melting Petat: °C

C/H Ratio Freezing Point: °C

teapoct Sensitivity, 2 Kg We: Boiling Point: *C
Bureou of Mines /\pparotus, cm --

Sompie Wt 20 mg Refrective Index, n>
Picatinny Arsenal Apporotus, in. = 16 ne

Somple Wt, mg 21 bad
ne

Friction Pendulum Teet: (>) Vecuum Stability Test: (a, »)
Steel Shoe Unaffected ce/40 Hrs, ot
Fiber Shoe one 90°C ween

100°C 0.47
Rifle Bullet Impect Test: = Trials (b) 120°C 0.98

% ° eewe

Explosions 3 sore 1l+
Portiols --
Burned -- 200 Grem Bomb Send Test:
Unoffected 28 Sand, gm 48.1

Explosion Tempereture: *c (a) Sensitivity te Initiation:
Seconds, 0.1 (no cap used) 9 --- Minimum Detonating Charge, gm

1 o-- Mercury Fulminate vere

5 480 Lead Azide 0.20
10 Tetryl 0.10
15
20 Bellistic Morter, % TNT: (a) 133

Trous! Test, % TNT:

75°C lntamnath. at Tew:

. Method

100°C Hest Test: (0) Condition
S Loss, Ist 48 Hrs 0.058 Confined
% Loss, 2nd 48 Hrs 0.00 Density, grn/ce
Explosion in 100 Hrs fone Brisonce, % TNT

Detonetion Rete: (a, b)
Plommability index: Confinement None

WO LE 7 Gave me Condition Cast
Hyprescopiclty: % 7%, 954 RH, 7 asye 1.13 Charge Diameter, in. 1.0
v. Density, gm/ce 1.69

¥ Rote, meters/second Teoh
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8. , fTM HBX-1 AMCP 706-177
: *

ry . - -
> Bovster Sensitiviny Test: (c) Decomposition Equetion:
> Condition Cast Oxygen, otoms/sec

} Tetryl, gm 100 Hawt kiton lorie/molei. Wax, in. for 50% Oetonetion 1.25 (3H, kee mob) mo
t Wax, gm Temperature Range, °C

, Density, gm/cc 1.73 Phase
,

. Meet of: (v) Aruee Ph
? Combustion, cat/gm 3882 Impoct Tost:
, 

:- Explosion, coi/gm ay 60 mm Merter Projectile:
' Gas Volume, ec/gm 50% Inert, Velocity, ft/sec
. Formation, cal/gm 758 Aluminum Fineness
' Fusion, cal/gm 78°C 9.25
; ©00-lb General Purpose Bombs:

: Specific Heat: cal/gm/°C (b)
i 30°r 0.289 Picte Thickness, inches

: 50°C 0.26% 1
: Wy

' 

Ay

. Burning Rote:
: cm/sec
> _ Bomb Drop Test: 2

»

; Therma! Conductivity: (o) ?; . cal/sec/em/"C. 35°C 0.97 x 1073 T7, 2090-W» Semi Armez-Piercing Bomb vs Concrete: .

$7 .
, Coefficient of Expension: () Max Safe Drop, ft
’ Lin or b£Anch Mé x to"! 500-% Generel Purpose Bomb vs Concrete:
; 35°C 95 x 10" ;
: 70°C 159 x 10° Height, fr
rs te See Trials
’ wdness, Mobs’ Scale: Unotfected
. Young's Modulus: (b) nee 0 ie
, E’, dynes/em? 10.3 x 10? igh Order
_ E, Ib/inch* 1-49 x 10 1000-th Generel Purpose Bemt. 73 Concret
? Density, gm/ce 1.69
‘ Height, ft

_ Compressive Streagth: ib/inch? See below Trials

: Unaffected

‘ Veper Pressure: Low Order
’ *¢ mm Mercury (v) High Order

' Compressive Strength: 1t/inch= 1303
; Density, gm/ce 1.69
: Ultimate deformation, % Le

~
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AMCP 706-177 HBX-1

Fregmantation Test: (>)

90 man NE, A471 Projectile, let BGS-1-17:

Density, an/ec

Charge Wt, Ib

Totel No. of Fragments:

For Composition B 998
For Subject HE 910
For 80/20 Tritonal $16

3 tach HE, MA2A1 Projectits, Let KC-S:

Chorge “Vt, Ib

Tetel Ne. of Fregments:

For TNT

For Subject HE

Sheped Cherge Effectiveness, TNT = 100:

Glass Cones Steel Cones

Hole Volume

Hole Depth

Color: Cray

Principe! Uses: HE cherge

Mathed ef Loeding: Cast

Leading Density: gm/cc 1.69

| Brogment Velocity: ft/sec
At? tt
At 25% ft

Density, gen/ce
Storege:

Method Dry

Binet {Relative te TNT): (a)

Ale: 3.25" diameter sphere
Peck Pressure A pai Catenary 24.7
Imputse NFOC Pendulum 19.6

Energy once

Air, Confined:
Impulse

Under Woter:
Peak Pressure

Impulse
Energy

Underground:
Peak Pressure
Impulse

Energy

Hozard Class (Quontity-Distan-e) Class 9

Compotibility Group Group I

_ Exudation None
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HEX: 3 AMCP 706-177

Composition: Meleculer Weight: 64
%

RDX 32 Ouran Zotence: -

TNT 29 CO % nag
Aluminum 35

De2 Wax 5 Density: gm/ce Cast 1.84
Calcium Chloride, Meking Point: 'C

added 0.5

C/H Ratio Freezing Peint: °C

Impect Sensitivity, 2 Kg Wt: Beiling Point: °C
Bureau of Mines Apparotus, cm =.

Somple Wt 20 mg Refractive index, 3
Picatinny Arsenal Apporotus, in. i5 o

Sample Wt, mg 23 Ais
ne

Friction Pendulum Test: Vecuum Stability Test: (a, d)
Steel Shoe Unaffected <c/40 Hes, at
Fiber Si >e =a2 90°C wees

100°C 0.45
Ritle Bullet imprct Test: = Tricls (>) 120°C

% +
Explosions B tore
Partials --

Burned -- 200 Grom Bomb Send Test: {b)
Unaffected 22 Sond, gm uh.g

Explosion Tempereture: *C (a} Sensitivity te initiation:
Seconds, 0.1 (mo cop used) --- Minimum Detonating Charge, gm

’ tee Mercury Fulminate ----

5 500 Lead Azide 0.20
10 Tetry! 0.10
5

20 Ballistic Mortar. % TNT: (4) 111
Treusl Test, % TNT:

75°C international Heat Test:
% Loss in 48 Hrs Piste Dent Test:

Mathod

101°C Heot Test: (>) Condition
% Loss, Ist 48 Hrs 0.70 Confined
% Loss, 2nd 48 Hrs 0.00 Density, gm/ce
Explosion in 100 Hrs None Brisonce, % TNT

Detexetion Rete: (a, b)
Flammebility Index: Confinement None

Condition Castfe) cdRye. 2% ROC, 95% RN. T days 2,01 ; ;Li roucone ity 71°C, 95% RH. 7 days 0.31 Charge Diameter, in. 1.0
Density, gen/ce 1.21

Voletility: Rate, meters/second 6917
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AMCP 706-177 HBY-

Beester Sensitiviey Test: Decompetition Equetion:
Condition Oxygen, otoms/sec

(Z/ses)
Tatryl, gm Heat, kilocalorie/mole
Wax, in. for 50% Detonation (AH, kcol/mol)

Wax, gm Ternperoture Range, °C

Density, gm/ce Phase

Heat of: (>) cmor Plate Impect Test:Combustion, cal/gm Lbs A ‘ Toe:
Explosion, cal/gm 8tT 0 mm Morter Projectile:

Gos Volume, ce/gm 50% Inert, Velocity, ft/sec

Formation, cal/gm 491 Aluminum Fineness
Fusion, cal/gm 9.

$00-ib General Purpose Bombs:

Specific Met: col/gm/*C
30°C 0.254 Plate Thickness, inches

50°C 0.254 1
ih,

Wy
14,

Burning Rete:
em/sec

Bomb Drop Test:

Therme! Conductivity: (>)
col/sec/em/°C. 35°C 1.70 x 1073 TT, 2000-1 Semi-Armor-Piercing Bomb vs Concrete:

of E : fo" Max Sate Drop, fr

Lineor, a £ / inch 4 500-1b Genere! Purpose Bomb vs Concrete:
0°c LO x 10 L
35°C 83 x 107 .
70°C 14% x 107 Height, ft

Triois

Young's Modulus: (>) Low .‘ou : Hi

E’, dynes/em? 11.5 « 107 ‘gh Order
: 5E, Ib/inch? 1.67 x 10 1000-b General Purpose Bomb vs Concrete:

Density, gm/cc 1.81
Height, ft

Compressive Strength: ib/inch® vee below Trials

Unaoltfected

Vapor Pressure: Low Order
a mm Mercury High Order

Lampressive Strength: 1o finer® LALO
Dent.ty, em/ec L.4L
Ultimate deformation, % 1.37

160

a
 

as



° 
a

0 
ee 

nt 
ON

 
le

w
e

NE
 

EE
 

EY
 

et
ee

 
wee

 
we

 
we

 
E

HBX-3 AMC? 76-177

Fregmentetion Test:

92 sam NE, M71 Projactite, Let BGS-1-17:

Density, gen/cc
Charge Wr, ib

Totel Noe. of Fregments:

For Composition B

Fre Subject HE
Fr 80/20 Tritonal

3 inch HE, MAZA1 Projectile, Let KC-S:

Density, g/cc
Charge Wt, Ib

' ‘Tetel No. of Fregments:
Fer TNT

For Subject HE.

998
476
616

| Shaped Cherge Effectiveness, TNT — 100:
Gloss Cones Stee) Cones

Hole Volume

Hole Depih

Color: Gre;

Principal Uses: HE charge

Mathad of Leoding: Cast

Leading Density: gm/cc 1.81

Sragment Velocity: ft/sec
At? ft
At 25% ft

Density, gm/ce

Storege:

Method try

Blast (Relative te TNT):

Ale: 3.25" diameter sphere
Peok Pressure A psi Catenary
Impulse NFOC Pendulum

Cneegy

Ale, Confined:
Impulse

Under Weter:
Peok Pressure

Impulse

Energy

Underground:
Peok Pressure

Impulse

Energy

(a)

25.5
20.6
ener

Hozor4 lass (Quontity-Distonce) Clesa 9

Compatibility Group Group I

Exudation None
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AMCP 706-177 HBX-1; HBX-
~~,

The Stability of HBX Compositions Made With and
Without Desiccants Containing Added Moisture *

Moisture Acidit OO vac Stab Teat scopici
Explosive $ Zz ce gas Hours RH
Conpositton : .

w°c 72°C
r } :
| Standard HBX-1 ' 0.73 " 0.011 0.47 ho +2.98 #1.13
“70.0% moisture ‘ 0.68 ho
' 40.44% moisture { . 0.62 ho |

+0.6% moiscure ' ' 0.50 ho :

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

HBX-1 with silica gel 0.06 - 0.032 0.73 ho 40.08 = +0.08 ‘ ‘
_i

Standard HBX- 0.54 . 0.012 0.45 ho #2.01 +0.31
72h moisture ' 0.47 ko

+0.4% moisture 0.43 ho
+0.6% moisture 0.41 Lo

HBX-3 without _Cacl, 0.02 . 0.049 0.46 i) -0.06 -0.29Toe mos, ture 0.26 ho
+0.4% moisture 0.26 ho
+0.6% moisture 0.20 lo

HEX-3 with silica gel 0.04 0.100 0.45 ho 40.09 +0.05 . .

Standard 3-6 0.71 0.017 0.47 ho +2.01 +1.77
oem moisture 0.88 ho

+0.4% moisture 0.63 ho
+0.6% moisture 0.65 10

H-€ without Ca 0.03 0.082 0.b9 ko -0.06 -0.25
+0.o% moleture 0.2 bo
+0.44 moisture 0.25 bo
+0.5% moisture 0.23 ho {

,
H-6 with silica gel 0.05 0.028 0.43 Lo +0.09 +0.06

* All samples were ground to 20/100 mesh size, 7 days before tests. Silica gel used wes
Fisher ~ientific Company, Lot 541492, through 100 mesh U. S. Standard Sieve.
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AMCP 706-177
HBX-1; HBX-3

Preperation:
HBX explosive mixtures are prepared by melting INT in a steam-Jacketed melt kettle equipped

with a mechanical stirrer. Water-wet ‘dX is added slowly with stirring and heating until all
the water ie evaporated. Aluminum is added, and the composition is stirred until uaiforn.
D-2 wax and calcium chloride are then added. ‘The desensitizer wax, also known as Composition
D-2, consists of dh@ paraffin and other waxes, 14% nitrocellulose and 24 lecithin. ‘The mixture
is cooled from approximately 95° to 100°C to a temperature considered suitable for casting
(the lowest rracticable pour temperature). BX can also be made by adding the calculated
Cmount of TNT to Composition B to outain the 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 3 34

(a) 0. E. Sheffield, Blast Properties of Losives Containing Aluminum or Otner ietal
Additives, PATR No. 2353, November 1956.

(b) S. D. Stein, G. J. Horvat end 0. B. Sheffield, Some Properties and Cnaracteristics
of HBX-1, HBX-3 and H-6, PATR No. 2431, June 1957.

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

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

(e) A. W. O'Brien, Jr., C. W. Plummer, R. P. Woodburn and ¥. Philipchuk, Detonation
Velocity Determinations and Fragmert Velocity -cterminations of Varied Losive Systems
and conditions, National Northern Corporatior Final Summary Report NNC-F-13, February 1958
(Contract DAI-19-020-501-ORD-(P)-58).

3 enre see the following Picatinny Arsene] Technical Revorts on HBX Explosives: 1756,
213%, 2169.

34See footnote 1, page 10.
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AMCP 706-177 HEX-24

Compasition: Moleculer Weight: 47.6
%

Potaseium Perchlorate 32 Onygee Beience:
(17 microns) CO. % “42

Aluminum, atomized 43 co % 3

oi microns) ) 6 Apparent lHRDX (througn 325 mesh i p “2haphalten (throsgh 100 weaa). : Ree AY S000 psi 2.i
Melting Polat: °C

C/H Ratio Freezing Point: °C

lmpect Sensitivity, 2 Kg Wr: Bolling Point: °C
Bureau of Mines Apporatus, cm --

Sample Wt 20 mg Refractive index, no,
Picatinny Arsenal Apparatus, in. 16 °

Somple Wt, mg 2k Ns
ne

Steel Shoe Detonates cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C cere

100°C 1.25
Rifle Bullet Impact Test: = Trials 120°C

% °

Partials -

Burred 200 Gram Bomb Send Test:
Unoffected Sand, gm 12.5

Explosion Tempereture: ¢ Sensi ivity to Initiecion:
Secords, 0.3. > used) --- Minin... Detonating Charge, am

1 -- Mercury Fulminote owen
5 520 Lead Azide 0.20

10 Tetryl 0.25
1S
20 Ballistic Morter, % TNT:

Treuz! Test, % THY:
75°C laternetiona! Heet Test:

&% Loss in 46 Hes Piet. Dent Test:
Method

100°C Hes Test: Condition
% Loss, ist 48 Hrs 0.15 Confined
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc
Explosion in 100 Hrs Fone Brisonce, % TNT

- Detonation Rete:
Flammability index: Confinement

Condition

Hygroscepicity: % sone Charge Diameter, in.
Density, gm/cc

vi mays one Rate, meters/second
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HEX-2h AMCP 706-177

Fregmevwetion Test:

90 mm NE, M71 Projectile, Lor WC-91:

Charge Wt, bo

Totol Ne. of Fregments:

For TNT

For Subject HE

Shaped Charge Ettectivences, THT = 100:

Glass Cones Stee! Cones

Hole Votume

Hole Depth

Color: Gray

Principe! Uses: HE filler for small caliber

Jinch HE, MAZA1 Projectile, Let XC-5: projectiles
Aensity, gm/cc

Charge Wt, Ib

Tote! Ne. of Fregpnents: Mathed of Leoding: Pressed
For TNT

For Subject HE

Laoding Density: gm/cc

fi Velocity: ft/20c Pressed at 20,000 psi 2.1
At® ft
At 25% ft Sterege:

Density, gm/ce
Method Dry

Blast (Relative te TNT): Hazard Class (Quantity-Distance)

Ale: Compatibility Group
Peak Pressure
Impulse Exudation None

Energy

S.atic Tests:
Als, Confined: 20 mm T2i5El Projectile:

Impulse Peak Preasure, psi 55
NFOC 20" Blast Cube hh

Under Water: APG 2k" Blast Cube 4h
Peak Pressure Static Teste:

Impulse wm Projectile:
Energy HEX-24 Tritonel Torpex

Foxboro psi 19 12.4 13.6
U : Catenary psi 46 wee ween

Pook Pressure eit microsec 533 wse- ooue
impulse APG 2h" Blast Cube 3% 2h z

Eneroy Heat of:
Fleme Temperature, °K 2552 Combustion, cel/gm 4197
Activetion Energy, kcel 20.4 Explosion, cal/gm 1858
“temp, °C 450 to 570 Gas volume, cc/gn 159

Specific reaction
rate, k 1.64 x 1079



AMCP 706-177 MEXehe

Competition: Moteculer Weight: uy .t
%

Potassium Perchlorate 32 Oxygen Bolonce:
(17 microns) CO. % he

Aluminum, flaked (1 micron) 48 CO % -yb
RDX (through 325 mesh) 16 rt _

ity: a4 «6Aephaltum (through 100 mesh) i Dgnaity: am/cc paren. 9.

Melting Point: °C

C/n Ratio Freezing Point: °C

lmpect Sensitivity, 2 Kg Wr: Boiling Point: °C
Bureau of Mines Apparatus, cm

Somple Wt 20 mg Refractive tndex, n°,
Picatinny Arsenal Apporotus, in. °

Sample Wt, mg Pas
ne

Friction Pendulum Test: Vocuum Stebitity Test:
Stee! Shoe Partially detonates c¢/40 Hrs, ot

Fiber Shoe Unaffected 90°C eee
; 100°C 1.52

Ritte Bullet impect Test: Trials 120°C

Explosi % 135°Cxplosions .

Partials 150°C
Burned 200 Gram Bomb Sond Test:
Ur.offected Sand, gm 23.7

Explosicn Temperature: Cc Sensitivity to Iniriation:
Seconds, 0.1 (no cop used) --- Mirumum Detonoting Charge, gm

1 coe Mercury Fulminate ones

5 545 Lead Azide 0.20
10 Tetryi 0.25
15
20 Ballistic Morter, % TNT:

Trouz! Test, % TNT:
75°C laternationel Hect Test:

9% Loss in 48 Hrs Plate Dent Test:
[ Method

100°C Heat Test: Condition

Contined% Loss, Ist 48 Hrs

% Loss, 2nd 48 Hrs

Explosion in 100 Firs

Density, gm/cc

Brisonce, % TNT

Detonation Rote:
Flammebility index: Confinement

Candition
Hygrescopicity: % Charge Diameter, in

Density, gm/ceVoletilizy: ¥8Rate, meters/second
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AMCP 706-177

Fragmentation Test:

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

Density, gm/cc

Chorge Wt, Ib

Total No. of Fragments:

For TNT

For Subject HE

Shoped Charge Fitectiveness, TNT = 100:

Gloss Cones Steet Cones

Hole Volume

Hole Depth

Color: Gray

Principe! Uses: HE filler for small celiter
t3 inck HE, M42A1 Projectile, Lot KC-5: Projectiles

Density, gm/cc

Charge Wt, Ib

Total No. of Fregments: Mathod of Loading: Pressed

For TNT

For Subjs.t HE

Loeding Density: gm/cc
Frogment Velocity: ft/sec Pressed at 20,000 1.62

At 9 ft
At 25% ft Storege:

Density, gm/cc
Method Dry

Blast (Reletive to TNT): Hozard Class (Quantity-Distonce)

Ale: Compntibility Group
Peak Pressure

Impulse Exudation None
Energy

Static Tests:

Air, Confined: 20 mm T2L5El Pro‘ectile:
Imculse PA Peak Pressure, psi 77

NFoc 20° Blest Cube 4s

Under Water: Apc eh” Blast Cube he
Peok Pressure Static Tests:

Impulse co mn MOT Projectile:
En HEY-L8 TUT TetryL

Srey Fostoro psi wel ms .
Satenar: psi a) 25 28

Underground: Turation, eierosec 517 560 5%
Peok Pressure APG 2b” Blast Cute 29 --- 10

Impulse
Heac of:Energy . ————e

Flame “ermperatire, 9% eae Som: ustton, c&l ‘em Lid
Lee teem bye we gee: _ ne syplasien, c@l en 173s
Active ae raére, Kgl ae ee vol me. Gh 200

‘pecifie reBetivn, .

ree, # "ok Ke]
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AMCP 706-177 HEX-48
tn,

Cook-Off Tests: (e)

20 mm T215EL HEY-48 Loaded Projectiles With Dye-Ccosted RDX Top-0ff

Projectile No. | Cut-Off Tem. “C | Cook-off

1 | 170 Yes (198)
| 2 150 No :

3 155 Yes (190)

Ly | 150 to 175 No
National Northern Projectile Loed:

| MOX-2B (no top-off) , 195 |

| MOX-2B (Tetryl top-off) | 150
| MOK-2B (97/3, RDX/wax top-off) | 175 |

MOX-2 (no top-off) 17S

Fragment Penetration Tests: (c)

' | Avg. No. of Penetrations per
Round in Zone S5-1

Projectile Filler Altitude, Feet =, 0.020" 9.040" 0.051"
T215E1 FRX-4G Ground 352 264 _ 282

| 60,000 676 ue 388
T282E1 ' MOX-2B Ground 63h: 290 235 |

| 60,000 807 | 367 250
EXO Mod 0 MOX-2B Ground . 46 268 22h

60,000 672 264 256

The fragment penetration test records numbers of complete penetrations of aluminum pensls
of various thicknesses at 2.5 feet from the static detonation. The total penetrations recorded
en the 24ST-3 aluminum panels occurred with the projectile nose always pointed toward C° and
the base toward 180°.

The test data indicate that on the thicker panels, 0.040" and 0.051," the HaX-48 loeded
T215El projectile produced more comple e fragment penetrrtione at ground and altitude than
MOX-2B loaded T282E1 and EXE Mod O projectiles.
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HEX-2h; HEX-48 AMCP 706-177
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Preparation:
The HEX compositions were prepared by blending the appropsiate weight of the dry ingredients

in a Patterson-Kelly twin-shell blender for et least 30 minutes.
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0 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 material. A plastic 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 approximtely fifteen minutes.

ee
 

ey

. Origin:

The development of "slow-burning"” explosive mixtures which would produce increased blast
effects in enclosed or nearly enclosed spaces directed attention to thelr 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. superior performance of the MOX mixture. HEX (hig. cvergy explosive) mixtures were
: developed at Picatinny Arsenal in 1953 (Ref a) as superior high bic-t Compositions suitable
: for use in small caliber projectiles.

; Reterences: 35

: {a) 0. E. Sheffield and E. J. Murray, Nevelopment of Yosives—Metallized Explosives—
a High Blast Fillers for Smell Caliber Shell, Picatinny Arsen 1 orandum Report No. MR-49,

. » December 1953.

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

(c) National Northern Corporation, Le. ‘er from Dr. C. M. Saffer, Jr., to Commanding
Officer, Picatinny Arsenal, 12 June 195'
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See footnote 1, page i0.
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AMCP 706-177 2.4,0,28',4' 0! -Hexanitro-oxenilide (vc)

Composition: Moleculor Weight: (Cy Ryley 1)
% C 4¢ 33.0 i i Oxygen Bolonce:

i y CO. % -53-4| | CO % 3 u

N 21.9 ON ae: . Density: om/cc
0 43.9 . Matting Point: “C8 Decomposes »e

C/H Ratio 0.797 0, Freezing Point: °C

impact Sensitivity, 2 Kg We: Boiling Point: °C
Bureau of Mines Apparatus, cm --

Sample Wt 20 mg Refractive index, 12,
Picatinny Arsenal Apparatus, in. 15 >

Sample Wt, mg 12 Mas
Te

Friction Pendulum Test: Vecuum Stobility Test:
Steel Shoe Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 90°C
Foo" 0.40

Rifle Bullet impact Test: Trigis 120°C

% 1
Explosions ioc
Partials >
Burned 200 Gram Bomb Sand Test:
Unaffected Send, gm 52.1

Explosion Tcmperature: ce Sensitivity to Initiation:
Seconds, 0.1 (no cos used) = -- Minimum Detonating Charge, gm

} o- Mercury Fulminate =

5 3 Lead Azide 0.30
10 Tetryi 0.25
15
20 Bollistic Mortar, % TNT:

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

Trouzt Test, % TNT:

100°C Haet Test:

Plate Dent Test:

Method

Condition

Confined

Density, grn/ce

Brisonce, % TNT

% Loss, Ist 48 Hrs 0.07

% Loss, 2nd 48 Hrs 0.05

Explosion in 100 Hrs None

Flammability index:

Hygroscopicity: % 25°C, 30% LE O14

Volotility:

Detonation Rote:
Confinement

Condition

Charge Diomete:, in

Density, gm/ce

Rate, neters/second
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2,4,0,2' 4" ,o'-Hexanitro-oxanilide (HNO) AMCP 706-177

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, M424* Projectile, Lot KC-5:

Density, gr “7s

Cha: se Wt, -b

Total No. of Froaments:

For TNT

For Subject HE

Shoped Chorge Effectiveness, TNT = 100:

Gloss Cones Steel Cones

Hole Volume

Hole Depth

Color: Almost white

Principal Uses: Igniter powder; pyrotechnic
compositions

Mathed of Loading: Pressed and extruded

Fragment Velocity: ft/sec
Ard tt
At 25% ft

Density, gm/ce

Loading Density: gm/cc

Blast (Reletive to TNT):

Aire:
Peak Pressure

Impulse

Energy

Air, Confined:
Impulse

Under Weter:
Peak Pressure

Impulse

Energy

Underground:
Peok Pressure

Impulse

Energy

Storoge:

Method Dry

Hozard Class (Quantity-Distance) Class 5

Compatibility Group

Exudation None
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AMCP 706-177 " -Hexanitro-oxanilide (HNO)be re be cN

Solubility in the following substances:

Solvent

Nitxobenzene 3 gm in 100 ce, at 23°C ~ 5 gm in 100 ce, at 210°C
Water 0.10 gm in 100 ec, at 100°C
Aleohol (Ethyl) Insoluble
Acetone Insoluble
Benzene Insoluble
Butyl acetate Insoluble
Carbon tetrachloride Insoluble
Dimethyl formamide 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',4'~Tetranitro-oxanilide (TNO).”

A 1.5 liter round bottom flask is equipped with a stirrer of the type which causes a dowm-
ward swirl. The flask is jacketed for hot and cold water. 187 grams of nitric acid of speci-
fic gravity 1.49 (commercial grade) is placed into the flask and 100 grams of sulphuric acid
is added to the nitric acid under agitation... T:« mixed acid is coole2 to 10°C. 29.2 grems of
tetranitro-oxanilide is slowly added to the mixed acid under rapid agitation maintaining the
temperature at 80-100C. After the addition of the INC is completed (approximately 25 minutes)
the temperature is raised to 85°C over a period of 2 hours and heJd at &5°-90°c for one hour.
The hexanitro-oxanilide (HNO) "slurry" is filtered on a Euchrer ‘unne) and purified as cx-
plained under "Tetranitro-oxnilide.”

Origin:

A. G. Perkin in 1892 obtained hexanitro-oxanilide directly by heating to boiling a solution
of tetranitro-oxanilide in e mixture of sulfuric and nitric acids. He also prepared the same
compound from oxanilide by the action of a boiling mixture of fuming nitric and sulfuric acids
(J Chem Soc 61, 462 (18925).

References: 36

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

(b) D. Dubrow and J. Kristal, Substitution of Tetranitro Oxanilide and Hexanitro Oxanilide
for Tetranitrs Carbazole, PA Pyrotechnic Research Laboratory Report ou-TF1-05, a December 1

(c) S$. Livingston, tion o; Tetranitro Carbazole. PA Chenical Res-uci: Laborater:
Report 136,330, 11 April L951.

(a) 5S. Livingston, Development of Improved Ignition Type Powders, PAT: No. 2067, July 194.

see footnote 1, page 10.
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deta-EMX (a AMCP 706-177

Compeahion Ja Malecuiay Weight: (C,1,No0,) 296 _|

26.2 O,N—N ~ n= No Oxygen 8: jence: -° aa ; 2 CO; % -21.6

ee 1
h 37.9 O,K— ¥ Neo NNO, Density: gm/cc Crystal 1.90

© 43.2 2 Malting C Capillary method’

C/H Ratio 0.095 Freening Feiat: °C

tenpuct Sensitivity, 2 Ks Wr: Belting Point: °C
Bureou of Mines Apparatus,cm 32

Sample Wr 20 mg Refrective index, n2,
Picatinny Arsenal Apporotus, in. = 9 e

Semple Wt, mg 23 ns
nn

Friction Pendulesm Test: Vecwum Stebility Test:

Steel Shoe Explodes ec/40 Ps at
Fiber Shoe Unaffected 90°C

" 100°¢ 0.37
Rifle Sullet impact Test: Trials 120°C 0.45

% 135°C o-Explosions
Portions 150°C 0.62

Sumed 200 Gram Bemb Send Test:
Unottected Sand, gm 60.4

Expl sien ‘Tesuporatove: *c Sensitivity te Initiation:
Seconds, 0.1 (no cup used) 380 Minimum Detorating Charge, gm

' -- Mercury Futminote
5 b-44 Lead Azide 0.30

10 306 Tetry!
15 we

2 as Bolliatic Merter, % TNT: 150

Treval Tost, % TNT: 1b5
75°C taternctionel ‘seat Test:

% Loss in 48 Hrs Plate Dont Test:
Methor’

% Loss, Ist 48 Hrs 0.05 Confined
% Loss, 2nd 48 Hrs 0.03 Derx.ity, gm/ee
Exptosion in 100 Hes Kone | __Brisoriss, 9 TNT .

Detcnction Rate.
Vegenenabitity Index: Cenfir>ment

% Condit’ on
+ : :Wremec “oes Re (c) 0.00 Charge Diameter, in.

v Density, gm/cc 1.61
obetitiny: Rate, meters/second gi2h
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AMCP 706-177 deta-ENX

Roncter Senahivity Test: Decomposition Equetion: (dyCondition oven. tons /sec. 10°9T
(2/s0¢!Tetryl, ym iHect, kilocalorie/mote 2.7Wax, in. for 50% Detonation (aH, keol/rmst) °

Wax, gm Temperoture Ronge, *C 271-314
Density, gm/ce Phase Liquid

Meet of: Areet fenpeetCombustion, cal/gm 2x Plate Voor:
Exptesion, cal/gm (e) 1356 60 mm Mester Projectite:

Ges Volume, cc/gm $0% Inert, Velocity, ft/sec
Formation, cal/gm (e) ~60.5 Aluminum Fineness
Fusion, col/gm

$00-lb Generel! Purpose Bombe:

Specifie Heat: col/gm/*C -Reerystallized (g)
Sc Sc Plate Thickness, inches
-T5 0.153 85 0.288
) 0.228 90 0.290 1

25 0.243 100 0.295 1%
50 0. 266 125 0. NT 1%
H 0.282 150 0.315

- %
Burning Sate:

cm/sec
Bead Sreg Test:

Thermo! Conductivity:
cal/sec/em/*C T7, 2000-& Semi-Armer-Ploreing Bomb vs Concrete:

Con et : Max Sate Drop, ft

Linear, %/°C 500- Gencrel Purpose Bomb vs Concrete:

Volume, % /*C Height, ft
_ 

Triats| Mardecer, Mohe’ Seale: —(€) 2.3 Unaffected
Low Order

Young's Modulus: High Order
&’, dyres/cm?

E, It/inch- 1wS24> Gonavat Purpose Bemis va Con crete:
Daizity. gm/ce

— Height, fr

Ccmprseive Strength: Ib/inch? Trials

Unoffe.te:

Veper Prescure: Low Order
¢ mim Mercury High Order

-
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~" Preparation: (b)
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Two wen are required to regulate the addition of reagents end control the temperature dur-
ing the initial stage addition; one mn can comlete the procedure. A i-liter 5-necked flask
is used, the center neck for an ef“icient stirrer, one side neck for a thermometer, and the
other necks for burrettes and @ gas outlet {to water trap). The flask is placed in a pan with
steam and cold weter inlets, for temperature control.

Five ce of acetic anhydride and 250 ec glacial acetic acid are poured into the flesk andthe temperature brought to 45 + 1°C, and held there for the duration of the entire reaction.The reagents (a solution of 33.6 gm hexsmine in 55 @ of glacial acetic acid, 100 cc of ace-tic anhydride ard 40 cc of a solution of 42. 3/57.7-ammonium nitrate/9$ nitric acid) are thenadded simultaneously, continuously and equivalently over a 25-minute period. The reaction
mixture is aged 15 minutes.
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~~ The second stage reagents (60 ce of 42.3/57.7, ammonium aitrate/98% nitric acid and 150 ecacetic anhydride) are then added similteneously, continucusly and equivalently over a 25-min-ute period. The mixture is aged 65 minutes, poured into 1.5 liter of waiter and simmered on &sisem bath for i2 hours. Cool, filter and dry the RDX-HMX precipitate (yield 73% HMX).

The RIX is destroyed, leaving HMX, as follows: 1025 gm cP ine crude product are placed ir.@ solution of 15 gm sodium tetrabsrate decahydrate in 5 liters of water, heated to dotlingWith agitation, and 5 N Nel added at the rate of 3 cc/min. When about 730 cc have beer addedthe pX increases sharply from a littie over 6.7 te over 9-7 vhich corresponds to completeGestruction of the iu. Filter thr BMX from the hot mixture; yield 612 gm, mp 279.5°-280.5°%,Recrystallizatior from nitromethane yielés material nelting at 281°-262°C

Origins

Wae discoveres a: an impurity (by-product) in the nitration 0. hexamethy lene-tetramine toform RIX. It is now senufactured directly by the process described above and has valuable use. in exyice_ve systems.

atta.

Removal of RDX from EMX-°"K Mixtures and Reco
- OY

of a RDX-i2MX Mixture (This procedure sppears
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AMCP 706-177 beta-HNC

Procedure:

500 grema of HM” containing 12.25% RIX are placed in a 1500 cc beaker, 500 cc of acetone
is added and the slurry is agitated for severe] minutes at room temperature. Before complete
settling, the DX-HNX-acetonc solution is decanted.

To the residual HMX-RDX, another 500 cc of acetone is added. ‘The slurry is heated on the
steambath end while toiling, agitated for several minutes. ‘The boiling RDX-HMi-acetone solu-
tion is decanted. ‘The residual EMY is now washed with col¢ acetcie into a funnel. This BX
is now taken up in 95% alcool, filtered and dried. Yield 353.9 gm or 70.70%.

All the acetone extracts are combined and evaporated to dryness. Yield 137.5 gm or 26.54.

Yield Balance:

Pure HMX obtained - 353.9 gm TO. 724
Total ROX-HMX mixture recovered -

137-5 om 26.50%
Samples taken during process -

Joes during process 22 2bb

Total 100.004

Various wre zed for RXD content:

1. Crude BMX 12.75% RIX
2. After first acetone washing 6.0% ROY
3%. After second acetone washing 2.08 ROC
&. After third acetone washing 0.0% PTR
ROX-HMX sample recoverea 58.5% ROK

F sparetion of “ine Particle-aize BMX by the Aspirctor Method:

1. Idseclme 1100 gm HM in 4400 ce of dimethyl] sulfoxide.
2. Fiiter the BMX solution.
3. Comvect a clean aspirscor to the water line.
bk. Place a 55 gallon clean drum under the aspirator.
5. Faeten s polyethylene tubir.c, long enough to reach easily to whe bottom of the HMX-

Aimethyl sulfoxide ecmtriner, to the side intake of ve aspirator.
6 Fasten to the boctom of the aspirator another polyethy.ene tube long enough to reach

to the bottom of the §5 gallon drum. —
T Open the vater faucet and then place the polyethylene tube in the HMX container.

T aiautes.
9. After all the BMX solution iv sucked out of the container, the .ter ia turned off.

10. The material ic filtered and water washed.
di. If dry HMK is roquired, the material : n be alcohol and ether washed.

iy
ro

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

1. Filter the combined hot acetone extracts.
2. Pour while agitating the filtered extracts inte at least 4 times ite volume of water.
3. Filter and dry, etc.
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milzy fine HMX separetes out in the drum. Total duration of run is approximately
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“~ peta-HMX AMCP 706-177

White

Storage:
Nethod ry

Waxerd Class (Quaut’ ty-Distence) Clase 9

Compatibility Group oro Fs fary 5

- Brudation None

References: 37

(:) 0. B Sheffield, EB. J. Murrey, A. L. Rosen and B. W. Manouse, Properties of HMK, PA
Chesi sal Research Laboretory Report No. 52-11-23, 7 April 1952.

(b) WB Beckuann, Tre Preparation of HMX, OSHD Report No. 1981, 3 Noveuber 1943.

nf) 3. Livingston, Characteristics of Explosives NX 1nd DPEAN, PATR No. 1561, 6 September
1945.

(a) R. J. Finkelstein end G. Gasow, Theory of the Detonstion Process, NAVORD Report No.
90-46, 20 April 1947.

fe) 0. H» Johnson, BMX as a Military Eeplosive, NAVORD Report No. 4371, 1 October 1956.
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ons (£) Also see the following Picatinny Arsenal Technical Reports on EM:

NS L F) 6 1 2
pha 2283 2016 1737 1709

. 2059

(g) C. Lanchits, W. Bouch and R. Valicky, In a, Heat of Fusion end ificHeat of Basic Explosives, PATR No. 2504, January a .

Tee footnote 1, page 10.
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AMCP 706-177 HTA-3

Comreenion: Molecular Weight: 9)

& Oxygen Sersnce:
;TM 9 CO. % 3°

ort 29 CO % “27 ..

Alusinum 22 Denelty: om/cc Cast 2.90

Halting Pollet: °C

C/H Ratio Freezing Polat: °C _

Bureau of Mires-Apperatus, em on —_
Semple Wt 20 mg Rerrective lucex, 99,

: Picatinny Arsenal Apperatus, in. 17 °
; Sample Wi, mg 25 ng

| ng

: Steel Shoe Uneffected ce/°O Hrs, a
Fibe: Shoe Unaffected 90°C enne
a . 99°C ecne

Rifte Bellet Impect Test: LOTriols, % 110°C 0.37
é" Steel Wd °

» * 150°CPartials ne os
Burned 10 -- 200 Grom Semb Send Te:t:
Unoffectet 0 50 Sond, am 61.3

Exglecion Tempereture: °c Sersitivity to Initiation:
Seconds, 0.1 (no cop used) ove Minirc um Detonating Charge, gm

! one Mercury Fulminote ween
5 Flames erratically 370 Lect Azide 0.30

10 Tetry! een
3S 7 .
20 Belfietic Mortar, % TNT: 120

Treusi Test, % TNT:
73°C internctions! Heat Test:

% Loss in 48 Hrs Plote Dent Test:
Mathod

% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT

Deronation Rote:
Flammability Index: Confinement None

Condition Tmat
Hygrescopicity: % Charge Diometér, in. 1.0

Oensity, gm/cc 1-2

v ¥ Rote, meters/second 7866
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: 4 ETA-3 AMCP 706-177
eTM

P< 7" 1 Rewiter Seseltiviny "Toot: Decomposition Equation:

q 
Heot, k:localorie/mole

Wax, in. for 50% Detonation i2H, keas/mol)
Wax, gm Temperoture Range, °C

q Density, gm/ce Phase

: ; Combustion, cal/gm 3687 Armor Plote Impect Test:
| Expic; ion, cal/gm 1190 66 mm Merter :

; Gat Volume, c/gm : 660 50% Inert, Velocity, ft/xs2
; ° Formation, cal/om oer Aluminurn Fineness
; Fuscon, cal/gen
i 500-% Generel Purpose Bombs:

: Specific Heat: cal/gra/*C
; 3 to 4 0.245 Plote Thickness, inches

a o
; 1

ot LL
_ iy
; .

a — Wy

cm/36c —
; Bomb Brop Test:

soo col/sez/em/*C T?, 2000-1 Semi-Armer-Moercing Bomb vs Concrete:

| ed .4 > Coefficient of Expansion’ Mox Safe Drop, ft
t- Liner, %/°C — 500-M> General Purpose Borsb vi Concrete:
; a .

Herdaces, Meh. ‘eein: Trials{ . Unoffected
‘ Order‘ Young's Medebe:: nee
: ° €’, dunes/cor?* igh
’’ E, Ib/inch? 1000-l) Gene-a) Purpuce Bore vs Cencre‘e:
' ° Density. gm/ce

, Height, ft
, Compressive Sirength: Ib/inch’ 2260 Trials
o. See below

' Veger Prosevure: Low Order
; re men Mercury High Order

‘ Compress’ Strength: 1lb/inch *
} iverage (10 testa) ed Ultimate Deformation: &
2 dverage (10 tests) 2.41

’ : Low 2.52
.

r # Test specimen 1/2" x 1/2” cylinder (upproximetely 3 gm) preazed at 2 tons (6,000 Lb) tatel
r load or 3,000 pei with @ 2 minute time of dvel’?.
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AMCP 706-177 ETA-3

Pregmentation Test: Shaped Charge Effectivences, TNT = 102:

= 90 mm HE, MA71 Projectile, Let WC-91: Gloss Cones Stee! Cones

7 Charge Wr, Ib Hole Depth

Tetel Ne. of Frogments: Gre

For 1NT Color: y
For Su sject HE

Principal Uses: HE projectile and bomb filler

3 inch HE, A42A1 Projectife, Let KC-5:

Deraity, gm/ce
Charge Wr, Ib

Tetel Ne. of Fragments:; Mathed of Leeding: Cast
For TNT
For Subject HE

Leeding Density: gm/cc 1.90

Pragment Velveity: ft/sec
Ato tt —
At 25% fr Serege:
Dereity, gm/cce

Method ley

Binet (Relative ta TNT): Hazord Class (Quontity-Distance) Cless 9

Ain Compatibility Group Group I
_ Pook Pressure

impulse Exudation None
Energy

Ae, Work to Profure Guy 78s Ztelb/ineh *
impulse Averags (ic vests) 2.77

High 3. 39
Uader Wetar: Low 2.40

Pook Pressure
Impulse 2fflux Viecoait', Saysolt Seconds: 24.8

Energy

Usdergreund:

impulse

Energy

*Test specimen 1/2" x 1/2" cylinder (approxi -
mately 3 gm) pressed at 3 tons (6,000 1b)
total load or 3,000 psi with a 2 minute
time of dwell.
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AMCP 7¢7.177
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Modulus of Elasticity: *
:

Ief/inch” : ;

High : 97,400 { : ;

Low ‘76,300 | :
* Test speciwen 1/2” x 1/2” cylinder (approximately 3 gm) pressed at 3 tons (6,000 1b)

total load or 30,000 psi vith a 2 minute time of dwell.
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Setback Sensitivity Test: (a)

Critical Pressure 119,000 pei *

Density, gn/cc 1.92

* Pressure below which no initiation is obtained and abeve which an increasing
percentage of initiations can be expected as the setback pressure increases.

Preparetion:
Procedure similar to that used for Torpex. :

References: 35 4
(e) ist Indorsenent from Chief, Explosives Deve t Section, to Chief, ExplosivesResearch Section, Picntdmy Arsenal, dated 12 May 1953. Subject: "Properties of Octols

(>) R. Brow ané R. Velicky, Heat Capacity of HTA-3, Picatinny Arsenal General Laboratorywport No. 5611-509, 5 May 1958. :

iy \

38se¢ footnote 1, page 10.
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AMCP 706-177 Lead Azide

cme Hen: Molecular Weight: (PoN,) 291
On, yen Selence:

N 28.8 Ch % -5.5
NaeN= N—Yo—N=]. aN CO % 565

2* n Density: pm/ec | Crystal £789
Melting bint: *C Decomposes

C/'H Ratio Freezing Point: "C

tmpoct Sencitivity, 2Kg Wt: Pure Dextrinated |[ Bolling Polat: °C
Bureau of Mines Apporatus,cm 10° f

Sainple Wr 20 mg Refractive Indes, n°
Picetinny Arsenal Apparatus, in. 2 4 °

Somple Wt, mg x 2 ne
ne

Toa: Vecunm Stebility Test: Dextrinated
Steal Shoe Explodes ce/40 Hrs, ot ——
Fiber Shoe Explodes 90°C

100°C 1.0
Rifle Bullet impoct Teet: = Tricis 170°C 0.07

%Explosions 135 ©
Partials ee
Bunvd 200 Gram Bomb Send Test:

_ WAP Bovier tuse lo.
Explosion Tempereture: *¢ Scasitivicy to Initiation:

Seconds, 0.1 (no cap used) 390 Minimum Datoneting Charge, grr

| 356 Mercury Fulminote
5 Expleaes 30 Lead Azide

10 335 Tetryl

5 335
20 335 Bellietic Morter, % TNT:

75°C. lntecnational Hoot Test:
' % Loss in 48 Hrs Plots Dent Test:
| Method

100°C Meet Teor: Condition
% Losa, Ist 48 Hes 0. 3k Confined
% Loss, 2nd 48 Hrs 0.05 Density, gm/ce
Explosion in 100 Hrs None Brisonce, % TNT

Detcnotion Rete: Pure ead Azide
Flemmebivey Index: Confi t _—_—————

¢ % Dextrinated Not. Dextrinated Condition Pressed
mes att 0.8 0.03 Charge Diameter, in.

Letit Density, gm/ce 2.0 3.0 4.0

Veleney: Rote, meters/second 4070 «4630 «5180
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Lead Azide AMCP 706-177

Pregmentation Test: Shoped Chorge Effectiveness. TNT = 168:

90 mm HE, KAT) Projectile, Let WC-91; Gloss Cones tds Cones
Density, gm/ec Hole Volume oy
Charge Wr, tb Hole Depth

Totel No. of Fregments: ’ °Color: ite-bFor TNT / Wnite-butt
For Subject HE

Principel Uses: Detonators, priming compositions,

3 inch Al, MARAI Projectile, Let KC-S: and comercial blasting ceps
Density, gm/ce :

Chorge Wt, Ib

Total Ne. of Frogments: Methed of Leading: Pressed

For TNT

For Subject HE
: Leeding Deneity: gm/ec #1 109

5 10 15Fregment Velocity: ft/sec 2.20 2.71 2.96 3.07
ar9 tt
At 25% Se ye:
Density, gm/cc

Method Wet

Slese (Reletive te TNT): Hazard Class (Quontity-Distence) Class 9

Ale: Compatibility Group Group M (wet)
Peok Pressure
_-npulse Exudation None
Energy

Compatibility with Metals:
Ais, Confined: ns :impulse Dry lead azide does not reect with or cor-

rode steel, iroa, nickel, aluminum, lead,
zinc, copper, tin or c.cmium. IJ. does not

Under Worse: affect coatings of acid-proof tlack peint,
Peok Pressure oil, NRC compound or shellac. Lead ezide in
Impuisa the presence of moisture correces zine and
Energy copper; and with copper, it forms the extreme-

ly se>sitive and dangerous copper azide.

Peok Pressure oo

Impulse -50 0.110
Energy [3] 0.110

Heat of: 25 0.110
Combustion, cal /em 6% 70 0-110
Explosion, cal/gm 7 Thermal tA :Gas Volume, cc/gm 308 Therma Conduct. vity . ah

Formation, cal/gm “BE cal/sec/cm/~C (Pure) 1.55 x 10
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AMGP 706-177 Lead :Azide ~

i Coupatidijity with NeteLe:
Dey: Steel, iron, nickel, aluminum, lead, zinc, copper, tin, stainless steel, brees and

pronse were unaffected by aix years’ contect with iry lead aside at ambient ter~ceture and
50°C. Nenel, chrome-nickel and Inconel vere unaffected under the same conditions in two and

ae
 

ee
 

ees

Wet: Copper and sinc are rapidly attacked by moist leed szide, while aluminum is not
attacked in 2) hours. souel, chrome-nickel and Inconel are not attacked by lead azide ($¢
woistare) after 29 ~onthe' exposure st ambient temperature und 50°C, end J-1 magnesiun-elumi-
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Lead Aside :
; Leed Azide Lead Azide 3

% Tesd Azide us Lue Co- ‘

Bhoe Fiber “Fiber «= Steel «= Fiber «= Stew) «= Fiber “i
No. of rials = tia 20 2 Ft) h 1 :
Explosions i S) 9 0 2 1 ‘
Crasklings ) 2 0 2 ) x
Unaffected 0 16 10 16 1 9 :

Gensitivity, 2 Ke Wt: :

(All, IA dextrinated) ae |

PA Apparatus, inches 4 9 9 & (
. Aetdvetion Rergy: (c} :

Koel /nole 23. 7h :
Induction Period, seconds 0.5-10 :

Initiating Efficten-v, Grams Required to Give Complete Initiations of: . :

or 0.25 i
TNetryl 0.10 .
ROX 0.05 ; _
PEIN 0.02 —

densitivity to Static Discharge, Jouiea (Pure Lesd Azide) (b) 6.0070 :

184 .



vos Leed Azide AMCP 706-177

1.9 * Taad Azide 0.50
1.0 Bleck Powde> 0.3%
2.0 50/50, Leed Azide/Black Powder 1-26

Solubility of Pure Lead Azide; _gm/100 ge of Water:

Sc £
- 20 0.95

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

2Ne- No Ney + (803)p-+ Pb(¥5) 2 + 2 Nal,

- Iead nitrete solution: This ts prepared by dissolving 164 lbs lead nitrate and 8.25 1b.
dextrine in deionized water, the solution allowed to settle, an? sodium hydroxide added to
wring the solution to a pH of 5.4. ‘The final concentration of the solution is then adjusted
t7 74h lead nitrate, 0.375% dextrine by ad@itic: of deionized vater.

The lead azide is precipitated at a solution temperature of 160°F, using 60 parte lead
nitrate end 50 parte sodium azide solution. ‘The letter is edded to the former in 23 minutes,
under agitation (no baffles are used in the precipitation vessel), the mixture cooled to room
tesperitu’; in 12 minut.s, and sllowed to settle 10 minutes. ‘he acthar liquor is decanted
and the remaining slurry washed before packing.

j Origin:
First prepared in 1891 by I. Curtivs (Ber 2h, 3345-6) by adding lead acetate to a solution

of sodium or emmonium azide. F. Hyronimus (French Patent 364,792) should be credited witn the
first attempt in 1907 +o use lead azide with some success in the explosive industry. Its com-
mercial manufacture started in Bur 3e before World War IT and in the United States since 1931
eas military or commercial grade "dextrinated” lead azide.

Destruction Chemical De 4 tion:

Tead azide can be decomposed by

(:) mixing with et least five times its veight of a 10% solution of sodium hydroxide
and allowing the mixture to stand for 16 hours. Decant the supernatant solution of sodium

. azide and druin into the soil. ;

(2) @issolving in a 10% solution of ammonium acetate and adding a 10% solution of
sodium or potassium bichromete until no more lead chromate is precipitated.

(3) wetting with 500 times ite weight of water, slowiy adding 12 times its weight
of 25% sodium nitrite, atirring, and then adding 14 times ite weight of %$ nitric or glacial
acetic acid. A red color produced by the addition of ferric chloride solution indicates Lead
Azide is si:11 presert. N

~
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AKCP 706-177 , Lead Azide
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(4) dtesolving in 50 times its weight of 15% ceric ammonium nitrate. The azjda 16
decoupvssd with the evolution of nitrogen. “s
References: 39

(a) Ph. Naoum, Z ges Schiess Sprengatoffy, 161, 229, 267 (27 June 1932). ; 2 °

(bv) F. W. Brown, D. H. Kualer and F. C. Gibson, Sensitivity of Explocives to Initiationby Flectrostatic Discharges, U. S. Dept of Int, Burean of Mines, Ri em [oub-
(c) C. Lenchitz, Ice Calorimeter Determination of Enthalry and Specific Heat of Eleven

tallic , +, November *°55.

(a) Also see the following Picatinuy Arseual Technical Reports on Lead Azide: -

2 2 2 3g & & € 1 28

550 562 832393, (tS ssC«CTC(tCBC (CQ
637 708
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39See footnote 1, page 10.
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; woo~ Lead _2,4-Dinitroresarcinate (LDNR) AMCP 706-177
a i

*‘ Compaction: , Molecular Weight: (PbCgHaNo0¢) 405

' —
; c 17.8 o — Onrgon Peat 3

EH 0.5 : -: Re Ne, CO % 8
, 9) 23. Pbt Po red o Density:om/cc Crystal 3.2
; } Malting Point: °C
t | x0,
; C/H Ratio 0.549 Freezing Point: °C
t

: lmupect Seneltivity, 2 Xq We: Boiling Point: °C
: Bureau of Mines Apporots,cm 1 kp wt |= 3 :
$ Sompte Wt 20 mg Refractive Index, n°
i. Picatinny Arsenal Apporotus, in. ne
aa Sample Wt, mg 20 8

ot ng

a

3 Stee! Shoe cc/40 Hrs, at
} Fiber Shoe 90°C
’ 100°C

Rifle Bullet impect Test: = Trials 120°C ~=—- (73: minutes) Explodes

- Burned 200 Grem Bomb Send Test:
‘ ' bd bot powder fuse a &

Explosion Tompereture: a Sansitivity te Initiation: .
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

3 ' Mercury Fulminate

10 Tetryl

15
‘ 20 Bellistic Mortar, % TNT:
} . Trous! Test, Se TNT:
, 75°C Internatic.ral Heat Teer: .
: % Loss in 48 Hrs . Plate Dent
: Herne

: we

p - 100°C Heet Test: Condition
; % Loss, ‘st 48 Hrs 0.20 Confired
; . % Loss, 2nd 48 Hrs 3.02 Density, grr /ex
: Explosion in 100 Hrs None Brisonce, % TNT
; Detonation Rete:
; Fleawnebility Index: Confinement

: Condition ‘
° Hygrescepiclty: % 30°C, 90% RH 0.73 Chorge Diometer, in. ~

: Density, gm/ce
: v y Rote, meters/second
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ANCP 706-177 Lead 2,4-Dinitroresorcinate (LDNR)

Feegmentetion Test: Sheped Cherge Effectiveness, TNT = 109:

- GO men WE, M71 Projectile, Let WC-91: Glass Cones Stee! Cones
: Density, gm/ce Hole Volume

Chorge Wr, ib G Hole Depth

Tetel Ne. of Fregments:
Foe TNT Color: Red or yellow

For Subject HE
Principe! Uses: Electric detonators

3 lnch HE, MA2A1 Projectite, Let KC-S:

c Density, gm/ce
: Charge Wt, lb

Tetel Neo. of Frogments:. Methed of Leeding:} For TNT Pressed
For Subject HE

Leoding Density: gm/cc

Fragment Velo. ‘y: ft/sec
Ato f
At 25% ft Steregs:

Density, g:a/ec
Method Wet

Blest (Reletive te TNT): Hozord Class (Quantity-Distance) Class 9

Als; Cornpatibility Group
Peak Pressure
impulee Exudation None
Energy

. Ale, Confined: Initiating Efficiency: 0.4 gm LDNR does not
. Impulse nitiate tetryl pressed at 3000 psi.

Under Woter: Heat of:
Peok Pressure

losion, 1 0Explosion, cal/gn 4

Energy

. impulse
Energy
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To a solution of 5 grams of purifie” ‘unitroresorcin and 2.65 grams of anhydrous sodiun
«... ° %@ in 500 ec of boiling water is a::°3d slowly e solution of 10 grams of lead nitrate
wassolved in 60 ce of bolling water. ‘The reaction mix.ure is constantly stirred during the
\addition of the lead salt and for about an hour afterward vhile the solution is allowed to
coo. to room temperature. The precipitate is filtered and washed thoroughly first with water
qui then vith alcohol a cther. It is dried in a steam oven.

; Origin
&,&-dinitroresorein was described in the 1881 edition of Beilstein (Beil VII, 885). The

same compound was described in more detail by Weselsky, Benedikt and Mibl in 1882 (M II, 323).
‘ The lsed salt of 2,4-dinitroresorcinol appears to have been prepared between World War I and

World War II by treating resorcinol with nitrous acid and oxidizing the resulting dinitroso-
resorcinol to dinitroresorcirgi. leed nitrate solution was then added to a solution of the
2,h-dinitroresorcinol to which sodium carbonate had been added to form the soluble sodium sal

, (3- De Fopper, PATR No. 480, March 1954). ‘The LTWR exists in two forms differing in physical
-_ characteistics but possessing similer expicsive es. These forme are red and orange

, \ in color (K. 8. Warren, PATR 1448, Septesber 1944).

— - fer. yeu 4

d
’

_4
»

4 “ Lead_2,4-Dinitroresorcinate (LDA) AMCP 706-177
PT Cie OW ee a 2 wo

: tion:

}
a No, 0,
t + Po(N0,), —————> o | Pe + 2kNo

fo « 3

1 NO, KO,

is

(a) See the following Picatinny Arsenal Technical Reports on eed 2,4-Dinitroresorcinate:

Q 2 A 8 2
480 453 1004 1326 859
580 1448 1079

sen footnote 1, page 10.
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AMCP 706-177 Lead_4,6-Dinitroresorcinol Basic (LDNR Basic)

. Composition: Melceuler Weight: (PboCgH,No0g) 646

* O— Pb — OH Onvece
“4 ie ne 2 CO. oon “20
= 8 0. -20

p> 19-8 0 — Pt — OH Density: gm/ce
Ko Mehing Feint: °C 213

2
C/H Katio 0-1TT Freezing Polat: °C

ig tunpoct Sensitivity, 2 Kg We: Boiling Polat: °C
; Bureau of Mines Apporotus, cm 1 kg wt &
“ Somple Wr 20 mg Refractive Index, n°
- Pica inny Arsenal Apporotus, in. °
‘ Sample Wt, mg 20 Ns

; Pexduben Test: Vecuum Stebitity Test:
Steel Shoe ec/40 Hrs, ot
Fiber Shoe 90°C

. 100°C
‘ Rifle Bullet impect Test: = Trials 120°C

: % 198*

| Partials

Burned 200 Grom Bomb Send Test:
| u $tuP Bowser fuse 15

Explosion Tompereture: ¢ Sencitivity te initiation:
Seconds, 0.1 {no cop used) Minimum Detonating Charge, gm

| Mercury Fulminote
5 Explodes 295 Leod Azide

10 Tetryl
15

20 Boliietic Mortar, % ‘TNT:

Teousi Test, % TNT:

73°C lnternetiqne! Heat Teet:
% Loss in 48 Hrs Plete Dent Test:

Mathori

100°C Heat Feet: Condition
% Loss, Ist 48 Hrs Ob Confined

ae % Loss, 2nd 48 Hrs 0.0 Density, om/ce
Explosion in 100 Hrs None Brisance, % TNT

Detonation Rete:

y tndex: Confinement
* ; Condition

ity: % Charge Diomete-, in
oletilit Density, gm/cc

. : Rate, meters/second
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Lead 4, 6-Dinitrorenorcinol Basic (LONR Basic) AMCP 706-177

Fragmentation Test: Sheped Charge Effectiveness, TNT = 100:

90 men HE, M71 Projectile, Lat WE-91: Gloss Cones Stee! Cones
Density, gm/cc Hole Volume

Charge Wr, Ib Hole Depth

bee ° Color: Red or yellow
For Subje-t HE” * Principal Uses: Electric detonators

3 iach ME, M42A1 Projectile, Let KC-5:

Density, gm/cc

Charge Wr, ib

Total Ne. of Fragments: Mathed of Leoding: Pressed
For TNT

For Subject HE
Leading Deneity: gm/cc

Fregment Velocity: ft/sec
Aro tt
At 25%, ft Sterege:

Density, g/cc” Method Wet

Bleet (Reletive te THT): Hazord Class (Quontity-Distonca) Class 9

Air: Compatibifity Group
Peak Pressure

Impulse Exudation Fone
Energy

Confined: Initiating Efficiency: 0.4 gm LINK BasicAw ene S not initiete tetryl pressed at 3000
pel.

Under Weter:
Peak Pressure

lenpulse

Energy

Undergreuad:
Peak Pressure

impulse
Energy

191
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AMCP 706-177 Leeda 4,6-Dinitroresorcinol Besic (LINK Basic) ~

tion:

O—Pbh— OH:OH OH

uno, 2" Po(CH,c00), ODN
ey —_—— ep

OH OH O~Pb— OH

NO, KO,

(a) Ome hundred gress of pure resorcin is fused in « porcelain casserole and immediately
poured on # glass plate. After cooling, the cake is ground in c mortar to pass a U. S. Stan-
Gard No. 6 mesh sexseen. Four hundred grems of 96 percent nitric acid in a one pint capacity
Dewar jar is stirred mechani while carbon dioxide snow is added in small pieces. When .
the temperature falls to -20°C, grams of the granulated resorcin is added in saall quenti-
ties, Simltaneous addition of soJ]id carbon dioxide as required prevents a rise of tempera-
ture of more than 5 degrees throughout the entire experiment. Five minutes after the last
portion of resorcin is introduced, the mixture is further cooled to minus 50°C, and finally
drowned vith vigorous atirring in Tie times its volume of cracked ice, in water. This mix-
ture is allowed to stand for one hour and the product then filtered, washed, and pertially
dried, weight 43.6 grams. ‘The crude 4,6-T8R is purified by first dissolving the product in
an aquecus 5 percent sodium hydroxide solution {17.4 grams of sodium hydroxide in 340 ce of
water). ‘whe resulting solution ir then neutralized by gradually adding it to a boiling solu-
tion of 21.4 grass of 96 percent sulphuric acid in 150 cc of water. ‘The resulting precipitate
of 4,6-DMR is filtered hot on @ suction filter and air-dried. Yield, 27.5 grama (37.8 percent
of the theoretical).

(bp) Five hundredths (0.05) mole (18.96 grams) of lead acetate is dissolved in 67 ce of F ?
warm water, into vhich is gradually stirred 0.10 mole (4.0 grams) of sodium hydroxide dis- Secor ‘
solved in 67 ce of vater, 3tirring is continued for five mimtes. After settling, the vhite
lead hydroxide is washed ty decantation three times with 100 ec: portions of distilled weter,
aud used immediately for the next operation.

(c) A 0.0278 mole (3.56 grams) quantity of the 4,6-DaR prepared under (a) above, is dis-
persed in 270 cc of wa‘er by vigorously beating with a motor stirrer. After heating this
dispersion to 90°C, the 0.05 mole of lead hydroxide prepared above in elurry form is intro-
duced in small portions. Agitation is continued for three hours at 90°C. ‘The basic lead
4,6-DNR is washed oice by decantation, and again on the filter with sleohol. After drying
overnight in a desiccator charged with calcium chloride, the product weighs 15.6 grams.

Origin:

Both the 2,4- and 4,6-dinitroresorcin were ad scribed in some detail by Weseleky, Benedikt
and Huol in 1862 (MII, 323). Typke prepared the 4,6-din‘troresorcin in 1883 by hydrolyzing
the nitretion product of resorcin diacetate (Ber 16, 551). A wore direct and economical
method of preperation suitable for production scale manufectuce was developed during World
War II by the British (Ministry of Supply Pouch Item W-154-2ie, "Mrnufacture of 4,6-Dinitro-
resorcin and Lead 4,6-Dinitroresorcinate"). This procedure consisted of preparing 4,6-
dinitroresorcinol by direct nitration of granulated resorcin and allowing the product in slurry ;
to react with an excess of leed hydroxide at 90°C. This basic salt can be prepared in two ~
forma: (1) a microecrystalline, yellow, low-deneity form and (2) a denser, brick-red form.
Bot products have the same chemical composition and the eame sensitivity to impact (PATR
14L8, September 19b4).
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AMCP 706-177Lead hnate

Componition: = Molecular Weight: (PbC-H.N.0.) 463% 0 6 Za 9
5 15.4 Oxygen Belcnce:

CO, % “19H 0.6 O,N No, CO % 2
N 9.0 PoH.O ;

o 8 9 Density: gm/cc Crystal o2Pb bh.o 3 gen, ys 3.

nO Melting Peiat: °C Explodes 260-310
2C/H Ratio 0. gol. 4 Freezing Point: °C

tempect feneltivity, 2 Ky We: . Belling Point: °C
Bureou of Mines Apporatus, cm 17

Sompie Wt 20 mg Refractive ixdex, 2,
Picatinny Arsenal Apporatus, in. 3; (8 oz wt) 8 °

Samp'e Wt, mg 22 fiss
ne

Stee! Shoe Detonates cc/40 Hrs, at
Fiber Shoe Detonates 90°C

\oo°c 0.4
Rifle Bullet impect Teet: = Triols | 120°C 0.3

% e,Explosions 135°C
Partials 150°C ;

Burred 200 Grem Bomb Sond Test: i
Unoftacted Sond, gm 2k i

lil

Explosion Tempereture: °c Sensitivity te Initiation: ®
Seconds, 0.1 (no cap used) Minimum Detorating Charge, gm

1 Mercury Fulminate "race
5 Explodes 262 Leod Azide Trace*

10 276
15 ara * <.00%" Xn , alternative
y iss 267 Gellietic Merter, % TNT:

Trews! Tew, % TNT: (a) ho
75°C lnternetione! Heat Tent:

% Loss in 48 ers Plote Dent Test:
Method

% Loss, Ist 48 Hrs 0.38 Confined
% Loss, 2nd 48 Hs; 0.73 Density, gm/c-
Explosion in 100 Hrs None Brisonce, % TNT

Detenetion Rete:
Flammability index; Confinement

259, Conditior.
Hyprascopieity: % s00) oon a Oo Cherge Diureter
v. ; Density, gm/cc 2.9

oletitity: Rote, meters/second 5200
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AMCP 706-177 Lead Styphnate

Fragmentation Test:

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

Density, gm/cc

Charge Wt, Ib

Tetet Ne. of Fregments:

For TNT

For Subject HE

3 inch HE, M42A1 Projectile, Lot KC-5:

Density, gm/cc

Charge Wt, ib

Tetel Ne, of Fregssents:

kor TNT

For Subject HE

Shoped Charge Effectivences, TNT = 160:

Glass Cones

Hole Volume

Hole Depth

Steet Cones

Coler: Orange-reddish brown

Principal Uses: Iguiting charge, and ingrediert
of prizing cospositions

Mathed of Leoding: Pressed

impulse

Ais, Confined:
Impulse

Under Woeter:
Peak Pressure

Imputs.
Energy

Undergrovad: -
Peck Pressuce
impulse

Energy
Heat of:

Combustion, cai/gm
Explosion, cal/gm

Ges Volume, cc/gm
Formation, cal/gm

1251
4ST
368
“92

Storege:

Method Wet

Hozord Class (Quontity-Distance) Class 9

Compatibility Group Group M (wet)

Exudation None

Activation :

keal/mol 15-39
Induction Period, sec 0.5-10

cific Heat: cal Cc (c)

°s
~50 0.141

G 0.158
25 0°164
50 9.167
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D) Lead Styphnste AMCP 706-177 : aoe

0,8 NO,
—_—_———— PoH0 + 2c, COOH

0,N

i

o
f

NO, NO,

om
e4 
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Dissolve 14.4 am ead nitrate and 1 cc of 3% acet’.c vzid in 320 cc distii.cd veter. Dis-
solve 4 gm 2,4,6-trinitroresorcinol and 1.73 gm sodit.n cervonate in 80 ce distilled water.

. Add the l.ed 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 in 5 hours. Eveporate the soli ‘ion to 1/3 its volume, cool, filter and wash the product
t well with water (to neutrality).

j ° Sensitivity to Static Discharge, joules: (b) 0.0009
t Loss in Weigh: at 105°C: &

4 3 hours 0.02
. 6 hours 0.23 2

9 hours 0.23 4

~ i Effect of Storage for 2 Months at 30°C, on: ,
f ; Explosion iemperature Test Value Nil z
s vw Sand Test Value Nil

“s Sensitivity to Initiation Nil

Solub1lt 100 in;

Glycol Diacetate

pa i
: 20-25 0.1

z .

} Origin:

; - First described in 1914 by von Hurtz and found to be a relatively poor initiatcr by Wall-
+ baum in comparison to other primary explosives. (2 ges Schiess Sprengstoffw 34, 126, 161, 197
4 (1939)). Moisak showed that lead styphnate could be used as an ineulating (cover) materiel
; for leac azide providing protection from mechanical and chemical influences and, at the same
i . time, increasing the detonating ability of the total charge (Transactions of Butlerov Inst
} Chem Tech Kasen (Russia) 2, 81-5 (1935).

Es

o
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: AMCP 706-177 Lead te

Destruction by Chemical Decomposition: yee

Lead styphnate is decomposed by dissolving it in at least 40 times its weight of 20% socius
hydrox: Je or 100 times its weight of 20% amnoni..n acetate and adding a solution of sodium :
Gichronate, equa’. to half the weight of atyphyite and 10 parts of water. : .

References: *!

(2) Seport AC-936/Org Ex 7h. : | .

, (b) F. W. Brown, D. H. Kuvler and F. C. Gibson, Sensitivity of ae to_ Initiation by
Electrostatic Discharges, U. £. Dept of Int, Bureau o nes, RI ’ °

(ce) C. Lenchitz, Ice Calorimeter Determination of Enthealpy and Specific Heat of Elevet:
Organometallic Compounds, PAIN No. o224, Roverber 1955. —
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(a) Algo see the following Picetinny Arsensl Technical Reports on Lead Stypbnate:
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Mannitol Hexanitrate (N Ltromannite) AMCP 706-177

Garapesition: Ga ono Meleculer Weigt* (CgHglg0. 9) k5e
% a2 See

0.,NOCH Oxygen Belence:
c 15.9 | - CO % ast

CO % ©x 2.8 ogo 3
” 18.6 : HOONO, Density: gm/cc 1.73

HCONO . =0 63.8 pe Melting Pola: °C 122-113
CH,ONO, -

CAH Retio 9.133 Freemng Puint: °C

ienpoct Sensitivity, % Kg We: Salting Polat: °C Decomposes 150
Bureau cf Mines Apparotus, cm uu

Somple Wr 20 mg Refrective Index, n°.
Picatinny Arsenol Apporatus, in. 4 ne

Somple Wt, me 1 mo
ng

Friction Peodulem Yost: Vecuum Stebllity Test:

Steel Shoe Detonates cc/40 Hrs, ot
Fiber Shos Unaffected 90°C

: T00°c
Kite Bullet Impect Test: Tricks 120°C

Exp! % 135°C
150°C

Partials

Burned 200 Grom Pomb Send Test:
Unottected Sond, ;m 68.5

' Explesion Tempereture: °C Sensitivity te laitietion:
Seconds, 0.1 (no cop used) 160-170 (a) Minimum Detonoting Charge, gm

1 232 (v) Mercury Fuirinote --
5 175 (e) Leod Azide 0.06

10 Tetryt on
15

20 Gellictic Merter, % TNT:

Trews! Test, % TNT: — (c) 172
75°C international Hoot Teet:

Plate Deat Test:4% Loss in 48 Hrs 0 Mathod

100°C Hest Test: Condition
% Loss, Ist 48 Hrs -- Confined
% Loss, 2nd 48 Hrs - Density, gm/ec
Explosion in 100 Hrs (Frothed) 48 hours Brisance, % TNT

Detonation Rate: (4)
Flammebiizy ladex: Confinement Yes

Condition Pressed
Hygresceplcity: % 30°C, OE TH 0.37 Chorge Diameter, in. 0.5

Density, gm/ce 1-73

Volotility: Rote, meters/sezond Bef
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AMCP 706-177 Mannitol Hexanitrete (Ni tromannite}

Shap: d Cheege Effectivenen, TNT = 160:Fregmcntetion Test:

90 mm HE, M7? Projectile, Let WC-91: “toss Cones Stee! Cones
Density, om/ce Hole Volume

Charge Wt, td Hote Depth

Tetel Ne. of Fragments: “Color:
For TNT

For Subject HE =
as Secondary charge in detonators

. ref i), and in blasting caps designed to3 inch HE, MAZAI Projectile, Let KC-S: be initiated by a fuse (ref 3) ;
Density, gm/ec .

Charge Wr, tb i

Tae eo Fremont: Method of Leoding: Pressed 4
For Subject HE .

Leeding Density: gm/cc

Fragment Velocity: ft/sec .
> Ato ft

At 25% ft Sterege:

Darnsity, gm/cc
SAathnod Iry

~Blast (Relative te TNT): Hazard Class (Quant ity-Distance) : Class 9

Abr: Compatibility Group
Peok Pressure
impulse Exudation None
Energy :

Impulse Minutes 6
Veter Woter: Heat of: (e, f, e)

impulse Combustion, cal/gm 1515 21525
Energy Explosio.., cal/gm 1390 1b54 1466 15

; 
Formation, cat/em 337 35 9-66

Peok Pressure
Impulse

Energy

Be
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AMCP 706-177 ‘Mannitol Hexanitrate (Nitromanni te)

Solubility: OT ;

a. Insoluble in water. oe i

bd. Slightly soluble in cold alcohol (2.9 gm at 13°C).
c. Slightly soluble in ether (4 gmat 9°c).

a. Very soluble in hot alcohol.

Preparation: (Laboratory Method) (k)

@. Cool to helow 0°C, 5¢ gm of 964-100% nitric acid placed in a 300 milliliter Erlenmeyer
Pyrex flask provided with a thermometer and immersed in an ice-selt mixture.

bd. Introduce in small portions, 10 gm of d-mannitol, while svirling the flask to break up
any lumps of mannite which might form. Keep tne temperature below 0°c.

ce After solution is complete, add 100 gm of concentrated sulfuric acid from a dropping
funnel, swirling the flask in an ice-salt mixture to keep the temperature below 0°C.

ad Filter the resulting porridge-like slurry through a filter paper previously hardened
by treatment with mixed aci¢.

e. Rinse the precipitate directly on the filter with water followed by dilute aqueous
sodium carbonate and finally with water. (The resulting crude mannitol hexanitrate gives
16.2% N an cctermined by the nitrometer. ) .

f. Dissolve the crude mannitol hexanitrate in boiling alcohol and filter through a water-
Leaved funnel.

g- Bring the filtrace to boiling and gradually add hot water until the appearance of the
first turbidity.

4. Cool in an ice-salt bath, 3 te and dry the crystels. (Yield should be about 23
gm of material, melting it 112°-113°C and having 18.58% N, the nitrogen being determined by
t.2 nitrometer. Theoretical yicld would be 24.2 gn.)

CyOrigin:

Mannitol hexanitrate was discovered in 1847 hy Ascanio Sobrero who recommended it as a sub-
stitute for mercury fulminate in percussion caps (Coup rend. 1yAL7. 121). It is the hexanitric
ester of mi tel which is widely distributed ‘. nature, particularly in it= vlant Frwrinus
ornus. N. Sokoloff, a Rusaian chemist, investigated che explosivé properties of my end recon-mended in "1878 a method of prerc:acion. Mannitol hexanitrate was thorou,hly studied by Uerthe-
lot, Sarran and Vieille. cxmonte, Menard, Strecker, Tickanowich (Ph. Naoum, Ni sveerin end
Ni veerin Issives, Baltimore, 1928, pp. 156, 247-250), and particular y de He WignerTice = TH Ui Bay. More recent data have been reviewed by Guastalla and Racciu ("ModernExplosives," Industria Chimica 8, 1093-1102 (1933)).
References:2

(a) G. C. Hale, Abstract of Available information on the Preparation and Explcsive Proper-
ties of Hexanitromannite, PA Special Report Ho. 23, 30 duly 1925.

42See footnote 1, page 1C.
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AMCP 706-177 Mannitol Hexanitrate (Ni tromanoite) on

(>) c. A. Taylor and W. H. Rinkenbach, "Sensitiveness of Detonating Compounds to Frictional :
Impact, Impact, and Heat,” J. Frank Inst 204, 369-76 (1927).

(c) Ph. Maoum, Z ges Schiess - Sprengstoffw (Munich), pp- 181, 229, 267 (27 June 1932).

(4) B. Mast, Z angew Chem, 3%, 7h (1923).

(e) A. Schmidt, Z ges Schiess - Sprengstoffw 29, 262, (1934).

Iandolt end Bornstein, E III, p. 2914.

(f) A. Marshall, Exp
London (1932) p- 39. Ph. Naoum, Eitroglycerin and Mi troglycerin Ip B re
PP. 156, 247-250. ‘

(g) A. Schmidt, Z ges Schiess - Sprengatoftw 29, 262 (1934) G. Fleury, L. Brissend and ‘
P. Ihoste, "Structure and Stability of Nitric Raters,” Comp rend ze, 1016-18 (1947). wi

D es of 3 E ic Relations forW. R. Tomlinson, Jr., Fundamental Pro
Use in the Estimation of Ex

(h) Sarren and Vielle, Mém poudr 2, 161 (1884-1889). 7

(x) &. von Hurtz, U. S. Patent 1,878,652 (20 September 1932).

(3) be A. Burrows, U. S. Patent 2,427,899 (23 September 1947). fe

c (x), B. %. Fedoroff, Bandbook of Expleeiv: and Related Items, Picatinny Arsens) (unpub- : j
Vehed). i

Ey

(i) 0. EB. Sheffield, Literature on Mannitol Hezanitrate, PA Chemical Research Labo- .
ratory Report Ho. 52-10-16, 33 Jenuary es a :

(m) Also see the following Picatinny Arsenal Techoical Arports on Mannitol Hexunitrete: i . n,
2 4 2 6 :

1352 ah 85 6
64
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Mercury Fulsinate AMCP 706-177

Compaction: Meleculer Weight: (HgCoNo0>) 285
c 8.% O—NmC ore — aT

K 9.8 He CO % 55

o me Nene Denelty: gm/cc Crystal 4.43
Bg —s-‘70.6 Melting Peiat: *.. Decouposes
C/H Ratio Freezing Point: °C

tenpeet Sencitivity, 2 Ke Wr: Boifag Point: °C
Bureau of Mines Apporatus,cm 5; (1 kg wt) 35

"Semple Wr 20 mg Refrective Index, n°
. Picatinny Arsenal Apporatus, in. 2; (1 1b vt) = & >

Sample Wt, mg 3x fs
ne

Friction Pendohem Test: Vecwum SteSility Test:
Steel Shoe Explodes ec/40 Hrs, ot
Fiber Shoe Explodes 90°C

100°CRifle Ballet impect Test: Triols 0" Explodes
% "

Partials

Burned 200 Grom Bomb Sond Test:
23.4

Explosion Tomporeture: *¢c Seneitivity te Initiction:
Seconds, 0.1 (no cop used) 263 Minimum Detonating Charge, gm

Jt 239 Mercury Fulminote
Explodes = 210 Leod Azide

ie . 19 Tetry!
15 194
20 190 Beliietic Mortar, % TNT:

Trousi Test, % TNT: (a) 51
73°C lnternetionsl Hout Test:

% Loss in 48 Hrs 0.18 Plete Dent Test:
Method

100°C Heat Test: Exploded in 16 hours Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Oensity, gm/ce
Explosion in 100 Hrs Brisonce, % TNT

Detenetion Rote:
Plommebility index: Confi

Condition Preased

Hyprescopicity: % 30°C, 906 RH 0.02 Charge Diometer, 'n.
Density, gm/cc 2.0 30 4.0

Velotiiity: Rote, meters/second 35004250 5000
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AMCP 706-177 Mercury Fulminate

Fragmentation Test: Shaped Cheege Effectivences, TNT = 100:

90 mam HE, M71 Projectile, Let WE-91: Glass Cones Stee! Cones
Density, gm/ce Hole Volume
Charge Wt, Ib Hole Depth

Tetel Ne. of Frogments:For TNT Coler: White to gray

For Subject HE

3 inch HE, M&2A1 Projectile, Let KC-5:

Principe! User: Detonators and ingredient of
priming compositions

Density, gm/ce
Chorge We, Ib

Tate! Ne. of Frogments: Method of Leading: psi x 10°
For TNT 3 5 10 12 15 20
Fo. Subject HE 00 . . . . :

Leadieg Daneity: gm/cc

Frogment Velocity: ft/sec
Ar fr
At 25% ft Storage:
Density, gm/cc

Method Wet

Bleet (Reletive te TNT): Hazard Class (Quontity-Distance) Class 9

Ale: Compotibility Group Group M (wet)
Peck Pressure

Impuise Exudation None
Energy,

Stab Sensitivity: :

as. Confined: Density Firing Point (inch-ounces)
mouse ence Ce Bh og

Under Weter: 22 re ae 53Peck Pressure fe ° . e 3Lo 1.6 2.6 0
Impulse 4.50 1.6 2.5 4.0
Energy Activetiou Energy: ;

keal/ai 29.81
H Induction Period, sec 0.5+10

Peak Pressure Reat of:
impulse Conbustion, cal/en 22
Energy Explosion, cal,

Gas Volume, cc/¢em a
Formetion, cal/gmu -

Specific Heat: cal/pm/Pc 12

Thermal Conductivity:

cal/sec/cem/°C 1x 107%
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Mercury Fulainate AMCP 706-177

_ Initiating Bfficiency; Grams Required to Give Complete Initiation of: 7 on =

Fulminate, gu

Tetryl On
ROX 0.19
PEM 0.17

Coupatidility with Metals:

3, Reacts repidly with aluminum and magnesium. Reacts slowly vith copper, zinc, brass
and ze. Iron and steel are not affected.

Wet: Reacts immediately with aluminum and magnesium. Reacts rapidly with copper, zinc,
brass and bronze. Iron and steel are not effected.

Sensitivity to Static Discharge, Joules: (b) 0.025

The Effect of Storage at 50°C (Dry) on the Purity of Mercury Fulminate

Months stallized Lots Unerystallized Lots . ~23 — 05-17 505-571
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Storage
4 99.75 99-77 99.7? 99.79 98.86 98

°F
6 oR 99045 99.54 WNT 95-95 98.7
8 oT.4
9 94.95 ®

12 98.7 9.56 97-49 «99.06 90.65 iae 42 96.26 98.79 !ub 9.22
Nee 45 91.52 99-0 HR 98.19 83.76 . #16 97.00 99.01 97.75

17 95.70 B.66 96.69
18 94.82 98.58 98.45 9".90 73.99
23 Th. 52
26 63.

Chemistry:

Mercuric fulminate readily decomposes in the presence of aqueous solutions, chlorides, car-
: bdonate and many other materials. Ike to the presence of sumll amounts of mercury, formed by

exposure to light or elevated temperatures, it readily forms amalgams with copper, brass and
bronze, thus components containing these metals must be protectivel, coated if used with ful-
minate.

; Solubility, Grams of Mercury Pulminate in 100 Grams of Water (4); -

2 0.07
kg 0.12
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AMCP 706-177 Nercury Fulminate

tion:

(Chemistry of Powdcr and Explosives, Davis)

- -_ _— | = —~CH, CH, OH —> CH CHO > 7? cHo = f CHO

NO |

H ie V2 i

0 -———~F — rr <——— CH— COOH

au N08 ~ N > OH
c OH

L_, Hg( ONC),

Five gm mercury is dissolved in 25 cc 6f nitric acid (sp gr 1-42) without agitation, and
this solution poured into 50 ce of 90% ethyl alcohol, resulting in a vigorous reaction,
attended by evolution of white fumes and subsequent appeerance of fulminate crystals.
fomes then appear as precipitation of the product accelerates, and then white fumes again are
evolved as the reaction moderates. After about 20 minutes the reection is over; water is
edfed, and the crystals are repeatedly washed, by decantation, with weter to remove all acidi-
ty. ‘he product is purified, rendered white, by solution in strong emmonium hydroxide, foi-
lowed by reprecipitation with 30% acetic acid.

ne

Mercury fulminate wes first prepared by John K. von Lowenstern (1630-1703) and in 1800 its
preparation and properties were first described in detail by Edwerd Howard in « peper presented
to the Royal Society of London (Phil Trans, 204 (1800). It was 1867 before the compound wes
used es an initiating agent, when jovel invented the blasting cep and used mercury ful-
minate to detonate nitroglycerin (British Patent 1345 (1867)).

Destruction by Chemical Decomposition:

Mercury fulminate ig decomposed by adding it, while stirring, to at least 10 times its
weight of 20% sodium “hiceulfate. Some poiscnous cyanogen gas may be evolved.

References; “3

(a) Ph. Neoum - Z ges Schiess-Sprengstoffw (Munich), pp. 181, 229, 267 (27 June 1932).

(>) F. W. Brow, D. H. Kusler, and F. C. Gibson, Sepestvty of Explosives to Initiation by
Electrostatic Discharges, U. S. Dept of Int, Bureau nes, » 1946.

Dee footnote i, page 10.
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- Mercury Fulminate AMCP 706-177
>

“4 (c) Also oee the following Picatinny Arsenal Technical Reports on Mercury Fulminate:
:

; Q é 2 P} 4 2 6 I 8 2
: 20 Wl 132 423 wah 6 26 er 8 199
} 480 361 452 203 29h, 105 366 207 78
: 510 561 522 393 53 255 556 407 278 Thg
> 550 1651 582 433 62h 285 566 537 318 8k9
4 610 me 0833 oh KS ES SET TBR 899

“4 660 882 = 1183 Tes 415 986 637 BBO: 760 9321393 87% ke5 6 857 1389
1220 ng 2093)sisaloh— (Gia RBH 737 2179

i 1450 1352 13%5 = 1556
} 1372 2186
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AMCP 706-177 Metriol Trinitrete (MIN) Liguid (or Trime+hylolethane Trinitrate .

4

Composition: Molecular Weight: ‘CcHgN05) 255
% ——te :

Oxyge Belence: .c 23.5 O,NO—CH,, Co. Ry 3 fy

ef x 3-5 O,NO—CH,——" C— CH, , r _— -
* N 16.6 Density: gm/ce Liquid 1.67 oe . :

ONO — CH. Melting Point: ° - .

C/H Ratio 0.150 Freezing Point: °C : 2

lmpeoct Sensitivity, 2 Kg We: Belling Point: ‘C :
Bureou of Mines Apparotus,cem 47; (1 lb wt) & :

Somple Wt 20 mg Refractive Index, ni; ‘
Picatinny Arsenal Apparatus, in. 2 752 ;Somple Wr, mg 20 na 1.475

nD we

Steel Shoe Explodes c¢/40 Hrs, at _
Fiber Shoe 90°C :

. 100°C cc/gm 1.9 :
Rifle Bullet lmpect Test: Trials 120°C .

% 5 :

; Portials

Burned 200 Grem Bomb Send Test:
Unaffected Sond, gen 4367 _

Explosion Tempereture: “Cc Sensitivity to initiotion: f 5
Secos.ds, 0.1 (no cop used) Minimum Detonating Charge, gm ad

1 Mercury Fulminote
5 Ignites 235 Lead Azide

10 Tetry!
15 7
20 Ballistic Mortar, % TNT: (a) 136

Trevzt Tost, % TNT: (b) ho
75°C Internetional Hoot Test:

% Loss in 48 Hes Plete Dent Test:
Method

: 100°C Heat Test: Condition -
% Loss, Ist 48 Hes 2.5 Confined :
% bss, 2nd 48 Hirs 1.8 Density, gm/ce
Explosion ‘n 100 Hrs None Brisonce, % VNT

Detonation Rete:
Flemmedility Index: Confinement

Py Condition
Hyprescepicity: % 30°C, 90% RH 0.07 Charge Diameter, in.

° z Density, gm/cc
Voletitity: 60°C, mg/en“/hr ad Rate, meters/second

206,
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ne oe : _ 7 Netrioi Trinitrate (MIN) Liguia " AMCP 706-177

s } He mm UE, ATT Pcsjectile, Let WC-91: . Gloss Cones Sinet Cones Pe F
a Density, gm/cc , Hole Volume
4 Charge We, ib” Hoe Depth

Zz . For TNT ; : ; Color: Olly, slightly turbid

na 7 . Principe! Uses: Tugredient of rocket and . ey

. ‘Sinch HE, M&2A1 Projectile, Lee KC-5: double base propellants ‘
Density, gm/ce

_ Charge We, Ib
¢ *

} Fotel Ne. 25 Fregments:
’ ie Mathed of Leodiag:
b For TNT

r | frogment Velocity: ft/sec
At? ft . .

‘ At 25% fi . Storage:

t Density, gen/ce ‘
; Method Liquid a

‘f
t ans Blest (Relative te TNT): Hazard Ckas (Quontity-Distonce) :

3
ed ee Compatibnlity Group :

impulse Exucation

} Ale, Coafined: a Solubility io Water,

é Impulse 100 at:

é . . 25°C £0,015
fo: Under Water: ; (): Peok Pressure see £0-015

7° E
' - nerey. Combustion, cal/gm 2642
7 ore Hydrolyaiz, % Acid:

: Impulse 10 @ays at 22°C 0.038
, Energy 5 days at 60°C " O.415
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AMCP 706-177 Mety{ol Trinitcate (MIN) Liguid ,

Preparetion:
a Metriol (trimethylolmethylnethene) te obtained by the following prcecedure, based on work

Pee. by Hosneus (Annalen 276, 76 (1893): : .

Into a 5 liter round bottow Ziask in weighed 2700 gms of water. To this are edded 267 gms
of 36% formaldehyde and 60 gms of propionaldehyde. The mixwure is stirred for a few seconds.
To the mixture iz added 150 gms of calcium oxide previously sleked with 600 gma of vater.
The mixture is heeted in bolling water Yor four hours, and then allowed to cool spontaneously
overnight. After filtering off the insolutle calcium hydroxide, the solution is heated and
treated with a saturated aqueous solution of oxalic acid to precipitate all the calcium. The

: : precipitated calcium osslate is filtered off, and the pale-yellow filtrate concentreted as
it ‘ guch as possible on the steam beth to a thick lemon-yellow syrup. After diasolving in sbso-

lute alcohol, the solution is filtered and concentreted in the ateam beth to about twice the .
voltum of the concentrated syrup. The solution ie then chilled in a cold box to hasten cry- ,
stallizction. After allowing it to warm up to just above 0°C, the mixture is filtered. ‘he :
resulting product is not sufficiently pure and is recrystallized from absolute alcohol. The ;
melting point of the product (40.3 gm) is then about 196°C (Hosseus gives 199°C). oy

Metricl is nitrated by cerefully mixing it with 3.5 parte of 65/35 HNO2/H,90, mintained ‘
at 20°C, stirring for © minutes, cooling to 5°C, and pouring the reactiof mixture on ice. It
tes extracted with ether, water-washed, and adjusted to pH 7 by shaking with 2 sodium bicar-
ponate solution and again water-washed three tines. It ia then dried with calcium chloride, .
filtered, and freed o: ether by bubbling with dry air until minimal rate of loss in weight is .
atteined. “=: yield is of the theoretical. The product has a nitrate-nitrogen contert
of 16.35% (calerlated: 16.47%). Ite refractive index at 25°C is 1.4752.

ins

MIN, according to Italijn sources, was first prepared and patented by Bombrini-Parodi-
‘ Delfino Company of Italy unasr the name "metriolo." A German Patent cr 1927 also describes .

the preparation and gives some properties. This compound was known in Trance before World i
Wax II under the name of "Nitrorentaglycerin" and Burlot and Thomas determined its heat of Ne
combustion (Ref b).

References; 44

(a) A. H. Blatt, Compilation of Data on Organic Explosives, OSRD kepurt Ho. 2014,
29 February 1944.

(vb) 8. Burlot and M. Thoms, Mém poudr 29, 262 (1939).

(c) Also cee the following Picatinny Arsenal Technical Reports on Metriol Trinitrate:
1616 and 1817.

“aSee footnote 1, page 10.
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, Minol-2 AMCP 706-177

: Comp. sition: Molecular Weight: n
, %

t Amaoniun Nitrate ko CO. % -3
, CO % -20
: TNT bo
. Density: gm/cc 1,621.68
' Aluminum 2
‘ Mekiag Feint: °C

: C/H Ratio Freezing Point: °C

, lmpoct Sensitivity, 2 Kg We: Boiling Point: °C
: Bureau of Mines Apporotus, cm 9-35

Somple Wr 20 mg Retrective ladex, 2,
: Picatinny Arsenal Apparatus, in. 13 °
: Somple Wr, mg 17 ns

! ne
: Friction Pendulum Test: Vecuum Stability Test:

: Stee! Shoe c¢/40 Hrs, ot
: Fiber Shoe 90°C
: — 100°C
5 Rifle Bullet impoct .: Trias 120°C 2.1
. %

Explosions 135°C
t Partials 150°C
7

2 Burned 200 Grom Borsh Sead Tost:
: Unattected Sond, gm

; Explosion Tompereture: ¢ Sensitivity te Initietion:
‘ Seconds, 0.1 (no cap used) Minimum Detonating Charge, gn

: 1 Mercury Sulminate
’ 5 Ignites 435 Lead / zide

. 0 Tetryi
: 15 =
: a Beilietic Morter, % TNT: (2) 143
£

: Trews! Test, % TNT: (b) 165
, 73°C laternational Hoot Toot:
‘ % Loss in 48 Hrs Plote Dent Test: (c)
: Mathod B
: 100°C (eat Test: Condition Pressed
; % Loss, Ist 48 Hrs Confined No
' % Loss, 2nd 48 Hrs Density, ami/ec M73
‘ Explosion in 100 Hrs Brisonce, % TNT 56

: Detenetion Rete: (a)
: Flommobility index: 100 Confinement Hone
: Condition Cast
: Hye piety: % Charge Diameter, in. 1.6
: Density, gm/cc Les

y .@, meters/second
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AMCP 706-177 Minol-2

Boester Sex ¥'- sy Test: {e) Decompatition Equenen:
Conditicn Pressed Oxygen, atoms /sec
Tetrvi 100 (Z/sac)

etry! gm ‘Heot, kilocalorie/moleWax, in. 27 50% Detonation 1.46 (SH, keai/mol)
Wox. yin Temperoture Ronge, °C

Densiry, g/cc 1.75 Phose

Hees of: (1) T fttion, cat/gm 3260 Armor Plete impoct Teet: (ft)

Explosion, cal/gm 1620 60 mm Meter Projectile:
Gas Volume, ce/gm 50% Inert, Velocity, ft/sec 828

Formation, co!/qm Aluminum Fineness

Fusion, col/z *

Specie Heet: Wal /on 6 C ; ;
At Ye 0.30 Plote Thickness, inches

Density, sm/ce 1.78 1
Ih,

iy
wy “s

cm/sec i

Therma! Conductivity; (>) . t
cal/sec/em/*C 16.5°x 10 % 7, . " i|__Density, gn/ce 1.

+: £of : ax Safe Drop, ft 7

Lineor, %/°C $00-% <sence--t Purpose Bomb vs C io

Volume, % /°C Heigh-. fr

Trials
Herdness, Mohs’ Scale: Unoffected

Low Order4, * bYoung's Modulus: (t) 10 High Order
EB’, dynes/cm* 5.03 x 10

E, ib/inch? 0.73 x 10 1000-1 Generel Purpose Bomb +3 Concrete:
Density, gm/cc 1.66

Height, fr
Compressive Strength: Ib/inch? (5) 1910-2070 Triots

Density, gm/ce 1.68 Unoffacted
Vopor Pressure: Low Order

¢ mom Mercury High Order

216
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Minol-2 AMCP 706-177

R ‘ama - —
Fregeventetion Toot: Shoged Charge Effectivesess, TNT = 190:

90 eam HE, 471 Projectite, Let WC-91: Gloss Cones Stee? Cones
Density, gm/ce Hole Volume
Charge Wt, ib Hole Depth

Toto) Me, of Fregments: Coler: Gray
For TNT

For Subject HE
Principal Uses: Bombs and depth charges

3 inch WE, M42A? Projectile, Let KC-5:

Density, gem/ec
Chorge ‘Vt, ib

Tetel Me, of Fregments: Methed of Leeding: Cast
For TNT

For Subject HE
*

Leading Density: gm/cc 1.62-1.68

Fregment Veletity: ft/sec
At 9 ft
At 25% ft Storege:

Density, gm/ce
Method Dry

Blast ‘Relative to TNT): Hazard Class (Quontity-Distance) Class 9

Ale: Compatibility Group Group I
Peok Pressure 115 -
Impulse m6 Exudotion

Ene: gy 133

Aix, Confined: Ereparation:
Impulse ” Minol is a castable mixture consisting of

Oo percent TNT, 40 percent ammonium nitrate,
Under Water: and 20 percent powdered aluminum and there-

Paok Pressure 108 fore can be prepared by adding the dry in-
Impulse 126 gredients to molten TNT at WC under agita-
Ene: b tion. Minol also can be prepared by adding

rey 140 25 parts of aluminum to 100 parte of 50/50
amatol previously prepared.

Underground: .
Peok Pressure 13
Impulse 139
Energy 147
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MCP (06-177

Origin:

Minols are British ternary explosives developed during World War II. ‘There are three for-
mulations: ‘

Composition, $: Minol-1 Minol-2 Minol-3

THT 4B re) ho
Armonium Nitrate he ko 38
Aluminun 10 20 20

References: “5

(a) Le Ce Smith and &. G. Eyster, sical Testing of losives, Part II ~ Miscollaneous
Sensitivity Tests; Performance Tests, Report No. , 5,

(>) Philip C. Keenan and Dorothy Pipes, Table of Military High Explos‘ves, Second Revision,
NAVORD Report No. 87-46, 26 July 1946.

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 603, 11 August 1942.

(a) G. B. Messerly, The Rate of Detonation of Various Explosive Compounds, OSRD Report No.
1219, 22 February 1943.

M. D. Hurwitz, The Rate of Detonation of Various Compounds and Mixtures, OSRD Report
No. 5611, 15 January 1958,

(e) L. C. Smith and S. R. Walton, A Consideration of Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1089. — —

(f) Committee of Div 2 and 8, NDRC, Report on HBX end Tritonal, OSRD No. 5406, 31 July 1945.

(g) W. R. Tomlinson, Jr., Blast Effects of Bomb Expiceives, PA Technical Div Lecture,
9 April 1948.

(n) Also see the following Picatinny Arsenal Technical Reports on Minol-2: 1585 and 1635.

“3See footnote 1, page 10.
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MOX-1 AMCP 706-177bo-N YOX2

t - -
:

; Composition: Molecular Weight: 40.6r - 3 ler Weight: 5
4
’ Oxidizing a,ent (Ammonium Oxygen Belence:
H Perchlorate) 35.0 CO, % <bh
} Aluminum, atomized 26.2 CO % -37
‘ Cupric Oxide nace
’ Magnesium, atomized 26.2 Density: gm/cc Pressed 2.0
. Other ingredient (Tetryl) oT
i Calcium Stearate 1.9 Melting Point: °C
; Graphite, artificial 1.0
: C/H Ratio Freezing Point: °C

: impact Sencitivity, 2 Xg Wr: Boiling Point: °C
. Bureou of Mines Apparatus, cm 7
‘ Somple Wt 20 mg Refractive Index, n2
’ Picatinny Arsenal Apparatus, in. 13 °
. Sample Wt, mg 22 ne
‘ ns

.- Steet Stioe Detonates cc/40 Hrs, ot

, Fiber Shoe Unaffected 90°C wees
. 100°C 0.47
. Rifle Bullet impect Test: = Trials 120°C
7 % e' Explosions Wore
i Portials 50°C
; Burned 200 Gram Bomb Send Test: 4
5 Unaffected Sond, gm 10.6 ;
:

i -_-’| Explosion Tompereture: Cc Sensitivity te tnitietion:
' Seconds, 0.1 (no cap used) --- Minimum Detonating Charge, gm
: 1 wo Mercury Fuiminate wore
t 5 285 Lead Azide 0.20
: 10 Tetry! 0.25
. 15

: 20 Bellietic Mester, % TNT:
> Trousl Test, % TNT:
7° 75°C Internationa! Hes? Test:
: % Loss in 48 Hrs Plete Dent Test:
' Discoloration, fumes, odor None Method
i 100°C Heet Test: Condition
’ % Loss, Ist 48 Hrs 0.10 Confined
te % Loss, 2nd 48 Hrs 0.01 Density, gm/ec
, Explosion in 100 Hrs None Brisance, % TNT

: Flemmebility Index: Confinement

: Condition
: Hygreccopicity: % Charge Diameter, in.

Density, gm/cc

Voletility: Rote, meter:,second
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AMCP 706-177 MOXe1

Fregmentetion Test: Shaped Cherge Effectivences, TNT = 100:

90 mm HE, M71 Projectite, Let WC-91: Gloss Cones Stee! Cones

Density, grn/ec ; Hole Volume

Charge Wt, Ib g Hole Depth

Total Ne. of Frog * Color: Gray powder mixture
For TNT

For Subject HE
Principel Uses: = Small caliber antiaircraft

3 inch HE, M42A1 Projectile, Let KC-5: projectiles
Density, gm/cc

Charge Wt, Ib

Totel Ne. of Frog * Mathed ef Leading: Pressed
For TNT

For Subject HE

Leeding Ovacity: gm/cc

Fregment Velocity: ft/sec At 30,000 psi ~ 2.0
At? ft
At 25% ft Sterege:

Method Dry

Blast (Relative te TNT): Hazard Class (Quantity-Distonce) Class 9

Ais: Compatibility Group Group I
Peck Pressure Bureau cf Explosives Classification Class A

Imouise Exudation

Energy

Heat of:

Impulse Combustion, cal/ga 4087
Explosion, cal/gm 2087

Under Weter: Gas volume, ce/am 212
Peak Pressure

Performance Tests:
Impulse O mm Tel Projectile:
Energy

NFOC Pressure Cube 35
U : APG Blast Cute ho

Peak P i Activati E :Impulse ctivation Energy:

Energy kcal/mol 12.5
Temp, °c 30C to 369
Time to ignition, seconds 1.78 x 10
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_ MOX-2B AMCP 706-177
»

Composition: Meleculer ¥*-? ht: ke
%

Oxidizing agent (Ammonium Oxygen Belence:
Perchlorate) 35.0 Co, % a4)

Alvainum, atomized 52.4 CO % -b3
Cupric Oxide ence
Magnesium, atomized secs Density: gm/cc Pressed 2.0
Other ingredients* 9-7
Calcium Stearate 1.9 Melting Point: °C
Graphite, artificial 1.0

*5.8% ROX and 3.9% INT coated. gn fimoni ym Freezing Point: °C

lenpect Senei ivity, 2 Kg We: Belling Point: °C
Bureau of Vines Apparatus, cm -~

Sample Wt 20 mg Refractive index, nQ,
Picatinny Arsenal Apparatus, in. 12 o

Somple Wt, mg 2h Miss
Nee

Friction Pendulum Test: Vecuum Stebility Test:

Steet Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C wees

100°C 0.21
Rifle Bullet Impect Teet: Trials 120°¢

% *Explosions 38°C

Porisis 150°C
Bur ved 200 Gram Bomb Send Test:

TO Unaffected Sand, gm 11.5

7 Explosion T=<pcrature: ¢c Sensitivity te lnitiotion:
Seconds, 0.1 (nm. cap used) --- Minimum Detonating Charge, gm

' aiahed Mercury Fulminote eevee
5 375 Lead Azide 0.20

10 Tetry! 0.20
15

20 Bellictic Mortar, % TNT:

Trowel Test, % TNT:
73°C Internetionel Heet Test:

%& Loss in 48 Hrs Plete Dent Test:
Discoloration. fumes, odor None Method

100°C Hoot Test: Condition
% Loss, Ist 48 Hrs 0.27 Confined
% Loss, 2nd 48 Hrs 0.18 Density, gm/ce
Explosion in 100 Hrs None Brisance, % TN’

Flemmebility index: Continement

Condition

Hygrescopicity: % Charge Diometer, in.
v Density, gm/ce

wlotiliey: Rote, meters/second.
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AMCP 706-177 MOX-2B

Fragmentett a Test:

90 men HE, MA71 Projectile, Let WC-91:

Charge Wr, ib

Tetel Ne, of Fragments:

For TNT

For Subject HE

3 iach HE, M42A1 Projectile, Let KC-S:

Density, gm/cc

Charge Wr, ib

Tetel Ne. of Fregments:
For TNT

For Subject HE

Sheped Charge Effectiveness, TNT = 100:

. Gloss Cones Steet Cones
Hole Volume

Hole Depth

Color: Gray

Principal Uses: HE filler for small caliber
projectiles

Methed of Leeding: Pressed

Density, gm/ce

Blast (Relative te TNT):

Ale: Bare Charge: Ewe Ive
Peok Pressure 1.02
Impulse

Tee ey, gn/ce
Als, Confined:

Impulse

Sewed Charge in Air: #+

Peok Pressure
tenpulse

14h

4.5?

1.98

1.09

1.16
owce

Density, gm/ec
Underground:

Peck Pressure

impulse

Energy
*EW, equivalent weight as compared to TNT;

Ev, equivalent volume as compared to TNT.

*#*Strong peaper-base phenolic case.

Storege:

Method Dry

Hazord Cless (Quontity-Distance) Class 9

Compatibility Group Group I
Bureau of Explosives Class A

Exudation None

Heat of:

Combustion, cal/gm hw BL
Explosion, cal/gm 142

Ges volume, cc/gm 22.

Performance Tests:
om Tel Projectile:

NFOC Pressure Cube 29
APG Blest Cube x

Aviation Energy:

kcal/mol 7.6
Jemp, 3h0 to 470,
Time to ignition, seconds 1.39 x 107
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MOX-2B AMCP 706-177

Diameter and R-ree of Confinement on Detonation Velocity*Bftect of Altitude, Charpe D
TReference g)

One-Inch Colum Two-Inch Column
Simvlated Altitude, Confined Unconfined Confined Une ne

Feet n/8 nfs n/s : 2/8

Ground | 4730 |
| 30,000 i Charge would not 4530( 3) H Charge vould

: | not propa- |
60,000 : propagate detonation. 4k 30 | gate detona-:

i tion. ;
90 ,000 | hago |

Average : kgs

#Confined charge in 1/k%" steel tube, AISI 1015 seemlecs, 1" diemater 16” long, and
All ceens were determined from sets of five values unless2" diameter 7” long.

otherwise indicated by ( ). A 26 gm tetryl booster was used to initiate each charg?.

Average Fragment Velocity at Various Altitudes* (8)

Sinleted Altitude, Feet
{ ] ~

Explosive Charge Diameter, Ground | F Fi F000)
| Inches nfs ' n/s n/s ds

MOX-2B, ' 1 2012 | stad ; sated |
density, F }
gfe 207 2 334 3352 32k a“

#Outeide diameter 2.54"; inside digmeter 2.04"; length 7”.

Charge would not propagete detonation.
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AMCP 706-177 MOX- 38

Composition: Molecular Weight: 45.6

oxfaizing agent (Potassium Nitrate) 18 Oxygen .Aluminum, atomized 50 CO. Piaes nee: -52
Cupric Cxide -- CO % “43
Magnesium, atomized --
Other ingredients* 32 . .Culcium Stearate 2.0 Density: gm/cc Pressed 2-0
Graphite, artificial*+ 1.0 Melting Point: °C

¥29.1% RDX, 0.9% wax, and 2.0% TNT.
*#Per cent acied. Freezing Point: °C

impact Sensitivity, 2 Kg We: Boiling Point: °C
Bureau of Mines Apparatus, cm --

Sample Wt 20 mg Refractive Index, n°,
Picotinny Arsena! Apporotus, in. 17 .

Somple Wt, mg 2k Mis
ne

Steel Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C anes

100°C 0.57
Rifle Bullet impect Test: Trials 120°C

% °Explosions 135°C

Partials 150°C
Burned 200 Grom Bomb Sead Test:
Unaffected Ser:d, gm 33.2

Explosion Tompereture: "Cc Sensitivity te Initiation:
Seconds, 0.1 (no cop used) --- Minimum Detonating Charge, gm

1 oon Mercury Fulminote cove

5 540 Leod Azide 0.20
10 Tetry! 0.15
1s
20 Belli.:; Mortar, % TNT:

Treus! Test, % TNT:
73°C internetione! Hoot Test:

% Loss in 48 Hrs Plete Dent Test:
Discoloration, fumes, odor None Method

100°C Heet Test: Condition
% Loss, Ist 48 Hrs 0.35 Confined
% Loss, 2nd 48 Hrs 0.13 Density, gm/ce
Explosion in 100 Hrs Hone Brisonce, % TMT

Oo etion Rete:
Flammability index: Confinement

Condition

Hygrescopicity: % Charge Diameter, in.
Density, gm/cc

Veletility: Rote, meters/second
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AMCP 706-177

Fregmentetion Test:

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

Density, gm/ec

Charge Wt, tb

Teotel No. of Fragments:

For TNT

For Subject HE

Sheped Charge Effectiveness, TNT = 100:

Glass Cones Steal Cones

Hole Volume

Hole Depth

Coler: Gray powder mixture

Principe! Uses: Small caliber antiaircref:

3 inch HE, MA2A2 Projectile, Lot KC-5: Projectiles
Density, gm/cc

Charge Wt, Ib

Tetel Ne. of Fragments: Maethed of Leeding: Pressed
For TNT

For Subject HE n

Leeding Density: grn/cc

Frogment Velocity: ft/sec At 30,000 pei ~w 2.0
At9 ft
At 25%, ft Storage:

Densit;, gm/ce
Method Dry

Blest (Relative te TNT): Hozord Closs (Quontity-Distonce) Class 9

Ale: Compatibility Group Group I
Peok Pressure Bureau of Explosives Class A
Impulse

Energy

Als, Confined: Hest_ofs
Impulsemeu Combustion, cal/en “3B

Explosion, cal/gm
Under Weter Ges volume, cc/gm 232

Impuise Performance Tests:
Energy mn 5EL Projectile:

NFOC Pressure Cube ef é
Underground: APG t Cub 2

Peok Pressure Blas ¢ ?
Impulse Activation Energy:

Energy keal/mgl Values not included
Temp, C due to erratic ig-
Time to ignition, nition under condi-

seconds tions of test.
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AMCP 706-177 MOX=bB

Composition: Molecular Weigni: b8
% .

Oxidizing agent (Barium Nitrete) 18 Oxygen Belonce:
Aluminum, atomized 50 CO; % ~53
Cupric Oxide -- CO % “h3
Magnesium, atomized o-
Other jugredients* 32 Density: g: ..’cc Pressed 2.0
Calcium Stearate** 2.0
Graphite, artificial 1.0 Melting Pein: °C

*29.1% RDX, 0.9% wax, and 2.0% TNT.“Per ane saaee’ , Preesiry Poiat: °C
impact Scasitivity, 2 Ke Wr: Boiling Poe's; °C

Bureau of Mines Apparatus, cm 78
Sernple Wt 20 mg Refractive ladex, n°

Picatinny Arsenal Apparatus, in. 18 ne
Somple Wt, mg 26 rl

ne
Friction Pendulum Test: Vecuum Stebility Teet:

Stee! Shoe Sparks cc/40 Hrs, at
Fiber Shoe Unaffected 90°C Laee

100°C ‘67

% %,

Partials

Buried 200 Gram Bomb Send Test:
Unoeffected Sand, gm 33.6

Explosion Tempereture: *¢ Sensitivity to Initiation:
Seconds, 0.1 (no cap used) --- Minimum Detonating Charge, gm

1 woe Mercury Fulminote wwoe

5 610 Lead Azide 0.20
10 Tetryl 0.15
1§
20 Bellistic Merter, % TNT:

Treuzi Test, % THT:
75°C intarnations! Heet Test: Dent Test:

% ‘135 in 48 Fes Plote
Discoloretion, fuses, odor Noue Method

100°C Hest Tess: Condition
% Loss, ist 48 Hrs 0.22 Confined
% Loss, 2nd 48 Hrs 6.12 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT

Detonation Rete:
Flammebility adex: Continement

Condition
Hygrescepicity: % Charge Diometer, in.

Density, gm/ce
Veletility:

Rote, meters/second

atti,
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MCX-LB AMCP 706-177

Feagmentetion Test: Shaped Charge ctrectivences, TNT = 100:

90 men HE, M71 Prejecti . Let WE-91: Gloss Cones Stee! Cones
Density, gm/cc Hole Volume

Charge Wt, ib Hole Deoth

Tetel No. of Fron he Color: Gray powder mixture
Fur INT

For Subject HE
Principal Jame: 9 Sim) caliber antieircraft

Binch HE, MA2A1 Proj + Lat KC-5- projecviles
Density, gm/cc

Charge Wt, ib

Tetel Ne. of Fragments: . osMecied of Veediaa: Poessed
For TNT

For Sub, act HE

Leading Density: gen/cc
Vv . H/sec At 30,000 pai mee

Ato ft
At 25% ft Sterege:
Density, g/cc

AAethod Drs

Bles. (Reletive tu TNT): Hozard Class ‘Quantity Distance) Cless ©

Alr: Cunpat' tility Grup Group I
Peok Pressure Bureau of Explosives

Impulse Claas A

Energy
t

Als, Confined: weat of:
tem Comestion, aal/rs L392

Explosion, cel/gu 409
Under Weter: Gas voluve, cc/gm 208

Peok Pressure

Impulse Performence Tests:
Energy mn Tel Projectile:

NFOC Pressure Cube 43
Underground: APG Bisst Cube 53

Peak Pressu:
impuise Aviation Energ::

Energy kcal/mol Values not included
Temp, “C due to erratic igni-
Time to ignition, tion under condi‘{ons

seconds of test.



AMCP 706-177 wOXeB

Composition: Moleculer Weight: 43

Oxidizing agent saee Oxygen Belence:
Aluminum, atomized 49.2 CO: % -50
Cupric Oxide 15.7 CO % ~h2
Magnesium, at. mized woes
Oiher ingredients* 29.0 Density: gm/cc
Calcium Stearate sere
Graphite, artificial 1.5 Melting Point: °C
#25./% RDX coated, ©.06 wax.

C/H Rotio Freezing /oint: °C

lmpoct Sensitivity, 2 Kq Wr: Boiling Peint: °C
Bureau of Mines Apoarotus, cm Te

Semple Wt 20 mg Refractive Index, 72,
Picatinny Arseral Apparatus, in. 19 °

Sample Wt, mg 27 Na
Ne

Steel Shoe Unaffected ec/40 Hrs, at
Fiber Shoe Unaifected 90°C ween

100°C 0.43
Rifle Bullet impect Test: = Tric!s 120°C ;

% °Explosions 135°C
Partials 150°C
Burned 200 Gram Bomb $3.24 Test:
Unaffected Send, gm 10.8

Explecion Temp<.ature: *¢ Sensitivity to Initiation:

Seconds, 0.1 (no cap used) --- Minimum Detonating Charge, gm

1 eee Mercury Ful. inate were

5 210 Lead Azide 0.20
10 Tetryl 0.16
15
20 Zallistic Morter, % ° NT:

Troust Test, % TAT:

75°C latarnatione! Heet Test:
-. Loss in 48 Hrs 0.02/10 em Plate Dent Test:
Discoloration, fumes. odor None Method

106°C Heet Test: Condition
% Loss, Ist 48 Hrs 0.00 Confined
So Loss, 2nd 48 Hrs 0.0v Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT

Detonation Rete:
Flemmebility index: Continemert

Condition
Hi 1 % ; .i Nommace dents two week: 6.79 Charge Dio-.seter, in.

_ — Density, gm/cc
Volatility:

j Rote, :neters/second

ay,
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NOX-SB AMCP 706-177

Fragmentetion Test: Sheped Cherge Effectiveness, TNT = 100:

99 man HE, M71 Projectile, ict WC-91: Gloss Corws Steel Cones
Density, gm/cc Hole Volume
Chorge Wt, Ib Hole Depth

Totel No. of Fregments: Color: Gray powder mixturz
For TNT

For Subject HE _— =
Principal Veee: Small caliber antiaircraft

3 inch HE, M42A) Projectile, Lot KC-S: projectiles
Density, gm/cc

Chorge Wr, ib

Tote! Ne. of Fregments: Methed of Leading: Pressed

For TNT

For Subject HE _.

Loeding Density: gm/cc

Frogment Velocity: ft/sec At 30,000 psi ~2.0
At 9 ft
At 25% ft Srorege:

Density, gm/cc Method Dry

Blot (Releti-e © TNT): Hazard “lass (Quontity-Distance) Class 9

hie: Compatibility Group Grc p I
Peak Pressure Bureau of Explosives
Impulse Class A

Energy

Air, Contined: Heat of:
ten Combustion, cel/sm 4293

Explosior, cal/gm 750
Under Weter: Sas volume, cc/gm 204

Peok Pressure

Impulse Activation Energy:

Energy keal/mgl Values not included
‘emp, ~C due to erratic feni-

Underground: Time to tenition, tion under conditions
Peok Pressure seconds of test.
impuise

Energy



AMCP 706-177 MOX-1; MOX-2B; MOX=35; MOX-4B; MOX-6B ~,

. Preparation:

The various ingredients used in the preparation of MOX explosives are coated separately as
follows:

Dichromated Atomized Aluminum - Seventy-five grams of chemically pure grade sodium dichro-
mace is dissolved in 1500milliliters of water at 100°C under mechanical agitetion. Six hun-
Gred grams of the atomized aluminum powler is added gradually (2 to 3 minutes) end stirring
ie 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 nitrete. ‘The water-vwet
product is then dried in an oven at 50°C. The dried material is hand-rolled to reduce eny
conglomevates, and blended tefore use.

Wax-Coated RDX - Eighteen grams of molten Be Square Special Wax (manufacturer 5 180° to
185° Fahrenheit grade amber) is added to 582 grams of finely divided RDX (water precipitated
from acetone solution) in a water slurry under mechanical agitation. The temperature of the
wex-RDX slurry is mainteined above the melting point of the wax (about .O°C). ‘The stirring
ie continued for half an hour. Aiter cooling to 50°C, the wax-comted RDX is recovered ty
filtration in a Buchner funnel and dried in air. The RDX thus coated and presumed to be 3%
waxed ROX or a 97/3 RDX/wax mixiure is hand-rolled to crush any conglomerates formed, and
blenied by hand before use.

INT-Coated Barium Nitrate - Thirty grams of TNT in alcohol solution is added to 270 crams
of barium nitrate in an @iccnol slugry under agitation. The temperature of the TNT-berium
nitrate mixture is maintsined ut 80°C and stirring ia continued until most of the alcohol is
evaporated. The coated material is spread in 4 thin layer on a tray to dry in air overnight.
The barium nitvate thus coated with 1O% THT ig reduced to an intimte mixture by haud-rolling
ard blending before use.

i INT-Costed Potassium Nitrate - The TNT-costed potassium nitrate is prepared by the sem
procedure aa 28 used Tor coating barium nitrate.

i ADK/INT-Coated Ammonium Perchlorate - The ammonium perchicrs‘e ig conted by dissolving the
Sppropriste weights ani n hot + ‘cohol. After add... the ammonium perchlorate,
th. ‘cry ig stirred until most of the solven: is evaporated. The treated amroniun perchlo-
rate spread on a tray to dry overnight. Agglomerates forme during the process are crushed
by hand-rolling and blending ths mixture before use.

INT-Voatcd ROX - Sixty grams of rolten INT are added to a water slurry of 540 grems of
finely divided Rix (water precipitated from acetone solution) under mechanical agitation.
The temperature of tac INT-RDX slurry is mainvaine1 at about 90°C and etirring is continued
Yor helys an hour. Alter cooling to about 30°, the TNT-coated RIX is recovered by filtration.
The ROX thus treated, and presumed to be 10% coated or a 90/10 RDX/TNT mixture, is further
blended vy hand after rollirg to crush any eggregutes formed during the process.

‘ae MOX explosive mixtures are prepared by blending the appropriete weights of the dary
Ingredients in a Patterson-Kelly twin-shell blender for at lest 30 ninutes.

Qrigin:

MOXY type explosive mixt res were developed beginning in 1950 by National Northern, techri-
cal diviston of the National Fireworks Ordnance Corporation, West Hanover, Maseachusetts.
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NOX-1: MOX-2B; MOX~-33; MOX-%Bs; MOX-63 AMCP 706-177

Referencea: °°
(a) A. 0. Mirerchi and A. T. Wilecn. Development _of MOX Explosives for Improved 20 mm

Ammunition, Navy Contract NOrd-10975, Task 1, National Fireworks Ordnance Corporation: First
Yearly Summary, August 1950 to August i952.

(bv) A. T. Wilson, Development 7f MOX Explosives: Various Oxidants in MOX, First Progress
Report NFOC-6, Navy Contract Nord-1 » National Fireworks Ordnance Corporation, December 1952.

(c) A. 0. Mirarchi, Propervies of Lostves: Theory of the MOX Explosion, First ProgressReport NFOC-10, Navy Contract eee National Fireworks Ordnance Corporation, December
1952.

(a) A. 0. Mirarchi, Properties of Explosivee; MOY Tr>i.sives_in Various Atmospheres,
First Progress Report NFOC-9, Navy Contract NOrd-11393, National Fireworks Ordnance Corpora-
tion, 1952.

(e) A. T. Wilson, Development of MOX Explosives: Composition Variations, First Progress
Repors NFOC-7, Nevy Contract Nord-1 B32, National Fireworks Ordnance Corporation, 1952.

(f) A. T. Wilson, Development of MOX Explosives: Various Oxidants in MOX, Second Progress
Report NFOC-14, Nevy Contract Nord-1 » national ‘reworks Ordnance Corporation, October
1953.

(g) A. W. O'Brien, Jr., C. W. Plummer, R. P. Woodburn and V. Philipchuk, Detonation
Velocity Determinations and Fragment Velocity Determinations us ‘Yaried Explosive Sretems
end Conditions, National Northern Corporation Final Summary “eport NNC-F-13, February 1958
(Contract MRT-19-020-501-0RD-(P)-58).

(h) P. 2. Kalanski, Air Blast Evaluation 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 Nitrocellulose, .2.6% .. ‘NC}

Compesition: if f/f 7 Malecular Weight: (272.39),
% } HO }_— :
C2646 . ; i Oregon Folens: “3
E 2.78 st xX . 0.6
N 22.69 H CO %
0 58.1 9 : » gm/X=ON0, | ‘ x Density: gm/cc

L a Melting Point: °C Decomposes
C/H Rotiu 0.23 Breezing Point: °C

lmpect Sensitivity, 2 Kg We: Boiling Point: °C
Bureau of Mines Apparatus, cm 8
Sampte Wt 20 mg Refractive Index, n°,

Picatinny Arsenal Apporatus, in. 3 °
Sample Wt, mg 5 fis

nS
Friction Pendulum Test: Vacuum Stabiliey Test:

Steel Shoe cc/40 Hrs, at
Fiter Shoe 90°C 0.17

100°C 1.0
Ritle Bulict Impact Test: Trials 120°C 16 hours 11+

% °

Partials

Burned 200 Grem Bomb Sand Test:
Unaffected Sand, gm 45.0

Explosion Temperature: °C Sensitivity to Initiation:
Seconds, 0.1 (no cop used) Mirimum Detonating Charge, gm

1 Mercury Fulminate

5 Decomposes = 170 Leod Azide 9.10
10 Tetryl
15 ;
20 Ballistic Mortar, % TNT:

| Treuz! Test, % TNT:
73°C internotione! Heet Test:% Loss in 48 Hrs | Plete Dent Test:

' Method

100°C Heet Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nu 48 Hes Density, gm/cc
Explosion in 100 Hrs Brisance, % TNT

Datonotion Rete:
Flammebility Index: Confinement

5 Condition
Hygroscopicity: % 30°C, 90% FH 3 Charge Diameter, in.

. £° ; 2) Density, gm/ce
Velitility: OOTC, mz/omTM/hr 0.0 Rate, meters/second
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) Nitrocellulose, 13.45% N_{iic) AMCP 706-177

Composition: r / = Molecular Weight: (766. 4),
% H Oo

a Oxygen Belence:
c 25-29 | , CO: % -29
H 2.52 2] CO % 4.7N 13.45 xt 4 k
0 58.7 . .Xe0NOo ie) xX Density: gm/cc

H Melting Point: °C Decomposes

C/H Ratio 0.23 ~TM Freezing Point: °C
impact Sensitivit,, 2 Kg We: Boiliag Point: °C

Bureau of Mines Apporatus,cm = 9
Sample Wt 20 mg Betrective Index, ni,

Picatinny Arsenal Apparatus, in. 3 o
Somple Wt, mg 5 ne

ny

Steel Shoe ec/40 Hs, at .

Fiber Shoe g9°C O42
= 100°C 1.5

Rifle Bultet impect Test: Trials 120°C Let
% Yeo

Explosions Ieorc
Partials —
Burned 200 Gram Somp Send Test:
Unaffected Sand, gm 49.0

Explosion Tempereture: °C Sensitivity to Initintion:
Seconds, 0.1 (no cop used) Minimum Detonot:ng Charce, am

1 Mercury Fulinin. «+

5 20 Lead Azide v.10
10 Tetryl
1S :

26 Bellistic Morter, % TNT: 125

Trouzi Test, % TNT:

73°C internetione! Heet Test: _
9 Loss in 48 Hrs Plate Dent Test:

Method

% Loss, Ist 48 Irs 0.3 Confined
% Loss, 2nd 48 Hrs 0.0 Density, g/cc
Explosion in. 100 Hes None Brisonce, % TNT

Detenetion Rete:
Flammebiliz: Index: v.onfinement

Condition

Hygrescopicity: % 30°C, 905 RE ow 2 Charge Diameter, in
Density, gm/cc 1.20’ . o 2Velotility: 60°C, mg/cm /nr 0.0 Rote, meters/second 7300

a

3

x



AMCP 706-177

Hygroscopicity: % 30°C, 90% 8H ~ 1

Voletility: 60°C, ne /en®/hr 0.0
Chorge Diameter, in

Density, gm/ce

Rate, meters/second

Nitrocellulose, 14.14% N (Nc)

Competition: — Molecular Weight: (297.15) h% - Ht CG “|
r h Oxygen Belonce:

. x os

N 1.1s x i
) 59.2h 0 - Density: gm/cc 65-1.Xe0H0, ; sity: 9 1.65-1.70

Melting Point; °C Decomposes
iL n

C/H Ratio 0.23 Freezing Point: °C

leapect Sensitivity, 2 Kg Wt: Boiling Point: °C
Bureau of Mines Apporatus,cm 8

Sample Wt 20 m3 Refractive Index, n°,
Picatinny Arsenal Apparatus, in. 3 >

Sample Wt, mg 5 nes
ne

Steel Shoe cc/40 Hrs, ot

Fiber Sh: : 90°C 1.46
yoo°c =—s.14_ hours LL.+

Rifle Bullet impect Test: = Trials 1:7C 16 hours +

% 135°C
losionsae 150°C

Partiats

Burned 209 Gram Bomb Sand Test:
Unaffected Sond, gm 52.3

Explosion Tempereture: *¢ Sensitivity te lnitietion:
Seconds, 0.1 (ne cop used) Minimurr. Detonating Charge, gm

1 Mercury Fulmincte

10 Tetrvi
15
20 Bellistic Morte:, % TNT:

Trauzi Test, % TNT:
753°C Internationa! Heat Test:

% Loss in 48 Hes Plote Dent Test:
Method

% Loss, Ist 48 Hrs Confined
% Loss, 2nd 43 Hrs Density, <m/cc
Explosion in 100 Hrs Brisance, % TNT

Detonation Rete:
Flammability Index: Continement

Condition
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Nitrocellulose (NC) AMCP 706-177

Fregmentetion Test:

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

Density, gm/ce

Charge Wt, Ib

Tete! No. of Fragments:

For TNT

For Subject HE

3 inch HE, M42A1 Projectile, Let KC-5:

Sheped Charge Ettectivences, TNT = 100:

Gloss Cones = Steel Cones

Hole Volume

Hole Depth

Color: Vulte

Principal Uses: Pyroxylin (12% N), blasting —
explosives; pyrocellulose (12.60% Nj,
smokeless power; guncotton (13.35% N

Density, gm/cc minimun), propellents
Charge Wt, Ib

Tatel Ne. of Fragments: TMMathed of Leading:
For TNT :
For Subject HE

Loeding Density: gm/cc

Fregment Velocity: ft/sec
At9 fe
At 2544 fr Storege:
Density, gm/cc

Mathod Wet
(8% to 30% warcr)

Bleet (Relative te TNT): Hozard Class (Quantity-Distance) Class 12

Ale: Compatibility Group Group M
Peok Preseure (vet)
Impulse Exudation None

Energy
deat of:Alz, Coaflac:’ ieat_of:

impulse Combust‘on, cal/zm 2h09* 2313 2220s
Explosion, cal a 855% aie 19

Cas Volume, cce/gm 919* K ialed 5 eee
vaio ver Forna‘:ion, cal/am 617% S61* 513+

Impulse * 12.64.N
Ene + 13.45% N

id wee 15,108
Underground: Vapor Pressure:

Peak Pressure

Impulse °c mn Mercury
€rwey 25 9.00

60 0.00
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AMCP 796-177 Nitrocellulose (NC) ~

Solubility in Water, am/100 gm, at: le. Of N 13.45% N 15.0% N

25°C . Insoluble Insoluble Insoluble
60°C Insoluble Insoluble Insoluble

Solubilit 100 gm, 25°C, in:

Ether Insoluble Insoluble Insoludle
Alcohol Very slight- Practizaily Insoluble

13; fFoluble insoluble
2:1-Bther:Alcohol Soluble Slightly Practically

soluble insoluble

(64-114) (1 + 4)
Acetone Soluble Soluble Soluble

2h, j-Hour rolysis Test, 1.22 1.03
tric Aci.

tion of Nitrocellulose fron Cotton Linvers:
oratory Procedure}

Nitration: Second cut cotton linters, previously dried to a moisture content of iecs than
0.5%, are nitrated by immersion in mixed acid under the following conditions:

Ratio of Mixed Acid to cotton 55 tol

Composition of Mixed Acia (approximate)

a. for 12.6% N: Hp80), 63.5%, HNO; 216, HpO 15.5%

b. for 13.4% Ns HoS0, 68%, HNO: 22%, Ho0 10.0%

Temperature of acid at the start 3bP

Time of nitration 2k minutes

During the nitration period the mixture is turned over occasionally to keep the acid homo-
geneous. The mixture is then filtered on a Buchner funnel with suction for about three rin-
utes and then drowned rapidly with strong hand stirring in et least 50 volumes of cold ‘mter.
After the nitrocellulose has settled, most of the water is decanted and fresh water edded.
The nitrocell lose-water mixture is boiled and the acidity adjusted to 0.25% to 0.50% as fipSd,, -
The sour boil is continued for at least 24 hours for pyrocellulose and at least 46 hours for
gun-cotton. Additional boiling with changes of water are made in accordance with the govern-
ing specification (JAN-N-2h4).

Pulping: The nitrocellulose is then pulped in a leboratory Holiand-type psper beater.
En sodium carbonate is added to keen the reaction faintly alkaline to phenolphthalein.
Pulping is continued to the desired degree of fineness.

Poaching: After washing the nitrocellulose from the beater, the mixture is filtered and
the product boiled for » hours with fresh water while stirring mechanically. From time to
time a little cc‘. carbonate solution is added to maintain the mixture faintly .ikaline | >
phenolphthalein. The water is decanted and the boiling continued. According to the specifi.
cation, the total boiling treatment with poachi. is as follows:

230
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Nitrocellulose (NC) AMCP 706-177

& houra boiling with or without sodium carbonate

2 hours boiling without sodium curbonate

1 hour boiling without sodium carbonate

1 hour boiling without sodium carbonate.

Each boil is followed by settling and change of water.

Washing: The nitrocellulose is then washed by mechanical agitation with water. A minimum
of two washes are given. Ifa sample taken after ths water washes gives a minimm test of
35 minutes in the 65.5°C Heat Tesc and 30 minutes in the 134.5°C Heat Test, the nitrocellulose
ia satisfactorily stabilized. Otherwise additional washes si.ould be given.

Origin:

Cellulose occurs in nature. It is wood fiber, cell well and the structural materisi of all
plants. Cotton fiber is pure cellulose. Nitrocellulose was discovered about 1847 by C. F.
Schonbein at Basel. id R. Bottger at Frankfort-on-the-Main independently of each other when
cotton was nitrated. 1. J. Pelouze had nitrated paper earlier (1538) and was probably the
first to prepare nitrocellulose.

oxylin or collodion, which is soluble in a mixture of ether and ethanol, contains from
84 to nitrogen. It is used in the manufacture of ceiluloid and in composite blasting
explosiv.c.

celluiose, a type of nitrocellulose of 12.64 nitrogen content, comp: *y suluble ia =
mixture of 2 parts ether and one part ethanol, was developed tv Mendeleev ( .i-1895). ‘this
material, when colloided, formed the first smokele.s powder for military use in the United
States (1898).

Guneotton for military purposes 1 ..y contains a minimum of 13.35% nitrogen. Js is only
slightly Soluble in ether-ethanol, but completely soluble in acetone. Principal use ia in
flashless powders and as flame carriers. 14.14% N nitaocellulose represents a theoret) cal
limit.

In the manufacture -f propellants, there is used a mixture of pyrocellulose and guncotton
(b’ Jed nitrocéliutose) of 15.15% to 13.25% nitrogen content.

Testrurtion by Chemical Decomposition:

Nitrocellulose is decomposed by adding it, with stirring, tc 5 times its weight of 10%
sodium hydroxide heated te 70°C. Stirring is continued for 15 minutes after all the nitro-
céllulose pas tee. added.

References: 47

(a) See the followire Picatinn, Argenal Technical Reports on Nitrocellulose:

“See fuoatrote 1, page 10.



AMCP 706-177

Q o.L
10 AL

200 101
420 22)
68 351
THR 551
960 831.

1029 851
1200 971
1150s: 1032
1199 1LOkL
10 = AOTL
12ho0 3.152
190 0=— «1201
13202 s«1e22
13500 2231
W410 1331
1b30 «1351
ren 1391
1580s 1hol
1660 1421
1810 =—- 1502
189% —15h2
1990 1682
2216 1691

1731
1781
1811
1831
18h.
1852
1931
1962
199.
2071
2101
2181
2201
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Q 4
; Mi cerin (Liquid AMCP 706-177

ia a

' Compeetion: Melecuiar Weight: (0.1, :1,0,) 227

; C 1559 HC —~ ON, CO. % 3.5
. Hooke oe CO '% abe
‘ ’ HC ——~ OND,

25° Cc, Liquid 1.59.; Jee.: x 18.5 dono, ae omice 20°C, wiquid 1.396
j > Pela: °C labile form 2.2

= ; 0 63.4 Stable form 13:2
ox : EJ Rote 0.109 Procaing Polat: *C

i LY Impoct Senehivity, 2 Kg We: Belling Point: °C ng. k‘ : Bureau uf Mines Apparatus, cm bo} COmpPOses 185
. Sample “*, 20 mg Refractive Index, nb, 1.4732
, Picgtinny Arserol Apparatus, in, 1 1b wt 1 ° \

‘ Somple Wr, mg na 1.4713
, fin
>

Ry Friction Penduhem Test: ¥v Seebiitty Test:
; . Steel Shoe 2xplodes cc/40 “es, ot
: Fiber Shoe 90°C co/gn/6 hrs 1.8
; 100°C cc/gn/16 bra lit
: Rifle Bellet lmpest Test: Triols 120°C

; Explosions % 135°C
at 180°Ci Porticls ) ‘

: Burned 0 200 Gram Bomb Send Test: t
; Unaffected A) Sond, gr Liquid method 51.5 :

j ~ Eaplesion Temporeture: Cc Sensitivity co laltiation: e
! Seconds, 0.1 (no cap used) Minimum Betonating Charge, om
} 1 Mercury Fulminete

{ 0 Totry!
r 5
‘ 20 Bellietie Mortar, % TNT: (a) 10
a Tecwal Tat, % THE: (b) 181

.t- 73°} lnternation.t Heat Test:
{ @ Less in 48 Hrs Plate Dent: Test:

3 100° Hout Tost: Condition
« % Loss, Ist 48 He 3.€ Confined

a } % Lous, 2nd 48 Hrs 365 Density, orice
r § foe } Exp osion in 160 Hrs None Brisonce, ‘6

‘ 4 Floman bility tadex: : Continement Gless steel

* Condition Liquid Liquid
‘ Mygrerceplelty: % 30°C, 90% RE 0.06 Charge Diometer, in. 0.39 1.25

: ° 2 1 Density, gm/ce 1.6 1.6
Voter ry: 60°C, mg/cm" /hr 0-11 ; Rate, meters/second 1600-1906 100

“4 _t—

: 233



AMCP 706-177 Nitroglycerin (Liguid) .

Beester Senelivity Tect: Decon vecition Equation: 17.3 19.2
Condition Oxygen, otorns/sec 10 ‘ 10

. Heat, kilocalorie/mole bey 45.0Wax, in. for 50% Detonation (3H, kcal/mol)
Wax, gm Temperature Ronge, °C 9: 90-135 125-150
Density, gm/ce Phase Liquid Liquid

Hee? of: p *
Combustion, cal./gm 1616 Impect Tost:
Explosion, cal/gm 1600 ‘30 mon Merter Projectile:

Gas Volume, c¢/gm N13 50% Inert, Velocity, ft/sec
Formation, cal/gm 400 Aluminum Fineness
Fusion, cat/gm
Detonation, cal/gm 1486 500-t» Genera Purpose Bombe:

Specific Meet: co!/gm/*C
Plote Thickness, inchesLiquid 0. 356

Solia 0.35 )
. yy

TM
Vy,

Burning Rete:
cm/sec _

Seab Drop Test:

col/sec/er/*C 17, 2000-9 Semi-Armor- Piercing Bomb vs Concrete:

Cocfticiont of © ‘eat Mox Sofe Crop, "

_ Linear, %/°C $00-1% General Purpose Semb vs Concrete:
Volume, % /°C Height, ft

Trials
Hardness, Mehe’ Scale: Unoffected

Y. , Low Order
oung's Modules: High Order
E’, dynes/cm* a Le

E, Ib/inch? 100))-0» General Purpose Bomb ve Concrete:
Rensity, gm/ce

Compressive Strength: Ib/inch?

Veper Presence:

2c mo Mercury
ac 0025
30 06063
bo 0.G02b
50 G.00T3

mn Mercury

0.0288
0.043
2.096
0.23

Height, ft

Trials

Unoffected

Low Order

High Order

fo

wee Ct we gl
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‘lycerin (iiguid AMCP 706-177

Fragmentetion Test: Shaped Chorge Effectiveness, TNT = 160:

90 men HE, M71 Projectite, Lot WC-91: Gless Cones Stee! Cones
Deris’*y, gm/ee Hole Volume
Charge Wt, ib Kole Depth

Tetel Ne. of Fragments: : Colcriess
For TNT Cale
For Subject HE

, Principal Uses: Propellant ingredient, demoli-
. tion explosive ingredient3 inch HE, MAZAT Projectite, Let KC-5: grenade ter 4 ent

Density, gm/ce

Charge Wt, ib

Totel Me. of Fregments: Methed of Leeding:

For TNT

For Subject HE
Leeding Density: g/cc

Frogment Velocity: ft/sec
Ato ft
At 25% ft Sterege:
Dersity, gm/ce

Method With acetone or other desensitizer,
generally not stored

Blast (Relative te TNT): Hazerd Class (Quontity-Distonce) Clase 9

Ale: Comporibility Group
Peok Pressure
Impulse _ Eaadation

Energy

Ale, Confined: Heat of Transition, cal/gm:

Impulse Transition:
Liquid —* labile 5.2

Under Weter: labile —» stable 28.0
Peok Pressure Liquid —» stable 33.2
‘mpulse Hydrolysis, $ Acid:

10 days at 22°C < 0.002
I: 5 days at 60°C 0.005

Pook Pressure
impulse 82.1°C KI Test:

Energy Minutes 10+

PM
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AMCP 706-177 Mm eerin (Liquid)

Gas Evolved at Atmospheric Pressure, cc:

Sample Wt, gm 1.6
Teaperature, °C 65 75
Time, hours 8) 40
Volume of ges, cc nil nil

Viscosity: (c)

°c Centipoises

10 6.2
20 36.0
x 21.0
ho 13.6
50 9.4
60 6.8

Fragmentation Test;

20 mm HE, Mork 1, Projectile, Total No.
of Fragments for: .

Nitroglycerin 22
Tetranitromothane 17

Minimum Propagsting Diameter: (4)

$ Time < thalate Min. +4 Wives in“Ta e Maneter, Tnches os Tachee
° (3/16 cairns) ig
5 “- a z

15 , ifs ae 3/8
20 > afk ; Te

25 1.55 ; 2

Sensitivity to Electrostaviz “9: cules (test coaition, unconfined:
no value gives for ; > la.

Solubility, gramc of ni troglycerin/100 gn (Ss) nt:

jo
e

Water Alcohol Trichlcrethylene Carbon Tetrachloride

Sc 6 sc & xX 4 Sc £
15 0.16 (e) 37-5 Ro 22 Fm 2
2 83= 0.8 20 54.0
50 0.25

236
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Nitroglycers . (Liquid) AMCP 706-177

Carbon Disulfide gn/lco en (4), at 25°C in

bed % Ether bd
2:1,Ether:Alcohol > 100

Ambient 1 Acetone bed

Soluble in all Proportions in:

Methanol Phenol
Acetone Pyridine
Ether Xylene
Ethyl acetate Nitrobenzene
Amyl acetate p-Nitrotoluene
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 INT Nr Water

% £ © £$ & £ & 4
0 3.4 20 25 29 x 25 0.06

50 o

Preperation:

fe7 Ou Ch ORO,

CH ——OH + 3IN0, CH ONO + 3H,0
| 3 2 2

CHC CH, — ONO,

Glycerine is usually nitrated at 25°C, or below, by adding it very slowly to a well agitated
mixture of nitric and sulfuric acids, e.g-, 40/59.5/0.5, nitric acid/sulfuric acid/water, us-
ing an acid/glycerine ratio of approximately 6. Agitation of the reaction mixture is accom-
plished by use of compressed air. A vapid temperature rise, or appeararce of red fumes, auto-
matically requires dumping of the charge, immediately, into a drowning vessel filled with
water. After all the glycerine has been added to the nitrator, agitation and cooling are con-
tinued until the temperature drops to about 15°C, and the charge is then run into ea separator
where the NG rises to the top, and is run off to the neutralizer. The nitroglycerin is
washed first vith water, then with sodium carbonate, and finally with veter. ‘The resultant
NG when washed with water, produces washings which do not color phenolphthalein, and itself
is neutral to litms paper.

237
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AMCP 726-177 Nitroglycerin {Liguid)

ins

Nitroglycerin vas first preparcd in 1846 or 1847 by Ascanio Sobrero, an Italian chemiat
(Mem Acad Torino (2) 10, 195 (1847)). For several years after this discovery, nitroglycerin
attracted litte interest as an explosive until Alfred Novel in 1364 patented improvements in
its manufacture and method of initiation (British Patent 1813). Nobel gave the name dynamite
to mixtures of nitroglycerin and ron-explos ive absorbents, such as charcoal, siliceous earth
or Kieselguhr (Critish Patent 1 (1867)). Later developments led to gelatine dynamites.
ammonia dynamites, and so cclled straight dynamites. The first propellants using nitrogly-
cerin vere called ballistite (Nobel, British Patent 1471 (1688)) and Cordite (/bel ard Dewar,British Patents 5624 and 11,664 (1889)).
Destruction dy Chemical Dec <tion:

Mitroglycerir is decomposed by adding it slowly to 10 times its weight of 18% sodium sul- .
fide (NaS- 9859). Yeat is liberated by this reection; but this is not hazardous if stirring :
ie maintained during the addition of nitroglycerin and contiried until solution is complete.

References: 48 :

(e) A. BR. Blatt, Compi?ation of Deta on Organic Exp’osives, OSRD Report No. 2014, 29 Feb-

(b) Ph. Naoum, 2 ges Schiess-Sprengstoffw, pp- 181, 229, 267 (27 June 1932).

(c) Landolt - Bornstein. Physikelisch-Chemische Tebellen, Sth Ed. (1923). ‘

Internationsi Criticel Tables.

B. T. Fedoroff et al, A Manual for Explosive Laboratories, Vol T-IV, Lefax Society,
Ine., Philedelphia, 1943, 19467

(4) 4H. A. Strecker, Initiation, P: tion and luminosity Studies of Liquid Explosives, 7OSRD Report No. 5509, 3 December SN ca a ne Eentnos iy Sates eee
(e) Also see the following Picatinny irsenal Technical Reports on Nitrogiycerin:
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2 2 2 32 +j.4 ¢g 6 1 8 ¢
620 $11 652 233 45h 1155 1206 817 768 69
660 551 672 343 Loh 1235 1456 837 1348 2hg
800 7Ol 132 673 102k 1955 1496 1197 1398 579

1020 891 922 903 (107k = 15, 1556 9TH 709
1150 911° = 1ak2 1023-1084 1616 1637 1918 1349
1210 103.23 1786 = 1817, 9Bs«1359
10 = 10421362 16431524 1816-1847 2119
1620 1151 1542 1643 1624 1896
1680 1191 1662 1843 167 2056

1221 1696 1993 1754
161L—s.1Th2 . ;
1651 1752 7
1691 1992 .1732 . {
1782
1852
1931
2021
2181
2201

“Asee footnote 1, page 10,
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t . Ni troguani dine AMCP 706-177—~ Nitroguanidine
4 .

f OO :t Comperition: Meteculer Weight: (Cii,,N),05) 104

C 12.5 NH Oaygen Belence:

4 if 3.9 HN== cc CO % #35.4

4 k N 53.8 Density: o/c Crystal 1-72
i ho; 0 =630.8 2 Melting Point: *C 232
¥ wl
; C/H Ratio 0.038 Freezing Point: °C

: tenpect Sencitivity, 2 Ke We: Belting Point: °C
: Bureau of Mines Apparatus, cm &7
é Swmple Wt 20 mg Refractive index, n°
r Picatinny Arsenal Apparatus, in. 26 ne
+ Sample Wr, mg T =
‘ ns,

. >
, 4 Friction Pendulum Test: (e) Vecuum Stebility Test:

° . Steel Shoe Uneffected cc/40 Hrs, ot
* Fibe: Shoe Unaffected 90°C me
4 , 100°C “ORT

. Rifle Bullet import Test: 5 Tricis (e) 120°C ‘Go bh

. } Partick 0 150°C :
* 

ry, ; Burned ) 200 Gram Bomb Scad Test: ;
: Unoffected 100 Sand, gm 36.0 4

boo Eaplocion Temperoture: °C Sensitivity te Inltiction: id
° a Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

: 
: 

: . 
_ Mercury Fulminate

a 5 Decomposes 275 - Lead Azide 0.20

. i 10 Tetryl 0.10
$ 15
' 20 Bellistic Morter, % TNT: = (2) 104

; i . Trani Test, % TNT: () 101
‘, ? 75°C Internotional Heat Test: :

4 % Loss in 48 Hrs 0.04 Plete Dent Test: (ec)
; | Method A

: 300°C Heat Test: Condition Pressed
? % Loss, Ist 48 Hes 0.18 Confined Ho 7

oe ; % ‘oss, 2nd 48 Hrs 6.09 Density, grn/cc 1-50
: Explosion in 100 Hrs Hone Brisonce, % TNT 95

; Detenetion Rete: fe)
4 Flommeability Index: Con! nement
, 5 Condition

. Hyproscepleity: % 30°C, 90% RH None Charge Diometer, in.

. : Density, ¢m/cc 1.55
. ‘ Volotitity: Hone Rate, rr-eters/second 7650 |
} | |

‘ 239
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AMCP (v6-177 Nitroguanidine

Fregmentetion Test: Sheped Cherge Effectivences, TNT = 100:

90 mm HE, M7? Projectile, Let WC-91: Gloss Cones Stee! Cones
Density, gm/cc Hole Volume

Charge Wt, ib Hole Depth

Yetel Ne. of Fregments:
Color:For TNT Colorless

For Subject HE
Principe! Uses:

3 iach HE, M424! Projectife, Let KC-5: Propellant composition ingredient,
Density, gm/ce bursting charge ingredient

Cherge We, Ib :

Tetel Ne. of Frogmests: Maethed of Leoding:
For TNT

For Subject HE
Leediag Density: gen/ce

Fregment Velocity: ft/sec At 3060 psi 0.95
Ato ft
At 25% ft Sterege:
Density, gm/cc :

- Mathod Try

” lect (Reletive te TNT): Hazerd Class (Quentity-Distonce) Class 9

Ale: Canpatibility Group Group J
Peck Pressure

Impulse Exudation
Erergy

Solubility, gm/100 gm (4), in:
Ale, Coutined: °c. _.

impulse Water 25 0. bd,
106 Qa '

Under Weter: 1.0 N Potassium
Peak Pressure wot tulterie 25 aH

Sulfurte Acid 9° 3.4¢
linpulse 25 Bot

Energy * gm/100 ce solution
u Booster Sensitivity Test: (a)

ndorground: Condi tion Pressed
Peak Pressure Tetryl, gm 100
Inpulse Wax, in. for 50% Detonation 0.67
Energy Density, gm/ce 1.41

Combustion, eal/gm 1995
Explosion, cai/gm 721

Gas Volume, ec/gm 1077 7
Formation, cal/gn 2LT
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oa (Chemistry of Powder and Explosives, Davis) | te
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Four hun¢ ed gus of dry guanidine nitrate is added in small portions to 500 cc concentrated
sulfuric acid at 10°C, or below. As soon as all cryatals have disappeared the milky solution
is poured into 3 liters of ice-water, and allowed to stand until crystallization is complete.

. The product is filtered, rinsed with water, and recrystallized from about 4 liters of boiling
water, yield about 90%. .

pr
y

- origin: .

Nitroguenidine was firet prepered in 1677 by Jousselin, but it was 1900 before it found
use in propellant compositions. During World War I, nitroguanidine was used by the Germans
as an ingredient. of bursting charge explosives.

Destruction by Chemical Decomposition:

Nitroguanidine is decomposed by dissolving in 15 times ite weight of 45% sulfuric acid at
root temperature and warming the solution until gas is evolved. Heeting is continued for one~
half hour.
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: , References: *9 - . . -
{a) L. C. Smith and E. 5. Fyster,

. Sensitivity Tests; Performce Tests,

1 (0) canadian Report, CE-12, 1 May-15 Augusc 1941.

(c) D. P. MacDougall, xethods of Physical Testing, OSRD Report No. 603, 11 August 1042.
(a) L. C. Gmith and S. Kk. Walton, A Consideration of Wax Mixtures as s Substitute for

. Tetryl in Boosters, NOL Memo 10,303, 15 June 1000.

‘ (e) Departments of the Army and the Air Force TM 9-1910/TU 11A-1-34, Military Explosives,
: April 19: >.
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: “9see footnote l, page 10,
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(*) Also see the following Pioatinny Arsenal Technicel Reports on Nitroguanidine:
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t Nitroi sobu cero] Trinitrate (NIBTN) Liguid AMCP 706-177

Wise ons so Compouticn HMelecuter Weight: (,,Fg%,,0,)) 286

pe c 16.8 0,KO- cE Oxyger Bulence: ~
} 2 2 . CO; % 0.0 *aé HE 2.2 we CO % 22

= : 0,HO—CH, —— C ~ BO,

, RK 19.6 Density: om/cc 20°c 1.6% x
i 0 61.5 CRORE Melting Poiet: °C ;

{ C/H Rariv 0.126 Freeing Polat: 'C -9
»

_ , Impect Sensitivity, 2 Kg We: Boltiag Point: °C
Bureau of Mines Apparatus, ern 25

b Sompte Wt 20 mg Refractive Index, n&,
Picatinny Arsenal Apperotus, in. °

: Sample Wt, mg Ne 1.4896
° . AS 1.587%

-_ Stee! Shoe cc/40 Hrs, att Fiber Shoe 90°C
9 100°
‘ Rifle Bullet Impact Test: = Trials 120°C

% *

4 Partiols

] Burned 200 Grom Sewbd Send Test:
Unattected Send, 0.2 1° abd ‘ 26 j

ie a. FA
i , Explesion Tompersture: i @ Sercitivity te initigtion: i
od Seconds, 0.1 (no cap used) Minimum Detonating Chorpe, gm

Lo i Marcury Fulminete
$ 5 Ignites 185 Lead Azide
s 1G : Teceyt
3 15 —
I 20 Betlistis Martar, % THT:

$ Treusl Ten, % THT:
: 75°C International Hoot Test:
{ % Loss in 48 Hrs Pets Dert Tet:

: 100°C Hast Test: Condition
; % Loss, Ist 48 Hrs Confined
: % Loss, 2nd 48 Hrs Density, g/cc
: Explosion in 100 Hrs Brisance, % THT
( Detonation Rete:
3 Flommebitity index: Confinement Glass (1 mm veil)
* Condition Liquid

Hygrescopicity: % Chorge Diometer, in. 0.39
> Density, gm/ce 1.64; Voletitiey:° 25°C, we/ eu? /2% nee 0-127 x 1073 Rote, meters/second T3860
;

’
2434



AMCP 706-177 Nitroisobutylglycerol, Trinitrete (IPT) Liquid

Fragmentation Test: Shaped Charge Eifectivence, THT = 160:

90 cam HE, MT? Projectile, Lot WC-91: GSless Cones Sheet Cones
Sensity. gm/ec Hole Volume

, Croege Vi, Hole Depth

Total Me, of reg Color: Yellow o11
For YNT

: Ko. Subject HE
Principal Uees: Gelatinizing agent for

3 inch HE, M42A1 Projectile, Lat KC-5: nitrocellvlose
Density, g/cc
Charga Wt, tb

For TNT

For Subject HE
Leeding Density: om/ce

Fregment Velocay: ft/sec
Aro ft
At 25% ft Srernge:
Density, om/ec

Method Liquid

Blast (Relative te THT): Hazard Class (Quantity-Distane=)

Air: Cornpotibitity Group
Peok Pressure ‘
Impulse Exudation

Energy
Solub21i ty:Abe, Confined: Su

Impuise Soluble in metayl and ethyl saleconole, ace-
tone, ether, ethylenedichloride, chloroforn

Under Weter: and benzene.

Pook Pressure Insoluble in -mter. carvon.Ateulphide,
impuise and petroleum ether. ~
Energy Toxicity:

s Slight, decidediy less 277. nt troglyceric.
Pack Pressure Gelatini ing Action: |
Imipuise Slight on nitrocelluivze..

82.20c KI test: :

Mircea — 2
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Nitroisobutylglycerol Trinitrate (NIBIN) Liquid AMCP 76-177

Preperation:
A total of 675 gm 37% formalin is added to 150 gm nitromethane conteining 2 em potassium

carhovate heat-hvtrate. The “rst 2CO ga formalin is added vlowly, keeping the ture
below 30°C, and then the heat of reaction is allowed to raise the tespereture to 60°C, and
the mixture then heated two hours at 90°C. ‘The reaction mixture is then concentrated at re-
@uced - es" «re and diluted, and this process repeated several times to remove formaldehyde.
After the .inal concentration the cooled mixture is filtered and the crystalline product recry-
stallised from alcoho) and then severy1 times from ether and dried.

The nitrated poduct is then obtained by nitrating 50 gm nitroisobutylglycerol with 300 gmmixed acid (60/38/2, sulfuric acid/nitric acid/water) below 15°C for 1.5 hours.
Origin:

This explosive (also called Trimethylolnitromethane Trinitrate, Nitroisobutanetriol Triri-
trate, Mitroisobutylglycerin Trinitrate and incorrectly but widely used Nitrolsobutylglycerol
Trinitrate) was first described in 1912 by Hofwimmer (2 ges Schiess - Sprengstoffw 7, 43
(1912). Hofwimmer frepared the compound by the condensation of 3 moles of formal with
1 mole of nitromethane in the presence of pctassium bicarbonate, the subsequent nitration of
the product. ‘The explosive can now be produced from coke, air, and natural gas.

References: °°

(a) H. A. daronson, Study of Explosive: Derived from Nitropereffins, PATR No- 1125
2b Octoder 1941. ° ,

(bd) M. Aubry, Mém poudr, 25, 197-204 (1932-33); CA 27, 4083 (1933).

(c) A. Stettbacher, Nitrucellulose 5, 159-62, 181-4, 203-6 (193+); GA 29, 1250 (1935).

(a) W. de C. Crater, U.S. Patent 2,112,749 (March 1938); 2A 32, 3964 (1938).

(e) H. J. Hibshman, E. H. Pierson, and H. B. Haas, Ind Eng chem 32, 427-9 (1940); ‘a 34,3235 taste)” = 2
(f) A. Stettbecher, Z ges Schiess Sprengstoffy 37, 62-4 (1942); CA 38, 255 (19hh).

See footnote 1, page 10.
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AMCP 706-177 Mitrostarch Demolition Boric. .e (NSX)
-,,

Composition: | Molecular Weight: 325
% .
Nitrosterch (12.50% N} Hee) Oxygen Botence: ‘a
Barium Nitrate ho ce w “19 ‘
Mononi tronaphthalene T ;

C Parenitroaniline 3 Density: gm/cc
Oil 1 :

Mehting Point: °C .

C/H Ratio Freezing Point: °C

lenpoct Sensitivity, 2 Kg Wr: Boiling Point: °C ;
Bureou of Mines Apparatus, em ‘al :

Sample Wt 20 mg Refractive Index, n& .
Picatinny Arsenal Apporotus, in. 8 ° i .

Sample Wt, mg : . Larry . .

. ne
. Briction Pendulam Test: Vacuum Stebility Test:

Stee! Shoe Crackles, snaps ce/4G Hes, ot .
Fiber Shoe Unaffected ese

100°C Ll+
Rifle Ballet lmpect Teet:10 Trials 8 Triale* 120°C

% % °

Portials fe) 13 ‘
Burned ) ) 200 Gram Bomb Sead Test: i
Yogtierted 10 87 . Sand, gm 39.5 :

* . hme atti,

Explecion Ta aperetere: *C Sensitivity to Initiation: “yf ‘
Seconds, 0.3 4.0 cap wed) -- Minimum Detonating Chorge, gm Neen! .

1 o- Mercury Fulminate 0.26
5 Decomposes 195 Lead Azide oe _

1G Tetryl --
15
20 Ballistic Merter. % TNT: (a) %

Trousi Test, % TNT:
75°C laternetional Heat Test:

% Loss in 48 Hes 0.2 Pete Dent Test:
Mathod . .

100°C Heet Test: Condition
% Loss, 1st 48 Hrs 0.2 Confined
% Loss, 2nd 48 Hrs 0.3 Density, gm/cc
Explosion in 100 Hrs None Brisonce, % TNT

Detonetion Rote: ,
; Plemmebility Index: Confinement

5 Condition
Hygrescepicity: % 30°C, 90% RH 2.1 Charge Diameter,

v * Density, gm/ce
¥ Rote, meters/second

246
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, o~ Nitrostarch Demolition Explosive {NSX) AMCP 706-177
e 7 .

~ td * a and

; Fragmentetiva Test: Shoped Cherge Effectiveness, TNT = 100: oo,

90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones Stee! Cones
Density, gen/cc Hole Volume

+ Charge Wt, Ib Hole Depth

Tate! No. of Fregments: :

For TNT

' For Subject HE ~
‘ Principal Uses: Demolition, burating charges,

3 inch HE, M42A1 Projectile, Let KC-5: and priming compositions

; Density, gm/ce

i Chorge Wt, ib

_e Tete! Me. of Fregments: ; of : Hand
; For TNT Mathed of Looding tamped |
if : For Subject HE “e

, _ Fragment Velocity: ft/sec Apparent 0.92
Aro fe
At 25% ft Storege:

Density, om/ce 1)
Method Dry i

on; Blast (Reletive te TNT): Hazard Closs (Quontity-Distance) Class 9

NY] ale: Compatibility Group Group I -
Peok Pressure a

§ Impu'se Exulation None
‘ E

'

; Ale, Confined: 120°C Heat Test:
‘ Impulse — Minutes
4 Salmon Pink
' Red Fumes 255

Under Weter:
; Peok Pressure Explodes 256
i Impulse

i rneray
: Underground:
, . Peak Pressure

, impulse
’ Energy
$

$
3
+

;
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AMCP 706-177 Nitrostarch [smolition Explosive (NSX)

The nitration of starch proceeds with the formation of hexanitro starch according to the :
following equation: iz ‘

2C gH 005 + SHNO—% C oF, (OWD2)¢ + 6820
Tapioca starch is considered the best for nitration purposes, although other starches give
fairly stable products. The starch, pretreated to remove oils, fats a-d water scluble in-
purities, is dried and screened. Feeding of the dried sterch into stainlces steel nitrators
containing mixed acid (62%-63% HNO. and 37%-3% ) is done elowly vith constant agitation
of the mixture. The heat evolved gust be con ed by cooling coils. The nitrated starch .
is separated from the spent acid, vwaahed with « large amount of water and centricuged. Finel ‘ Te
@rying is on trays heated to 35°-hO°C with air. ‘This product is so sensitive even a static .
Gischarge might cause explosion.

Hitrostarch demolition explosives contain a high percentage of nitroatarch, an oxidizing
agent, mineral ofl, a stabilizer and/or other ingredients.

Origin:
Kitrostarch was first prepared in 1833 by Branconnot, who called it xyloidine (Am chin

phys [2] 52, 290 (1833)). 1. J. Pelouse studicd xyloidine further end reported ite explosive
properties (Compt rend 713 (1838). It found military use in the United States during
World Wars I and II as ting explosives end as an ingredient of burating charges and priz-
ing compositions.

References: 5!

(a) W. R. Tomlinson, Jr., Physical and Explosive es of Mili losives, PATR
No. 1372, 29 November 1943.

(bo) G. D. Clift and B. T, Fedoroff, A Manual for Explosives Laboratories, Vol I, Lefax é
Society, Inc., Philadelphia (1942). ae
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(e) Also see the following Picatinny Arsenal Technical Reporte on Nitrosterch Explcsives:

P 2 4 I 8 2
1611 762 1035 1117 838 12692032 88

Sl gee footnote 1, page 10.
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AMCP 7062177

Octol, Wwks

Composition: Meleculor Weight: 265

Oxygen Belence:MX TO co, % 8

Denalty: om/cc Cast 1.80

Malting Point: °C

C/H Ratio Freeing Point: °C

impact Sencitivity, 2 Kg We: Belling Point: °C
Bureau of Mines Apporatus, cm

Sample Wt 20 mg Retvective Index, nS
P catinny Arsenal Apporatus, in. 18 °Sample We, mg 26 Md

ne
Briction Pendohem Test: Vecuum Stebitity Test:

Stee! Shoe Unaffected ce/40 Hrs, ot
Fiber Shoe Unaffected 90°C a

1oo"c weno
Rifle Bellet lmpect Test: = Tricis 120°C o.3t

% *

Partials

Burned 200 Gram Bomb Send Test:
Unaffected 3ond, gm Exploratory 58.4

Explosion Tomporsture: % Seneltivity te lnitiotion:
Seconds, 0.1 (no cap used) “+. Minimum Detonating Charge, grr

1 =-t Mercury Fulminete wenn
5 Flames erratically 335 aod Azide 0.”

0 Tetry! wn0-
15

Trousi Test, % TNT:
73 C taternationel Hest Tyst:

% Lots in 48 Hes Piste Dont Test:
Method

100°C Heat Test: Condition
% Loss, Isv 48 Hrs Confined
% Loss, 2nd 48 Hi Density, gm/ce
Explosion in 100 Hrs Brisonce, % TNT

Detenction Rete:
Flemmebiiity index: Confinement None

Condition Cast
Hygrescepleity: % Charge Diameter, in 1.0

Letilt Density, gm/cc 1.80
v , Rote, meters/second 8377
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ANCP 706-177 Octo, 70/30

Resster Seneitivity Test: Decomposition Equetion:
Condition Oxygen. atoms /sec
Tetry: (Z/sec)etry, gm Heat, kilocalorie/mole
Wax, in. for 50% Detonation (AH, kcal/mol)

Wax, gm Temperature Range, °C

Density, gm/ec Phose

Meet of: Plat .
Combustion, cal/gm e722 A Impact Test:
Exptosion, coi/gm 107k 60 mm Merter Projectile:

Gas Volume, ce/gm Buy 50% Inert, Velocity, ft/sex
Formation, cal/grn cone Alurrinum Fineness
Fusion, cal/gm

500-% Genere! Purpose Bomhs:

Specific Meet: ¢-¢/qm/°C
Plate Thickness, inches

1

Vig
1%

Wy
Burning Rete:

cm/sec
Bomb Drop ‘Test:

Thermel 2
cal/sec/em/°C TT, 2000-lb Semi-Armev- Piercing Bomb vs Concrete:

Coofficiont of & lea: Max Safe Drop, fr

Linear, %/°C 500-th General Purpose Bowb ve Concrete:

Volume, %/°C Height, fe

Trials
Herdness, Mohs’ Scole: Unotfected

Low Order
Young’s Meduluc:’ High Order

€’, dynes/cm*

E, ib/inch? 1000-th Generel Purpose Bomb vs Concrete:
Density, gm/ce

Height, fr

Compressive Strength; Ib/inch? 15210 Trials
See below Unaffected

Vapor Pressure: Low Order
a a mm Mercury High Order

Compressive Strength: 1b/inch* *
nyerage (10 tests) ae ULtimate Deformation: %

6 174
Averace (10 tests) 2.26Low 1330 Eizh 2.55
Low 1.97

*Test specimen 1/2” x 1/2' cylinder (approximetely 3 um) pressed @. 7% tons (“,000 1b) total
load or 30,000 psi wth a 2

250

minute time of dwell.
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QOctol, 70/30 AMCP 706-177

| Fregmentetion Test: Sheped Cherge Effectiveness, TNT = 169:
OG) mm HE, M71 Projectite, Ler WC-91: Gloss Cones Stee Cones

Density, gm/cc Hole Volume

Chorge Wt, Ib Hole Dcpth

Tetel Ne. of Fregments:
Coler: Buff

For TNT

Fer Subject HE

2 lack HE, M42A1 Projectile, Lot KC-5S:

Principal Uses: HE projectile and boa filler

Density, gm/cc

Cherge Wt, ib

Total Ne. of Progmania:
Methed of H CastFor TNT Loodiag 8

For Subject HE

Leodiag Density: gm/ce 1.80

Progment Velocity: it/sec
At? tt
At 25% ft Storage:
Density, gm/cc

Method try

Blest (Relative te TNT): Hazars Class (Quontity-Distence) Clase 9

Ale: Compatibility Group Group I
Peak. Pressure ,
impulse Exudation

Energy

Air, Confined: Work to Produce Rupture: ft-1b/inch> *#
’mpulse Average (10 tests) 122

High 1.87

Imputse Efflux Viscosity, Saybolt Seconds: 59

Energy

Peok Pressure
Impulse

Energy

*Test specimen 1/2" x 1/2” cylinder (approxi-
mately 3 gm) pressed at 3 tons (6,000 1b)
total load or 31,000 psi witn a 2 minute
time of dwell.
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AMCP 706-177 Octol

“8

Effect of Altizude. Diameter and of Confinement on Detonation VelociEstee b) TM a tenoct a
[ |___One-Inch Column Gvo-Inch Colum |
i loaive Simulated Altitude, | ned _Unconfin Coaufined [Unconfined”
: Feet 8 ' 8 s Ws .

70/30, Roax/INT; Ground T900 8100 7) 8030
1 density, gm/ec 1.62
, 30,000 8020 | 8120 7900(4)} 7800

60,000 8040 8140 8010 T950
90,000 8060 7980 8010 | 7m7lo

: i

’ Average 8005 8085 7895 7873
+.

: | ‘ H_ 70/30, HMX/ INT; Ground 7360 7900(4) | 7870 | TEhO(})
| density, ga/ce 1.61 | i j

30,000 8050 8060 i T93 TT10

66,000 t 8020 793% ©: «7e90 «| 7650
90,000 "7950 8000 790 | (7650

Average 7995 7973 7908 7663
easuhun rT

*70/30 Octol confined charge in 1/4" steel tube, AIST 1015 seamless, 1” diameter 18” long,
and 2” diameter 7” long. All means were determined from sets cf five values unless other-

A 26 gm tetry booster was used to initiate each charge.wise indicated by ( ).

Average Fragment Velocities at Various Altitudes* (g)

Simulated Altitude, Feet
Explosive Charge Diameter, | Ground 000. 0,000

Inches : mB 8 8 8

| 70/30, ROX/INT 1 | as 72 | 3666s 3685
4 : ’

2 ' 647 sie | (52% OL
i t

. 10/30, WX/aNT 1 3366 3680 holk = LT
2 4703 5h64 6089 6111

*OQuteide diameter 2.54"; inside diameter 2.04"; length 7”.
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Octo), 70/30 AMCP 706-177

Tensile Strength:*
jib/inch* |

Average (8 tests) l .

High 204

| Lov 128 '
Vieat specimen as per Ploatinny Arsenal sketch XL-076B, at 21°C.

Modulus of Elasticity:*
1b/inch

Average (10 tests) [73,200

4

t 63,%
ape x cylinder (approximately 3 gm) pressed at 3 tons (6,000 1b) totel

load or 30,000 psi with a 2 minute time of dvell.

Setbuck Sensitirity Test: { )}

Critica). Prsssure J2,000 psi*

| Deasity, ca/ce 1.72
#Pressure below which no initiation is obtained and above which an increasing percentage of

~ ‘initiations ean be expected as the setback pressure increases.

Pit Freqnentation Test:

105 mm Mi HE Projectile:

wT Welght Group, grains No. of ate |

j2- 2 1297

2- 5 665

5- W Loy

wW- 25 661

2- 3 uy.

SO - 75 ahy

75 - 150 : xe

150 - 750 : 295

750 = 2500 1

‘+ otal Number b467
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_ AMCP 706-177 Qctol, 75/25 oN

Compecttion: Meleculer Weight: 276

Oxygen Belence:a % CO, % 235rT 25 CO % “3
Denelty: g/cc Cac® 2.81

Melting Point: °C

C/H Ratio Freezing Point: *C

leapect Sensitivity, 2 Kg We: Belting Point: °C
Bureau of Mines Apparctus, cm -

Sample Wt 20 mg Refrective Index, n°
Picatinw.y Arsenal Apparatus, in. 17 © .
Sample Wt, mg 25 Ne

nS

Friction Pendulum Test: Vecuum Stebility Text: .
Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90°C voce

100°C cone

3/16" Steel 1/8" Al 135°c °
Explosions 70 70 .
Portiols - _. 1§0°C

Burned - -- 200 Grom Bomb Send Toot:
Unaffected *) B] Sond, gm Exploratory 62.1 cr.

Cuplecion Tempereture: °c. Soneitivity te laitietion: Nene
Seconds, 0.1 (no cop used) oon Minimum Detonating Chorge, gm

1 ooo Mercury Fulminate vone
5 Plemes erratically 350 Leod Azide 0.30

10 Tetry! es
i8
20 Bellistic Mortar, % TNT: 116

Trousi Teet, % TNT:
73°C internetiqnel Heet Test:

% Loss in 48 Hrs Plote Dent Tost:
Method .

100°C Hoot Test: Condition
% Loss, let 48 Hrs Confined
% Low, 2nd 48 Hes Density, gm/ec .
Explosion in 100 Hrs Brisonce, % TNT

Detenetion Rate:
Plemmehitity Index: Confinement None

Condition Cast
Hypresespicity: % Charge Diometer, in. 1.0

Density, gm/cc 1.81
Volatitieys Rate, meters/second 8643



i

: Octol, 75/2 AMCP 706-177

i Condition Crygen, otoms/sec : i .
/ 0ct Tetryl, om Heat, kilocalorie/mole

Wax, in. for 50% Detonation (SH, keal/mol)

; Wax, gm Temperoture Range, °C
Density, gm/cc Phose

} Heat of: Armee mapect
‘Y Combustion, cal/gm 2676 Pate | Test:

F; Explosion, col/gm 1131 60 me Morter Projectile:
; Ges Volume, c¢/gm 830 50% inert, Velocity, ft/sec
; Formation, cal/gm Aluminum Fineness

’ Fusion, cal/gm 29.4"
t - *Calculated Zor 76.9% HMK, 23.1% TNT. 500.1% Generel Purpose Sembe: .
i Specific Meat: col/gm/*C betel
; 79°C 0.200 Plate Thickness, inches
Bs -608 to +80°C 0-240
t 33. to 74% 0.2h5 1
; 90° to 150°C 0.323 '

**Deternined for 76.9% HM, 23.1% INT. we
%

1%
Burning Rete: Flcm/sec a

Bemb Dicp Test: 2

: cai /sec/em/°C TT, 2000-b Somi-Armor-Piercing Sombd ve Concrete: : ;
wy . a i

Coott oft lea: Max Safe Drop, ft .

; Linear, 9%/°C $00-% Generel Purpose Bom> ve Concrete:

' Volume, % /°C Height, ft

’ Trials
’ Merdnees, Mohs’ Scale: Unoffected

; Young's Modules: Nh Ovta
E’, dynes/em?

i E, (o/inch® 1000-t» Generel Purpese Bomb ve Concrete:
Density, gm/ce .

Height, ft
, Compressive Strength: Ib/inch? 1340 Triels
z See below
; Unaffected

; j Vapor Pressure: Low Order
*¢ mm Mercury High Order

Compressive Strength: 1b/inch® see
:
i Average (10 tests) 130 Ultimate Deformation: %

Righ 15 Average (10 teats 2.4} Low 1040 High } 2. 63
, #*e#Test specimen 1/2" x 1/2" cylinder (approximately 3 gm) pressed at 3 tons (6,000 1b) total .
j load or 30,000 psi with a 2 minute time of dwell.
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AMCP 706-177 Octol, 75/25 :

- . t

fragmentefion Text: Shoped Charge Bffoctivencss, TNT = 10% e

$0 ma ME, M71 Projectile, Let WC-91:
Density, gm/cc

Gloss Cones Stee! Cones
Hole Volume ‘

Chorge Wt, Ib Hole Depti:

Teta! Ne. of Fropments: Colon puff

For TNT

For Subject HE
Principal Uses: HE projectile and bomb filler

3 inch HE, M42A1 Projectile, Let KC-5:

Barsity, gm/cc
Cherge Wr, Ib

Tatel Ne. of Progments: Methed of Leeding: tFor TNT os
For Subject HE

Leeding Density: gm/cc 1.81

Fragment Velucity: ft/sec
ALd te *
At 25% ft Storege:
Density, gm/ce

Method Dry

Biect (Relative te TNT): Hazard Class (G.santity-Distonce) Class 9

Ale: Compatibility Group Group I
Peok
Impulse Exudation

Energy ——

Ale, Comtined: Work to Produce Rupture: ft-Ib/inch? +
impulse Averege (10 tests) - “Lz

High 1.57
Under Water: Tow 1.07

Peok Pressure
imputse Efflux Viscosity, Saybolt Seconds; 9.0
Energy oS

Pook Pressure
Impulse

Energy
*Test specimen 1/2" x 1/2" cylinder (approxi-

mately 3 gm) preased at 3 tons-(6,000 1b)
total load or 30,000 gsi with a 2 minute
time of dwell.
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_~ octos, 75/2 AMCP 706-177

. i . Frequent Velocity Test: (a) °

- Ave mt Veloci j as.\__Explosive Wace over Let © fat a
' Composition B 4gh8' : 75/25 Cyclotol 4908 | :

{ | 75/25 cto 5k | |
if Tensile Strength:*
‘ .

; Average (10 tests)
J? 1 Bigh '

7 ae Specimen as par Pisatinoy Meena) aketch 11-0763, at 21°C. . j
’ Modulus of Elasticity:* ; a

; ° ' Average (10 tests) F wine oo
’ low 45,200 |

Test specimen 1/2” x 1/2" cylinder (approximtely 3 gm) pressed at 3 tons (6,000 lb) total {
icad or 30,000 psi with e 2 minute time -£ dwell. .

| Setback Sensitivity Tou: {a) : |
Critical aie !4 fonsity, ee a :

. j ’ Feresence ” obtained and ebove vhich an increasing percentage of ’i ‘ : initiations can be expected as she setback pressure increases. ‘ 3 }
% pe Fragmentation Test: (a) ; Sd

, 105 me Ml HE Pivjectile: : i

a Heian Seep, gins Ho. of Fragments | -
2 i 1/2- 2 1

i | 2@- 5 TTT
; 5- 10 535 i
t 10- 25 n9 .
: 2- 50 480 ; oo
i 50 - 75 2h6
: } 75 + 150 339 ido 150 ~ 750 293 |
i T5C ~ 2500 8
} Totel Number ' 5008 ,
3

4
4

,
5
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AMCP 706-177 Octol, 70/30: Octol Ps

7 t Water-wet EMX ‘s added slowly to molten TNT in a steam-jacketed kettle et a teapersture of
100°C. ‘the mixture is heated and stirred until ali moisture is evaporated. ‘the composition
ie cooled to a satisfactoy pouring temperature and cast directly into ammunition Components
or prepared in the Yorm of chips to be stored for later use. .

References: 52 .

(a) 1st Indorsement from Chief, Explosives Devslopment Section, to Chief, Explosives ms
: Research Section, Picatinny Arsenal, dated 12 May 1958. Subject: "Properiies of Octols an . ‘

Hm-3." . :

(>) A. W. O'Brien, Jr., C. W. Plummer, R. P. Woodburn and V. Philipchuk, Detonation Veloci- : ‘
Determinations and Fragment Velocity Determinations of Veried By Lonive atems end Comli- ‘ -

ne nortoern Corp t > - : ‘BYTS-020- 501-0RD- (P)-58). :
r

32500 footnote 1, page 10.
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: PB-RDX AMCP 706-177
> ———
t

: Comperitica: Molecular Weight: 2u5
. %
* Oxygen Selence:
. ROK iad CO, % 62

Polystyrene (uamodified) 8.5 CO % -18

: Dioctylphthalate 1.5 sam/cc Unpressed 0.81
: Melting Point: °C
. C/H Ratie Freezing Point: °C
t

: Innpoct Sensitivity, 2 Kg Wr: Unpressed Belting Point: *C
: Bureou of Mines Apparatus, cm 28
i Somple Wt 20 mg Ratrective Index, n°,
, Picatinny Arsenal Apparatus, in. 15 °

‘ ne

Friction Pendulum Test: Vecwum Stability Test:
‘ Steel Shoe Unaffected cc/40 Hrs, ot

' Fiber Shoe Unaffected 90°C aece
: 100°C —
. Rifle Bullet Impect Test: 10 Trials * 120°C 0.41

: % .
: Explosions 10 Isove
‘ Partials 90 ;

: Burned 0 200 Grem Bomb Send Test: 8
4 Unoftected 0 Sond, gm -
5

; Explesion Temperature: a of Sensitivity te initiation:
a Seconds, 0.1 (no cop used) --+ Minimum Detonating Charge, gm

' ’ i ose. Mercury Fulminote
, 5 Smokes 275 Leod Azide
: 10 Tetryl
‘ 15
. 20 Beltietic Mortar, % TNT:

: Trousi Test, % TNT:
' 72°C international Heat Test:
: % Loss in 48 j irs Plate Dent Test:

Method

; 100°C Heat Teer: Condition
: % Loss, Ist 48 Hrs 0.00 Confined
7 % Loss, 2nd 48 Hrs 0.00 Density, gm/ce
: Explosion in 100 Hrs None Brisance, % TNT
: Detenctinn Rete:
: Flammebility index: Confine nent

' Condition
’ Hye icity: % Chorge Diameter, in.
5 * Teat procedure described in PATR No. 22h7, Density, gm/ce
' May 1956. Rate, meters/second
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AMCP 706-177 PB-RDX

Besster Sensitivity Test: Decomposition Equetion:
Condition Oxygen, atoms /sec

(Z/sec)Tetryl, om Heat, kilocalorie/mole
Wax, in. for 50% Detonation (AH, keal/mol)
Wax, gm Temperature Range, °C

Density, om/ce Phose

Meet of;: , cal/gm 3027 Armer Plote impoct Teet:

Explosion, cal/gm 983 60 mm Mester Projectite:
Gas Volume, c¢/gm 50% Inert, Velocity, ft/sec

Formation, cal/gm Aluminun Fineness
Fusion, cal/gm

500-lb General Purpess Bombs:
Specific Heat: cal/gm/*Co Plate Thickness, inches

1

mH
1%
wy,

Berning Rate:

cm/sec Bomb Drop Tet:
col/sec/em/"C TT, 2000-% Semi-Armer-Piarcing Remb vs Concrete:

ot : Max Sate Drop, ft

Lineor, %/°C 500-i> Ganerat Purpose Bend vs Concrete:

Volume, % /°C Height, f:

° Trials
Werdnew, Mohs’ Scale: Unaffected

Low OrdeYoung's Modulus: See below High O na
E’, dynes, cm*

E, Ib/inch? 1000-Ib General Purpose Bomb va Coacrete:
Density, gm/ce

Height, ft
Compressive Streagth: tb/inch? 2403 21k9 Trials

Percent 8.9 13-1 Unaffected

Vapor Pressure: Low Order
*¢c mm Mercury High Order

Young's Modulus: * (a) Tewperature
Ambient (4E, 1b/isch” (avg of 5) 33,953 Lon

Density, gm/cc 1.60 1.57

*Pellets (Lot OAC-596-55) 0.750 inch diamete
30-second dwell.

260
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PB-RDX AMCP 706-177

—

Fragmentation Test: Shaped Cherge Effectivences, TNT = 106:

90 cam HE, M71 Projectile, Let WC-91: Gloss Cones Stee! Cones
Density, g/cc Hole Volume
Charge Wt, ib Hole Depth

Teint No. of Fregments: Waite

For TNT

For Subject HE
Principal Uses: High cechanical strength

2 lach HE, M42A1 Projectile, Let KC-S: explosive
Density, gm/ce

Charge Wt, fb

Tetet Ne. of Frogments: Method of Leeding: Pressed
For TNT

For Subject HE
Leeding Density: gm/ce Pressed, psi x 107

0 10° «(2 2p
Fragment Velocity: ft/sec 1.10 1.49 1.59 1.62

At 25% ft Sterege:
Density, gm/cc

Method Dry

Slect (Relative te TNT): Hezard Closs (Quontity-Distonce) Class 9

Abe: Compatibility Group Group I
Peak Pressure

Impulee Exudation None

Energy =

Confined Rorkweli Hardness, "R" Scale: (a)
aM ne ° 1/2 inch diameter Penetrator, 60 Kg Load:

Pellet Specific
Under Weter: Ne.# Gravi Hardness

Peak Pressure _—_ ——
tmnpulse 1 1.624 8h

. 2 1.623 90
Enwoy 3 1.611 8h

4 1.600 80
Underground: 5 1.590 75

Peok Pressure 6 1.571 73

impulse is 1. a8 62
Energy 1.52 9

*Pellets (Lot HOL-F-93) were 1-1/2 inches
in diemeter and 3/4 inch high.
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+*CP 706-177 PB-RDK _

Sensitivity of PB-RDX and 2 Stearic Acid
Fesets* to Initiation by Type Il Special Blasting Caps (a)

Gap (Distance From Base of Cap to Pellet), Inches
Pellets 0. . . ° 0. . 0.

PB-RDIX with Pellet Density
1.55 gm/ec

No. of Trials : 8 5 6 2 1 1

Averege Depih of Plate
Indentativn, inches + 0.082 4.090 0.087 0.080 0.080 _

No. of ¥e4lures [e) 1 3 4 1 1 1

PB-RDX with Pellet De.3ity
1.60 gm/ec

No. of Trials 3 8 9 4 3 5 2 ° :

Average Depth of Plate .
Indentetion, inches *# 0.090 0.089 0.087 d.0.: 0.087 0.075 :

No. of Fedlures 0 0 2 y 2 3 2 :

98/2 FDX/Stearic Acid With .
Pellet Density 1.63 gm/ec i

No. of ‘trials 5 3 5 > 5 5 5 f “ ;Sete! %
Average Depth of Plate

Indentation, inches ++ 0.109 0.096 0.095 0.092 0.097 0.087

No. of Failures (¢] 1 (e) 3 4 4 5

* Pellets 0.92 inch diameter, 0.375 inch height.
** Mild steel plate 5" x 5" x 1",

Performance of PB-RIK as Booster: (b, a)

Ten 2.75 inch HEAT Ml Rocket Heads were unaffected in performance by storage at 71°C for
28 days. Thus, PB-RDX wes 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 M307Al 57 mm projectiles were fired for performance againat
armor. Fach round contained a PB-RDX booster pellet. There was no evidence in these firings
that the projectiles were inadequately boostered.

262 Nee



”

e
e

 
a 

a
 

o
e

Ba
e

.

a
 

e
e

 
a

i 
i 

a
»

‘

ee
 

r
s

os

>B-RDX AMCP 706-177

Preparation:

The purchase 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 a mixture of 73% Type 3, Class A RDX and 25% Type B, Class E RIX. The grenuletion of the
unpressed composition shall be as follows:

Through U. 5. Standard ‘
Steve No. Minimum 4 =| Maximum %

6 100 as
12 60 -
20 -- 2
35 -- )

Two methods have been reported for the preperation of PB-RDX (Reference: Los Alamos Scien-
tific laboratory, Contract W-7405-Ing 3% with U.S. Atomic Energy Commission, Report No. LA-
1448). ‘The earlier wethod employed a Baker-Perkine type mixer to blend the componensa. This
procedure gave 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 preperation
gave a product which was uniform, free-flowing and dustless. In addition, PB-RDX granulated
by the elurry method exhibited vatisfactory drying, handing and pressing charactéristics.

Te final procedure incorporating the better features found from the study of such veriabdles
as solvents, solvent/plastic ratios, lacquer addition and temerature, agitation, ROX particle
size distribution, dispersants and rosin additive, was as fol.ows (Reference ce):

Forty-two and five-tenti.s grams (42.5 em) of polystyrene and 8 ce dioctylphthelate were
aiseolved in 200 ce 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 granulator. This lacquer contained a i:h ratio of plastic-plasticizer to
toluene.

Four hundrea and fifty grams (450 gm) of RDX and 4500 grams of BA0 (ratio 1:10) were added
to the grenulator. The agitator was set for L00 rpm and the temperature was raised to 75°C
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 water was added, end che mixture wae agi-
tated until the lacquer was well dispersed in the RDX slurry (approximately 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°C. Conling water was then run into the jacket to
eool the batch to 40°C. ‘The coated material from the granulator was collected on a Buchner
funnel and dried in a tray at 70°C for 2k hours. Temperatures below 70°c did net furnish
enough heat, but a temperature of 80°C produceé stickiness and caking of PB-RDX.

Origin:

An explosive consisting of RDX coated with polystyrene plasticized with dicetyphthalate
was initially developed in 1952 for the Atomic Energy Conasission by Los Alamos Setentific
laboratory of the Universit; of California (Contract W-7k05-Eng 36 with U. S. Atomic Energy
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AMCP 766-177 a —~

Commission, Report No. LA-1448). ‘The specific formletion of 90/8.5/1.5 RIM/polystyrene/
dioctylphthclate was subsequently standardised by Loe Alamos. This explosive, originally
designated PRX, has been redesignated PB-RIX. The detailed requirements for the present
polystyrene-bonded RDX(PB-RDX) are given in purchase description X-PA-PD-1088, 25 October 1956.

References; 55

{a) B. J. Zlotucha, T. W. Stevens and C. E. Jacobson, Characteristics of Polystyrene-
PATR No. 2497, April 1958.

(b) A. J. Pascazio, The Suitebi of a Bare PBX Booster Pellet in the 2.75 Inch Ml HEATRookat Mead, PAM Mo. 2M Sores DBRee €

Method, Holston Defense Corporation, Control Ho. en ’

Liner, Aber'een Proving Ground
» October 1957.

33506 footnote 1, page 10.
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i Penteerythritol Trini trate (PETRIN) AMCP 706-177
; 7

: . Molecular Weight! (CoHoN30,0) _ om
; Cc 221 Oxygen qetenee:
; pee co % at; H 33

H N 15.5 HOH 7 — CH pAWO Denelty: gen/ce 1.5%
5 OND Melting Point: °C 26 to 28; 0 59-1

: C/H Ratio 0.141 Freezing Point: °C

; tempest Sensitivity, 2 Ky We: Belling Polat: °C 4 mm Hg Decomposes 130
? Bureou of Mines Apporotus, em
‘ Sample Wt 20 mg Refractive tadex, nZ,
' Picatinny Arsenal Apparatus, in. 5 to 10 n
1 Semple Wr, mg 3)
’ 

ne

. Friction Peodulem Test: Vecwum Stebiiity Test:
> Sree! Shos cc/40 Hrs, at
: Fiber Shoe 90°C wane
: 10e"c 2.5k to 5.69]
‘ Rifle Bullet Impect Test: el 120°C

: ; 135°C

; 150°C: Porticis

} Burned 200 Grom Bomb Send Test: -

: Explosion Temperctore: *¢ Sensitivity te initiation: ;
r Seconds, 0.1 (no cop used) Minimum Detonating Chorge, grn °

‘ 1 Maereury Fulminote
s 5 Lead Azicc
: 10 Tetry!
> 15

*

; Trees! You, % TNT:
: 73°C internetione! Heat Test:
, % Loss in 48 Hrs Plate Dent Test:
: Method

: 100°C Hest Test: Condition
: % Loss, Ist 48 Hrs Confined
vs % Loss, 2nd 48 Hrs Density, gm/ce
. Explosion in 100 Hrs Brisorce, % TNT

. Detenction Rete:, Flecamebiiity tudex: Confinenent

: Condition,
: Hygeescopielty: % Charge Diameter, in.
: eletiile Density, gm/ce

v , Rote, meters/second
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AMCP 706-177 Pentaerythritol irinitrate (PETRIN)

Frogmentetion Test: Sheped Cherge Effectivences, TNT — 100:

“ 90 mm HE, 471 Projectile, Lee WC-91: Gioss Cones Stee! Cones
“ Density, gm/cc Hole Volume

Charge Wr, tb Hole Depth

Tetel No. of Fragments:

For TNT Color: White
For Subject HE

Principel Uses: Explosive, propellant or

3 inch HE, M42A1 Projectile, Lot KC-S: ignite> ingredient
Density, grn/ce
Charge Wt, Ib

Totel Ne. of Fragments:
Methed of Leoding:

For TNT

For Subject HE

Looding Density: g/cc

Fragment Velocity: ft/sec
At 9 ft
At 25% ft Storege:

Density, gm/ce :
Mathod Ory

Blect (Relative te TNT): Hazard Class (Quantity-Distance)

Abn: Compatibility Group
Peak Pressure
impulse Exudation None
Energy

PETRIN esters are listed in reference (b)
Als, Constned: and most of these esters have beer snow to

impulse heve explosive properties.

Und . An infrared spectrophotometriec procedure
ne was developed for the determination of the

” acetone content of PETRIN (ref c). A 2.5 am
Impulse semple of PETRIN is dissolved in chloroform
Energy and the volume increased to 25 milliliters in

a volumetric flesk. The acetone content of
. the PETRIN solution is determined by its infra
i" red absorption at 5.824 ina 0.5 mm ceil. A

Peok P ihe double beam method is used with e reference
Impulse ceil containing chloroform and acetone-free
Energy PETRIN. The quantity of the latter must be

Absolute Viscosity, poises: earefully adjusted to give @ good belance be-
4 f tween the test sample and reference cells forPs 700 ue the stron: PETRIN peek eat 6.02 maxinum.

3 2

B°C 30 Heat of:
Explosion, cai/ym 1204
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Pentacrythritol Trinitrate (PETRIN) AMCP 706-177

Preparation:

C(CH,OH), + 3HNO. nn onCH,c( CH No.’ + )CHAOF)), 3 CHE C{ CHANO," 5 3Bgs

pentaerythritol nitric sulfuric pentaerythritol water
scid acid trinitrate

MW 126 MW 63 Mw 98 MW 271 MW 18

The earlier’ procedure used for the manufacture of PETRIN was that developed at Alleghany
Bellietics Laboretory. In this process, called the "A process,” 80% HNO. and the solid pen-
taerythritol were charged to the reactor and 80% Hp>80, wen added slowly ét a rete to permit
control of temperature at 0° to 5°C. This mixture wes bela for a 2-1/2-Lour reaction period,
then drowned in water and filtered to give a cake containing both the tri- and tetra-nitretes
of pentaerythritol. The cake was dissolved in acetone and neutralized in saclution with an-
tmontu.. carbonate, after which the PETA ...s precipitated by the addition of weter. After fil-
tration, the PETRIN was recovered from the filtrate by stripping off the solvent under vacuum.
Yields by this process averaged about 404.

An improved process, calied the "B process," used the same primry reaction procedure but
e different work-up procedure. After the reaction holding perici, water wes addgd to dilute
the mixed acid and the batch was extracted in situ with methylere chloride. The organic
Layer was separated, neutralized with aqueous sodium bicarbonate, and stripped of methylene
ehloride under vacuum to yield the product directly. Yields by this process were sbout 50%
and quality of the product was mich improved over that of the "A process."

The "C process,” currently in use, involves essentisily the simultaneous synthesis and
extraction of PETRIN from the reaction mixture. Methylene chloride approximately equal to
the to.al weight of the other components is added to the reaction mixture before the sulfuri:
acid. After a .siteble time following the addition of sulfuric acid, the solvent is removed
and re;..aced by fresh solvent one or more times. The combined extrects are neutralized and
conce.tretec. Because of their initially relatively large volume, PEIN .... be re-oved by
filtration. from the concentrated PETREY solution before the final solvent is stripped. Yields
by this process have been 60% to 65%.

Origin:

The nitretion preducts of pentaerythritol or itc derivati.+s containing not more than three
KOg Groups were patented for use as explosives, propellants or ignition materials in 1936
(German Patente 636,432 and 638,433; CA 31, 1212 (1937)).

A process in which pentaerythritol monoacetate was converted to penteerythritol trinitrate
monoacetate, which was then saponified under carefully controlled conditions to PETRIN, was
reported in 1954 (N.S. Marans, Db. B. Elrick ard R. F. Preckei, J Am Chem Soe Tu, 130k).
-STRIN was also prepared by the nitration of penteerythritcl with a mixture of Bot HAO, and
BOk ren in 1955 (A. %. camp, N. S. Murans, D. E. Elrick and R. F. Preckel, J Am ChemSoc
TT, 71).
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AMCP 706-177

ReZerences:>°

(a) Rohm and Baas Cowpany, Redetone Arsenal Division, Process for the jenufecture oa?
ta tel Trinitrate Monosa te and Petrin Acrylete “all y + ry

b) 5B. Berlow, R. H. Barth and J. BE. grow, ritols, ACS Monozreph Mo. 136,
S, Reinhold Publishing Corporation, New

(ce) Re H. Pierson, An Infrared Spec tric Method for Determinetion of AcetoneGoatent of Eynteergenrt » Uebe ce tes on Si 7s
’ ruary 1958.

Lr footnote 1, page 10.
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Rate, meters/second

Peutaeryth,itol Trinitroacrylate (PETRIN Acrylate AMCP 706-177

: eight: (CoH, N ) 325

Cc 2.5 Onyene Prtasanal mn

HH 3.4 Tr? 2 CO % -12
= Cl-CO, C-CH,ONO,N 12.9 me aah ais Eensity: gen/ec

CHDONO5
Oo 54.2 Melting Point: °C 78 to 79

C/H Ratio 0.239 Freezing Point: °C

lmpoct Sencitivity, 2 Kg We: Belling Point: °C
Bureou of Mines Apparotus, cm

Sample Wt 20 mg Retractive ludex, no
Picatinny Arsenal Apparatus, in. ©

Sample Wr. mg ne
ne

Steel Shoe cc/40 Hrs, ot
Fiber Shoe 90°C

100°C.
Rifle Bullet Impect Test: Trials 120°C

% °

Partials

Burned 200 Gram Bomb Send Tort:
Unofttected Sand, gm

Explosion Tempereture: *¢ Sensitwity to Initiation:
Seconds, 0.1 (nv cop used) Minimum Detonating Charge, gm

| Mercury Fulminote

3 Lead Azide
10 Tetry!
15 :

20 Collistic Morter, % TNT:

: Treuzt! Test, % TNT:
75°C international Hoot Test:

% Loss in 48 Hrs Plate Dent Test:
Method

100°C eet Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/ec
Explosion in 100 Hrs Brisance, % TNT

Detonc*’sn Rote:
Flammability index: Confinement

Condition

Hygrescopicity: % Mil Charge Diometer, in.
v. ; Density, gm/cc



¢ §AMCP 706-!77 Pentaerythritol Trinitroacrylete (PETRIN Acrylate)

| Fregmentetion Test: Shaped Cherge Effectivences, TNT = 100:

90 mm HE, M71 Projectile, Let WC-91; Glass Cones Stee Concs
Density, gm/ce Hole Volume

Charge W1, Ib Hole Depth

Tete! No. of Fragments:
tFor TNT Color: White

For Subject HE

J Inch HE, M42A1 Projectile, Let KC-5:

Principe! Uses: Ingredient of composite
rocket propellants .

Density, gm/ec

Charge Wt, Ib

Tote! Ne. of Fregmont::
Method of Leeding:

For TNT

For Subject HE

Leeding Density: gm/cc

Fragment Velecitv: ft/sec
At9 ft
At 25% ft Sterege:

Density, g/cc
Method Dry at temperatures below

melting point

Bieet (Reletive te TNT): Hozord Class (Quor-tity-Distonce)

Ale: Compatibility Group
Peok Pressure

Impulse Exudation
Energy

Als, Coc.Ziz0d: . Heat of:

Impulse Combustion, .1/igm
Under 'Weter: Explosion, cai‘gm

Peak Pressure

lor sulse

Energy

Underground:
Peok Pressu
Impulse

Energy
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Pentaerythri: 4. irinitroserylate (PETRIN Acrylate) AMCP 706-177

Preparation: (a)

HOCH2C(CH2NO3) 5 + CHy = CHOUCL + Coligh(CH3)p ——

pentaerythritol aerylyl dimethyl
trinitrate (PETRIN) chloride aniline

MW 271 MW 90.5 MW 121

(O,NOCH,) ,CCH,OCCH =CH, + CgHigN( CH) HCL _——_

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 agent for PETRIN. Thege two maveriels were charged to a re-
action vessel and the initial reacticn was controlled by the slow addition of PETRIN at a
temperature of 10° to 15°C. Following a period of one hour, the batch was drowmed 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 e period of 16 hours at o°C and dried under vacuum to remove traces of solvent.
The vield for this process was about 60%.

A significant improvement in yield (to about 74%) and purity (approximately 984) was
realized by the substitution of methanol for chloroform and crystallization of the product
from the solution without neutralization, residual acid being removed by washing the filter
cake with water.

Because of the high cost and hygroscopic nature of trifluoroacetic anhydride, a new pro-
cess, based on dimethylaniline und scrylyl chloride, was considered. This process is cur-
rently under development in ine Rohm and Haas Chemical Processing facilities and is not con-
eidered optimm. Yields averaged 46% and product purities averaged 93.5%.

PETRIN Acrylate Propellants:

PETRIN acrylate could be used ag & monopropellant because it has a specific impulse of
214 lb-sec/1b and a burning rete of 0.2 in/sec. ‘he addition of an oxidizer increases both
the impulse and burning rate. .

A composition which preesntly appears most promising is as followa:

Composition To
PEYRIN acrylate (> 97% purity), ¢ 3.5 (binder)
Triethylene glycol “sinitrate, % 11.8 (plesticizer)
Glycol diecrylate, % 2.9 (crosalinker)
Ammonium perchlorate, % §1.0 oxidizer)
Hydroquincne, % 0.014 (polymerization inhibitor)

Measured specific impulse 236 lb-sec/lb, at density of 1.3.

Reference:> ‘

(a) Rohm and Haas Company, Redstone Arsenel Division, Process for the Manufacture of
Pentaerythritol Tetranitrate Monoecrylate and Petrin Acrylate Propellante, YP March 1950-

55see footnote 1, page 10.
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AMCP 706-177 Pentolite, 50/50; 10/90

Composition: Molecular Weight: 20400 ee
%

Oxygen Beleace:
PEIN 50 10 CO: % “he -68

CO % -5 “21
TNT 50 8

Density: om/ce 1.65 1.60

Matting Point: °C 76

C/H Ratio Freezing Point: °C

lenpect “ensitivity, 2 Kg Wr: 30/50 10/90 Boiling Point: °C
Bure-.u of Mines Apporotus, cm 5

Somple Wt 20 mg Refractive Index, nZ
Picatinny Arsenal Apporatus, in. 12 be °

Somple Wt, mg 15 18 Ras
ny

Feiction Pendulum Toot: Vacuum Stability Test: 50/50 10/90
Steel Shoe Unaffected cc/40 Hrs, of

Fiber Shoe Unaffected 90°C
- 100°C 3.0 3.0

Rifle Bullet lapoct Test: 25 Tricis, 50/50 1orc Lit lit
% * -- --

ts 20 “~ “*
Burned it] 209 Grom Bomb Sead Teet:
Unoftected 8 Sond, gm 55-6 49.5

Explosion Tumpereture: *c., 50/50 Sensitivity to Initiation: 50/50
Seconds, 0.1 (no cop used) 290 Minimum Detonating Charge, gm

| 266 Mercury Fulminote 0.19%
5 Decomposes 220 Lead Azide 0. 13*

10 20h 1 --15 197 sartarndtive initiet

Trevzl Test, % TNT: (o} 122
75°C Intecnctional Heet Test:et Loss in 48 Hrs Piete Dent Test: (c)

: Mathad 5

100°C Hoot Test: 50/50 Condition Cast
% Loss, Ist 48 Hrs 0.0 Confined No
% Loss, 2nd 48 Hrs 0.2 Density, gm/cc 1.66
Explosion in 100 Hrs None Brisonce, % TNT 121

Detoaction Rate:
Flommeability Index: Will not continue to burn Continement Hone

Condition Cast
. 50/50 10/¢" hae? +e ie = Charge Diarneter, in. 1.0

Density, gm/cc 1.66
Votetitity: Rate, meters/second 7665

2712
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— Pentolite, 50/0: 10/0 AMCP 706-177
¢
a 

.

: Booster Sensitiviey Test: (4) 50/50 Decomposition Equation:
a Condition Pressed Cast Oxygen, atomns/sec
‘ Tetry!, gm 100 100 (2 *sec)> ‘ Meat, kilocalorie/moteH Wox, in. for 50% Detonation 2.36 2.08 (4H, keal/mof)
3 Wox, gm Temperature Range, °C

; Density, gm/cc 1.60 1.65 Phase

Went: Combustion, col Jom Armor Plate tmpact Test: 50/50
+ .t Explosion, cal/gm 1220 60 mm Mortar Projectile:
; Gas Volume, cc/gm 50% Inert, Velocity, ft/sec 170
: Formation, cal/gm Aluminum Fineness
? . Fusion, cal/gm
q 300-lb General Purpose Bombs:

; Specific Heat: col/gm/°C
i Plate Thickness, inches
a:

; 1

a 
mh3 3

a L_. 18,
? Surning Rate:

bi cm/sec
§ Romb Drop Test:

t ; ‘ col/sec/em/"C TT, 2000-t» Semi-Armor-Piercing Bomb vs Concrete:
s /4 - : Max Sofe Drop, fx of sion: Ox ‘e Drop, ft

f Linear, %/°C 500-lb General Purpose Bomb vs Concrete:
: Volume, S/°C Height, ft
* 

Trials
¢ . :: Merdness, Mohs’ Scele: Unarfected

: Young's Modulus: TM Order. E’, dynes/cm? High Order

. E, Ib/inch? 1000-Ib General Purpose Bomb vs Concrete:
Density, gm/cc

Height, ft
. Compressive Strength: Ib/inch* 2000-2200 Trials

Denst+,, ym/ee 1.68 Unaffected

: Vapor Pressure: Low Order
’ “C mm Mercury High Order

?
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AMCP 706-177 Pentolite ; 10

Fragmentation Teat: 50/50 Sheped Charge E TNT = 100:

90 mm HE, M71 Projectile, Let WC-91: Gloss Cones(?) Stee! Cones (g)
Density, gm/ce 1.65 Hole Volume 157 105 kg 119
Charge Wt, Ib 2.147 Hole Depth 116 116 ee 119

Tetel Ne. of Fragments: Color: Yellov-vhite
For TRT 703
For Subjrct HE 968

Principal Uses: Shaped charges, bursting

Density, ¢m/cc 1.65

Charge Wt, Ib 0.872

Tetel Ne. of Fregments:
Methed of Leading:For TNT 514 Cast

For Subject HE 650

Leoding Density: gm/cc 50/50 10/90

Pregment Velocity: ft/sec 1.65 1.40
At 9 ft 2810
At 25% ft 2580 Sterege:
Density, gm/ec 1.66

Method Try

Blast (Relotive te TNT): (e) Hozard Class (Quontity-Distonce) Class 9

Ale: Compatibility Group Group I
Peok Pressure 105

Impulse LOT Exudation

Energy o-

Compatibility with Metals:

Ale, Confined: : Copper, brass, aluminum, magnesiun,
impulse magiesium-aluminum alloy, mild steel coated

with acid-proof black peint, and mild steel
Under Woter: plated with copper, cadmium or nickel are not

Peck Pressure affected. Zinc plated steel is only slightly
Impulse affected.

Enurgy We’: Stainless steel, aluminum and mild
steel co.ted with acid-proof bleck paint sre

. not atfe ted. Copper, brass, magnesium, mag-
Peak Pressure nesium-aluminum alloy, mila steel and mild
\ Ise steel plated with copper, cadmium, zinc or
mpul nickel are slightly effected.

% Effect of Temperature on (hb)
Eutectic T2mperature, °C: 6 Rate of Detonation: 50/50

16 hre at, °c “54 21
gm PETN/100 gm INT Deneity, gm/ce 1.67 1.66

ré0c 13.0 Rate, m/sec Th7O Tb
95°C 28.3

274
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Pentolite * 10, AMCP 706-177

Preparetion:

Pentolite is manufactured by either the slurry method or coprecipitation of PEIN and TNT.
In the slurry nethod PEIN, in water, ie stirred and heated above 80°C. ‘INT is added and when
wolten, it coats the particles of PEIN. The slurry is cooled with rapid etirring and the sepa-
rated granules are collected on a filter and dried below 75°.

In \oprecipitation, PETN and INT are dissolved separately in acetone. The aclutions are
mixed an@d the explosives are precipitated aimultaneousl; by pouring the mixed solution inte
cold water under vigorous agitation. The urecipitated solid is collected on a filter and
dried in air.

in:

Standardized during World War II, with the 50-50 PEIN/INT mixture being the more important
for bursting charges and booster-surround charges.

References: 9°

(a) L. C. Smith and E. G. Eyster, sical Testing of Losives, Part IT] - Miscellaneous
Sensitivity Tests; Performance Tests, OSKD Report No. S746, December 1945.

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

(c) D. P. Mactougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

(4d) L. C. Smith and Ss. R. Walton, A Consideration of Rog/Wax Mixtures as a Subatitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

os” W. R. Tomlinson, Jr., Blast Effects of Boub Explosives, PA Tech Div Lecture, 9 April
1

(ft) Bastern Lsboratory, du Pont, Investig. ~ on of ae Eirects Sec ITI, Variation of
Cavity Effect with Explosive Composition, NDRC Contract ~ORD-5723.

(g) Eastern laboratory, du Pont, investigation of Cavi Effect, Final Report, ContractW-672-ORD-5723, E. Lab, du Pont, 18 Scotember 1003. a eet
(h) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Important Military Explo-

sives at Sveral lifferent Temperatures, . » Nov r 1956.

(1) Also see the Pollewing Picatinny Arsenal Technical Report on Pentolite:

9 2 2 3 bd 2 6 Z g
1360 1291 lel2 1233 1284 1325 1436 1kTT 13881420 1452 1262 1193 2004 1466 1677 1598
1570 1651 1372 1213 1796 1737 1668

1363 1838

5§See factnote 1, page 10.
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AMCP 706-177 PEIN (Pentaerythritol Tetranitrate)

Comperiion: Molecular Weight: (CoHaN,0, 9) 316

ONO, Oxygen Belance:a . 219.9 | . CO, % “10

k 2.5 i 2 CO % 15

K 17-7 cia ae CNO, Deasity: gm/cc Crystal 1-77

0 60.8 r? Melting Point: °C hi

C/H Retio 09.135 ONO, Freezing Point: °C

lenpect Sensitivity, 2 Kg We: Bolling Point: °C
Bureau of Mines Apparatus, cm 17

Sample Wt 20 mg - Refractive Index, 4°,
Picatinny Arsenal Apparatus, in. 6 °

Sample Wt, mg 16 as
ne

Friction Pendulum Test: Vecuum Stebility Test:

Steet Shoe Crackles c¢/40 Hrs, ot
Fi our Shoe Unaffected 90°C

100°C 0.5
Rifle Gallet Impect Test: 5 Tricis * 120°C Lit

% *,
Explosions 100 ioc
Partials 0
Burned is) 200 Grem Bomb Send Test:
Yootfested (v) Sand, gm 62.7

Explosion Temperature: *¢ Sensitivity to Initiation:
Seconds, 0.1 (no cap used) 272 Minimum Detonating Charge, gm

’ ab Mercury Fulminote 0.17*
5 Decomposes 225 Lead Azide 0.03

10 all Tetry! --
15 en *Alternative initiating charges.
20 -- Ballistic Mortar, % TNT: (a) 145

Trouz!i Test, % TNT: (b)} 173
75°C International Heat Test:

% Loss in 48 Hrs 0.02 Plate Lent Test: (ce)
Method A

% Loss, Ist 48 Hrs 0.1 Confined ves
% Loss, 2nd 48 Hrs 0.0 Density. gm/ec 1.30
Explosion in 100 Hrs None Brisance, % TNT 129

D. ion Rate:
Flammobility Index: Wil) not continue to burn Confinement None

3 Condition Pressed
Hygroscopicity: % 30°C, 907, BE 9.0 Charge Diameter, in. 1.00

Density, gm/cc 1.70

Volatility: 0.9 Rote, meters/second 8300

27
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PETN (Pentaery*hritol Tetranitrate)

bp er

AMCP 706-177

Ld

; Booster Sencitivity Test: (c) Decomposition Equetion: Ce) 8 ( 6 (2) SN
: Condition Pressed Oxygen, otoms/sec 107 “ 10&"" 10 “iT, (2/sec): stryl, gm > Heat, kicocalcrie/mote 47.0 50.9 52.3

“4 Wax, in. for 50% Detonation (SH, kcal/mol)

: Wax, gm , 3 Temperature Range, °C 161-233 108-120 137-157
; Density, gm/cc 1.6 Phase Liquid Solid At melt-

> ing point
~ Heet of: Armor Plate .' Combustion, cat/gm 1960 Impect Test:
: Explosion, col/gm 1385 60 mm Morter Projextite:
: Ges Volume, c¢/gm 790 $0 % Inert, Velocity, ft/sec
' Formation, cal/gm 383 Aluminum Fineness
o- Fusion, cal/gm
: $00-ib Generel Purpose Bombs:
t Specific Heat: cal/gm/°C (a)
, Plate Thickness, inches

: ’ Room Temperature 0.26
, 1

‘ 
1%

i Burning Rete:
cm/sec

Bomb Drop Test:

— Thermal Conductivity:P| TMSiecremec T7, 2000-Ib Semi-Armor-Piercing Bomb vs Concrete:
F ee”
t Coc tfichone of Expansion, Mox Sofe Drop, ft
’ Lineor, %/°C 500-& General Purpose Bomb vs Concrete:

: Volume, %/°C Height, ft

; ; Trials
, Herdness, Mohs’ Scale: 1.9 Unaffected

: Young's Modulus: tow OrderHigh Order
bd E’, dynez/em?
4 .
an E, Ib/inchs 1000-Ib General Purpose Bomb vs Concrete:
t Density, gm/cc

Height, fr
: . Compressive Strength: Ib/inch? Trials
; Unofrected

} Vapor Pressure: Low Order
, "C mm Mercury High Order

a
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AMCP 106-177 PEIN (Pentaerythritol Tetranitrete)

Fregmentetion Test: Shaped Charge Effectiveness, THT = 100:

90 mm HE, A71 Projectile, Let WC-91: Gloss Cones Steel Cones
Density, gm/cc Hote Volume

Chorge Wt, Ib Hole Depth

Tote! No. of Fregments:
For TNT Color: Ved te
For Subject HE

3 iach HE, MAZA1 Projectile, Ler KC-S; Class A - Detonating fuse and boosters
Density, grn/ce Clase B + Priming compositions

Charge Wt, ib

Tetel Ne. of Fregments: .

For TNT
For Subject HE

Leoding Density: gm/cc ps: x 103
3 o 10 20 x ho

Fropmoet Velocity: ft/sec, 1.37 1.56 1.64 1.71 1.73 1.74
At 25% it Storage:

Density, gm/cc
Me*hod Wet

Blect (Raletive te TNT): Hazard Closs (Quontity-Distance) Class 9

Ale: Comeatibitity Group Group M (wet)
Peok Pressure

impulse Exudation None
Energy

i Bulk Modulus at Room - (1)
Ai onrued ° rature C):

Dynes/em* x 19°10 | 4.60
Under Weter: Density, em/cc 1-77

Peak Pressure

Impulse

Energy

Undergrovad:
Peak Pressure

Impulse

Energy

278
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PETN (Pentaerythritol Tetranitrate AMCP 706-177

Compatibility wich Metals:

3s Copper, brass, aluminum, magnesium, magnesium-sluminum alloy, stainless steel, mild
steel, mild steel coated with acid-proof black paint and mild ateel plated with copper, cad- ; ‘

: eium, nickel or zinc are not affected.
Wet: Stainless steel is unaffected and aluminum only vary slightly so after prolonged

P storage. Copper, brass, magnesium, magnesium-aluminum alloy, mild steel, mild steel costed
with acid-proof black paint and mild steel plated with cadmium, copper, nickel or zinc are

{ affected.

' Sensitivity of PRIN to electrostatic discharge, Joules; Through 100 Mesh; (g)
t
¢ Unconfined 0.06
> Confined 0.21

;. Solubility, grams of PEIN per 100 grams (%) of: (h)
, Trichlorethy lene
: or _A.cohol Acetone Benzene Toluene

‘¢ 0 0.070 ) 1h. 37 ) 0.150 ] 0.250
} 20 0.195 20 24.95 20 0.450 20 0.430
t ho 0.415 Lo 30.56 0) 1.160 4O 0.620
t 60 1.205 60 42.68 80 7-900 60 2.490
y 8 5.850
‘ 100 15.920 :j 112 30.900 i
; ~Ethoxy-ethyl- ‘
t ! Methyl acetate Ether acetate Chlorobenzene z

Sree! — ‘% 5

; °c 4 fe 3 2c 4 Se 3 :
; 20 13 0 0.200 20 1.5 20 0.35
’ 30 17 20 0. 340 30 4d 30 2.8
rf ho 22 34.7 0.450 ho 7.6 4o 6.1
4 50 31 50 11.2 50 9.2
: 60 142 60 12.2

; Carbon
; Ethylenedi chloride Methanol Tetrachloroethane tetrachloride

a oe z Sc 2 2c z 2 £
é
, 10 0.9 20 0.46 20 0.18 20 0.096
t xn 1.5 ie) 1.15 x 0.27 ce) 0.108 {
yo 50 2.6 60 2.6 ho 0.40 ho 0.118
; 50 0.58 50 0.121

'4
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AMCP 706-177 PRIN (Pentae+y’ uritol Tetran‘trute)
aa

Isoproganol Isobutenc) Chloroform ?

oe i
20 0.0)

4

SEB
B 

Iv

g99
00

HSE
R

SSEF
E 

iP

BSES
BS 

IP

200
00 KBR
ER

100
105

Eutetic of the system PETN-TNT iu about 13% PETS i10 0.
and 87% TNT at 76°C. 115 a7

120 115
125 161

Preparation:

(Nitroglycerin and Nitroglycerin ixplozives, Naoum) a
BHCHO + CH3ZCHO + CafOH)p ~* 2C(CH20H),, + Ca(HC00), C(CH20K), + 4HNO,—e C(CHZONO,), + 420 7

1’ In this preparation i940 gm of formaldehyde and 600 gm of acetelieh; Je ere dissolved -.
in 90 liters of water contsining 1600 gm euspended sleked line. The reaction is complete in :
about 3 weeks if agitated several times a day. The solution iu filtered, the calcium formate
precipitated with comlic acid, filtered off, and une water removed under reduced pressuie.
On cooling the mother liquor about +200 gm crude pentagry-thritol, melting point 2359-2h0°C
are obtained. Purification is reedily effected by stirring with 4 little alcohol, filtering
ani recrystullization from water.

2. T. 400 cc of strong white nitri: cid, are sdded 100 gm of pentaerythritol (through
SO mewh), at 5°C or below, under good ay. ition. After additior. is complete atirring, ot
5°c, 18 continued for 15 minutes, ‘The mixture ie domed in 3 litera of ice-water, fil ered, ees,
the product washed free of acid with water and then digested 1 Louy in 1 liter of hot 0.5% f ;
sodium carbonate solution. The product is filtered, and recrystallized from acetone. Naa

Origin:

PETN was known as an explosive in 1694 when it was proposed ag an add!‘‘on to smokeless
powders to raise their flammability and ease of combustion (German Patent 81,664 (1894).
Modarn methods of preparation are described by Vignun and Gerin (Compt ren + 599 (1901) :
and German Patent 265,025 (1912) end A. Stetthecher (2 ges Schiess - Sprengst. 12, 112, ‘
1U2 (1916) and 2h, 259 (1929). PEIN wus not used on a practical basis until acter World War =. ;

Destruction by Chewical Decomposition:

PETN ia 4 -ompor py dlisolving in & times its veignt of technical grade acetone and burn-
‘ng the solution i a shallow container. If preferred, wurn the acetone solution to 40%,
etir and add 7 parts by weight, to each part of PEIN, of a solution of 1 part sodium culfide
(Ha,S- SH. 0) in 2 pax: water heated to 80°C. The aqveous solution should be added at such a
rate thet the acetone solution does not buil. After mixing is complete cuntinue etirring for
one-half hour. .
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PEIN (ventaer;thritol “etrenitrate) AMCP 706-177

References:>/
Ss

(a) L. C. Smith and E. G. Hyster, Physical Testing of 22 losives, Part III - Miscellaneous
Sensitivity Test.; Per: formance Tests. OSRD Report No. 5746, 27 December 1945.

fb; Ph. Naovm, 2 ges Schiess - Sorengstoffw, pp. 151, 229, 267 (27 June 1932).

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 17 August 19h2.

(a) International Critical Tables.

(e) M.A. Cook and M. T. Abegg, "Isothermal Decomposition of Explosives,” University of
Uteh, Iné & Eng vhem, (June 1956), pp. 1090-1095.

'f, A. J. B. Robertson, "The Thermal Decomposition of Pencaerythritol Tetranitrate, Nitro-
glycerii.. Ethy,enediamine D.nitrate and Amacnium Nitrate," J Chem Ind 67, 221 (1948).

(g) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation
by Electrostatic Discharges, U.S. Dept of Int, Buceau of Mines, RI 365¢, 1946-

(h) Veriois sources in the open Literature.

(i) W. S. Cramer, Bulk Compressibility Dn*a on Severs] High Explosives, NAVORD Report No.
4380, 15 September 1956.

(J) Also see the following Picatinny Arsenal Technical Reports on PEIN:

i é 2 & 2 6 L § 2
760 1042 (T2 843 fore) 1305 12hé LOT 318 2379

1:70, 1312 922 86300 12Th 1525 1276 527 £33 1429
1260 1381 1182 1063 1284 Wh5 1316 857 1238 1489
1290 b52 922330 th 1705 1376 s2s7)—s1:38 1559

Te
)

1300 «-1561sd1212—Ss«a1253 1885 kkG 517 )sa1388~Ss 179
1320 1611-1262 1443 2125 1456 1617 1368
1360 «1652 3k2 493 w66 0 73aTs.598
2 13521533 1556 .T97 =: 1830
1390 1372 1796 2178
1430 1452
1450
1570

‘thee Footnote by page EG,
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; ”ANCP 706-177 Picramide (TNA) (2,4,6-Trinitroaniline)

Compseition: olecular Weight: ( CgH,N,O¢) 228
%
cc 35 NH. Oxygen Selence:

CO; % =56
Ho Ook NC, CO % -14
N 2h. Density: gm/cc Crystal 1.76

Oo 8 4e.2 NO, Melting Point: °C 189 to 190
C/H Rotio 0.500 Freezing Point: °C

Impecr Sensitivity, 2 Kg We: Belling Point: °C Decomposes before boiling
Bureau of Mines Apporatus, cm P

Sample Wr 20 mg Rotrective Index, n°
Picatinny Arsenal Aoperotus, in. 23 o

Sample Wt, mg 20 Fis
ne

Friction Pendulum Test: Vecuum Stability Test:

Stee! Shoe ‘<¢/40 Hrs, ot

Fiber Shee 90°C sree
~ 100°C 0.9

Rifle Buliet Iimpoct Tess: Trials 129°C

; % 135°C
Explosions

a 150°C
Partic's 5

Burned 200 Gram Bomb Sead Test:
Unaffected Sand, gm 48.2

Explosion Temperature: °S Sensitivity to initietion:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminote seer
5 Lead Azide 0.30

10 Tetryl wore
15
20 | Sellistic Mortar, % TNT: 100

Treual Test, % TNT: 107
75°C International Heet Test: —

% Loss in 48 Hrs Plate Dant Test:
Methcd

100°C Heot Test: Condition

% Loss, ist 48 Hrs Confired
% Loss, 2nd 48 Hrs Density, gm/ce
Explosion in 100 Hrs i Brisance, % TNT

Detonation Rote:
Plemmebility Index: Continernent None

Condition Pressed

Hygroscopicity: % Charge Diarneter, in. 0.5
Density, gm/ce L.7%

Veletiliay: Sorc, meters/second 7x0
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Picramide (TN) (2,4,6-Trinitroaniline) AMCP 706-177

Fregenenzetion Test:

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

Density, gm/cc

Charge Wt, ib

Totel No. ef Fragments:

For TNT

for Subject HE

3 inch HE, M42A1 Projectile, Let KC-5:

Sheped Cherge Effectiveness, TNT = 100:

Gloss Cones Steel Cones

Hole olurne

Hole Depth

Coler: Yellow

Principal Uses: High temperature reat
resistant expiosive

Density, gm/cc

Chorge Wt, Ib

Totel Ne. of Fragments: see.For TNT Method of Loading: Pressed

For Subject HE

Loading Density: gm/cc
F Velocity: ft/sec At 50,000 psi 1-72

Aro it
At 25% ft Storegs:

Density, gm/cc
Mathod Dr;

Slest (Reletive te TNT): Hozord Class (Quontity-Distance) Claas 9

Air: Compotibility Group Group T
Peck Pressure
Impulse Exudation ‘ None

Energy

Ale, Coatined: Solubili tye

Impulse Insoluble in weter, slightly soluble in
alcohol and ether. Soluble in hot glacial

Under Weter: acetic acid, hot ethyl acetate and in benzene
Peak Pressure and acetone.
Imnpulse
E Heat of:

Combustion, cal/sm (a) e962
Underground: Explosion, cal/gm Shi

Peok Pressure Formation, cal/gm (a) 13h
Impulse

Energy



rd

AMCP 706-177 Picramide (TNA) (2,4,6-Trinitroan:line)

Preparation:

Five grams of picryl chleride were dissolved in 180 milliliters of avsolute methanol.
The solution was then satur®.ed with anhydrous, gaseous ammonia. The time required vas
approximately 30 minutes. The amino derivative precipitated in 75% yield (3.5 gm) melting
at 190°C (literature MP 189°C).

Origin:

Picramide (2,4 o-trinitroaniline) was first prepared in 1554 vy Pisani who treated picryl
chloride with aw onium carbonate (CR a 853). The use of picramide, as a brisant explosive,
was patended by Chemische Febrik Griesheim 26 May 1894 (German Patent 84,628). Meisenheimer
and Patzig reected trinitrobenzene with hydroxylamine in cold alcohol solution to obtain
picramide (Ber 29, 2534 (1906)). Witt and Witte obtained the compound by nitrating @ eolu-
tion of aniline in glacial acetic acid or concentrated SO), at about 5°C with concentrated
HNO., (Ber 41, 3091 (1908}}. Holleman gives details of the prep ation from p-nitroaniline
and” from acetanilide (Rec trav chim 49, 112 (1930)).

Reference: 58

(a) William H. Rinkenbach, "The Heats of Combustior. and Formation of Aromatic Nitro
Compounds," J Am Chem Soc 52, 116 (1930).

38See footnote 1, pag 2.0.
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Pieratol, 9&/be AMCP 706-177

Composition: Molecular Weight: ww

Explosive D 32 Onygen Belence: é
2° “:

NT 43 CO % ~ |
Density: gm/cc Cast 1.62

Mealting Point: °C
—

C/H Ratio Freezing Point: °C

impact Sensitivity, 2 Kg Wr: Boiling Point: °C
Bureau of Mines Apparatus, cm 100+

Sample Wt 20 mg Retroactive Index, n°,
Picatinny Arsenal Appa. uu., in. 7 °

Somple Wt, mg 19 Mas
a

~l Mn
Friction Pendulum Test: Vecuum Stability Test:

Stee) Shoe unafvected cc/40 Hrs, .:
Fiber Shoe Unaffected 90 C

—_— 100°C 0.37
Rifle Bullet impoct Test: Trials 120°C 0.8

% * --Explosions ie) Va5s°c .
Partials (e) 150°C 0.7
Burned ho 200 Grom Bomb Send Test:
Ur.affected 60 Send, qm 45.0

Explosion Tempereture: ¢c Sensitivity te lnitierias:
Seconds, 0.) (no cop used) 456 Min mum Detonating “lange. gm

| 354 Me-cury Fulminate
5 Decomposes 285 Leaa Azide 0.20

10 are Tetry! O.0°
15 ZO eee ee nett pe ee

Trousl Tost, % TNT:

75°C taterncstione! Heat Test: .. ee
% Loss in 48 Hrs 0.0 Plete Dent ‘est: fy

Method

100°C Heat Test: j Cand:ton ss
% Loss, Ist 48 Hrs 0.0 Confined “
% Loss, 2nd 48 Hes 0.0; Density. gmn/ee nt
Explosion in 169 Hrs None Brsunce, & TNT hee __

Detenstion Rete: fy
Flammebility Index: Confinement «

3 —_ Condition Me

Hygreccopicity: % 30°C, 90m oH 0.0@ Charge Crameter, in i
Density, gm/cc ‘

Volatility: Rote, meters/second i

Va



ha ~S XN

AMCP 706-177 Picratcl, 52/48

Pregmentetion Toet: Shaped Charge Effectivences, TNT = 100:

90 mm HE, M71 Projectile, Lor WC-91: Gless Cones Stee! Cones

Density, gm/ce 1.61 Hole Volume
Charge Wt, tb 2.075 Hole Depth

Tote! Ne. vf Fragments:
Color: -yelFor TNT 703 Brown-yellow

For Subject HE 763
Principal Uses: Ap, SAP projectiles and boubs

3 inch HE, M42A1 Projectile, Let KC-5:

Density, grm/ce 1.61
Charge Wt, Ib 0.850

Tetel No. of Fregments: Mathod of H CastFor TNT 51k wetine
For Subject HE "

Loading Deusity: gm/<c 1.62

Fregment Velocity: ft/sec
At? ft 2590
At 25% ft 2320 Seorage:

Density, g/cc 1.62
Methud Dry

Blast (Relative te TNT): Hozord C.ass (Quantity-Distance) Claes 9 .

Abe: Compatibility Group . Group I
Peok Pressure 100
impulse 100 Exudation None at 65°

Energy --
Preparation:

Ai. Confined: Picratol is made by heating TNT to about
mpuise 90°C in a steam-jacketed melt kettle. Explo-

sive D is added slowly, without preheating,
Under Water: and the mixture stirred until uiifarm in com-

Peak Pressure position. This slurry is cooled to ebout 85°%
impulse and poured into the appropriate ammunition

ci onent.Energy OmP
Origin:

Underground:
Peck Pressure beveloped during World War IT as ar. tnsengi-
impulse tive, ~olt-loaded AP bomt and projectile filler

Energy Booster Sensitivity Test: (ce)

Bomb Drop Test: Condition Cast
Tetryl, gm 100.

Tl, 2000-15 Semi-Armor-Piercing Wax, in. for 504 Detonation 1-00
Bomt vs Concrete: Density, gm/ce 1.63

Max Safe Drop, ft 10,000-12,000



: Picratol 48 AMCP 706-177

: References: 59
. (a) i. C. Smith and E. (. Byster, Physical Testing of Explosives, Part III - Miscellaneous .
$ Sensitivity Tests; Performance Tests, OSRD Report No. ! ’ Dece: : .
: ————
‘ (b) D. P. MacDougall, Methods of sical Tesying, OSRD Report No. 803, 11 August 1942.

° (c) 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.

t (a) R. W. Drake, nt Velocity and Panel Penetration of Several Explosives in Simu-
t lated Shells, OSRD Report No. » 2 January 1946.

: (e) Also see the following Picatinny Arse:*l Technical Reports on Picratol:

, Q 5 6 if 8 2
: 1470 1885 1h66 1737 1838 1729
: 1796 L797
‘ 1956

t
4

2

+

2 oo

»

’
;
»

‘

39See footnote 1, page 10,
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177AMCP 706- Picric Acid

Compecition: Moleculer Weight: ( Cel 3307 5) 229
OH

Oxygen Selonce:
CH CO. % “15
H 1.3 ON NO., CO % ~ 365

0 48.9 xo Melting Point: °C 122

C/H Rotio 0.656 < Freezing Point: °C

impact Sensitivity, 2 Ke Wt: Boiling Point: °C
Bureau of Mines Apparatus, cm 85

Sample Wt 20 mg Refractive index, n°,
Picatinny Arseno! Apparatus, in. 13 D

Semple Wt, mig 17 is
ne

Beietton Penduturs Test:enaulurs Test: Vacuum Stobility Test:
Steel Shoe ec/40 H-,, at
Fiber Shoe ce

100°C 0.2
Rifle Bullet impact Test: Trials 120°C 0.5

% 4
Explosions 0 135°C
Partials ie) 150°C
Burned ho 200 Gram Bomb Sond Test:
Unaffected 6 Sand, gm 48.5

Explosion Temparature: Cc Sensitivity to initiation:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

! Mercury Fulminote 6.26%
5 Decomposes 320 Lead Azide 0. 2h*

10 Tetryl15 *Alternative initiating charges.
20 Bollistic Morter, % TNT: (a) 112

‘Yrouzl Test, % TNT: (t) 101
75°C Internotional Hect Test:% Loss in 48 Hrs 0.0¢ Plote Dent Test: (¢)

Method A

100°C Heat Test: Condition Preeced
% Loss, Ist 48 Hrs 0.04 Confined ve
% Loss, 2nd 48 Hrs 0.09 Density, gm/cc 1-90
Explosion in 100 Hrs None Brisance, % TNT 107

Detonation Rote: (a)
Flammobility Index: Confinement Unco: fired

5 Condition Pressed Cas
Hygroscopicity: % 30°C, 907 fu v.0b Charge D. meter, in. “40 1.25

; Density, gr /ec Led Lev
Voletility: Rate, meters/second v2 70 730

Fat
e



PE
 

AS

;

’

: Perie Acta AMCP 706-177

'
: Booater Sensitivity Test: (c) Decomposition Equation:
‘ Condition Pressed Cast Oxygen, otoms/sec

T 10 (Z/sec)
: etry! gm Heat, kilocalorie/mole
: Won, in. for 50% Detonation (SH, kcal/mol): ,

a Wax, gm 2 (0) Tempecature Range, “C
: Density, gm/cc L.¢ L.7 Phase
»

, Heat of: .: Combustion, cal/gm 272 Armor Plate Impact Test:

: Explosion, cal/gm 1000 60 mm Mortor Projectile:
. Gas Volume, ce/gm eT: 50% Inert, Velocity, ft/sec
. Formation, cal/gm aba Aluminum Fineness
¢ Fusion, cal/gm fe) 20.4
: Temperature, © lee 500-lb Gene-al Purpose Bombs:
2 Specitic Heat: col;gm/°C = fe)
’ % Plate Thicknes., inches
7. me) 0.235
; x 0.258 }
: 60 0.282 ;
: 3 0. 326 M4
: 120 0. 337 Wy
2 14,

: Burning Rote:
a cm/sec
rn Bomb Erop Test:
* .Thermal Conductivity: f‘ col/sec/em/°C y (f) 6.2u x 107" T7, 2000-Ib Semi-Armor- Piercing Bomb vs Concrete:
so“ Density, em/ce ke
4; Coefficient of Exponsion: Mox Safe Drop, ft

> Linear, %/°C 500-ib General Purpose Bomb vs Concrete:
*

:
» e: Volume, %/°C Height, ft

: , Trials
i Hardness, Mohs’ Seale: 2.1 Unaffected
;

a Low Ord. Young's Modulys: nan 6 i.
r‘ E', dynes/cm# ‘gn Mroer

* . E, Ib/inch* 1000-lb General Purpose Bomb vs Concrete:
; Density, gm/cc .

Height, ft
_« Compressive Strength: Ib/inch* Trials

id Unaffected

' Vapor Pressure: Low Order
; Cc mm Mercury High Order

oD “

ue)
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AMCP 706-177 Picric Acid a,

Fragmentetion Test: Shepod Cherge Effectiveness, TNT = 100:

90 mm HE, M71 Projectile, Let WC-91: Gloss Cones Steei Cones
Density, gm/ec Hole Volume
Charge Wt, Ib Hole Depth

Totel No. of Frog ; Coler: Yellow
For TNT

For Subject HE

3 inch HE, (A42A1 Projectile, Let KC-S:

Density, gm/ec
Charge Wt, Ib

Tete! Me. of Fregmenta:

For TNT

For Subject HE

Principel Vees: Formerly projectile filler,
now explosive admixture; end for the
manufac ie of Explosive D

Method of Leoding: Pressed

Leeding Density: gm/cc psi x 107
3 5 10 12 15 20

1.40 1.50 12.57 1.69 1.61 1.64

Storage:

Method Dry

Under Water:
Peok Pressure

Impulse

Energy

Underground:
Peak Pressure

Impulse

Energy

Hazard Closs (Quontity-Distence) Claas 9 Los *

Compatibility Group Group I mee

Exudation None



—_ Picric Acid AMCP 706-177

3 ‘gludility: £100 US) of: (g)

: Water Alcohol Benzene : Toluene Ether
.

: a 3 2c g 2c 4 2c £ Sc £
. 0 0.85 ) ke GC 2 2 ~13 20 ~3
, 20 +17 oO 5.9 20 3-6 66 = B.7 3.96
’ ko 1.88 ko 1.9 ko 27.5
, & 2.98 60 59

80 4.53
1002 7d

Sarbon
Chloroform Etby] scetate retro chloride Pyridine Acetone

: i 2g £ 2c i 2c Z 2c é
‘ 2 «~2 20 he 2 40.07 10 2k 20 125
' 60 ~6 30 bail 6 ~0.4 yD 37-5 x 137
, ho 58 50 56 te) 164
: 50 69 50 208

: Methanol Isopropyl #lcohol Propanol-1, Carbon disulfide

% o£ & t % ¢ & t
; ° 1s 10 6.4 ) 2.4 20 0.12
* 20 19 x 9.8 2 3.3 xn 0.16

% , 40 2 © 50 15.5 lo 5.4
4 : 50 wh 50 Th ;

- * Preparations (sumary Reprst of NDRC, Div 8, Vol 1) °
: Celig + Hg(N03)a > CgHgHeNO, + HNO, Q2)

. Celignescs + NU, > CgHeNO + Bg (NO3)o (2)
CeHgNO + 28) > CgHigNNO, (30)

\ CégNoNO, + HO > CgHLOH + Np + HNO, (3)

y CéHisOH + ENO, NOp > O_NIC pH, OH + #0 (3c)

- NO HNO, , On lNC-H, OH 4oN “685 oxidation and rearrangement aCe, ®)
te ’ OpNCgCH + HAO, “2 >» (OpN)2CgH {UH + HAO '5)

&s, 7 (OpM)acgHsOH + HNO, Np (ag) 40 gHlg0H + #0 (6)
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AMCP 706-177 Pleric Acid

The two variables of greatest ‘mportance in this process are nitric acid concentration and
the effe-tive concentration of benzene (1.e., benzene dissolved in the oxynitration solution).
The optimas. cencentration of nitric acid is in the range 10.4 to 11.6 molar (or the equivalent
of 50% co 5°% by weight for pure acid). ‘The acid concentration greatly influences the over
all rate -f reaction, below 10.4 molar the rate falls off rapidly. while above 10.4 molar the
rates «: both the oxynitration reaction anu various side reactions, such as direct nitration,
increase rupidly. The range mentioned above seems, ‘n general, to give the lowest proportion
of neutral nitro-compounds to nitro-phenols : ith, ut the same ting, an adequate rate of ox, ni-
tration. The oxynitration solution must be fortified frequently, or, preferably, contiriously
with ~Itric acid. Strengths of nitric acid between 95% and 3% are beat. due io the smaller
increase in reaction volume than if weaker acid were used. ‘The uce of absolute nitric scid
requires that its direct contact with liguid benzenc be avoided.

‘fhe effective concentration of benzene i: .ocobably the moat critical variable affectim
the proportion of neutral nitro-compounds +c nit‘ phenols and amount’ of colored Ly-produc.s.
Saturation of the ozynitration solution v't bescune .s undesirac*’.: ad thus in batch processes
slow benzene addition is preferable to the ddition cf it in one por. ion; in continuo.s pro-
cesses vher> an excess of benzene ig use se rate of agitetion is important.

The concentration of mercuric nitrate catalyst does not appear to be a critical factor
over 4 daial:’ wide range. Concentrations of 0.3, to 0-5 mole of mercuric nitrate per liter
of oxynitratic.. solution have been found to cive satisfactory results in most cases.

A con*inuous p: cess, known as the contimioug 3e.ution procese. works on the following
cycle. The oxynitra.ion solution ie saturated "ith benzene by vigorous agitation with excess
venzene at rc-om temperature, the saturated sol..tion is separated from excess benzene and csir-
culated thro gh a heaicd coll; it is then cooled to room temperature «..a agitat. 1 again. with
benzene, which extrac’. the orgenie product and resaturates the oxyni-ration sotution. In
evaluuting this process, the rate of formation of dinitrophenol per liter of reacting solution
in the col] ‘* determ':ed; 7O gm of dinitropheno’ per liter per hour Is represer tative perfor-
mance. ‘The diniv-s:.enel is, of course. nitrated to plerite acid.

Origin: vn
Picric Acid was first prepared in s/71 ty Woulff wac four. the reaction of nitrie acid

and indigc ylelded a dye. Hausuarn isolated Picr! A» } in 177s and st:ided {t furti.er
(Journal de physique 32, 165 (178¢)). The prebratic: war studied Ly man; chemists but in
1841 laurent established its tde.city (Ann chim ohve IV2, eg S21 (151)). Tt wos ured as 6
yellow dyz untul Turpin, in loot, proposed Flemt. . J as @ varetii. charge ror high exp? sive
shell (Frenen 2atent 107,512). The Britigh adopted .ieric Acid ag a military explosive in
2663 under the iaze of lyddite and other nationg goon began to use it es the first me]t-
loaded nigh explcsive. “Uxturea of other explosiver and 2leric Acid ware developed until it
wes araduall, replacei i. THT about L900. Today Prec fe Acid is used for the manufacture of
Explosive 9.

xy

weetruction uy Chemica: iecompositious

Pleric Acid is decomposed u, dissciving in 5 times its weight of a solution mde from
L part sodlum hydroxide and zl parts godin, sulfide (Hast: Wao) in 200 parts ov water. Some
hydrogen sulfide and ammonis sre evolves.

20
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Picric ... . ANMCP 706-177

neferences; 60

(a) L. C. Smith and E. G. Hyster, Sreicel Testing of Explosives, Part III ~ Mircelianeous
Sensitivity Tests; Performanc: Tests, No. 5746, Deceaber 1945.

(bv) Ph. Naoum, Z ges Schiss-Sprengstoffw, pp. 181, 229, 267 [27 June 1932).

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

(a) G. H. Messerly, The Rate of Detcuation of Various Explosive Compounds, OSRD Report
No. 1219, 22 Fevruary 19)3-0——~—~C~CSCS<CS ;=S;«SCS~S

M. D. Hurwitz, The Rate oc betonacion of Various de and Mixturesx, OSRD Report
Ko. 5611, 15 January 1985.

{e) International Critical Tables.

(f\ E. Hutchinson, The Thermal Sensitiveness of Explosives. ‘The Therm ConductivityExplosive Materials, AC Report No. cool, First Report, Ficust Tgae. ”
(g) Velues taken froa various sources in the open litereture.

{h) AiLso see’ the following Picatinny Arsenal Technical Reports on Picrie Acid:

2 2 2 A 2 & I 8 2
1651 132 1383 69h 65 266 LIT 1118 159

582 Ts has 556 1557
1272 87h = 1585 926
1352 976
1372 36

1AhG
1556

Bee footnote i, page 10.
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AMCP 706-177 PIPE

Composition: Molecular Weight: 310

Oxygen Beleace:
PEIN 81 CO. % 7h

CO % 21
Gulf Crow = 0i1 19

Bonelty: gm/cc Hend tam-d 1.35

Malting Polat: °C

C/H Ratio Freezing Point: °C

lepect Sensitivity, 2 Kg We: Belting Coivt: °C
Bureou of Mines Apparatus, cm

Sample Wt 20 mg Refrective Index, nd
Picatinny Arsenol Apparatus, in. 11 .

Semple Wt, mg 27 Ms
nS

Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90°C

; 100°C 0.48
Rifle Bullet bmpect Test: = Trials 120° 16 hours 1+

% *Explosi 0 135°C

Portiols 0 150°C

Burned o 290 Grem Bomb Send Test:
Unottr sted 100 Sand, gm 41.6

Explesion Tempovoture: ¢ Sensitivity te Initiation:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

1 Mercury Fulminote 0.20%
5 Decomposes* Lead Azide 0.20%

10
15 warcentinive initiating charges.
20 Bellistic Merter, % THT:

*No value obtained.
Treual Test, % TNT:

75°C Internetione! Heat Test: ;
% Loss in 48 Hrs Plete Dent Test: (a)

Method B
100°C Heat Tex: Condition Hand tamped

% Loss, Ist 48 Hrs 0.17 C:afined No
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc 1.33
Explosion in 100 Hrs None Brisance, % TNT 76

Detenetion Rete:
Flemmetbility Index: Confinement None

2 Condition Hand tamped
Hygrescepielty: % © 30°C, 90% RH 0.02 Charge Diometer, in. 1.0

Densit,, gm/cc 1.37
Volatitiey: . Rate, meters/second 7075
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PIPE AMCP 706-177

Fregmentetion Test: Shaped Charge Effectivanens, TNT = 106:

90 asm HE, M71 Projectile, Lot WE-93: Glets Cones Stee! Cones
Dersity, ym/ce 1.33 Hole Volume
Cherge Wt, lb 1.723 Hole Depth

Tetol No. of Fregments: Col “
For TNT 703
For Subject HE 519

Principal Uees: Plastic demolition explosive

3 inch ME, M42A1 Projectile, Let KC-5S:

Density, gm/cc 1.39
Charge We, ib 9.735

Total Ne. of Fragments: bAathed of Leodinc : Hand tamped
For TNT 514 .
For Subject HE kes

Leading Denalty: gm/ic 1.35

Pregment Velocity: ft/sec
Ard ft
At 25% ft Sterege:
Density, gm/ce

Mathed Dry

Blact (Relative te TNT): Hozard Class (Quontity-Distance) Class 9

Ale: Compatibility Group Group I
Peok Pressure
impulse Exudation

Energy

Aly Origin:

impulse PIPE, a mechanicel mixture of PEIN end Gulf
Crown BE O11, was developed in the United States

Under Weter: during World War II.

Peok Pressure References: 61

Impulse fa) L. C. Smith and E. G. Byster, Physical
Energy Tearing of Eephosivesy, Pert Il] -Miscellaneous

Sensitivity Tests; Perfor-ance Tests, Re-
Underground: port Ne. 5766, 27 December 1055.

Peck Precture
(bs S&S. Livingston, rties of losivesimpulse RIPE, PIPE and PEP-3, ee Technl-

Energy cal Report 1517, April 1945.
Preparation:

PIPE ig manufactured by simple mechanical
mixing of PETN in o:l.

hlsee footnote Ll, page 10,



4 TM~ % _ .
v

&

4

Composition: Metecuter Weight: 291 ‘

* ;
Oxygen Beleace: ‘

Lead Nitrate 70 CO: % “5.4 :
CO % +9.3 ;

TNT xn ‘
Density: gm/cc .

Melting Peint: °C *
C/4 Rotie Freezing Polat: °C :

lepect Sensitivity, 2 Kg We. Boiling Point: °C :
Bureau of Mines Apparatus, cm -- :

Sample Wt 20 mg Refrective index, n>, .
Picatinny Arsenal Anparatus, in. 13 ° ‘

Semple Wt, mg 22 Wis :
ne :

Friction Pendulus: Test: Vacuum Stability Test: :

Stee! Shoe cc/40 Hrs, at ‘
Fiber Shoe 90°C :

100°C .
Rifle Bulle? impect Test: Trials 120°C :

% $, €Explosions N38"C . i
Partials 150°C : :
Burned 206 Grem Semb Send Test: ‘
Unaffected _ Sand, gm 32.4 ‘ i

Explosi.a Tempereture: i Sensitivity to Initiation: q
Seconds, 0.1 (no cop used) Minimum Detonoting Chorge, gm :

1 Mercury Fuiminate 7. .
5 Decomposes 238 Lead Azide 0.20 : oh

10 Tetry! 0.70 : *

20 Bellistic Morter, % TNT: : 4

: Trows! Test, % TNT: :
75°C laternational Heat Test: .

% Loss in 48 Hrs Plate Dent Test:
Method

100°C Hoot Test: Condition ~
% Loss, Ist 48 Hrs Confined a
% Loss, 2nd 48 Hrs Dersity, gm/ce
Explosion in 100 Hrs Brisance, % TNT

Detonetion Rete: (s)
Flammability index: Confinement

Condition
Hygrescepicity: % Charge Diameter, in.

Density, gm/ce 2.39 ,
Voletility: Rate, meters/second 4350 :

296 \ :

f,

t 4
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Plumbatol AMCP 706-177

Fragmentetion Teet: Sheped Chorge KHectivencss, TNT = 106:

90 mm HE, 247? Projectile, Lot WC-91: Glass Cones. Stee! Cones, = (a)
Density, gm/ce Hole Volume 1b ;
Chorge We, ib Hole Depth 103

Tetnd Ne. of Fragments:oan Color: Light yellowfor TNT oy
For subject HF

Principel Us=>:
3 inch HE, M42A1 Projectiie, Lot KC-5S: °

Density, gm/ec

Chorge Wt, ib

Total Me. of Fregments: Methed of Leoding: Cast
. For TNT

' For Subject HE
Leeding Density: om/cc

Pragment Velocity: ft,'sec
Atd ft
At 25% ft Storage:
Density, gm/cc

Mathod Dry

Bleet (Relative te TNT): Hazard Class (Quontity-Distence) Class 9

Ale: Compatibility Group Group I
Peok Pressure

impuise Exudation
Energy

Origin:Ale, Confined: pele See
impulse An explosive conteining 70% lead nitrate

and 30% TNT has peen used in Belgium under the
Under Wet name of "Marcarite."

Peak Pressure References: ©?

impulse (a) Eastern Laboratory, du Pont, Investi-
Energy gation of Cayity Effect, Sec IJJ, Variation of

Cavity Effect with Explosive Corposition, NDRC
Underground: Contrect W-Ole-ORD-5[23-

(ob) “.orpe's Dictionary of Applied Chem-
Impulse istry. rourtn Cdition, Vol IV, Longmans, Gren
Energy and Company, London ~ New York - Toronto,

« 46k.Preperation: P- 464
Plumbetol is manufactured by simple

mechanical mixing of lead nitrate in molten
TNT.

§2See footnote 1, page 10.
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AMCP 706-177 PLX (Liguid)
“—

Composition: Meloculer Weight: = we% . nm 1
_Nitromethane 100 95 Oxygen Relence: .

Ethylenediamine oe 5 S . 8 *
*The mixture 95/5 Mitromethane/Ethylenediemine :

; is designated PIX (for Picatinny Liquid Explo-| Density: gm/cc 1.14 1.12 :
! sive). See note under . :
‘ Melting Point: °C -29 .
t 

’

tenpoct Sensitivity, 2 Kg We: 100 = (95/5. Belling Point: °C 101 :
Bureou of Mines Apparatus, <m 100+ 100+ :

Somple Wt 20 mg Refrective Index, 7°, :
i Picatinny Arsenal Apparatus, in. ° 3| Somple Wt, mg 20 fis -3

i Stee! Shoe Unaffected c¢/40 Hrs, ot "3
{ Fiber Shoe Unaffected 90°C :

100°C : =: Rifle Bullet lmect Test: 10 Trials 5 Trials 120°C :
f

fi % e

Partiols 0 0 30
Burned 9 ” 200 Gres: Bomb Send Test: 100 95/5
Unaffected 100 100 Sond, gm 8.1 50.6 ttn,

Exuptecion Tompereture: *¢ o% Sensitivity te in:Hation: LU
Seconds, 0.1 100 95/5 Minimum Detonoting Charge, gm

; ’ Mercury Fulrinate

5 430 430 Leod Azide
10 Tetryl

: 15
20 Seflitic Mertes, % TNT: = 134

Trous! Test, % PA 127
75°C laternationel Keet Test:

% Loss in 48 Hrs Plote Dent Test:
Mathod

100°C Heat Test: Condition
% Loss, ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/ec
Explosion in 100 Hrs brisance, % TNT

Detonation Rete: 1/32"* 1/32"*
Flemmebility index: Confinement Class Glass

— Condition Liquid Liquid
Hygreecopielty: % Charge Diameter, in, 1.25 0.94
v. Dersity, gm/cc 1.18 1.12

| oube'eht ep sereg “1° S65
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’ TM,

Pix (ziguia) AMCP 706-177

Becster Sensitivity Test: Kitromethene Decomposition Equation: = (4) Nitrous

Tetryl, gm Heat, k mole 6Wax, in, for 80% Detonation ON, beeen #
Wax, gm Temperature Renge, °C 380-k30
Density, gm/ce Phose Gaseous

Hose of: (a) Armer Mate mpectCombustion, cal/gm 2830 Mate Test:
Explosion, col/gm 60 men Mertor Projectite:

Gas Volume, ec/gm 50% inert, Velocity, ft/sec

Formation, cal/gm = 348 Aluminum Fineness
Fusion, cal/gm ,
Vaporisatior, cal/ga 149 500-1 Genorel Purpose Bombe:

Specific Heat: cal/gm/*C = (>)

C= 0.4209 = 0,00076¢ + 9.0000061t®
P for 15°C to 70°C

Plate Thickness, inches

’

TM%
1%
1%

Burning Rete:
cm/sec

Bomb Drop Test:

Therma! Conductivity:cot/sec/em/*C T7, 2000-l Semi-Armer-Plercing Bomb ve Concrete:

Coofficioat of Expansion: Max Safe Drop, ft
Linear, %/°C 500-lh Generel Prrpese Bomb vs Concrete:

Votume, % /°C ‘Height, ft

Trials
Herdnees, Moho’ Scale: Unaffected

Young's Modules: ah Onan
E’, dynes/cm*

E, Ib/inch? 1000-1» Genere! Purpose Bomb vs Concrete:
Density, gm/cc

Height, fr
Compressive Strength: Ib/inch? Triats

Unoffectea

Veper Preseure: (ce) Low Order
*¢ mm Mercury High Order

70 258
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AMCP 706-177 PLX (Liguid)
_

i

Fragmenttion Test: | Shoped Charge Bifectivences, TNT = 100: — -

90 mm HE, M71 Projectiia, Let WC-91: Gloss Cones Stee! Cones :
Density, gm/cc Hole Volume i
Chorge Wt, tb Hole Depth :

Tetel No. of Fregaate: ‘Coller: Light yellow :
For TNT " '
For Subject HE ‘

Principel Uses: 9 Minefield clearing :

3 tach HE, M42A! Projectile, Let KC-S: i
Davsity, gm/cr. i
Charge W:, It :

Tote: Ne. of Fragments: Method of Levding: :4 .

For TNT Pumping :
For Subject HE “oe <

1b 1.12 4
Fragment Velocity: ft/:ec ‘

At? ft ‘
At 25% ft Sterege: ‘
Density, om/ce :” Method Components stored separately; ;

; mixed only when ready to use ‘

Blest (Reletive te TNT): Hezord Closs (Quantity-Distonce) ‘

Als: Compatibility Group ‘2
Peok Pressure :
Impulse Exuriation :

Mininum Propagating 106 9 :
An aot Thickness, (n: o.5 003 ‘

Viseosity, centipoises: .« .; Under Weter: on zs ) :
Peok Pressure Tenn , 10°¢ 0:78 :
impulse 25°C 0.625 .

* ho°c 0.533 -.

: Compatibility with Metals:

ee I Peak Pressure Stainless steel, mild steel end duriron .

‘ : Impulse not affected; corrodes srass.
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PLK_(Liguid) a : AMCP 706-177

ins

Nitromethene har been known since 1872 (Kolbe, J prakt tian (2) 5, 427 (1872), but vas
available only as a laboratory product until it appeared as az industsial chestoal th 1980.
A number of patents have been issued for nitromtiane produtéi ea oy promact of the titre-
tion of propane (U. S. Patent 1,967,667 (1994); Yritieh Petest t”$,707 (1937); and Censdian _
Patent 371,007 (1936). my a

The development of nitromethane liquid explosives ws based ch information thet nitro- .
methane ig sensitized to initiation and propagation of etmation by the addition of various
amines. This study wade at Picatinny Arsenal -in.1965 indtomted thet mxtures of oitromethane
with 5% of ethylenediamine, n-butyl-emine, or morpholine akowed considerable promise for ap-
pri tton in mine-field clearance (L. H. Brikeen and J. W. Stowen, PAT? No. 1565, 17 Septenber

References?3 :
(a) 1B. E. Holcomb and C. F. Dorsey, "therzodynemic Properties of Mitroparsffins;” Ind

Engr Chem 41, 2788 (1949). .

ks (>) i ons jwiidiene, "A Study of the Physic#l Properties of Aitromethane,” J Am Chem Soc
iy 1 ae

>

(c) L. Medard, "Explosive Properties of Nitrowethane,” Mem poudr 33, 125 (1951). ~
(4) T. L. Cottrell, T. E. Graham and 7. Js reid, "The Therns) Decomposition of Hitra-

methanes," Transactions of the Faratay Societ: ky, 584 (1951).

(e) F. Bellinger, H. B. Friedman, W. H. Bauer; <2. W. Eaatea and W. C. Bull, "Chemical
Propellants: Stability of Mononitromethane,” Ind Engr Chem 40, 1320 (1948).

(2) Also see the following Phoatinny: Arsenal Technical Reports on Nitromethant:

— Q 1 2 & 6 L 8 2
1660 1681 2113 1565 - 201€ 1747 1708 1619

1631 a

®3se0 footnote {, bege tu,
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asic 106- ; Potassium Dini trobensfuroxzan (XDNBP) om :
. : | = va : ane ' - —_ hn,

, Con rneetton: - Meteculer Weight: (KCi1,8i,0¢) 225 ‘ ~

CC Oh: Oxygen Belence: ;
—E Ok CO: % 60 Py

~ CO % -18 ;
N 21.2 k :
oO § %3 Density: om/ce 2.21 ‘

4x : a Lc = ; Melting Point: °C Explodes 210 ‘

“Cf Ratio 0.826 Preening Point: °C

Bureou uf Mines Apporotus, ~~ 3 .
Semple Wt 20 ma Refractive inden, nF, :
Picatinny Arsenal Apporatus, in. 3;(2 Lb wt) 6 ° _
Sample Ver, mg 7 bd :

Steet Shoe Explodes ‘0/40 Hrs, at :
Fiber Shoe Beplotes 90°C :

Rifle Gallet knpoct Test: = Trials : 120°C ‘
. % oo ras :

Bumed . [ 20Grem Bomb Send Tas 136 : ‘

Seconds, 0.1 (ne cop used) == Minimum Detonoting Chorge, gm te
i 1 , ve Mercury Fulminote 0.30 0.20 : : :
. 3 255 Lead Azide 0.10 . . eee

See - Trowel Yost, % THT: y
. 73°C latemationel (lect Test: —~

“G% Loss in 48 Hrs . Plate Gaxt Tear:

100°C Host Test: . _ Condition
a : % Lots, Ist 48 Hes 0.03 -. Contined .

eo ; Explosion in 100 Hrs Hone Srisance, % TNT :

. . ; : 30°C, 90% PH. 0.27 Charge Diarsater, in.

i” v. Density, gm/ce

302 .
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Potassium Dini trobensfurcxen (<NEF) AMCP 706-177

Desster Sencltivity Tesh: Desempesition Equation:
Cendition Cryer, etorna/ ene
Tetryl, gen Heot, moleWer, in. for 50% Detonation An hectreas.
Wax, gm Tomperoture Range, °C

Density, gm/ce Phase

Moat of:C col/em 2209 Amner Plate impoet Test:

Explosion, col/gm 725 : 6f) man Mester Projectite:
Gas Volume, cc/gm 60h - {55 50% Inert, Velocity, ft/sec

Formation, col/gm _ Aluminum Fineness
Fusion, cal/grn

500-tb Generel Purpose Bombe:

Specific Meat: col/gm/*C —(b)% on Plate Thickness, inches

% eat |° 325 0.217 TM%
+, 50 0.217 %

1%
Gurning Rete:

omvoee Semb Deep Tost:
Thermet

col/sec/em/"C T7, 2000-t Seut-Armor-Pleseing Send ve Conceote:

Coofficione of Expension: Max Sate Drop, ft
Linear, % /°C 500-1 Generel Purpese Bom va Conssote:

Volume, % /*C Height, ft
Tries

Mordness, Mehe’ Seate: Unotfected

Young's Modulus: eh Ord
€’, dynes/em*

E, tb/inch? 1000-1» Generel Purpose Bomb ve ¢ sncrete:
Density, gm/ce

Height, ft
Comprestive Streagth: fb/inch* Tricks

Unotfected

Vapor Pressere: Low Order ‘
* mm Mercury High Order
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AESCP 706-177 Potassium Dinitrobeezfuroxan {XDNBF)

Fragmentation Test: Srveped Charge Effectivences, TNT = 160;

98 wm ME, M7? Projectile, Let WC-91: Glass Cones Stee! Cones
Density, gm/cc Hole Volume
Charge Wt, ib Hole Depth

Tetel Ne. of Frog Celer: Orange to brown
For TN"

For Subyect HE
Principal Uses: Primary explosive

2 lach HE, M42A.1 Projectile, Lot KC-S:

Density, gm/ce

Charge Wt, ib

Total Ke. of Frogmente: Methed af Leeding: Pressed
For TNT

For Subject HE — 3

Leading Density: om/cc pai x 10
10 20 x . 8

Fragment Velocity: ft/sec. 1.63 1.7? 3.81 1. 1.98
At? ft
At 25% ft Storage:
Dersity, om/cc

Method Wet

Blost ‘Reletive te TNT): Hozard Class (Quontitv-Distonce) Class 9

Ale: Cormpatibility Group Group M (we:)
Peok Pressure

impulse Exudation
Energy

Solubility in Wat. .,
Ais, Confined: 100 aolvent, at:ae elie esha°C 0.245

Under Weter: Stab Sensitivity:
Peak Pressure Density Firing Point (inech-ouncesImpulse gm'ce <r d
Energy 1.63 73 °9 8h

LTT 66 75 &3
Undergreund: L.cl L2 48 6h

"Peak Pressure 1.56 12 1 i8
1.93 11 17 rae

Impulse 1.9% 7 11 uh
Energy .

Activation Energy:

keai/no. 82.6
Induction-Ferict, sec 6.510

ae 
soc

k 
eee 

ee 
ee 

ee
e 

er 
ee 

ee
 

Oe 
Te 

Pe 
ee

 on
? 9

+8 
a



Pate
 

Py

.

R
R

 
E

E
 

RE
Y 

sv 
81

88
4 

te
e 

erbe
ey 

gi
r 

genre
SR

 
a

 E
at

 
i
 A

le
 

a
g

 t
e

 a
g

i 
ti

 
ip

 
RB

 
Be

 
tap

 
te 

EE
 

QP
 

p
le

 
o

y
 apn

ea 
ag

g 
E

i 
d

ir
 e

y
 

0
8

 “W
e:

Potassium Dinitrobenzfuroxar (KINBF) AMCP 706-177

4 tion of Potessium Salt of &,6-dinitrodensfuroxan: (a)

Bensfuroxan, made by the reaction of ortho-nitroaniline cu" alkaline sodium hypochlorite,
was disrolved in 6 parts of 96% sulfuric acié 2nd nitrated at 5°-20°C with a 4 to 1 eulfuric-
nitric acid mixture. ‘the ealt was prepared by neutralization of the 4,€-dinitrobenszfuroxan j
with potasedum bicarbonate followed by recrystellization from hot water. The product forns :
in small golden orange plates which explode at 210°C.

The potassiun salt of 4,6-dinitrobenzfuroxan wes first prepared in 1899 by von P. Drost
(ann 301, 56 (1859).

Heferences:
(a) BR. J. Gaughren, J. P. Picard and J. ¥. R. Kaufman, "(.atribution to the Chemistry of

Derivatives," J Am Chem Soc 76, 2233 (1954).

(b>) c. Lenchits, Jce Calorimeter Determination of En y end Specific Heat of Eleven
c le > °

(c) Also see the following Picatinny Arsenal Technical Reports on Potassium Dinitro-

2 2 6 2
2,22 2093 2uh6 2179 :

Ogee footnote 1, page io.
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AMCP 706-177 PIK-2

Cagpestion: Molecriar Walght: 252
ROA cs) Onvenr “olonen: 4s

Tetryl 50 a ~_—?
THT 20 a Deeely: gmn/ce 1.68

r Mal -+ Polat: °C Eutectic 6T

C/H Rotio Freezing Point: °C

Bureau of Mines Apporotus, cm uh
Somple Wt 20 mg . Refrective ne,

Picatinny Arsenal Apporatus, in. de ni -
Somple Wt, mg fs

a2
Friction Pendulum Test: Vv Toon

Steel Shoe ce/46 Hrs, at
Fiber Shoe 90° -

1oo°c 3.0
Rifle Bellet impect Test: = Tricks 120°C

. % .

Explosions 20 Woe
Portiols 20 50 :

Burned 0 200 Gram Bomb Shad Test:
Unottected 60 Sand, gm 5h.8

Knplecion Tompsreture: "C Sensitivity te initietion:

Seconds, 0.1 ine cap used) Miniesum Detonating Charge; om

' Mercury Fulminote 0.23
“os Lead Azide 0.22%

108 #artet! ative initiating gharges .
x Bollistic Mortar, % TNT: . (a) 132

tntornetions’ Ti .
id uenate ” Plate Con? Toot: (b) ;

Method B

108°C Meat Test: Condition Cast
% Lees, Ist 48 Hrs Confined ae No
% Loss, 2nd 48 Hrs Density, gm/ce 1.68
Explosion in 100 rs Brisonce, % TNT “127

Pleaimebitity led BDetenetion Rate:
; Confinement None.

% Condition Cast
wr, 90% RE, 15 days 0.00 Chorge Diameter, in. 1.0

Veletifiey: Density, om/cc 1.64
: Rote, meters/second 7655

Ea s
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PTX-1 AMCP 706-177

Fregmentetion Test: Sheped Charge Etfectivences, TNT = 106:

90 mm HE, M75 Projectile, Let WC-91: Gloss Cones Stee! Cones
Density, gm/ce 1.64 Hole Volume
Charge Wt, Ib 2.180 Hole Depth

Total No. of Fregmests: cel :
For TNT 703 ( °

Principel Uses: Land mines and demolition :

3 inch HE, M42A1 Projectile, Let KC-5: charges
Density, gm/ce 1.63 ‘
Charge Wr, Ib 0.864 i

Tetel Ne. of Fragments: :Mathed of Leoding: Cast :
For TNT © 514
For Subject HE 685 i

Leeding Density: om/cc 1.68 i

Ao ft 2690 i
At 25% ft 2460 Sterege: i
Density, gm/ce 1.64 :

Blect (Relative te TNT): Hozard Class (Quontity-Distonce) Class 9

Ale: ; (a) Compatibility Group Group I '
Peak Pressure bas

Impulse 109 Exudation Roudea at 65°C
Energy --

Ale, Confined Preperation:

impulse The ternary explosive system consisting of
RDX, tetryl and THT is prepared by edding the

Under Weter appropriate weight of weter-wet RDX to e tetry-
Peok Pressure tol (40/60) previously melted in a stean-

Jecketed melt kettle. Heating and stirring
Impulse ere continued until ell the water is evaporated
Energy and the mixture is uniform in composition.

PTX-1 is also prepered by edding tetryl to RDX
Underpeound: Composition B.

Peok Pressure Compatibility with Metals:

in Dry: Aluminum, mild steel not effected.

Booster Sensitivity Test: (ce)
Condition
Tetryl, gm 106
Wax, in. for 50% Detonation 1.9%
Density, ga/cc 1.61

Prossed Cast
100
1.82
1.68

Wet: Aluminum, mild steel not effected.



AMCP 106-177 pre

Origin:

The possibility of employing ternary mixtures to obtain explosives having greater power
and higher brisence than binary mixtures wes suggested by the analysis of Russian 76 mm, :
armor piercing high explosive rounde (PTR No. 1311, 17 July 1943). ‘The Russian ‘type ternary :
explosives, based on the composition and laboratory studies of such mixtures, vere indicated
to be effective esed fillers. In conducting a preliminary study of castable ternary explo- .
sive mixtures suggested by the Russian fillers, a mixture consisting ofRik/tetryl/INT, desig- .
nated PIX-1 was developed vhich had explosive ani physical properties offering considerable .
ret tan for wilitary applications (PATR No. 1350, 27 October 1943; and 1379, 11 January
1! .

A PIX-3 composition, prepared by the additio. of Haleite to 40/60 tetrytol, alec offered
promise but limited to applications where the coarge vould not be required to withstand stor-
age at 65°C withuut erudation.

References; 65 .

(a) I C. Sudth and B. G. Ryater, ical Testing of Explosives, Part [It - Miscellaneous
Senaitivity Testa; Performance Tests, . , °

(b) D. P. MacDougall, Methods of Physicel Testing, OSRD Report Ko. 003, 11 Augur., 1942.

(c) I C. Saith and S. R. Walton, A Consideratios of RDX/Wax Mixtures as a Substitute for
Zetex) inBoosters, MOL Memo 10,303, 15 June 1949.

(4) WR. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture,
9 April 1948.

(e) Also see the following Picatinny Arsenal Technical Reports on PIX~1:

Q 2 2 § I 2 ( 7
15x 02 1623 1466 1437 1379

1506 keg
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rT) PTX-2 AMCP 706-177

TM Companion: Molecular Weight: ahh 243

- Oxygen Boleace:
mux we CO, % -33 -%

4 PEt 22 - 26 CO % -3 wh :

ae Ht B+ 33 Density: gm/ce L.10 |
Melting Point: °C Butectic = 75

; Bureou of lines Apporatus, cm 35
Sample Wr 20 mg Refractive index, n°

- . Picatinny Arsene! Apparatus, in. °

~ Somple We, mg ab
t ng |
= Friction Pevéutom Test: Vecwum Stebllity Test:
I Steal Shoe Creckles cc/40 Hrs, ot |
‘ r ~— 100°C 2.6 i
4 Rifle Bullet lmpect Test: = Trials 120°C ue

t Explosions % 135°C
o Partials fe) 150°C | ‘

: Burned 0 200 Gram Bomb Send Tost: - 8
; ~~ 1 Unattected bd Sond, ge 56-9 |

a’ | Explesion Temperotuce: *c Sensitivity to lnitistion: . |
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm 7

“ ’ Mercury Fulminote 0.21
5 Lead Azide 0.00

t "0 Tetryt 0.00
15

‘ 20 Bellietic Mortar, % THT: = (a) 1p
; Trousi Test, % THT:
r 78°C lnternationsl Hoot Test:

% Loss in 48 Hrs Plate ent Test: (b)
a Method B
: 100°C Neat Test: Condition Cost

4 % Loss, Ist 48 Hrs Confined No
an % Loss, 2nd 48 Hrs Density, om/ce 1.71 _

” Explosion in 100 Hrs Brisonce, % TNT 141
’ Detenction Rete:

, : Condition cast

‘ Wrest hs FH, 15 days 0.00 Charge Panene in. 10
clasiiiny: Density, gm/ce :

i v Rote, meters/second 8065

i

=
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AMCP 706-177

Fregmentetion Tact: Shaped Cherge Effectivences, TNT = 100:

90 mm HE, M7) Projectile, Let WC-91: , Gloss Cones Stee! Conez :
’

Density, g/cc 1.6 Hole Volume + 130 t
Chorge Wr, 2.226 Hole Depths Ns

Tetel Neel Fregmert: tas ;
oa For TNT 703 ° ,

, For Subject HE 1128 “
Polacipel Uses: Shaped charges 4

3 lnch HE, MA2A1 Projectite, Let KC-S: Fragmentstion charges i
Deraity, gm/ce , 1.70 :
Charge Wt, ib 0.897 a

&

Tetel Ne. of Frogments: ‘Mathed of Locding: cast ‘
For TNT 5u4 i
For Subject HE ; T50 :

Laeding Daneity: g/cc 1.70 ‘

Frogment Velocity: f:/sec ‘
Agote eo ‘
At 25% tt 50 Steteye: ‘ a
Deraity, gm/cc 1.70 :

Mathod Dry :

Steet tRelativs te THT): Hazard Closs (Quontity-Distonce) Claes 9 C

Ale: re) Compotibility Group Group I ;
F Pook Pressure 113 ‘

impulse 3 Exude sion Noue at 65°C ;
Energy “ :

Conllend Prepe. : é ‘Ale, ration ‘

impulee The ternary explosive system consisting of :
RDX, PETN and TYT is prepared by adding the ‘

Uader Weter: appropriate weight of water-wet RDX to a pen- *
Peok Pressure tolite (30/70) previously selted in « steen- .

jacketed melt kettle. Heating end stirring
impulee ere continued until 411 the water is evaporeted
Energy and the mixture is uniform in composition.

PIX-2 is also prepared by sdding vater-wet
Underground: PETN to ROX Composition 3.

Peck Pressure Compatibility with Metels:
impules
E Prey: Alusinum, mild steel not affected.

Booster Sensitivity Test (c) Wet: Aluminum not affected.

Condition Pressed Cast
Tetryl, gu 100 100
Wax, in. for 50% Detonation 1.87 2.32
Density, ge/cc 1-70 1.61

310
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pax-2 AMCP 706-177

Origine
The possibility of employing ternary uixtures to obtain explosives having greater pover

and higher brisance then binary mixtures vis by the enalysis of Russian 76 mm, aruor-
piercing high explosive rounds (PATR No. 1311, 17 July 1543). The Russian type ternary explo-
sives, based on the composition and laboratory studies cf such mixtures, were indicated to be
effective fillers. In conducting « preliminary study of castable ternary explosive
mixtures suggested by the Russian fillers, @ mixture consisting ofRDX/PERIN/TNT, designated
PTX-2 was developed which bad explosive and physical properties offering considerable advan-
tage for wilitary applications (ATR No. 1360, 2/ October 1943; and 1379, 11 January 1954).

A PPX-h composition, prepared by the addition of Heleite to 30/70 Pentolite, also offered
promise but because of border-Line stability in accelerated stability tests, PEX-h must be
proven by long term storage to be acceptebdle for use in standard emmmnition.

References; °
(a) UL. C, Saith and B. G. Ryster, Fgeioe. Zee eine of Eephowivtey Part ITT - Miscellaneous

Sensitivity Tests; Performance Tests, . .

(b) D. P, MacDougall, Methods of Physical Testing, OSRD Report No. 603, 11 August 1942.

(2) tL. C. auith and 8, R, Walton, A Consideration of Mixtures as @ Substitute forSetey) in Boosters, MOL Meno 10, 303, , > |eel
oi” W. R. Tomlinson, Jr,, Blast Effects of Bomb Explorives, FA Tech Div Tecture, 9 April

1985.

{e) Also see the following Picetinny Arsenal echnical Reports on PIX-2:

g 2 2 4 2 & 8 2
1539 1482 1483 ih abs 1466 1833 1379

1623 2
1

66800 footnore 1, page 10.
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AMCP 706-177 PVA-h

Compention: | Maleculer Weight: 27
ROX 90 : Onzgen Telenor: -

Polyvinyl Acetate 8 CO % «10

Dibutylphthalate 2 Deneky: gm/cc Pressed 1.60
fits OC 2.

C/H Retio Freening Polat: °C
bnpoct Sensitivity, 2 Kg Wt: Belling Point: °C

Bureow of Mines Apparatus, cm 39

Sample Wr 20 mg Refractive tndex, n’,
Picatinny Arsena! Apparat, in. 9 °

Semple Wt, mg 13 ne
ne

Test: Vecuum Stebiitty Test:
Steel Shos Crackles ce/40 Hrs, at
Fiber Shoe Unaffected 90°C

100°C 0.45Rifle Bellet Impect Test: 5 Trick * 120°C oa
% " ‘8

Explosions 20 135°C
Porticis ) 150°C 1l+
Burned 60 200 Grom Semb Send Test:

| bite testy at -1600 - ubettected Sond, gen 58-5
Explecien Tempeoreture: Cc Sensitivity to taitiation:

Seconds, 0.1 (no cap used) -- Minimum Detonating Chorge, gm
1 330 Mercury Fulminote
§ Decomposes 35 Leod Azide 0.22

10 265 Tetryt
15

20 Beliletic Mecter, % TNT:

75°C lnternetional Heat Tot:
% Loss in 48 Hrs Plate Dent Test:

Method

100°C Heat Test: Condition
% Loss, Ist 48 Hrs 0.10 Confined
% Loss, Ind 48 Hre 0.06 Density, grn/ce
Explosion in 160 Hrs None Brisonce, % TNT

. ° Condition Cast
Hypreceepicity: % = OC, 90% PH 0.20 Charge Diometer, in, 1.0

° Density, gm/cc 1.66
Veletiiity: = 55°C, vacuo, 6 hrs 0.03 Rote, } 7910
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Peogmentetion Test: | Shaped Chenge Eitectivences, THT = 100:

90 cen WE, 1471 Projectite, Lat WG-91: Gloss Cones Stee! Cones

Chorge We, i> Kole Depth

Total Ste. of Fragments: Col
Fer INT me
Fer Subject HE

Pdangipol Uses: Demolition charges
3 inch 18, DAERA? Projectiia, Let KC-5:

Density, gm/ce.
Charge We, ib

Total Me. of Frugmonte:Foe INT Mathed of Leoding: Pressed or extruded

For Subject HE
Leoding Density: gm/cx 1.60

Peagunent Velscliy: ft/sec
AOf iAt 25% ft Storage:

Method Dry

Slest (Relative to TNT): Hosord Class (Quantity-istonce) Clase 9
Ale: Compatibility Group Group I

lenpulee Exudation Hone et 71°C
Energy

{ Ale, Confined: Plasticity:
> lepulee °-ho°c Cracked

Vader Wateri °Pack Pressure “ec 9-3
- impulse 

:
Energy

. Undeog: rend:
Peak Pressure
tmpulse

Energy

313
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AMCP 706-177 | PYAch

Preparation:
Explosive PVA-', a semi-plastic composition of Canadien origin, consists of 906 RDX, &%

polyvinyl acetate and 2% dibutylphthelete (DP). ‘This formation vas developed by Ir. Bathur-
lend of Shevinigen Chemicals, Ltd. In evaluating various types of Polyvinyl acetate comear~
elelly available in the United States, a type obtained from Union Carbide and Carbon, under
the industrial named or designation “AYA” wes the mor+ promising coating for RIX in the pro-portions RIax/PYA(AYAT)/rEP 92/6/2.

A practical method of preparing this composition was by the addition of a solution of the
coating agent to an equeous ROX slurry. Based on the quality of the product and the pellet
Gansities obtained, a procedure of adding an acetone solution of PVA + DEP to a hot water
slurry of RIK, under agitation, wis adopted as standard.

References: 67
(a) See the following Picatinny Arsenal Technical Reporte on PVA-h: 1532 and 163%.

Bisee footnote 1, page 10.
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PYM (Polyvinyl Nitrate) AMCP 706-177

4 { é

Compestions Melecvler Weight: (ColsKC3) | (89),

¢ a co. % o45 .
C-CH-nN 15.6 Te men Density: gm/cc

0 Sh Melting Point: °C (Soft. Pb) 50 |

C/M Retio 0.203 Freezing Point: °C :
hapect Seneitivity, 2 Ke We: 1h. BORN Belling Polat: °C i

3 Bureay of Mines Apparatus, cm ve ree Sample We 20 mg Refrective ladex, n°, i
; . Picatinny Arsenol Apporaiys, in. h ° :: Somple Wh, mg ed

nS

an a Friction Pendahen Test: Vecawm Stability Test:
sy 4 Steal Shue Crackles c</40 Hrs, ot

Fiber Shoe Unaffected 90°C
b 100°C 16 hourg = 1+

H Burned 200 Gram Bemb Sond Text: }
¢ -~\, | Unottected Sond, gm 49.9

Seconds, 0.) (no cap used) = -- Minimum Detonating Charge, gm
' -- Mercury Fulminote - :
5 265 Lead Azide

| 10 Tatry!
15

' 0 Golltetic Mortar, % THT:

, Troual Test, % THT:
d ’ 73°C lnternctional West Veet:

; % Lose in 48 Hrs Plote Dont Test:
, Methad
_—

; 100°C Meat Test: Condition .
i % Loss, Ist 48 Firs 1.9 Confined _

— , % Lon, 2nd 48 Hrs 2,2 Densit7, gen/ee - an
Explosion in 100 Hes None Brisonce, % TNT

’ BDetenction Reve:
; Plemmebility jadea: Confinement
t > Condition

> Hygrescepietty: % 30°C, 90% RH 0.62 Ch ye Diometer, in.
e

, Density, gm/ee
v' chastity: Rote, meters/second

i
i
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AMCP 706-177 PYM (Polyvinyl Bitrate

90 em WE, M71 Projectile, Let WC-91: Glass Conen Sten! Cores
Density, g/cc Hole Volume
Charge Wt, ib Hole Depth

Tetel ie, of Frogmente: Calor:
For TNT

For Subject HE -
Peineipel Ueeer

3 inch O08, MAZAI Projectiie, Let KC-5:

Oeraity, gra/cc .
Change Wi, &

For TNT -
For Subject HE .

Leoding Duaalty; gra/cc

42 BHR Sterege: .
Daresity, gu/cc Method

” Abe : Competibitity Group
Peak Pressure
lexpulse Esusdation

Energy
0, . .

impulse Minutes EM

Under Water: 125°C Beat Test: Mioutes
twputes Red Fuses 25
Energy Explodes ; . Or

2h0-Hour Hydroly: 4 Pest:Vadenreund: =
Peck Pressure 4 HNO, 3-07

putes Heat of:
Combuation, cal/ga 2960
Explosion, cal/gn Fret

Gas Volune, cc/gu
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PUN (Polyvinyl Witrate) AMCP 706-177

Preparetion:
1 alcohol is mixed vith acetic anhydride. ‘The mixture is cooled to -5°C and the

nitric acid is added slowly while the waes is being stirr<’. The teupereture is c-atrolled
by the rate of acid addition so that when <!1 the acid bas been edded the temperature coes
not ris: above 20°C. . :

When the nitration is complete, the wixture is drowned by allowing a fine stream . the
ayrupy Mgquic to flow from the nitrator and mix intimately with a large stream of weter. This
causes the product to precipitate in a fine state.

me finely divided precipitate ic purified by boiling in frequent changes of water.

Origin:
‘Te firat preparetion of polyvinyl nitrate was reported in 1929 by solution of polyvinyl

alcohol in concentrated sulfuric acid and treatment with nitrating acid at e temperature not
over 50°C. (German Patent 537,303). Later patehts issued relative to polyvinyl nitrate in-
cluded U. S. Patent 2,118,487 (1938) and Gersen Patent 737,199 (1943).
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AMCP 706-177 RIZE

Camnootion: Meteculer Weight: 2p

Oxygen Beleace: -
ROK 85 co, % . . =70

CO % -Gulf Crown E 0i1 15 - Ld
Denelty: gm/cc Hand tamped 1-37

C/Hi Reto Freesing Point; °C
4 i pect Sensitivity, 2 Ke We: Boiling Pelut: °C

Bureou of Mines Apporotus, cm 53 -
Somple Wr 20 mg Refrective index, n&

Pleatinny Arsenal Apporatus, in 13 o
Sample Wt, mg 25 On

i . : fof
: Feletion Poendslem Test: : : Vecuuen Stebitity Test:
; Steet Shoe Unaffected c¢/40 Hrs, ot

Fiber Shoe. Unaffected 90°C --
4 ————— 100°C 0.35

: Rifle Sullet inpost Vest: Trials 120°C 0.56
} % °

H Portials fs) . : _
Bumed 0 200 Gram Bomb Send Test: :
Unaffected 100 Sand, gm ho.

: Guplecia.) Tesx.parature: bf af Sensitivity te initiotion: ©
: Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm -

ae 1 . Mercury Fulminote 0
. § Decomposes; no value cbteined Leod Azide 0.20

10 Tetryl
15
20 Sellistic Merter, % TNT: (a) 118

Trous! Test, % TNT:
75°C laternetiqonel Heat Test: 7% Loss in 48 Hrs Plate Dent Test: (b)

Method 8B
100°C Meet Test: Condition Hand tamped

% Loss, Ist 46 Kes: 0.63 Contined No
FS .% Loss, and 48 Hrs: 0h Density, g/cc . 137

*Baptaxion in 100 Hrs None Brisonca, % TNT 85

WS | Aemmebitity lndex: Confinement _ Nowe:
ne —— - Condition. . Hand temped

Hrerseepisity: % «HC, 90% FE 0-04 Charge Diarneter, in. 1.0
. Cencity, gm/ee 1.37

v Rate, meters/second - _ 7390

312
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Chasys Wb 1.6 Holy Depth ‘

ios For TNT Ss agg Ob ier White

. For Subpart <= 592 none
~ mo eS Principal Uses: Plastic demolition explosive

3 HERHECMARAL Projectile, Let KES: :

Density. genfee rhe OSs.
. <ahorge Wi te 5 056

“ Tetel a, of Frogmaatai — - ikathed of Leoding: tauped
For Subject HE - 501

~ . Leading Density: g/cc 1.37

- Bragmect Velocity: ft/sec
At 9 ft 3650

ft 2 Seerage:
Density, gm/cc 1.395

Mathod Dry

~_ Biest (Reletive te TNT): Hazard Class (Quontity-Distonce) Cless 9

Pook Pressure None at 45°C in 30 brs
Impulse Exudotion None at 95°C jn 48 hes

Exudes at 105°C in hre
Energy

Ale, Confined: Oxigins
Impulse RIPE, a mechanicel mixture of RDX and Gulf

Crown E O11, was developed in the United States
Under Weter: during World war II.

: | ree Pressure References:"# .
j . (a) y. C. Smith end EB. 0. Byster, Physicel
; Energy Testi losives, Part III - Misoslleneous
i ; . Sensitivity teste oreance , .r- Underground: port No: one 27 Yecenber 1955.

__ ‘ Peok Pressure
’ impulse (c) 0D. BP. MacDougell, Methods of Physicsl‘ meu Testing, OSRD Report No. 303, 11 Faguee THU.
; : (ec) Also see the following Picatinny A -senal; Ereperer tou: Technical Reports on RIPE: 1713, 1695 ené 1517.
. RIPE is manufactured LL. simple mechenicel

mixing of RDX in oll.

’

4

: /4See Footnote 1, page iv.
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AMCP 706-177 Silver Azide

Compovition: Melecular Weight: (AgN5) 150
%

Cxygen Belence:K 28.0 CO, % 73he 72.0 . CO % <5
Ag-NaN @N Density: gm/cc Crystal S12

Polat: °C (a)
8 a. neC/H Ratio Freezing Polat: °C

impoct Sensitivity, 2 Kg We: Belling Point: °CBureou of Mines Apparatus, cm 6
Sample Wt 20 mg Refrective index, n°,

Picatinny Arsenal Apparatus, in. 3 oSample Wr, mg 18 TM
ne

Friction Pendulum Tew: PA Smell Apparotus Vacuum Stability Test:
Stee! Shoe Detouates ce/40 Hrs, at
Fiber Shoe Detonates 90°C

100°C

% 135°CExplosions 150°C
Portiols

Burned 206 Gram Bomb Send Test:

|_Unatected WP Gomer she) 1.9
Explasion Temperature: te Sencitivity to Initiation:

Seconds, 0.1 (no cop uced) 310 Minimum Detonaring Chorge, gm
1 n= Mercury Fulminate
§ Explodes 290 Leod Azide

10 Tetryt
t§
20 Bellistic Mester, % TNT:

——| Trews Test, % He(ONC), (c) 88
75°C Internetionel Heet Test: -% Loss in 48 Hrs Plete Dent Teer:Mathod

100°C Hest Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, grn/ec
Explosion in 100 Hes Bri » % TNT

Detenetion Rete:
Flammability Index: Continement

Condition
Hygrescopielty: % (6) 25°C, 100% RH 0.04 Charge Diometer, in.

Density, gm/ccVolotility: 75°C, 2h brs 0.00 Rote veavara/second

}
woe 

em
 

mw
 

ee
. 

OE
 
a

 
Be

s
a 

Be
 

w
t 

ete
 

wet
s



ia
=

e

oi
e

>

‘

?
*

“8
t

]
A

’
’

a}
4

?
a

$
>

:
>
$
t
a

?
H

$

i
3
3

4

}

Silver Azide AMCP 706-177

Fragmentetion Test: Sheped Cherge Etfectiver oss, THE = 100:

90 men HE, 0471 Projectile, Let WC-91; Gloss Cones Stee! Cones
Dansity, gm/ce Hole Volume

Tetel Ne. of Fragments: :
Waite toFor TNT Color: 3 grey

For Sublect HE
Principal Uses: Initiators

3 inch HE, M4E2A1 Projectile, Let KC-S:
” Density, gm/cc

Charge Wr, ib

Tetel Me. of Fragments: Methed of Leading: Presse’
For TNT

For Subject HE c
~ Leading Density: gm/ce Variable

Bragment Velocity: ft/sec
Ago t:
At 25% ht Seovege:
Density, gm/ceow Mathod Wet

Mest (Relative te THT): Hazord Closs (Quantity-Distance) Claas 9

Air: Compatibility Group (soup M
Peak Pressure

Energy

Ale, Confined: Initiating Efficiency:

iepulse Grams Required to Give (¢)
Complete Initiation of TNT 0.02-0.05

Voter vieter: Sulubility iu 100 gm Solvent
\ at Room Temperature:

E Solvent Grams
Water (bd) 0.006

: Ammonium hydroxide Soluble
Pressure Nitric acid Decomposes

Peok Ether {b) 0-O1T
Impulse Etk,1 alcohol, 95% 0.006
Energy Acetone 0.015

Explosive Power: (f) Unaffected by water and C05. (a)

Kilogram meters 192,000 Heet of:
# Mercury Fulminate 1.097 Explosion, cal/gm (c, a) 452

Formation, cal/gm bes 67.8
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AMCP 706-177 Silver Azide

tion:

Mal, + AgNO; —» AgN, + + NaNO,

Prepere the following aqueous solutions:

a. 5¢ NaN,, sodium azide, 50 ce

bd. 254% AgMOy, silver nitrate, 25 cc

The silver nitrete solution is placed in # 200 cc conductive rubber beaker equipped with «
bard wood stirrer operated by an air motor. The sodium azide solution is placed in a sepere-
tery funnel fectened in a ring stand above the beaker containing the silver nitrate. A longcord (10 ft) te rhstened to the stopcock of the separatory funnel so thet the funnel can be
exptied by remote control. ‘The sliver nitrate solution is now stirred very repidly end the
sodium azide is slowly run into the nitrate solution. Stirring is continued for 5 minutes.
The contents of the beaker are filtered through folded filter peper end washed free of sodium
azide end silver nitrete vith distilled water.

Silver azide should be stored under water in a conductive rubber container. This prepare-
tion will yield approximately 7 grams.

The preparation should be conducted under a hood and behind « berricade. the product ob-.
tained by the above procedure hes a very fine particle size, almost colloidal. Very fine sil-
ver azide is safer to handle and is just as efficient end stable as the large, coarse orystel-
line material (Ref bd). When a thin film of fne silver azide is precipiteted on mercury ful-
minate. tetryl, etc., these substances are as efficient weight for veight es pure silver aside(Ref g). White silver azide is less affected by light then mercury or lead azide (Ref h).
Long colorless crystals which explode on breaking are obtained from ammooium hydroxide...

Origin:
Silver azide was first prepared in 1690-1 by 7. Curtius (Ber 23, 332; Ber 2h, 3344-5) by

passing hytrezoic acid (HN.) into neutral silver nitrate solution. Taylor and Rinkenbech pre-
pared pure "collodial" tes and showed its sensitivity depends upon ite particle size(Army Ordnance Pa 82h (1925). Silver azide ves found in a detonator of foreign ammunition for
the first time fn 1945 (Ref 4).

References:°?

(a) A. R. Hitch, "Thermal Decomposition of Certain Inorganic Trinitrides," J Am Chem Socko, 1295 (1918).

(b) C. A. Taylor and Wa. H. Rinkenbach, "Silver Azide: An Initiator of Detonation,” AruyOrdnance, Vol 5, p. 82h (1925).

(c) E. De WwW. S. Colver, High Explosives, London and New York, p. S27.

(a) A. Stettbacher, Spreng u. Schiesstoffe, Rascher, Zurich, p. 97 (1948).

(e) A. Marshall, Explosives, 2nd Ed, Vol II, p. 767, London.

(f) A. Stettbacher, Z ges Schiess-Sprengstoffw 10, pp. 193-214 (1915).

®9see footnote 1, nage 10.
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Silver Azide AMCP 706-177

a (a) F. Blechta, Chim et Ind gpectal Bo. 921-5 (June 1933); C. A. 2B, G46.
(nh) 1. Wobler and W. Krupko, Berichte 46, 2047-2050 (1913).

(1) F. G. Haverlak, Examination of 120/h5 MMHE Shell, Itelian (FMAM-464), PATR No. 1515,
10 April 1945.
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AMECP 706-177 Tetracene

Companion: Molecular Weight: (ColigN, (0) 188

c 12.8 a m CO, % 60

x M3 ¢-NH-Mi-Re eC <* ma
N Thee ot Density: pm/cc At 3000 psi 1.05

MH, NH-NH-NO
9 8.5 Melting Point: °C Explodes 140-160

C/H Ratio 0.068 Preesing Point: °C

iempect Sensitivity, 2 Kg We: Belling Polat: °C
Bureau of Mines Apparatus, cm T

Sompie Wr 20 mg Refrective Index, n°,
Picatinny Arsenal Apparatus, in.2;(8 oz wt) 8 e

Sample Wt, mg Mes
nn

Friction Pendulum Test: Vecuam Stability Test:

Stee! Shoe ec/40 Hes, ot
Fiber Shoe 90°C

100°C
Rifle Bullet lmpect Test: = Trials 120°C

% *

Partials

Burned 200 Grom Bomb Sond Test:
Unaffected ho 28.0

Explosion Temperature: *¢ Sensitivity te tnitietion:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

1 Mercury Fulminote 0.40

5 160 Lead Azide
10 Tetry!
15

Trowz! Test, % TNT: (ea) 61
73°C laternetionel Heat Test:

% Loss in 48 Hrs 0.5 Piete Dent Test:
Method

100°C Heet Test: Condition
% Loss, Ist 48 Hrs 23.2 Confined
% Loss, 2nd 48 Hrs 3.4 Density, gm/ce
Explosion in 100 Hrs None Brisonce, % TNT

Detenetion Rete:
Flammability index: Continement

Condition

Hiygrescepiciey: % 30°C, 90% RH 0.77 Charge Diameter, in.
Density, gm/cc

Volatility:
Rote, meters/second

a
 

e
e

 
a

 
a

 
eo

 
a

 
a

 
|

a
ee

 
ee

a
 

a
 

a
y

~—



ae

eke

E

q

: ‘7 :

oa Cy Tetracene AMCP 706-177 :

i Frogmentation Tost: Shaped Chorge Effectiveness, TNT = 100:
i

; 90 mm HE, M71 Projectile, Let WC-91:; ‘ Gloss Cones = Stee! Cones i
‘ Density, gm/ce Hole Volume ;

Charge Wt, Ib Hote Depth

t Te Fregments:i “_ Color: Pale yellow
>
} For Subject HE
‘ Principal Uses: Priming compositions end
id5 3 iach WE, MA2A1 Projectile, Let KC-5: detonators

i . Chorge We, Ib
t ,
i

2 Totel Ne. of Fragments: : Mathed of Leoding3 Pressed
an For TNT
} For Subject HE

3 Leoding Density: g/cc
> ', ¢ Velocity: ft/sec At 300 psi 1.05

Ato tt
' At 25% ft . Storage:

Density, ce : ;
4 1 orn Mathod Wet
r

‘ Bieet (Reletive se TNT): Hazord Class (Quontity-Distonce) Class 9
t

| el Ain: Compatibility Group Group M
t Peok P.essure
' Impulse ; Exudation

, Energy
; Alc, Confined Solubility:
FS 0

bd impulse Practically insoluble in water, alcohol,
; acetone, ether, benzene, carbontetrachloride
> Under Water: or ethylenedichloride.

i Peok P Sensitivity to Electrostati4 n vity ectros e
a ° Imputse Discharge, Joules: (b)
‘ Energy
i Unconfined 0.010
; . : Confined 0.012

. Peak Pressure Heat of:
* Impulse Explosion, cal/gm 658
: Energy Cas Volume, cc/gm 1190

: Initiating Efficiency:

; Tetracene is not efficie.t in initiating
high explosives.
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AMCP 706-177 Tetracene ~ |

(Rinkenbach and Burton, Army Ordnance 12, 120 (1931)).

Tetrecene is prepared by dissolving 5 gms of eminoguanidine dinitrate in 30 cc of water,
cooling to O°C and mixing with a sclution of 2.5 gms of sodium nitrate in 15 cc of water. ‘the
temperature iz maintained at about 10°C and 6.5 em of acetic acid is added. The tetracene
separates out and is washed with water, alcohol and ether. It is then dried.

hae
m

©
.

Tetracene may also be prepared by placing aminoguanidine 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 off, washed thoroughly

ae

and dried. ‘

: Origin:

Tetracene was first prepared in 1910 by Hoffman and Roth (Ber 43, 682) who also studied its °
! chemical reactions and determined ite structure (Hoffman et al, Eer 43, 1087, 1866 (1910); Ber ;
: bh, 2496 (1911); and Ann 380, 131 (1911)). W. H. Rinkenbach and 0. ton made an extensive ‘
‘ ®tudy of tetracene and described its manufacture and explosive properties (Army Ordnance 12, .

120 (1932)). :
Destruction by Chemical Decomposition: i

Tetracene is decomposed by adding it to boiling water and continuing boiling for some time ‘
to insure complete decomposition. .

References: 70 :
(a) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

L. C. Smith and E. G. Eyster, sical Testing of losives, Part III - Miscellaneous f :Sensitivity Tests; Performance Tests, OSRD Report No. 5746, Recember 1945. Ne
(>) F. W. Brow, D. H. Kusler and F. C. Gibsoq, Sensitivity of Explosives to Initiation

by Electrostatic Discharges, U. S. Dept of Int, Bureau o. nes, RI ’ *

< (c) Also see the following Picatinny Arsenal Technical Reporte on Yetracene:

o L F} 4 Z 8 2 . ‘
1450 12 453 1104 4o7 318 859

2164 2179

70See footnote 1, page 10.
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Tetranitrocarbazole (TNC) AMCP 706-177

Compenition: Meleculer Weight: ( Cy pHeNOg) 7
% 0,N K “NO.

? N 2 Oxygen Belence:
c 421.6 sw. CO. % “85

CO % -O
H 1.4

OnN NO, Density: gm/cc
N 20.0

51.0 Melting Point: °C Pure 1,3,6,8-isomer 295
i?) .
C/H Rotio 1.032 Freezing Point: °C

impoct Sensitivity, 2 Kg We: Beiliag Point: *C
Bureou of Mines Apparatus, cm 100+

Somple Wt 20 mg Refractive ladex, no,
Picatinny Arsenal Apporatus, in. 18 no

Somple Wt, mg 14 =
ny,

Stee! Shoe Unaffected cc/40 Hrs, ot
Fiber Shoe Unaffected 90°C

100°C 0.2
Rifle Bullet impect Test: = Trials 120°C 0.2

% 5

Partials

Burned 200 Grom Bomb Sead Test:
Unoffected Sand, gm 41.3

Explosion Tompereture: "c Sensitivity te Initiation:
Secone:. 0.1 (no cap used) =~ Minimum Detonating Charge, gm

’ - Mercury Fulminote --
3 Tr composes 470 Lead Azide 0.20

10 Tetry! 0.25
15
20 Bellistic Merter, % TNT:

Treuz! Test, % TNT:

Method

190°C Heot Test: Condition
9% Loss, Ist 48 Hrs 0.15 Confined

% Loss, 2nd 48 Hes 0.05 Density, m/e
Explosion in 100 Hrs None Brisance, “o TNT

- Detenetion Rete:
Slemmebility Index: Confinement

3 Condition
Hygrescepicity: % 30°C, 90% RH 0-01 Charge Diameter, in.

Density, gm/cc

Volotitiey: Rote, meters/second
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AMCP 706-177 Tetranitrocarbezo).e (TNC)

Pregmentetion Teet: Shaped Cherge Effectiveness, TNT = 100:

90 mm HE, 71 Projectile, Let WC-91: Gicss Cones Steed Cones
Density, gm/cc Hole Volume
Charge Wr, Ib Hole Depth

Tetel No. of Fregments: Colon: tFor TNT Light yellow
For Subject HE

Principal Uses: §=Couponent of igniter and

3 inch HE, MARA} Projectile, Let KC-5: pyrotechnic compositions
Density, gm/cc
Chorge We, ib

Tetel Ne. of Fragmente: Method of Leeding: Pressed
For TNT

For Subject HE
Leotiag Density: g/cc

Fragment Velocity: ft/sec 2
At? fe
At 25% ft Stovege:

Density, gom/ce
Method Dry

Olest (Relative te THT): Hazard Clos (Quontity-Distonce) Class 9

Ale; Compatibility Group
Peok Pressure
impulse Exudation

Energy

Confined: Solubility in Water,

mee gm/100 gm (4), at:
95°C 0.10

Under Weter:
Peok Pressure Qualitative Solubilities:

: Solvent Solubi lity
Mi trobenzene Very soluble

Underground: Acetone Soluble
Pook Pressuire Benzene Insoluble
\ Chloroforz Insoluble
impulse Carbontetrachloride Insoluble

Energy Ether Insoluble
Ether, petroleum Insoluble
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:
‘ woo” Tetranitrocarbezole (Tc) AMCP 706-177
& i:

. Preperation: H
t
; 

RRO,

: #280,
' H
‘ 0,8 N 05

O58 NO,

: Sulfonation: Fifty-six gms of carbazole is dissolved in 320 gms of Hp, (96%, specific
4 grevity 1.88). whe solution is agitated during the addition of the carbazole and the texpere-
. ture maintained at 25°-35°C. After the addition of the carbazole is completed, the agitation
as is continued and solution completed by raising the temperature to 80°-85°C and mintaining

this temperature for one hour. ‘ke sulphate is now cooled to 20°C.

Nitration: ‘the sulfonate solution is slowiy added to 168 ams of HNO, (Plant grade specificgravity 1-555 at 15°C) maintaining the temperature at 30° to 50°C. (The required - 1 hour 25
minutes). The temperature is then gradually raised to 70° to 75°C and maintained for one hour
after which the temperature is reised to 85° to 90°C and held for one hour, then lowered to
room temperature before drowning.
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a Drowning: The nitration mixture is drowned by pouring it into 2 to 3 volumes of ice and
$ water,

° eee” pabtersng: The seperated light yellow product is filtered on a Buchner Funnel and washed
: vith water ce to remove most of the acid.

° Purification: The TNC is placed in hot water (95° to 100°C) and boiled for five to ten
» minutes With rapid agitation, allowed to settle then filtered and washed once. This proce-
¢ dure is repeated twice, making a total of three "boilings.” ‘The final wash is acid free.

: Drying: ‘he TNC is spread in a thin layer and dried at 100° to 110°C for four hours.

Yield: 73. 2%.

Melting Point of TNC as ad: 260°C (compares to 296°C for pure 1,3,6,8-isomer in pre-ceding Satay. ~~
Origin:

The preparation of Tetranitrocarbazole (TNC) was first reported in 1880 by C. Graebe (Ann
202, 26 (1880)) who nitrated carbazole with 94% nitric acid. Similer procedures were followed
by R. Escalee (Ber ZI, 2596 (190h)) and P. Zierch (Ber 42, 3800 1909)) However, G. L. Ciami-
cian and P. P. Silber observed the formation of four isomeric TNC's when acetyl carbazole was
treated with fuming nitric ecid (Gazz chim ital i2, 272 1682), In 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 464,53). The Casella process of

ee
a
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AMCP 706-177 Tetrenitrocarbazole (INC) —

preparing polynitrocarbazoles by dissclving carbazole in sulfuric acid and treating the solu-
tion of sulfonic acids with strong nitrating agents is essentially the process used today in
the United States. he crude product, thus prepared, contains principally 1,3,6,8-tNe (Ww.
Borsche and B. G. B. Scholten Ber 50, 596 (1917) and about 10% of the 1,2,6,8-INC isomer
(D. B. Murphy et al J Am Chem Soc 75, 4289 (1953). ‘TNC was used in explosives by the Germans
during World War II.

References: 7!

(a) D. B. Murphy, F. R. Schwartz, J. P. Picard-and J. V. R. Kaufman, "Identification of
Isomers Formed in the Nitration of Carbazole,” J Am Chem Soc, 75, 4289-291 (1953).

(vo) S. Livingston, Pre tion of Tetranitrocarbazole, PA Chemical Research LaboratoryReport No. 136,330, 11 ipa 1951. a
(c) D. Bs Murphy et al, fone Range Batic Technical Rvsearch Leading to the Development of

ed Ignition Powders - The Chemis of Tetranitrocarvazole, PA Memorandum Report 7
No. 22, 2 September 1952.

(d) S. Livingston, Development of Improved tion Type Powders, PATR No. 2267, July 1956.

(e) Also see the following Ficatinny Arsenal Technical Reports on Tetranitrocarbezole:

a

Q 2 3 4 Zz
2180 1802 1973 1488 16k7

1937

Tlsee foocnote 1, pers iC,
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; 2,4,2',4'~Tetranitro-oxenilide (TNO) AMCP 706-177

, Composition: ° , Molecular Weight: (Cy HgNg0) 9) 420
! %
4 c 40.0 ¢——————— Oxygen Beleace:
: 1 1 CO: % -8h
. H 19 Mi NK CO % -3.
, NO,
’ N 20.0 Density: gm/cc
> 0 38.1 Mating Peiat: °C Decomposes 313

: C/H Ratio 0.735 0» Ney Freezing Point: °C

‘ Impect Sencitivity, 2 Kg We: Boiling Point: °C
> Bureau of Mines Apporatus, cm ad
: Sample Wt 20 mg Refractive Index, no
S Picatinny Arsenal Apparatus, in. x °
. Somple Wt, mg ll Ms
> ne

a . Friction Pendulum Test: Vecuum Stability Test:
‘ Steel Shoe Unaffected cc/40 Hrs, at
> Fiber Shoe Unaffected 90°C --
‘ 100°C --
a Rifle Bullet impect Test: Trials 120°C 0-11
; % 5. Explosions Wore

ia Partials 30
Burned 200 Grom Bomb Send Tout: ;

° Unaffected Sand, gm 16.3 ;
* Ed

r Explosion Tempeteture: °C Sensitivity to laitietion: ;
é Seconds, 0.1 (no cop used) -- Minimum Detonating Charge, gm
c | 7 . Mercury Fulminote
Hl 5 392 Lead Azide 0.20
’ 10 Tetryl 0.25

> 15
4 20 Bellistic Morter, % TNT:
» oem

* Treusi Test, % TNT:
° 75°C (nternotionel Heot Test:
: % Loss in 48 Hrs Plete Dent Test:
, Method

: % Loss, Ist 48 Hes 0.07 Confined
o % Loss, 2nd 48 Hrs 9.00 Density, gm/ce

Explosion in 100 Hrs None Brisance, % TNT
, Detonation Rete:
; Flemmebility index: Confinement

3 Condition

Hygrescopicity: % 30°C, 90% HH Trace Charge Diometer, in.
Density, gin/ec

Volotitiey: Rate, meters/second %
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AMCP 706-177 2,4,6',4'-Tetranitro-omnilide (TNO

Pregmentetion Test: Sheped Cherge Effectivences, TNT = 100:

90 man HE, M471 Projectide, Let WC-91; Glass Cones Stect Cones
C maity, gm/cc Hole Volume

Charge Wt, ib Hote Depth

Tetel Ne. of Fregmeats:

For TNT Color: Light yellow
For Subject HE

3 lnch HE, M42A1 Projectite, Let KC-S:

Principal Unes: Component of black powler type
and pyretechnic compositions

Density, gm/ce

Charge Wt, Ib

Total No. o* Fregmente: Methed of Leading: Pressed and extruded
For TNT compositions
For Sut ect HE

Leeding Density: gm/cc

Frogment Velocity: ft/sec
AQ? ft
At 25% ft Sterege:

Density, gm/ce
Method Dry

Biest (Relative te TNT): Hazard Class (Quantity-Distonce) Class 9

Ale: Compatibility Group
Peak Pressure
Impulse Exudation

Energy
Solubility gm/100 ec Solvent, in:

Ait, Confined: 7 2
Impulse Sc , £

: Water 100 <0. 10
pape 3 Nitrobenzene 150) 5915
' ' Qualitative Solubilities;

Energy Solvent Solubility

Ethyl alcohol Insoluble
: Benzene Insoluble

Peok Pressure Butyl acetate Insoluble
imputse Carbontetrachloride TInaolube

Ethyl ether Insoluble
Energy Acetic acid Soluble

Nitric acid Soluble
Caustic potash Soluble
Dimethyl formamide Very soluble
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2, 4,2" ,h' -Tetranitro-oxanilide (TNO) AMCP 706-177

Nethod of Preparation:

1 iQ bs]i i 2 c ¢
C—~——C #2 Heat (200°C) | | +210
| | > MH NH

ou cd

i i i 1
ee C Cc ¢

if | ]
MH WH

HNE ;; > o~ RO,
Plant grade ~ jep cr 1.51 ~ a

NO, NO,

Oxani lide:

Two parte 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
effgrve cence. ‘The mass is cooled to room temperature, poured into several volumes of water
(21°-24"%c), filtered on a Buchner funnel and washed free of oxalic acid with wter and then
washed free of aniline with acetone. ‘The oxanilide is air dried to remove the acetone and
then dried at 100°-110°C.

fetranitro-oxanilide (10):

A 5 liter round bottom flask is equipped with a stirrer of a type which wil? produce a
aownverd "swirl." The flask is surrounded with a water Jacket for hot and cold water. Fif-
teen hundred grams {1.5 kilograms) of 96% plant grade nitric acid is placed into the flask.
Five hundred (500) grams of cmnilide is slowly added to the acid under rapid agitrtion while
the temperature is maintained below 40°C. After the addition of the oxanilide is completed
(24-3 hrs), the agitation is continued 10-15 minutes. ‘The temperature is then raised tc 80°%
over a period of on hour and maintained at 80°-85°C for 3 hours. ‘The ecid elurry is then
cooled to room temperature and drowned by pouring over cracked ice. The product is filtered
on a Buchner funnel and washed with water until it is almost acid free. The filter cake is
placed in a beaker and sufficient water added to form a “slurry.” Live steam is run into the
“slurry” under agitation for 10 minutes. The slurry is filtered and the residue washed. ‘The
latter treatment of the "slurry" 1s repeated until the wesh water is found to be neutral to

333



706-177AMCP 706- 2,4,2' ,k'-Tetranitro-oxanilide (INO) ao

litmue paper. The TNO is washed with alcohol, then acetone, air dried and finally dried at
100°-120°C.

Yield = 90% to 97.5% of theoretical.

Origin:
A. G. Perkin in 1892 obtained tetranitro-oxanilide directly by heating a solution of finely

powilered 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 water (J Chem Soc 61, 460 (1892).

References: 72

(a) S. Livingston, Development of Improved Ignition Type Powders, PATR No. 2267, July 1956.

(>) D. Dubrow and J. Kristal, Substitution of Tetranitro Oxanilide and Hesanitro Oxanilide
fee Carbazole, PA Pyrotechnic FP laboratory - ~O8, cember

T Seq footnote 1, page 10,
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AMCP 706-177Tetryl

Composition: Molecular Weight: ( CrHgN. Og) 287
Cc 29.3 HC~N—NO, Q Bel : .

co, % : AT

N 2h.h Density: grn/ce Crystal 1-73

O &4.6 Melting Point: °C ° 130
NO.

C/H Retio 0.420 2 Preesing Point: °C

impect Sensitivity, 2 Kg We: Boiling Point: *C
Bureau of Mines Apparatus, cm 26

Sample Wr 20 mg Refrective index, 25
Picatinny Arsenol Apparatus, in. 8 °

Sample Wt, mg 18 fie
Re

Steel Shoe Crackles ce/40 Hre. at
Fiber Shoe Unaffected 90°C -

— 100°C 0.3
Rifle Bullet lmpoct Test: Trie!s 120°C 1.0

% « _Explosions 13 35"¢
Partials 5h 150°C ut
Burned 10 200 Geom Bomb Send Test:
Unoffected 23 Sond, gm 54.2

Explosion Tempereture: *¢ Sensitivity to Initiction:

Seconds, 0.1 (no cep used) 340 Minimum Detonating Charge, grn
1 cies Mercury Fulminate 0. 20"
5 Ignites 257 Lead Azide 0.10*

10 238 Tat15 236 | *Alternstive initiating charges.
20 2% Bellistic Merter, % TNT: (5) 130

Trev.si Test, % TNT: (b) 125
75°C internutionel Hoot Test:

% Loss in 48 Hrs 0.01 Plate Dent Test: (e)
Mathod A B

100°% Heet Test: Condition Pressed Pressed

% 08s, Ist 48 Hrs 0.1 Contined tes 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 #

Detonetion Rete:
Flammebility index: ahs Confinement None

0 Condition Pressed
Hygroscopicity. % = 1c, 90% FH 0.04 Chorge Diometer, in. 1.0

Density, gm/cec 1.71a

Vototility: ane 0-00 Rate, meters/second 7850
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AMCP 706-177 Qetryl

Becster Sencitivity Test: (a) Decomposition Equation: (g) ri (h)
Condition Preased Oxygen, atoms/sec 1old-4 12-9

(Z/sec) .Tetryl, gm 100 Heat, kilocatorie/mole 38.4 9
Wax, in. for 50% Detonation 2.01 (AH, keal/mol)
Wax, gm Temperature Range, °C 211-260 132-164
Density, gm/ce 1.58 Phase Liquid Liquid

Meet of: Armer mpect "Combustion, cal/gm 2925 Plete | Tost:
Explosion, cal/gm _ 1080-1130 60 mm Maerter Projectile:

Gas Volume, cz/gm. 760 50% Inert, Velocity, ft/sec
Formation, cal/gm o1k Aluminum Fineness
Fusion, col/gm (e) 22.2
Teperature, C 27 $00-M Generel Purpose Bombs:

Specific Heat: col/gm/*C eas) te) Plate Thickness, inches
-100 0.182
- 50 0.200 ?

) 0.212 1
50 0.223 “4

100 0.236 MK
1%

Burning Rete:
cm/sec

Bemb Drep Test:

Therma! Conductivity; (1) 4
cal/sec/em/*C 5.81 x 107) at 1.394 gn/ce

6.83 x 10" at 1.528 gm/cc

Coefficient of Expension:
Linear, %/°C

Volume, % /°C

Herdnees, Mohs’ Scale:

Young's Modulus:

E’, dynes/crre*

E, Ib/inch?

Density, gm/ic

Compressive Strength; Ib/inch?

Vepeor Pressure:
¢ mm Mercury

T7, 2000-lb Semi-Armer-Piercing Bomb vs Concrete:

Max Safe Drop, ft

$06-lb General Purpes= tomb ve Concrete:

Height, ft

Trials

Unaffected

Low Order

High Order

1000-% Generel Purpose Bomb vs Concrete:

Heignt, ft

Trials

Unaffecteo

Low Order

High Order
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Fregmentetion Test: Sheped Cherge Effectiveness, TNT = 100:

90 mm HE, M71 Projectile, Let WC-91: Glass Cones Steel Cones

Dansity, gm/ec 1.58 Hole Volume

Chorge Wt, Ib 2.052 Hole Depth

Total No. of Frog ; Color: Light yellow
For TNT 703
For Subject HE B64

Principal Uses: Boosters; ingredient of explo-
sive mixtures, detonators, and3 inch HE, M42A1 Projectile, Lot KC-S: blasting cape

Density, gm/cc 1.62
Charge Wi, Io 0.848

Totel Ne. of Fregecate: Mathed of . Pressed

For TNT 514 bd
+ For Subject HE 605

Loeding Density: gmn/cc See below

Fragment Velocity: ft/sec
At 9 ft
At 25% ft Sterege:

Density, once

“ Blast (Reletive te TNT): Hazard Closs (Quantity-Distance) Class 9

—, Ale: Compatibility Group Group 4
Peok Pressure
Impulse Exudatii Does not exude at 65°C

Energy
Alr, Contined: Loading Density: gm/cc

lempulse Cast 1.62 Pressed pei x 10°
Under Weter: 0 3 5 10 12 15 20

Pook Pressure 0.9 140 LAT 1.57 1.60 1.63 1.67
Impulse

4)Energy un

Underground: Effect of Temperature on (3)
Peak Pressure Rate of Deconst.on:

' isebee 16 kre at, °c “5h 2)
ey Density, em/ec 1.52 LS

Rate, m/sec T1530 7170

xa 3
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AMCP 706-177
etry)

Preparation:

(Manufacture of Tetryl by Dinitromonomethylaniline Process, Wannamaker Chemical Cc., Inc.)

rn \ oNyeCg (NO,) C2 + CHIH, + NaQH —> Cg (NOL), Ni cH, + Nacl + 4,0

Cgt( RO.) p7NH-CH, + 2HNO3 3 N\, H,C-N-NO,

ON NO,

+ 2H,0

NO,

fo 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% aqueous monomethylamine. Then add 129 gm of 31%
aqueous sodium hy4roxide, in 15 to 20 minutes, at such a rate as to cause refluxing; continue
agitation for 3 hours at 70°C. ‘The mixture is concentrated to a liquid temperature of 101°-
102°¢, cooled, filtered and the precipitate washed with distilled waon} until the washings
give no test with silver nitrate, dried at 60°C (melting point 167.£°

The dinitromethylaniline is nitrated to tetryl by solution of it in 68% sulfuric acid (197
gm nitroaniline/1190 gm sulfuric) at 25°, followed by additiou of nitric acid. ‘The process
is carried out so that the weter content remains at 16%. Solution (per 197 gm nitroaniline)
requires 5 to 10 minutes, nitration, by addition of the sulfuric acid solution to nitric acid,
about . 1 hour at 30°C, plus 46 minutes at 50° to 55°C at the end. The mixture is then cooled
to 20% and filtered. ‘the tetryl is dumped into 1 liter water, washed 2 or 3 times with 200
ce coid water, and then stirred 10 to 15 minutes at 50°C with 500 ce water, filtered warm ard
then washed with water until the washings are neutral to meth:-1 orange. The tetryl dried to
constant weight at 70°C weighs about 270 gn.

Tetryl filtered from an acid containing 87% sulfuric acid (or more) -13% water, at 40%
(or over) may fire in. 30 minutes to 1 hour and 30 minutes, if not drowmed in water. A safe
nitration procedure, even on plant scale involves:

1. The concentration of sulfuric in the spent acid is maintained at e Low level (approx
80/1.6/18.2 sulfuric/nitric/water).

2. Nitration maximum temperature is 50°C.

3. The slurry is cooled to 35°C before filtration.

%. Filtration time prior to drowning, is minimized (15 minutes maximum).

The crude tetryl produced is recrystallized to remove impurit’ = and oceluJed acid and to
control its granulation.

338
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1{ qetryl AMCP 706-177

wet Sensitivity of tetry] electrostatic discharge, joules; through 100 mesh: (1)

4 Unconfined 0.007
{ Confined Tees

>

{ Solubility of tetryl, grams in 100 grams {%) of:

, Water Carbon tetrachloride Ethe. 95% Alechol
:

; 7) 0.0050 G 0.007 ) 0.188 0 0. 320
» 20 0.0075 20 0.015 10 0.3 10 0.4es
» ko 0.0110 6) 0.058 20 0.418 20 0.563
. 80 0.0810 6 0.154 30 0.493 3x0 0.76
’ 100 0.184 50 1.72
; 

75 5-33

: Chloroforta Carbon disulfide Ethylene dichloride Acetone

os Sc £ & 2 Sc Zz 2c 2‘

‘ (e) 0.28 ° 0.009 25 4.5 20 TS
: 20 0.39 «= 10 0.015 5 ks 30 95
; bo 1.20 20 0.021 ko ° 116
t 60 2.65 30 0.030 50 138

; Trichloroethylene Bthyl ac ‘ote Benzene Toluene
ry ° °, [-) te)i sc £ oe £ 2% t sc
t ) 0.07 20 ~ ko 20 7.8 20 8.520 0.16 c 10.0f - rs 0.26 i 12.5
é 60 0.67 50 16.0
+ 80 1.50
, 86 1.76

‘ Xylene BT
e

t Sg 4
‘ 20 3.3 30 de
4 30 4.4 100 149
* ho 5.4 120 645
~ 50 6.0

' Origin:
. Tetryl was first described in 1879 by Michler and Meyer (Ber 12, 1792), van Romburgh and

z Martens studied its properties and proved its structure (Rec trav chir. 2, 108 (1883); 6, 215
; (1887); and Ber 19, 2126 (1886)). ‘Tetry1 was not used as an explosive until World War I.

: 
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AMCP 706-177

Destruction by Chemical Decomposition:

Tetryl is decomposed by dissolving in 12 times its weight of a solution prepared from 1
part by weight of sodium sulfite (RagS03° ) in & parts water.
be heated to 80°C to facilitate decomposition of the Tetryl.

References: 73

(a} L. C. Smith and E. G. Eyster,

(>) Ph Naoum, 2 ges Schiess~--Sprengstoffw, pp. 181, 229, 267 (27 June 1932)

(c) D. P. MacDougall. Methods of Physical Testing, OSRD Report No. 803, 11 Auguat 1942.

(a) L. & Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as s Substitute for

Repor’. No. 5756,

The sulfite solution my

peice Testing of Sep oaitee, Part III - Miscellaneous
December .Sensitivity Tests; Performance Tests, 0

Tetryl in Boosters, NOL Memo 10,303; 15 June 1949.

(e) cC. A. Taylor and Wn. H. Rinkenbach, "The Solubility of Trinitro-Phenylmethyl-Nitramine
{Yetryl) in Organic Solvents," J Am Chem S:c 45, (1923) p. 104.

(f) £. Hutchinson, The The-nal Sensitiveness of
Txplosive Materials, AC Bool, Wirst Report, Augist 1942.

(gz)
_ 90-46, 20 April 1947.

(n) M. A. Cook and M. 7. Abegg, "Isothermal Decomposition of Explosives,” University of

losives. The Thermal Conductivity of

Re J. Finkelstein and G. Gamow, Theory of the Detonation Process, NAVORD

Utah, Ind Eng Chem 1090-1095 (June 1956).

(i) J. W. Brown, D. H. Kugler and F. C. Gibson, Sensitivity of
by Electrostatic Discharges, U. 5. Dept of Int, Bureau of Mines,

losives to Initiation

(3) W. F. McGarry and 1. W. Stevens, Detonation Rates of tie More I
Explosives at Several Different Temperatures,

(x) Also see the following Picatinny Arsem1 Technical Reports on Tetryl:
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361
381
621
861

1042
1131
1261
133.2
1432
1471
1611

1652

2

4e3
493
623
£33

1123
1373
2053
2163
2233

4See footnote ), rage 15,

4 2
65

195
kes
525
565
625
635
ALS
925

1145
1285
105
1568
1885
1935
2165
2125
2265

TR No.
ortant Milita:

3, Nov r

129
179
319
609

"709
849
939

1029
1209
1379
1keg
1h&s
1819
1969
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Tetryto’, 90/20 AMCP 706-177

Composition: Maleculer Weight: ark
%

Oxygen Belence: |Tetry2 So CO. % “52
INT 20 CO % «ll

Density: gm/ce Cast 1.51

Matting Point: *C 68

C/H Ratio Freezing Point: ‘C

tmpect Sensitivity, 2 Ke We: Boiling Feiat: °C
Bureau of Mines Apporatus, cm 28

Semple Wr 20 mg Refrective ladex, nZ
Picatinny Arsenal Apperatus, in. 9 ne

Somple Wr, mg 17 *
ne

Stevi Shoe ec/40 hrs, ot
Fiber Shoe rc

100°C 3.0
Rifle Bullet impect Test: Trials 120°C che

% *

Partials 20
Burned ° 200 Grem Bomb Send Test:
Unoftected 80 Send, gm 54.0

Explecion Temp oret ure: *¢c Sensitivity te inition:
Seconds, 0.1 (ne cop used) Minimum Detonating Charge, gm

1 Mercury Fulminote 0.22%

5 Ignites 290 Leod Azide 0.17#
10
5 valtelfidVive initiating charges.
20 Bellistic Morter. % TNT:

Treazi Test, % TNT:
73°C latemmetio el Hoot Test: ;

% Loss in 48 Hrs Plete Dent Vest:
Method

100°C Hoot Test: Condition
% Loss, Ist 48 Hrs 0.1 Confined
% Loss, dnd 48 Hrs 0.5 Density, gm/ce
Explosion in 100 Hrs. None Brisonce, % TNT

- Sutonetion Rete:
Flammability Index: Will not continue to burn Confinement

im ite Li
Hygrescepicity: % 0.02 Charge Diameter, in.

~ Vou : Density, gm/ce

Rote, meters/second

Jl
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AMCP 706-177 Tetrytol, 80/20

Fregmentetion Test:

90 mm HE, M7" Projectile, Lee WC-91:

Density, gm/cc

Cha ge Wt, Ib

Totel No. ef Feegments:

For TNT

For Subject HE

3 iach HE, M42A1 Projectile, Lee KC-5:

Density, gm/ce

Charge Wt, Ib

eotel Ne. of Fragments:

For TNT

For Subject HE

Sheped Cherge Effectivener:, TNT = 100:

Gloss Cones Steel Cones

Hole Volume

Hole Depth

Coler: Light yellow to buff

Pelacipel Uses; Bursters, demolition blocks

Mathed ef Leeding:

Fregment ‘elocity: tt/sec

Density, gm/ce

Loeding Density: gm/cc

Blast (Relative te TNT):

Ais:
Peak Pressure

Impulse

Energy

Air, Confined:
Impulse

Under Woter:
Peok Pressure

Impulse

Energy

Undergreand:
Peak Pressure

Impulse

Energy

Storage:

Method

Hozord Class (Quontity-Distance)

Compatibility Group

Dry

Class 9

Group I

Exudation axudes at 65°C
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Decrytol, 75/25 AMCP 706-177

Comperition: Molecular Weight: 270
%

Ox Belence:Tetry2 75 CO. % sh
oNT 25 co % rie

Density: gm/cc Cast 1.59

Melting Point: °C 68

C/H Ratio Freezing Point: °C

lmpect Sensitivity, 2 Kg We: Belling Point: °C
Bureau of Mines Apperatus, cm 28

Semple Wt 20 mg Refrective index, n°
Picatinny Arsenal Apparatus, in. 10 o

Sompia Wt, mg 1T Ms
ne
.

Friction Pendulum Test: Vecuum Stability Test:
Steel Shoe Cracks cce/40 Hes, ot
Fiber Shoe Unaffected 90°C

100°C 3.0
Rifle Bullet impect Test: = Trials 120°C 11+

% e

Partials 3
ur iad 0 200 Gram Bomb Send Test:
Urof fected TO Sand, am 53-7

Ex, esion Tompereture: ¢ Sensitivity to Initiation:
!¢.onds, 01 (no cap used) Minimum Detonating Charge, gm

Lj Mercury Fulminote 0.23*
5 Ignites 310 Lead Azide 0..19#

101S ¥Arteltitive initiating charges.

Trouw-t Test, % TNT:
7$°C taternetione! Heat Test:

% Loss in 48 Hrs Plate Dent Test: (>)
Method B B

100°C Heet Test: Condition cast Cast

% Loss, Ist 48 Hrs Confined No ; Yer

% Loss, 2nd 48 Hrs Density. grv/ec ne a
Explosion in 100 Hrs Brisonce, TNT l

Detonation Rote:
Flammebility Index: Will not continue to burn Confinement None

Condition Cas‘.
Hyyroscopicity: % 0-03 Charge Diameter, in. 1.0

Density, gm/cc 1.60
Voletitity: Rate, meters/second T3ES

oAY
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AMCP 706-177 Detrytol, 75/25

Pregmeatetion Test: Shaped Chorge Effectivences, TNT = 100:

90 man HE, M71 Projectile, Let WC-91: Glass Cones Steel Cones (a)
Density, gm/cc 1.59 Hole Volume 127
Chorge Wr, Ib 2.101 Hole Depth 120

Tete! Ne. of Fregments: Color: |For TNT 703 Light yellow to buff

For Subject HE 857
Principel Uses: Bursters, demolition blocks

3 lach HE, M42A1 Projectile, Lee XC-S:

Density, gm/ce 1.60
Chorge Wt, Ib 0.885

Total Ne. of Freogments: Mathed of Leeding: Cast
For TNT 514
For Subject HE 591

Loading Density: gm/cc 1.59

trogmeat Velocity: ft/sec
At 9 ft
At 25% ft Sterege:

Density, gm/ce
Mathod Dry

Blect (Reletive t> THT): Hazard Class (Quantity-Distonce) Class 9

Ale: Compatibility Group Group I
Peok Pressure
impulse Exudotion Exudes at 65°C
Energy

. On,Air, Confined: Eutectic Temperature, “C: 67.5

Impulse gr Tetry1/100 gm INT
67.5°C 54.82

Under Woter:
Peak Pressure Booster Sensitivity Test: (c)
) Iseener Condition Cast

ray Tetryl, am 100
Wax, in. for 50% Detonation 2-65

Undergrovad: Density, gm/cc 1.66
Peok Pressure

impulse
‘Energy
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: . Tetrytol, 70/ AMCP 706-177

>
t 2: Composition: Molecular Weight: 266
. %
' Oxygen Boleace:
: Tetzyl 70 CO. % =55
: TNT 0 co % 13

: Density: gm/cc Cast 1.60

, Matting Point: °C 68

; C/H Ratio Freezing Point: °C

, Impect Sarsitivity, 2 Kg We: Beiting Point: *C
. Bureou of Mines Apporatus, cm 28
. Somple Wt 20 mg Refractive index, nZ,

Picatinny Arsenal Apparatus, in. 12 b

. Sample Wt, mg 18 ne
. 

ne

. Friction Pendulum Test: Vecuum Stability Test:

a Steel Shoe Unaffected cc/40 Hrs, at
' Fiber Shoe Unaffected 90°C
; - 100°C 3.2
; Rifle Bullet ir:pect Test: = Trials 120°C ll+

. Exp!ssions iv) taove
5 Partials 55 *

. Burned 9) 200 Gram Somb Send Text:
. Unottected ks Sand, gr 53.2

* "| Explosion Temperature: °C Sensitivity to initietion:
Seconds, 0.1 (no cop used) 416 Minimum Detonating Charge, gm

1 387 Mercury Fulminate 0.235%

5 Ignites 320 Leod Azide 0.22%
10 3025 289 wALtectative initiaticg charges.

Treuzil Test, % TNT:

735°C lnternationel Heat Test: ~—
% Loss in 48 Hrs Plate Dent Test: (b)

Method 8B

100°C Hoot Test: Condition Cast

% Loss, Ist 48 Hrs 0.1 Confined Yes
. % Loss, 2nd 48 Hes 0.1 Density, gm/ce 1.60

; Explosion in 100 Hrs None Brisance, % TNT uy
\ Detonation Rete:

Flammebility Index: Will not continue to burn Continument None

. Conditien __ Cast
, Hygroscopicity: % 0.02 Chorge Di-snster, in. 1.0
: Density, gm/ce 1.60

Voletility: Rote, meters/second T340



AMCP 706-177 Tetrytol, 70/30 ~~,

Feagmentetion Teet: Shaped Charge Effectivences, TNT = 100:

90 mm HE, M71 Projectile, Lot WC-91: . Glass Cones Steel Cones
c Density, gm/ce 1.6 Hole Volume

Charge Wt, Ib 2.090 Hole Depth

Total No. of Fregments: Colter: light yellow to tuff
For TNT 703

For Subject HE BLO
Principel Uses: Bursters, demolition blocks

3 inch HE, M42A1 Penjectile, Lot KC-5:

Density, gm/cc 1.00
Cherge Wt, Ib @.8h2

Tetel No. of Fregments:
Mathod of Looding: Cast

For TNT 514
. For Subject HE 585

Leeding Density: gm/cc 1.60

Fragment Velocity: ft/sec {
Ato ft
At 25% ft Storage:

Density, gm/cc
Method Dry

Blast (Relative to TNT): Hazord Class (Quentity-Cistonce) Cless %
i

\

Ale: Compatibility Group Group I
Peak Pressure .
Impulse Exudation Exudes at 65°C
Energy

Air, Confined:
Impulse

Under Weter:
Peok Pressure

impulse

Energy

Underground:
Penk Pressure

Impulse

Enerny
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, ons Tetrytol 65 /35 AMCP 706-177

a
’

: Composition: Molecular Weight: 25h
’ %
‘ Oxygen Belence:
: Tetryl 65 CO. % -56
: co % “18
: TNT 35
: Density: gm/cc 1.60

: Melting Point: °C 68

C/# Ratio Freezing Point: °C

. impect Sensitivity, 2 Kg We: Boiling Point: °C

. Bureou of Mines Apparatus, cm 28

‘ Sample Wt 20 mg Refractive index, n°,
: Picatinny Arsenal Apporatus, in. il °
: Samrpie Wt, mg 1T Nis

.¢ Friction Pendulum Test: Vecuum Stebility Test:
; Steel Shoe Cracks cc/40 Hrs, at
' Fiber Shoe Unaffected 90°C
/ 100°C 2.8
‘ Rifle Bullet impact Test: Trials 120°C 1+
* 

% 2

‘ Explosions 0 135°C
> Partials 10 150°C
: Burned 0 200 Gram Bomb Sand Test:
. Unoffected 90 Sand, gm 52.6
>

; Explosion Tempereture: a Sensitivity to initiation:
> Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm
? 1 Mercury Fulminote 0.23%

: 5 Ignites 325 Lead Azide 0.23
‘ 10‘ 15 *AlteetMive initiating charges.
. 20 Ballistic Mortar, % TNT:

Trousi Test, % TNT:
: 75°C lnternetionel Heat Test:
, % Loss in 48 Hrs Plate Dent Test:
ot Mathod

% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT

Detonction Rete:
Flammebility (ndex: Will not continue to Lurn Confinement Hone

Condition Cast,
Hygrescepicity: % 9.02 Chorge Diameter, in. 1.0

Density gm/cc 1.60

Volotitity: Rote, meters/second T31L0

MAT
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AMCP 706-177 Tetrytol, 65/35

Fragmentation Test:

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

Density, ger/ce

Charge Wt, tb

Totel Ne. of Fragments:

For TNT

For Subject HE

3 inch HE, M42A1 Projectile, Lot KC-3:

Density, gm/ce

Charge Wt, ib

Tetel Ne, of Fregments:
For TNT

For Subject HE

1.61
2.010

703
856

0.845

514
585

Shaped Charge Effectiveness, THT = 100:
(4) (e)

Glass Cones Stee! Cones

Hole Volume 133 126
Hole Depth 120 119

Color: Light yellow to buff

Principe! Uses: purstera, demolitio: blocks

Mathed of Looding: Core.

Fragment Velocity: ft/sec
At? ft
At 25% ft

Density, gm/ce

Leading Density: gm/cc 1.60

Blast (Relative te TNT):

Al:
Peak Pressure

Impulse
Energy

Alr, Contined:
Impulse

Under Weter:
Peak Pressure

impulse

Energy

Underground:
Peak Pressure
impuise

Energy

Storegs:

Method Dry

Hazard Class (Quontity-Distonce) Class 9

Compatibility Group Group TI

Exudation Exudes at 65°C

a
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AMCP 706-177Tetrytol, 80/20, 75/25, 70/30, 65/35 ¢

Compatibility with Metals:

: Copper, breéss, aluminum, magnesium, stainless steel, mild steel, mild steel coated
with acid proof black paint and mild steel plated with copper, cadmium, zinc or nickel are
unaffected. Magnesiun-aluminum alloy is slightly affected.

Wet: Stainlese steel and mild steel coated with scid-proof black vaint are unaffected.
Copver, Dress, 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 INT in » melting kettle, equipped with a stirrer,
until all the INT is meltec. The necessary amount oftetryl is added and heating and stirring
are continued. ‘The temperature is allowed to drop from 100°C uriil the mixture is of maxim
viscosity suitable for pouring. Purt of the tetryl dissolves 1u TNT forming a eutectic mix-
ture which contains 55 percent tetryl. Thies mixture freezes at 67.5°C.

Origin:

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. Cc. Gnith ar. BE. G. Eyster, Physical Testing of ‘osives, Part ITI, Miscellaneous
Sensitivity Tests, Performance Tests, OSRD Report No. 5746, December 1945.

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 603, 11 August 1942.

(c) 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.

(4) Eastern Leboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation ofCavity Effect with Explosive CompositTon, TRC Contract Wo /<-ORD-5723.
{e) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, Eastern

Lab, du Pont, 16 September 1943, NDRC Contract W-672-ORD-5 23.

(f) Also see the following Picatinny Arsenal Technical Reports on Tetrytol:

9 2 2 3 2 6 z 8 2
1260-1291 1372 1193 1285 1376 sh7T 1158 1379
1360 1311 1213 1325 1436 1737 1388
1420 1451 1363 1885 1466 1TST 1838
1500s 1652 1493 2125 1506
15301951

TaSee footnote 1, page 10,

39
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AMCP 706-177 INT (Trinitrotoluene)

Composition: Molecular Weight: (CrHEN0¢) 227
%
c 37.0 cH Oxygen Balence:

3 CO: % “Th
. CO % -25x 2-2 °0,N— NO.

N 13.5 “ Density: gm/cc Crystal 1.65

fe) 42.3 Melting Point: °C 8)

C/# Ratio 0.549 NO, Freezing Point: °C
Impoct Sensitivity, 2 Kg Wet: Boiling Point: °C

Bureau of Mines Apporatus, cm 95-1O+
Sample Wt 20 mg Refractive Index, n° a 1.5430

Picatinny Arsenal Apparotus, in. 18-15 8 1.6742
le We, °Semple Wr, mg a t LTT

Friction Pendulum Test: Vacuum Stebility Test:

Steet Shoe Unaffected ec/40 Hrs, at
Fiber Shoe Unaffected 90°C

100°C 0.10
Rifle Bullet Impact Test: Trials 120°C 0.23

% .Exlsin ; 15% 0-4
Portials 0 0-65
Burned [e) 200 Gram Bomb Sond Test:
Unaffected 6 Sand, gms kB.g 6 49

Explosion Temperature: °C Sensit:vity to Initiation:
Seconds, 0.1 (no cap used) 570 Miniroum Detonating Charge. gm

1 p20 Mercury Fulminote 0.2b*
5 Decomposes 5 Leod Azide 0.27%

10 46515 *ALtetDative initieting cherges. _l
20 Bellistic Mortar, % TNT: Std=100

Treuzi Test, % TNT: Std«200
75°C laternatione! Heot Test: ry

. Plete Dent Test: (a)
Loss in 48 .% Loss in 48 Hrs 0-04 Method A A B

100°C Heet Test: Condition cast Pr -ssed Cast

% Loss, Ist 48 Hrs 0.2 Contined - Yes i
% Loss, 2nd 48 Hrs 0.2 Density, gm/cc i 1 1.50 1.61
Explosion in 100 Hrs Hone Brisonce, % TNT 00 100 100

Detonction Rete:
Flammability index: (>) 100 Continement Unconfined Unconfined

Condition Pressed Cast
Hyprescepicity: % = 30°C, 90% RH 0.03 Charge Diameter, in. 1.0 1.0

> Density, g/cc 1.56 1.56

Volotiliny: xe Nil Rote, meters/second 6825 6640

350
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TNT (Trini trotoluene) AMCP 706-177

Booster Sensitivity Test: (c) Decomposition Equetior.: Ch) (oe
Condition Pressed Cast Oxy en, atoms/sec 10 10

100 100 (Z/sec)
Tetryl, gem Heat, kilocolorie/mole 34-4 43.4
Wox, in. for 50% Detonotion 1.68 0.82 (SH, kcal/mol)
Wax, gm Temperoture Range, °C 9275-310 2-%7T
Density, gn/ec 1.55 1.50 Phase Liquid Liquid

Heat of: (a) Armor Plate :
Combustion, cal/gm 3620 Impect Test:
Explosion, cal/gm 1080 60 mm Merter Projectile: (3)

Gas Voiume, ce/gm TR 50% Inert, Velocity, ft/sec 71100
Formation, cal/gm 78.5 Aluminum Fineness
Fusion, cal/gm 22. 34
Temperature, —C 79 500-1 General Purpose Bombs: (3)

Specific Heet: cal/gm/°C
Cc . Plate Thickness, inches Trials % Inert

mi) 0. 309
20 0. 328 1 0
50 0. 353 ; 0
80 0. 37% Vy

Wh 4 100

vy l 50
Burning Rete:

cm/sec
Bomb Drop Test:

Therme! Conductivity:
cal/sec/em/°C See next page.

Coetticient of Expausion: {b)
Linear, %/°C -h0° to 60°C 5.4 x 107? — (0)

-bo° to 60°C 6.7 x 107?
Volume, %/°C 27° to 80% 16 x 10°? (s)

16° to 70% 26.3 x 107? fn)
Mordness, Mohs’ Scele: = (€) 1.4

Yous-’ Vedulus: (>) 0
E’, uynes/cm* 5.45 x 10
E, Ib/inch? 0.79 x 10

Density, gm/cc 161

Compressive Strength: ib/inch? 13800-14000
Density, gm/cc 1.62

Vepor Pressure: (€5
ao mm Mercury
50 0.042
5 0.053
90 0.057
9S 0.085

100 0.102

77, 2000-lb Semi-Armer-Piercing Bomb vs Concrete:

Max Sofe Drop, ft 5000-6000

500-l General Purpose Bomb vs Concrete:
No Seal Seal

Height, ft 4,000 4-5,000
Trials 26 20
Unaffected au 20
Low Order 2 ie]

High Order ie) 9

1050-ib Generel Purpose Bomb vs Concrete:
No Sevl Seal

Height, ft 5,000 5,000
Trials al 26

Unaffected le 22

bow Ovcer 0 fe)

High Order 3 4
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AMCP 706-177. TT (Trinitrotyluene)

7 Frogmentetion Test: Shaped Charge Effectivences, TNT = 100:

90 ram HE, \A71 Projectile, Let WC-91: : Géc-x Cones — Steet Conas
Density, gm/ce 1.60 He 'e Volume 10. - 100.
Gharze Wt, Ib 2.104 - Hole Depth 10 106

* Fatal Ne. of Fragments:
Color: Light yellow:for TNT 703 aad

For Subject HE 703
i : Principal Uses: GP bombs, FE projectiles,

, jecti . ‘demolition chergés, depth charges,
3 inch HE, M4241 Pi He, Lot KES: grenades, propetla:.t compositions

Density; gm/cc 1.60 . wo
Charga Wt, Ib 0.848

Total is. of Froganety: Muthed of Leading: 1. Cast
for TNT 5h. 2 @. Pressed
bor Subject HE 314

: Loeding Density: gmc See below

Fragment Velocity: tt/sec (k)
At.d ft . &
At 2546 ft ero Srerage:
ensity, gm/ce 1.58

Mathod . Dry

Plast (Relative ve TNT Hazard Closs \ -uontity-Distonce) Clese 9

| Abe . Compatibility Group Group I
Peok Pressure 100

Impulse 100 Exudation None at 65°C
- Energy . 100

kir, Confines. loading Density: gm/ce

Impulse 100 1. Cast 1.58-1.59 2. Pressed psi x 103
Under Water: 3 5 10 15 20 xp 50

Peak Pressurs 100 1.35 14O 1.45 1.52 1.55 1.59 1.6

impuise 100 Thermal Conductivity:
Enengy 100 cal/sec/on/ °C

i . “4

. Ls . LnPeak Pressure Wao 54 gnfee (bs 5.6 x 1077
impu'se Loc 1.67 gu/ee (gj) 12-21 x 107°
Energy Lv Yiscosit., poises:

tem, , 25°C 0.199
L00% 0.095

om ty

f

v
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TT (Trinitrotoluene

Effect of Tpersture 20 Rate of Detonation: (1)
Temperature of Charge, %

Bourse at Teuperature

Density, gn/ce

ite,” maters/eecond

> 21 & 6

16 16 2k T2
2.63 1.62 1.64 1.64

6700 |= 68D—s=“‘iwTTIN’:*COC‘#GSO

Sensi *i.iiy to Electrostatic Discharge, Joules; Through 100 Mesh:

Weonfinct
Confined

papact Seositivit, versus Trap wature:

A °

‘Ploatirey Arsenal Apparatus, 2 sg wt, inches:

inches

. 1T
1h
T
3. Ct. ‘

-2 (S expl in 90 trials) -

Degas t Sutad tivity versus loading Mrthod, Large Jupact Apparatus, Inches: )
Pressed at 1.60 gn/ce 70
Cast et ©.-50 gn/er 26 .

Rifte Tallet iy pac; gerettivity versus Teapsre ture, Confinement:

utandagd Tron Bomb: Deupers tare _ 195" to 110%

Trials ~ 10 10

Aim Space
Prisis 10 10

With or Without Air Space

T esions 0 v

AMCP 706-177



AMCP 706-177 it (Trinitrotoluene)

ost ture versus Initie* ture:

DRT Tempereture, Initial osion ture, °c
Room h70 (Decomposes105°-100°C 480 {peocmposee ‘

Explosion Tomperature versus Confinement, °C:

Unconfined Decomposes 470 .
Sealed in gless capillary Explodes 320-335 F

Viacosity at 80.5°C: . :

Viscosity, X, cp log X » ~.0h6 S + 1.26 :
8 = $ solid in slurry .
Particle sise effect, swell .:

Densi 5 :

bed State ence . :
- 2? to 70 Flaned 1.65 :

a 62 Lienta 1.48 ‘

Bw Liquid LAT ‘

Se BS SL. 3 2g £ paod %

0 2 2 g€ Bo ge.‘ ko abs ; ho 228 ho 180 he ix
—9 0.0675 60 600 68 478 i) 37 &

; & > 2000 8 >7F00

‘ * Garbon Tri chloro-
j tetrachloride Bther Chloroform _ ateylene °

an 0 0.20 Oo - 1.73 ~ 6 6 cs 3.5
*) 9.55 20 3.29 20 19 55 OO

. ho 1.75 ; rs) 66 ,
60 6.90 60 302 . ty
70 17. ab “ - :

to C ~

d ~

: 354 .

a 3 ~

3 .



ANCE 706-177

O MT _(Trinitrotoluene)
iene -¥; -Pyridine Methyl acetate akcthcrite SR.

°c s 2c £ Se $ % +
20 140 20 73 20 3 Fat) 29.5
co 50 260 60 8G 56 6
7O 1250

Tetrachloro- x 1 ;BG ’ Antline ee Ethanol :
“c s % $ °c s zc 3
20 1B 20 6.1- 2 0.76 ° 0.62
ho by k +) 11.5 ho 1.96 2 1.25
50 190 50 29 50 2.95 ko 2.85

jo Th 60 8.4
80 130 70 15

Isobuty) alcohol . Cerbon disulfide Chlorobensene

°c 3 Sc 3 ba 4
) 0.20 ° 9.14 20 35
a - 0.62 20 0.44 x 51
ko Lal ho 14 ho 79
50 2.355 50 116

fac 1258, 7239, T260 - Witretion Kinetics)
Chenietry of Powder and Explosives, Davis)

cH, ca, —

: O38 NO, .

+ Ho, ————>

0,

oe

In older procecses trinitrctoluene (INT) was slowly and laboriously nitrate’ ir three
stages using successively atronger acids. Today, however, a single stage nitration is pos-
sible, <n a shor? time (less than one hour) producing INT et a cost of a little less than

sO bg/L0. fn England, a <vG stage continucus ‘pricess was developed during World War II; in the
a firat calnter current stage, tc ~ns was nitrated to the mono stage mononitrotoluene (MNT);

r . . >. in the second etege, also count current, MEB was nitrated to THT.

+ .

a

ok
$eunc— i a ~ .

La ~ _ “

& = Sa
, a . .
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AMCP 706-177 INT (Trinitrotoluene)

It was 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 (NOst), on the one hand,
and the role of the dDisulfate ion (890;-) and unfonized sulfuric acid on the other. These
concepts were successful i. explaining the maximum in nitration rate occurring at a sulfuric
acid content of 92%. ‘This vork, for instance, leada to the follcving equation for the rate of
formation of TNT from DNT:

2 (BHT) «x (wot) [xr (H90,-) + K* (B9S0,)] (oT)
Taree Process: ‘Tclueue (100 gm) is nizrated to the mono derivative by slowly addi 1ga sites CP OF oe suiturt = acid (sp gr 1-84) and 147 gm nitric acid (sp gr 1.42) to it at

30°hO°C, with good agitation. Acid addition reqvires 1-1.5 hour, and stirring at 30°-lo°c
is continued 30 minutes longer. The mixture is cooled and the lower leyer of spent acid
drewn off.

Half the crude mono is dissolved in 109 gm sulfuric acia (sp gr 1.84) with cooling, the
soJution heated to 50°C and a mixture of 54.5 gm nitric acid (sp gr 1.50) and Sh.5 am sul~
furic acid (sp gr 1.84) added, under agitation, at such a rate that the temperature is main-
tained betveen 90° and 100°C. Acid addition requires 1 hour, and stirring at 909-100 is
conti ued 2 more hours.

. While the dinitration mixture ig still at 90°C, 145 gm fuming sulfuric acid (vleum con-
taining 15% free 90.) is added slowly. A mixed acid of 92.5 gm each nitric acid (sp gr 1.50)
and 15% oleum is sliviy a , under good egitation at 100%11 * over 14-2 hours. ‘The mix-
ture is stirred at 100°-115°C for 2 mor» hours, cooled, filterea, and the INT cake broken up
and washed with water. ‘The THT is weshed 3-4 times with kot water (85°-95°C) witk good agt-
tation. The proé:ct can be purified either by recrystallization from alcohol or by weshing
it with 5 times its weight of 5% sodium bisulfite solution at 90°C for 4 heur with vigorous
stirring, washing with hot water until the weshings are colorless, and cooling slowly witb
stirring to granulate the product.

iH

iT was firat prepared in 1863 by Wilbrand (Ann 128, 178), later by Eeilstein and Kublberg, end elso Tiemann (Ber 3, 217 , 1870), enc: using different methods of stert-
ing materials. It wes necrly 30 years later when Hausermann undertook its manufacture on an
industrial scale (Z angew Chem, 1891, p. 508; J Chem in*, 1891, p- 1028). “After 1901 THT
began to be used extensively as a military expiosiv< and Germany became the first nation to
adopt it as a standard sheil filler (1902-1904). uring Vorld Wear 1 all the major powers of
the world were using INT, with the quentity used Limited only by the available supply of
toluene. Prior to World Wer II the development of eynthe sic toluene from petroleum made
availadle in the United States, an almost unlimited surly of this rew material. Because of
the general suitability of THT for melt-loading and its extensive use in >inary and ternary
explosive mixtures, INT is considered the most important military explosive known today.

Destruction by Chemical Decomposition:

INT ic decomposed by addirg it sluwly, waile stirring, to 30 times its weight of a solution
prepared by dissolving 1 part of sodium sulfide (NeS°9H,0) in 6 parts of water.

References:75

(a) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, i1 August 1942.

T3See footnote 1, page 10.
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INT (Triuitrotoluens) AMCP 706-177

(>) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Sacond Rov:-
sion, KAVORD Report Me. 87-46, 26 July 1946.

{c) Lb. v- Smith and S&S 3. Walton, A Consideration of RDX/Wex Mixtures es a Substitute for

(a) Ls C. SQuith and ¥. H. Byster, Physical Testing of glosives, Part ITZ, Miscolisnreous
Sensitivity Tosts, Fe:fommance Tests, 8 : De .

(e) Report ACc-2587.

(f)} Internatiom] Critical Tables and various other sources in the open literature.

{g}) . Hutchinson, The Thermal Sensitiveness of losives. The Therma] Conductivity of
Zxplosive Materials, » Firat , . ;

(hb) A. J. B. Robertson, Trans Pared Society, 44. 977 (1948).

{1} M. A» Cook and M. T. Abegg,"Isotharmal Decomposition cf Explosives,” University of
Utah, Ind Eng Ghem (June 1956), pp- 1090-1095.

ot) Committee of Div 2 and 8, NDRC, Report on HPz and Tritonal, OSRD Ne. 5406, 31 July

(x) RB. we Dreke, aS ne and Panel Penetration of Several Explosives in dim-
lated Shells, OSRD _ 7 enmuary .

(1) W. T's McGarry and 7. W. Stevens, Detonation Rater of the More 2 MiiiteExplosives at Several Different Texperatures, FAT ho. 2253, Noveaber ine
{m) W. S. Cramer, “alk wessiblitty Data on Several High Explosives, NAVORD Report Eo.

4380, 15 September 1956.

(n) Mantrov, Journal of Chemical Indust y (Russia) 6, 1929, pp. 1685-1688.

(o) Also see the follcwing Picatinny Arsenal Technicel Reports on TNT:

9 24 2 2 & 2 6 L 8 2
“ 30 291 z 43 eS 65 86 Ly 118 © *F

E) 552 582 83 694 195 266 87 28 kg
eho TRL 762 133 87k bas 556 507 638 269
350 861 Boe 273 904 §55 666 527 . TB ng
69 61 . 972 ~~ 513° 109k 695 956 59T 768 389
Ta 902 10T2 653.1208 135 70T 8% 499
810 971 «82 6731s B05 0KG (is OTT

112 «6108292 Th3 = 12ek 5 16 817 10s 13
who) 60 2ts272 853 1285 891245 = 1276 33728 779
7O)0OC«CASLL. «lege, 8630 ech S376 «=a? a TM%
1260 «1390S ise) 1063225 kk6 kya B89
Wwe 0H 5S! 2d gh BS RCT 88 ge9
2 52013723315 COATE kT 1198 939
wico 0 ok9n. ovine «193k 5151556 LWT 2281099
W460 «165k? hhh 1305) 16K CKIT=— «1858 = 1109
35900182. uz eds 85178E) kay 1S 1129
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AMCP 706-177 aN? (Trinitrotoluert) oTM
A .

g 2 a 4 2 § Z 8 2 g ot
oa 1530 1492 1373 152k 1435 1956 1437 1328 1239 4

: 15h0 1562 2h93 1544 2aks 223.6 1457 1338 1179 :
1550 1582 1553 256% 1495 1497 1368 1199 ‘
17% 1712 1633 166% 1515 1537 1418 1259
2016 1862 1693 167% 1535 1547 126 1289
2100 1823 1(5h 3.585 1557 1578 1339
2160 2063 192% 1.605 15TT © 1618 1369

2163 2064 1635 1597 1688 1379 :
221 1665 1677 1728 1429 ‘

1865 1737 1826 1k290 :
1965 1797 1838 1469 ‘
1715 1827 1858 1489 ‘
1885 1847 2008 1529
2125 2007 2138 1549 .!
2175 2abT 2168 1629 :

2167 1689
1709 ‘
1729 .
1749
1809
1819
1879
19h9
2159
2179

. See
i
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AMCP 706-177
Dorpex

Composition: Meleculer Weight: oT
%

ROK ba CO, % “2
NT ho CO % -

Aluxinum 18 Density: gm/cc Cast 1.76+1.81
Melting Point: °C

C/H Ratio Froesing Point: °C

leapect Sensitivity, 2 Kg We: Belling Polat: °C
Bureou of Mines Apparatus, cm ho

Somple Wt 20 mg Refrective Index, n&
Picatinny Arsenal Apparatus, in. 9 o

Sample Wt, mg 15 Mis
re

Vout: Vecuum Stability Tat:
Steel Shoe cc/40 Hrs, at
Fiber Shoe 90°C

1oo"c
Rifle Bultet impect Test: = Triats 120°C 2.0

% ee
Explosions 20 roc
Partials am: .) 50
Burned 0 | 200 Grom Bomb Send ‘Tsst:
Unatfected 0 Sond, gm 59.5

Expicaion Temperature: °¢ Ser-sitivity te Initiation:
Seconds, 0.1 (no cop used) Minimum: Detonating Charge, gm

| Mercury Fulmirate 0.18
5 Decomposes 260 Leod Azide

0 Tetry.
15
20 Bellistic Merter, % TNT: (2) 138

Treusi Test, % TNT: (bv) 164
75°C taternetionel Heet Test:

% Loss in 48 Hrs Plete Dent Test: (c)
Method R

100°C Hoot Test: Condition . Caat
% Loss, 1st 48 Hrs 0.00 Confined No
% Loss, 2nd 48 Hrs 0-10 Density, gm/ce 1.83
Exptosion in 100 Hrs None Brisence, % TNT 120

Flammability index: 196 Confinement None

o Condition Cast
Hygrescepicity: % 30°C, 90% RH 0.00 Charge Diometer, in. 1.0

Density, gm/cc 1.81

v , Rate, meter./second 7h95
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AMCP 706-177 Torpex =

Seonter Senetivay Toot: = (¢) Decempeaition Equetion: ‘
Condition Pressed Casc Oxygen, stoma/sec ;

Yetryl, gm 10 5 bier, Kilccatorie/mole :
Wax, in. for 50% Detonation (AH, keal/me!) ‘
Wex, om 2 ° Temperature Ronge, °C :

Hest of: (a) war
Combustion, cal/gm 3Tho Armor Plate impoct Tost:
Explesion, col/gm 1800 60 men} p te)

Gos Volume, ce/gm 50% Inert, Velocity, ft/sec 185 .
Fermoticn, cal/gm Aluminus Fineness
Fusion, ca!/gm .

506-% General Pur seve Bombe:

Specific Hest: cal/gm/*C (b)At -5°C ” 0.22 Plote Thickness, inches .
Density, g@m/cc 1.82 1

At 15° 0.28 1%
Wy
1%

Burning Rete:

convene Semb Drop Test: ‘
Thermal Conductivity: (b} . . ae :

col/sec/em/*C 9-7 x 10 4 T7, 2000-t Semi-Armer-Piercing Bernb ve Contr’ :: i |
Lensity, gm/ec __ 1.82 sete ft “ewe A

Mox Drep,Coofficiont of Expensiqn: oo 5
Lineer, %/°C -T3 to 75°C 4.7 x 10 () 500-1» G 1? Bead ve € :

Volume, % /*C Height, ft

a Triots
| Karda. Meas seole: Unatf

Young's Modules: e)) 0 High
E’, dynes/cm* 9-53 x 10 Orde
E, Ib/inch? 1.38 x 10 1000-1 G iP Bomb vs ( te: .
Density, gn/ce 1-TT

- Height, ft ;
Compressive Strength: Ih/incht (b) 2109-2300 Triats

Density, gm/cc 1-77 Unoffected

Vapor Pressure: Low Order
*¢ mm Mercury High Order

330
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Torpex AMCP 706-177 :

: ~~" | Pregmentetion Test: Shoped Cherge Effectivences, TNT = 100:
50/36.5/13-5

90 wm HE, M71 Projectiic, Let WC-C1: Gloss Cones Stee! Cones, i
‘ Density, gen/ec 1.75 Hole Volume 150 15

Charge Wr, ib 2.516 Hole Depth 127 13

‘Total Nu. of Frogments: :

. Principel Uses: Depth charges, bombs
' 3 tach HE, M42A1 Projectile, Let KC-S:
: Darsity, gm/ce ; . 1-79 !

, . Chorge Wt, Ib 0.940

Tetel Ne. of Frog Mathed of Leading: Cast ;
; For TNT 51h

: Looding Density: gm/cc i. T6181
' Freqment Velechy: ft/sec
} TT 2960 7
‘ At 23% ft Storege:
, Density, gm/ee -- i -

: ° Binet (Saletive te TNT); (e) Hazard (Cicss (Quentity-Distance) Class 9 2

od Ain: | Comnatib lity Group Group I |
} impulse 125 Vxudetion

Energy 186
{ Effect of erature on

Ale, Confined: . =

; * PA Inpact Tes} Uader Weter: at Pig Wee inch oa
: Peok Pressure 116 ——
; Impulse 127 25 15
7 ° 2 7
; Energy 153 104 8
,

ry Underground: Viscosity, poises:
; Peck Pressure 3 .

: Impulse Teup, 83,0 M5

>
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sion, NAVORD Report Ko. 87-46, 26 July 1946.

AMCP 706-177 neepes:

Preparation:
Torpex is manufactured by heating TNT to approrimetely 100°C in a steam-jacketed kettle

equipped with a stirrer. Water wet RDX is added sloviy to the molten INT, while mixing and
heating, until all the water is evaporated. Aluminum is added and the mixture ia stirred
until uniform. The mixture if cooled, with continued stirring, until it is suiteble for
Fouring. Torpex can also be mad: hy adding the calculated amount of INT to Composition B
to maintein the desired propertion of RDX/7NT, heating and stirring, and adding 18 percent
cf aluminum *o complete the nixture.

103

Torpex, & castable high explosive, wes developed in Exglasd during World War II for use
asa filler in warheads, mines and depth bombs. Several variations in the composition of
torpex hvve been evaluated but che following are those used in © -rvice munitions:

torpex 2 Torpex 2

(a) (b) : (ec)
ROX, $ he 41.6 Wok
TMT, % ho 39-7 39.5
Aluminum, % 18 18.0 17-9
Wax, 0.7 0.7
Caleium chloride, % 0.5

(a) Made fron Composition B-2 or 60/40 Cyclctol.

(b) Made by the addition of aluminum to Composition 8.

(c) Made by the addition of calcium chloride to Torpex 2.

Wax hag the undesirable eftect of (1) tending tc coagulate the aluminum, thus giving « less
hesogeneous and more viscous product, (2) lowering the density of the cast explosive from
1.72-1.75 to 1.56-1.70 for waxed torpex, and (3) lowering the compressive strength from 3700
psi to 1970 psi for waxed torper. However, wax is used in service torpex for reasons of
safety, since there is evidence that its rresence Jowers the sensitivity of the exploeive to
impact es measured by laboratory drop tes.e and bullet sensitivity tests of small charges
(Bureau of Ord Res Mewo Rpt No. 2h, Januaiy 1945).

References: 76

ott) Commitee of Div 2 and 8, NDRC, Repor: on HBX and Tritonal, OSRD No. 5406, 31 July
1945. —

(b) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives, Second Revi-

(c} D. P. MacDougall, Methods of Pysical Testing, CSRD Report No. 803, 11 August 1942.

L. C. Smith and B. H. Eyster, Physica] Testing of losives, Part III, MiscellaneousSensitivity Tests, Performance Tests, OSRD heport No. 95766, a December 1945.

76See footnote 1, page 10.
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Dorper, AMCP 706-177

. — (a) G. BH. Messerly, The Pate of Detonation of Verious Bxplosive Compounds, OSRD Report j
No. 1219, 22 February 1953.

} M. D. Hurwitz, The Rate of Detonaticn of Various Compounds and Mixtures, OSRD Report
, No. 5611, 15 January 1988.

:
; (e) *.:¢: Tomlingon, Jr., Blast Effects o:\ Bomb Explosives, PA Tech Div Lecture, 9 April
e eo .

; (4) astern laboratory, gu Pont, Investigation of vanity Rffect,_ Sec ITI, Variation of
5 Cavity Effect with Explosive Composition, et, - .
{ es

’ _{g) Also see the following Picatinny Arsenal Technical Reports on Torpex:

9 2 2 3 2 g 4 a
Le 15301652 age 2353585 1TH LTT EB
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. > .

;
4

*

t
‘

;
; :

iid :
‘
‘
4

‘
‘
:
’

'

’
’

'

i
°

by

363 {
See”



AMCP 706-177 1, 3, 5-Triemino-2,4,6-Trinitrobensens (TAT

Composition: Malecsior Weight: (Ce e06) 258

* NH Onyges Balenece:c . 22-9 CO, % -56
H 2.3 Pl NO, CO % “19.

N 32.6 HON NH, Ganety: g/cc Crystal 193

0 37-2 NO, Melting Point: °C 330 (b, ©) xe {a}
C/ti Retio 0. 02 Freaning Point: °C

tenpeci Sensitivity, 2 Kg We: Bolllag Point: °C
Burea's of Mines Acporotus, im :

Picatinny Arsenal Apparetus, in. 22 ne
Sample Wt, mg 7 =

Ne

Friction Pendulum Test: Vacuum Stability Toot:
Steel Shoe ce/40 Hr, ot

Fiber Shoe 90°C wnne
1oo"c (a, b) 0.36

Rifle Bulic: impect Test: = Trials 120°C 7

% | wes-Bolin sore ,
Partials

Burned 200 Grom Bomb Send Test:
Unoftected Sond, gen 42.9

Explesian Tompernture: Cc Sensitivity te lnktiotion:
Seconds 0.1 (no cap used Minimum Detonating Charge, gm

1 Mercury Fulminote wees
5 Leod Azide 0.3”

10 Tetryl wwee

1§ e

2 | Psi eae FE
Trews! Toot, % INT:

75°C Interetions! Neet Test:
% Loss in 48 Hrs Piote Dent Tort:

. Method

100°C Heet Teet: Condition
% Loss, Ist 48 Hrs ©.00 Cartinnd
% Loss, 2nd 48 Hrs 0.00 Density, gm/ec
Exptosion in 100 Hrs None = Drisance, % TNT

Dotunetion Hate:
Flammebidity Index: 7... ‘inement None

— Condition Pressed

Hygrcece, icity: % Charge Diameter, in. 0.5
Dersity, grn/cc 1.80

Volatility: Rote, meters/second “7500
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1, 3,5: Triemino-2,4,6-7 1:1 trobenzene (TATE) AMCP 766-171

Change Wt, Ib Hole Dapth oo

Fragments: i
—__ Coler: Yellow }

. 
1

3 tach ME, AABA Foojectila, Let KC-5: |:

Density, gw/ce ue . r

Total Mo. of Fragmente: : |

Loading Deneity: gm/ce
Fragment Vobecity: ft/ee: At 30,000 pet _ 1,60

AOR

Denahy, gm/cc |

oTM lest (Roletive te THT): Hozard Closs (Quantity-Distance) ,

Ain Compatibility Group
Peck Preseure
lnpube Exudation ;

Energy ° ‘

At, Conflacd: Detonation Velocity: (a, b. c)

bmputee Densi ce Meters/aec

Und or Weter: 1.290 530

{ inne 1.615 550 .
° : © O75 6575

; frerpy 1.882 7035
> 1.835 T20

. -Vadesqreund:
“= Peak Pressure Heat of: ;

aie Explosion, cal/gm 2831
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AMCP 706-177 1,3:5-Teiamino-2,4,6-Trini trodensene (TATIB) ;

tion: : (a) : se ‘
Absolute alsobel (200 milliliters) was saturated with ammonia and then 22.5 gm (0.028 mol) c ss

of 2,3, 5-tribroao-2,4,6-trinitrobensene, prepared according tc #111 (MAVORD Report No. 3709, iS
2 February 1933), wee added. ‘The flask was stoppered and alloved to sten4 st room tespersture +

m
e

fer a dey. additional ammonia was bubbled into the mixture, whic: vas then heated ander reflux
for thirty sinutes, filtered hot, and the insoluble preduct collected on a Buck + funnel.
The product wae washed with water, alcohol, and dried. The 4.7 gm of material recovered wes |
recrystallised from nitrobensene.

& Gieadvantage of the above method was thet it could not be used for the nrepareation of
large quantities of TATHB. Since it did not seen foarible to develo> « ne: xathod of prepere-

_ tion, an investigation was made of the reported eaminecion ceactions (see below). An
‘atterpt was unde (Ref f) to find « modification vhich would produce high of @ pure pro-
@uct. The process vhich evolved from this study my be sumerised as follows (Ref 2): 1,3,5-
trichlorobensene was nitrated “in one step" to 1,3,5-icichlore-2,4,6-trinitrobensene in 854
yield. ‘The crude nitration product was aminated in benzene with ammonia gee co T.TB, in +
ylelés of at least 95%.

in:

TATE wes prepared for the firet time in 1585 by C. L. Jackson and J. F. Wing, who f 24
the compound insoluble in alcohol, ether, chloroform, benzene, and g’acial acetic acid; and
soluble in nitrobenzene an‘ aniline (Amer Chem Journal 10, 262 (16d8'). B. Flarscheim and
EB. le Holmes TATHS from benzene free pentanitroaniline by gradually adding it to 10%
aqueous ammonia (J Chem Soc, Pt 2,545 (1908)}. After boiling, en orange-yellow pier me) *-
jag above 300°C was obtained. ‘hic product corresponded to thet é-scribed by Jact.on and wing.
These authors, as well as Palmer (Amez Chem Journal 1h, 376 (1892), attempted to reduce 2iTNB
to hexa-amincdentene Either decomposition oceurreé or @ hydrocTM lori¢: cc‘ penta-seinobensene
was formed. Flursch.. . and Holwes succeeded in reducing TATNB vith parnylt:irezine by heating
them together up to 200°C (J Chem Soc, Pt 1,334 (1929)) (Beil i>, 301 ol BIJ, 147).

References:’? , {
(a) F. mTMylor, Jr., Synthesis of Mew High Explosives II, Derivatives of 1,3,5-Tribromo-

(>) L. D. Hampton, Seall Scale Detonetion Velocity Measurements from 1951 to 1954,BAYORD Repcrt Mo. 3731, June Lo55. ~ mats from May 120) to My 192,
fe) B. M. Fisher end E. &. Christian, Explosion Effects Data “heets, NAVORD Report No.

» L& June 1955. ss
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See footnote 1, page 10.
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Triethylene Glycol Dinitrate (70¥) Liquid « AMCP 706-177
: 5 i ed mn ase

re pia, Moteseler Welgit: (Co oe _2h0
r . - 2 No 1 CO.% -89

s a 5.4 uc” CO % -2T_ 7) '
i rom ot Deas: orn/ce a !

oe 0 530 zo Mating Polat: *C

Oe C/H Ratio 0.17; 2 ~ cH, ONO, Freezing Polat: °C

. $ ~ < Guwreau of Mines Apporetus, cm 100+
¢ Sompie Wt 20 mg ‘ Retrective index, n°, 1.8540

-} : Picatinny Arsenc! Apporotus, in 43 °

: Stent Shoe UnafY ected c/40 Hrs, ot
Fiber Shoe Unaffected 90°C
_ . 100°C 0.45Rifle Bullet lmpect Test: Tricks 120°C 8 hours 0.8

‘ % 135°C °
150°C

Portiols

4 Burned 200 Gram Bomb Sond Test:
a Unaffected Sand, gm 1h.T

‘ } Explecin Tomporeture: Cc Sensitivity te lnitigtion:
- Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

1 Mercury Fulminote
! 5 223 Leod Azide
' 10 Tatryl

15
i 20 } Ballistic Mentor, % TNT:

: Teous! Test, % TNT:
. ? 73°C laternationel Heat Test:

: : % Loss in 48 Hrs Plete Gent Test:
ony Method

wf 100°C test Test: conten
ote % Loss, Ist 48 Hrs 1.8 Confined
an ie % Loss, 2nd 48 His 1.6 Density, g/cc

to Explosion in 100 Hrs None Brisance, % TNT

. ~~ Flemmubility inden: Confinement Shelby steel

use : Hygreccepicity: % Charge Diometer, in. 1.25
: so Density, gm/ce 1.33i 5 0,j Vetetitty: § 60°C, me/cx?/nr 40 Rote, meters/secund Fails

’

;

nd

ar : * an
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AMCP 706-177 Triethylene Glycol Rinitrate (TRON) Liguid
cTM |

Fragmentation Toot: Shoped Cherge Effectivenses, TNT = 160: :

90 mm NE, M71 Projectile, Let WC-91: Gloss Cones Stee! Cones ‘
Density, gm/ec Hele Volume *
Chorg2 Wr, Ib Hole Depth °

Color: é
For TNT r

For Subject HE .
Principal Uses: Ingredient of rocket and double ‘ .

3 inch WE, MARAT Projectile, Let KC-5: dase propellants ‘

Tetel Ne. of Frogments: «
Mathed of Leeding: :

For TNT :

Leeding Density: gm/cc t

Fragment Velocity: ft/sec .
Ato tt ‘

Method Liquid ‘ x

Guest (Reletive te TNT): Hazard Class (Quontity-Distonce) : i
Ale: Compatibility Group :

Impuise Exudation :

Solubility in Weter ,

impulse 25°C 0.55 .
60°C 0.68 .

Under Weter: Solubs lit 100
Peok Pressure at C, ins

impulse Ether =
Energy Alcohol - .

2:1 Ether:Alcohol - : .
: Acetone - .

Peak Pressure Viscosity, centipoises: ;

impulse Temp, 20°C 13.2 ,
Energy Hydrolysis, % Acid: :

of: 10 days at 22°C 0.032 .
Heat of: 5 days at 60°C 0.02% ,

Eplosion” oa ga ne Vapor Pressure: :osion, cal/gm OT Sasa Mercer :
Ges Volume, cc/gm 851 — —— '

25 <0.001
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lon Triethylene Glycol Dinitrate (TEGK) Liguid AMCP 706-177

Origin:| Lourenco prepared triethylene glycol in 1863 by beating glycol with ethylene bromide in 24 sealed wbe at 115°-120°% (Ann (3) 67, 275). later in the same yeur Wurtz prepared triethy-
t lene glycnl by heating ethylene oxide with glycc* at 100°C. By action of nitrie acis triethy-
' lene glycol was oxidized to (Hj00C-CEs-0-Clia)a inun (3) 69, 332, 352).

$
t
5
'

,

:
r)

>

>

+

j

'
a

+
§
$
H
‘

The Germans and Italiane were the first to prepare and use [RGN during World War 1] as an
ingredient of rocket and propellant powders. The commercial production of TEGN in quantity
de still difficult and its ure cs e@ pleaticizer for nitrocellulose is being replaced by other
liquid nitrates.

tion:

Triethvlene glycol is purified by fractional distillation under vacuum jn an 18-inch Vi-
geaux fractioning colum. ‘he assembly as a whole is equivalent to 4.5 theoretical plates.

a The distillation is conducted using a 5 to 1 reflux ratio, at a pot temperature of approxi-
mately 180°C, and a take-off temperature of approximataly 120°C.

The puriiied triethylene-glycol (TSG) is nitrated by carefully stirring it int» 2.5 parts
of 65/30/5 nitric acié/sulphuric acid/water mintained at 0 * 5°. ‘the rate of cooling is
sufficient that 300 gm of TEC cen be added within 40 minutes. ‘The wixture is stirred and
held et 0 + 5°C, for 30 additional minutes. It is then drowmed by pouring ont: a large quen-
tity of .ce and extracted three times with ethe:. ‘The combined extract is water-washed to &
pH of about 4, shaken with an excess of sodium bicarbonate solution, and fuwther washed vith
1% sodiwa bicarbonate solution until the washings are colorless. ‘the etherzal solution is
water-washed until it has the same pH value as distilled water. It is caref.l.: separated
from excess water, treated with chemically pure calcium chloride to remove iissolved water,
and filtered. The ether is removed by bubbling with on eir until a rinioa: sate of loss in
weight is attained. ‘The yield is 1.3: gm per gm THG (84% of theoretical) and the nitrogen
i of different batches range from 11.60 to 11.69% by the nitromete: method (calculated
ln. .

References; 78 cha
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(e) See the following Picatinny Arsenal Technical Reports on THON:

3 2 § L 8
, 1953 17h5 1786 1767 1638
, 2193 2056 1817
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AMCP 706-177 Teimonite

Campeoition: Maleculer Waight: 217
%

Pieric Acid 8 - 9 CO. % 62
CO % -14

Mononi tronaphtaalene 12 10
Density: gm/ec Cast 1.60

Melting Point: °C 9

C/ Ratio Preazing Point: °C

lnpect Sensitivity, 2 Kg Wr: Bolling Polat: *C Explodes 7
Burecu of Mines Apporotus, cm 60

Somple Wt 20 mg Refrective index, ni
Picatinny Arsenol Apparatus, in 10 .

Semple Wt, tog ed
ne

Briction Por-sium Test: Vecuum Stebility Test:

Steet ».~ ec/40 Hrs, at
Fiber Shoe bts

100"
Rifle Bullet impect Test: = Trias 120°C 0.9

% .

Partials i)
Burned 0 200 Gram Bomb Send Test:
Unaffected 10 Send, gm ‘he

Expiccion Tomperoturs: a Sensitivity te Initiation:
Seconds, 0.1 ino cap used) Minimum Detonating Charge, gm

} Marcury Fulminate
5 Decomposes 35 Leod Azide 0.20

10 Tatryi 0.04
1s
20 Bollietic Merter, % TNT:

Treesi Toot, % TNT:
75°C laternetionel Hoot Toot:

% Loss in 48 Hrs Plete Dont Test:
Method

100°C Heat Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/ce

Detenction Rate:
Flommebility index: Confinernent None

Condition Cast
Myprescoplehty: % Charge Diameter, in. 1.0

Density, gm/cc 1.6

vi ¥ Rote, meters/second 7020
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i
, Trimonite AMCP 706-177

o.% wend Fregmontet'on Teat: Shaped Cherse Effectivences, TNT = 160;

: 90 mun HE, M71 Projectile, Let WC-91: Glass Cones Stee! Cones
; Density, gm/ec Hole Volume

’ Chorge W:, tb Hote Depth
t
; Tetel Ne. of Frogments:

Colec:t For TNT .
j For Subject HE
, Principal Uses: TNT substitute in projectiles
> and bombs: 3 tach HE, M42A1 Projectile, Let KC-5:

: Density, gm/cc
' Charge Wt, tb

; Texel Ne. of Frogenents:. Method of Leoding: Cast
> For TNT

: . For Subject HE

, Leeding Density: gmni/ce 1.60
I Fragment Velocity: ft/sec
t At? ft
> At 25% ft Sterege:

: Density, gm/ce
’ Method Dry 5
> }

; Blast (Reletive te TNT): Hozard Class (Quantity-Distonce) Claas 9 :
? 3
; Ale: Compotibility Group Group I :
‘ — Peok Pressure °
’ Impulse Exudation Exudes at 50°C
a
, Energy

H Ale, Confined: Preparation:
‘ Impulse! Pieric acid and alphe-mononitronaphthaliene

’ are melted together in en sluminum or tin stesai. ’ Under Water: jacketed melt kettle equipped with « stirrer. TM
’ Peak Pressure Although pieric acid alone requires @ high ten-
; Impuise perature for its melt loading (120°C), the
, Energy mixture forms a eutectic melting at 49°C. Care

' , must be taken to prevent the formation of dan- .
. gerous metallic picrates. Trimonits ia of
: Uaserroond: interest as an emergency substitute for INT.

: Energy

4
i
Ed

5
?
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AMCP 706-177 trimonite

in:

Trimonite, a cesteble mixture of picric acid/mononitronaphthalene was developed by the
British during Wor). War IT as an improvement over tridite which is a mixture of 80/20 picric
acid/dinitrophenol. oth mixtures are suitable for melt-loading below 100°C and therefore
represent an improvement over melt-loeding picric acid alone (melting point 122°C). However,
tridite is slightly inferior to picric acid as an explosive and dinitrophenol is objection-
able dDecause of its toxicity. Trimonite is aiso slightly inferior to picric acid and INT as
an explosive. Because of the low eutectic temperature of the picric acid-mononi tronap?ithalene
mixture (49°C), Tridite exudes when stored at elevated temperatures. It does not possess the
disadvantages of picric acid (corrosive action on metals, ease of decomposition, etc.} and is
a comparatively inexoensive substitute for TNT.

i

‘
}
j
i

i

|

References: 7?

(a) See the following Picatinny Arsenal Technical Reports on Trimonite:

2 3 6 8
1352 1325 926 1098
1372 376 18%
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See footnote 1, page 10.

372 .

Cr
 

ee
 

r
e

RR
 

dan
 

ome
.



ee
 

ae
 

a
le

 a
 

a 
hor 

e
e

 
OE

a
CA

 
Ea

 
la

n
 

i
 

ee
 

i
 

ee
 

a
 

ee
a

 
es

co
r 

a
 i
 
e

s
or

 
ey

Mbps

2,2,2-Trinitroethyl-4 bok. trinitros iyrete (TNETB) AMCP 706-177

Compesition: Meter ster Weight: (( HNO.) ) 386ri 6eNeO,
c 18.6 Oxygen Belence;

CO, % -4.2
H 1.6 . CO % 20.8

O~CH, CCNOXN 22.8 20H) 3 Density: gm/cc Form I 1.78
Cs#0

C/H Retio 0.202 CHetHiec( NO) 3 Freezing Polat: °C
tmpoct Sensitivity, 2 Kg Wr: Belling Point: °C

Bureou of Mines Apparotus, em
Sample Wt 20 mg Retrective Index, n°, Form I (e)

Picatinny Arsenal Apporotus, in. stel Axiscece sual50% point, om (a) a) t 1.5h6

Stee! Shoe cc/40 Hrs, at
Fiber Shoe 90°C ones

; — 100°C 48 hrs 0.50
Rifle Ballet Impect Test: == Trials Ww

% *Exptosi tore

Partiols 30
Burned 200 Gram Bomb Send Test:
Unottected Sand, gm

Exp lesion Temperature: % Sensitivity te Initiation:
Seconds, 0.1 (no cap used) ene Minimum Detonating Charge, gm

1 --- Mercury Fulminote

5 50% point (Alhot bar) (a) 225 Leod Azide
10 Tetryl
18
20 Dollietic Mortar, % THT: (b} 136

Treaxi Test, % TNT:
73°C internations! Hoot Test:

% Loss in 48 Hrs Plate Dent Test:
Method

100°C Heat Test: Condition
% Loss, Ist 48 Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc
Explosion in 100 Hrs Brisonce, % TNT

Detenction Rete:
Plammedility index: Continement

Mygrescepicity: % 30°C, 90% RH 0.00 onH 75°, 5 months rt fa) Charge Diameter, in.

v ” Density, gm/cc 1.4 1.76
oleeitiny: Rote, meters/second TT&O 8290
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AMCP 706-177 2,2,é-Trinitroethyl-4,4,4-Trinitrobutyrete (TNETB)

Beostor Sensitivity Test: Decompecition Equation:
Condition Oxygen, otoms/sec ub x 10°?
ery, TM Heat, kitocaturie/mole 43.4

‘Wax, in. for 50% Detonation (SH, kcal/mol)

Wax, gm Temperature Range, °C

Cersity, gm/ce Phase Liquid

Meet of:
Combustion, col/gm 1685 mer Plate Impect Test:
Explosion, cal/gm 60 mm Mortar Projectile:

Gos Volume, cc/gm 50° Inert, Velocity, ft/sec
Formation, eal/grn XT Aluminum Fineness
Fusion, cal/gm
Sublimativu, cal/gm (e.t} 804 500-t Gensret Purpece Bombs:

Specific “leet: cal/gm/°C
Plotea Thickness, inches

1

1g

iy

F Me
Burning Rete:

cni/sec
Bemb Drop Test:

Therme!l Conductivity:cal/sec/em/*C T7, 2000-1) Semi-Armor-Piercing Bomb va Concrete:

Coatficiont of Ex lon: Max Safe Drop, ft

Linear, %/°C 500-i Generel Purpose Bomb vs Concrete:

Volume, %/°C Height, ft

; Trials
Hardness, Mohs’ Scale: Unoffected

Young's Mede.ee: hoon
E’, dynes/cm* mreer
E, Ib/inch* 1000-t» Generel Purpese Bomb vs Concrete:
Density, gm/cc

. . Height, ft

Compressive “trength: Ib/inch? Triais

Uneffected

Veper Preseure: (e) Low Order
¢ mm Mercury. High Order
65 3.3 x 10-4
75 1.3.x 10,
35 4.2 x 10

100 2.3 x 1073
120 1.4 x 107
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2,2,2-Trinitroethyl-4,4,4-Trinitrobutyrate (TNETB) AMCP 706-177
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Fragmentation Tet: Shesed Cherge Effectiveness, TNT = 100:

90 mm HE, M1 Projectile, Lot WC-9%: . Gloss Cones Steel Cones
Pensity, gm/ce > Hole Volume .
Chorge Wt, ib Hole Depth

Tetel No. af Frog ; ‘ Color: Colorless
For TNT

For Subject HE
raacipel Uses:

3 inch HE, A42A1 Projectile, Lc? KC-5:

Density, g-n/cc

Charge W:, ib

Total No. of Fragments: Methed of Leedina:
For TNT

For Subject HE

Leoding Density: gmi/ce Form I 1.783
Form II 1.477

Frepeeet Velocity: ft/sec Liguia, 99°C, 1.551
t .

At 25% ft Storage:

Density, gm/ec
Mathed Wet

Bios? (Relativete H-6;: Sphere Cylinder (h) Hozard Class (Quantity-Distonce)

Ale; l-2b Charge: Ewe EV* Si EV Compatibility Group
Peak Pressure 0.91 0.64 3.81 0.75

Impulse 0.73 0.67 3.7h 0.69 Exudation

Energy

Air, Confined: Bruce*on Safety Test Results: (g)

impulse Mean and standard deviation of lengths of
0.300 diameter cylinder across which initie-

Under Weter: tion 1s possible for 50% certainty:
Peak Pressure
Imout INT 0.391 + 0.ch0
mous BDK Comp B 0.381 F 0.082

Energy SETB 0.920 ¥ 0.059
Underground: Absolute Viscosity, polses: (e)

Peok Pressure 98 3

impulse 106,2°C 0.138
Energy ‘

*EW, equivalent weight of H-G fo, a unit weight
of test mixture for equal performance at the
same test distance; =v, equivalent volume of
He6 for @ unit volume of test mixture for equal
performance at the same test distance.
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AMCP TOIT; 2,2, 8-rinttroethyl-b,b,be‘rint wrobutyrete (ST)

Solubilt ture): (a)

Solvent Solubility
bf : of =

| Weer "Insoluble
{ TM-Hewane ' Insoluble ;
{ Carbon tetrachloride ' Insoluble i
| Beheno2 ‘ § gm/290 gm solvent
+ @hlorofort 5 gm/100 gm solveut '
| Bexsene 10 gn/100 ge soivent :

Aitromethane : Very soluble '
Glacial seatic acid Very soluble ;
Ethyl acetate Very soluble ,

“NETS Forms Eutectics With the Following Compounds: (a)

| BINES (bis(trinitroethyl) succinate 80+
BINEN (bis(trigitroethyl) nitranine 68.5

} THB (trinitrobenzene)} 65
Compound A (CuHGH, Or formed by

Fdcondensation of 1,1-dinitroethane) . TT
Teinitroethyl trinitrobenzoate (27% 80.5 (£)

ate c fata: (a)

Three polymorphic crystalline forms have been observed. Low temperature Fora I goes through
@ solid-solid transition at 89°C giving Form II. Form II his « meltiag poi... of 92.57 to 93°C.

On cooling, Form II does not transform reversibly to Form I when 89°C ie reacted. However,
Form II will transform to Form 3 2t room temperature, usuelly teking a few hours to do ago.
Form ITI was observed, wiich appeareg to be stable over a vary narrow teaperature range on
the order of 0.2° to 0.5°C near 92.5°C.

Preparation: (a)
(N02) CCH, cH2COCL + — (NOp) gro Hp90),

trinitrobutyryl chloride trinitroethenol sulfuric
acid

(Ro) 3°CHCH,COOCH,C(NO,) 3 * ACL _———
2,2,2-trinitroethyl-4,),4-trinitro- hydrochloric

butyrate acid &Q

Laboratory experiments indicate that the present slow step involving overnight treatment
of 4,4,4-trinitrobutyryl chloride with 2,2,2-trinitroethanol ana aluminum chloride can be
replaced by a fast and simple esterification in sulfuric acid. Using 100% sulfuric acid s-

‘fortified HpS0,, the ester can be prepared in yields of 95% to 95% in 2h hours at 25°C, in
5 hours at » or in 3 hours at 65°C. Above 65°C the reaction time is less, but the yle1d
falj« off and a less pure product is obtained. The crude white crystalline product on recryr-
tallizetion from dilute methanol gives a material melting at 92° to 93%.
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~ 2,2,2-Brini troethyl-b,4,h-Trini trobutyrate (TMETS) AMCP 106-177

Origin: ; (e)
B belongs to @ nw clases of eryplosives characterized by trinitrowethyl groupe,

chenistry of this class of compounds ves studied in Germany by Dre. Schenck
Gt, vho tiecovered in 1942-1945 “at trinitromethane or nitrofore, BC(M0,)y,

ef nev explosive derivatives. Dr. Schenck prepared the stable eolid alcohol;
» from nitroform and formaldehyde. Dr. Schimmelechaiét reacted nitrofors

with unsaturated organic compounds, such as acrylic ecid, and predicted in 1943 thet the eater
of .4,h,h-trinitiobutyric acid vith trinitrosthencl would be en interesting explosive.

In 1.947 the U.5. Mavy degen © progres to explore these coupe ‘s. ‘he initial task of in-
vestigating the chenis of trinitroethenal was undertaken by . 2 Hercules Power Company
(Ravy Contract w0rd-9925). The U.S. Rubber Company studied the chemtatry of nitroform (Nevy
Contract MOrd-10,129). After preparation of the first laboratory samples of INRTB, consider-
able interest was aroused. In early 1950 the Naugatuck Chemical Division of U.S. Rubber Com-

a

the production to 800 pounds with the assistance of the Hercules Powler Compeny in aug: ing
the production at Mrugatuck (Bavy Contrect NOrd-11,260). ‘THETS is a high oxygen conte:
explosive. .

References: 8°

a) J. M. Rosen, es of Trinitroethyl Trinitrobu te THETS, NAVORD Report No.17 decenber 1950+
(>) Bureau. of Mines Report No. 3107, Part IX, Ballistic Mortar Tests on _Drini trovthy)

Trinitrobutyrate, 5 April 1950.
- (¢) L. D. Bampton end G. Svadeba, Evaluation of 2,2,2-Trin 'troethyl-h,4,4-Trinitrobu’, ate“25 @ Constituent of Castable Explosives sD gy at haga se

tee

". (a) 0.8. Rubber Company Quarterty Progiess Report No. 23, Synthesis of Nev te
\_/ snd Explosives, Bevy Contracts NOrd-10-129 and -12,663, 19 August 1/55.

ona) uM 5. mu, OQ. H. Johnson, J. M. Rosen, D. V. Sickwan end F. Taylor, Jr., Pee.
and Properties of IETS, a New Castable High Explosive, RAVORD Report Ko. 385,

(f) MM. E. Hill, Synthesis of New High Explosives, NAVORD Report No. 2965 1 April 1953.

(g) Jacob Savitt, A Sensitivity Test for Casteble Liquid Explosives, Including Resultsfor fone New Materiais, MAVORD Feet Wo. cool, BS Oster ist ne
‘ (h) R. W. Gipson, Sensitivity of Explosives, IX: Selected ico-Chemical Date of ‘enPore High Explosives, ERVORD fenect e CLD, it: June 1950.
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AMCP 706-177 Trinitro Triazi¢obentene . .
.

Compretion: Molecules Weight: - (Cg0¢%, 5) 3%

. 40, Guyget Reales: /
3 22.8 CO. % -29

. 8 x co % 0.0
K «50.0 3 3 3; Density: gen/cc Crystel 1.81
O- 26.6 0,8 Ro,

K jf Matting Polat: °C Decouposes iz

C/H Rotio 3 Freezing Poles: °C
tmpoct Sencttivity, 2 Kg We: Relling Point: °C

Bureau of Mines Apparatus, cm (8) $25
Sample Wt 20 mg Refrective index, n&

Pkatinny Arsenal Apparatus, in oe.
Somple Wi, mg ° fa

. ny

Steel Shoe c¢/40 Hrs, at
Fiber Shoe vere

—| 100°C
Rife Bullet impect Tet: Tricis 120°C i

% 2Explosions tec .
Portiols

Bumed 200 Grora Bomb Send Test:
Unotfected Sond, gm

Explosion Tempereture: c (a). Sensitivity to initietion:
Seconds, 0.1 (no cap usad) == Minimum Detonoting Cherge, om

1 oe Mercury Fuiminate

5 150 Lead Azide
10 Tetry!
1§
20 Ballistic Mortar, % TNT:

Treusi Test, % = PETH: 90
75°C tintornationel Meet Test:

% Loss in 48:Hra Plate Dont Tost:
Method

100°C Heat Test: Condition
% Loss, Ist 48 Hrs Confined
% iow, 2nd 48H Density, gmn/cc
Explosion in 100 Hrs . Brisonce, % TNT .

Detenction Rate:
Rewmebili'y index: Confinement

5 Condition
Hygrecceplcity: % = 30°C, 90% RF 0.00 Charge Diameter, in.

- Density, gm/ec
Veletitity: Rate, meters/second
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Trinitro Triazidobenzens
AMCP 706-177

Fragmentation Test: Shaped Chorge Effectivences, TMT == 16":

90 mm Wi, 7? Projectile, Lot WC-91: Gloss Cones- Stee! Cones
Density, gm/ec Hole Volune

Cherge Wt, ib Hole Depth

Total Ne. of Fropneents: :
Color: Greenish-yellovFor TNT vel

©. * For Subject HE
- Principal Uses; = (c) Ingredient. of primer mix

3 inch HE, MA2A1 Projectile, Lot KC-5:
Dansity, gm/ec.
Charge Wt, Ib.

Tetel Ne. of Fregments: Mathed of Leoding: Pressed
For TNT Dead presses at about 4°,000 pai
For Subject HE . a

Leoding D .nelty: gm/cc

Fragment Velocity: ft/sec At 42,009 pst 1-75
At 9 ft
At 25% f Storage:
Density, orn/cc

Mathod

Bloet (Relative te TNT): Hazord Class (Quontity-Distance)
Air: Compatibility Group

Peok Pressure

Impulse Exudation None
Energy ~

uslitative Solubilities

Impulse Solvent Solubility
Under Wever: Acetone Readily soluble

Peok Pressure Chloroform Moderate)y soluble
\ ise Alcohol Sparing, y soluble
meu water Insoluble

Compatibility with Metals:

Underground: Wet: Does not attack iron, steel, copper
Peok Pressure or or 6s. .

Impulse Heat of:
Combustion, cel/gm (a) 255k

Burning Rate: fr)

em/sec 0.65
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Aniline te chlorinated 0 fore trichloa saniline, the enino group ie eliminated by the - an
The resulting (yo-trichlorobenzene is nitrated. ‘hte nitration is carried a

out by dissolving the mterial in varn 32% cleus, sdding strong nitric acid, and ‘heating to ae Cte
180°-150°C until no trinitro trichicrobenzone {melting soint 187°C) precipitates (Ref % ana .
The chlorine groupe aré then replaced by azo graups.
tone solution of the trinitro trichlorobenzene, or better, ang pe.dered avbstence alone, to
an actively stirred solution of sodium azide in alcchol.
denszene is collected on a filter, washed with alcohol, vater and dried. 4

allowing the solution to cool, and callecting the greenish yellow Nee

diese reaction.

by dissolving in chlorotorn
eryatals (melting voint 1

in:

24 October 1949.

facture.

Refcrences:8! ; ;

(a) 8. Rolf, Tects of Explosive Compounds Submitted by Arthur D. _Lttie, Inc., PATR 1750, Cr

(>). A. g. Belyneva and A. E. Belyaove CR s.s. USSR 52, 503-505 (1986) Chemical Abstrecte : a
41, 4310.

A. EB. Belyaeva and A. F, Belyeeva, Doklady Akad Neuk. USSR 56, +91-h94 (1947).

Trinitro Seiszidovensese

with decorpositioa).
N

Thie initiating expiosive vas Tiret prepared in 1923 by Turek vho s1so perfected ita manu- 2 oo

\

(ce) French Patent 893,941, 14 November 1944 (Chemica) Abstracts 47, 8374).

(4) A. D. Yofte, "Thermal Decomposition and Explosion +f Azides,"
188-199 (1951).

(e) f. L. Davis, The Chemistry of Fuvder and Explosives, John Wiley and Sons, Ins.,
New York (1943), p. 136.

{f) 0, Turek, Chim et Ind 26, 781 (1931); German Patent 498,050; British Patent 298,981.

Se

Blsee footnate 1, page 10.
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The precipitated trinitro triazido- wee
It may be purified. ra
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nta tol Octaritrate (TPEON AMCP 706-177

; Meleculor Weight: (C) Hoi.Na02¢) TR

ae 5 CO, % 333

Rn CAome,, pcan Denaty: gm/ec Crystal 1.58
; ef Mebing Polat: °C 88 to Bh

an C/HR ae : Point: °C
~ tanaet Geant Ke We Belling Point: °C
>” Bureau of Minas’Apporotus, cm

Sample Wt 20 mg Refractive Index, 2,
Picatinny Arsenal Apporatus, in. 9 °
Somple Wr, ity - fin

: i nn

Frietion Pendubem Test: Yocom Stobility Tost:
Steel Shoe . Unaffected cc/40 Hrs, ot
‘Fiber Shoe Unaffected 90°C aane

. 100°C ~Pure 2.45

Rilte Bellet tmpect Test: Trials 120°C Svecially purified 1.9%

” Bumed 200 Grom Bomb Send Test:

Seconds, 0.1 inc cop used) == Minimum Detonating Charge, gm
: ! --" Mercury Fuiminate a

: 5 225 Lead Azide 0.30
- Tetryi a=

15

20 Dellictic Merter, % TNT:

one Trouz! Test, % TNT:
75°C international Hoot Test:

% Loss in 48 Hrs Ptete Dent Test:
Method

100°C Heat Test: Condition .
% Loss, Ist 48 Hes 1.15 Confined
% Loss, 2nd 48 Hrs 0.75 Density, gm/ce a
Explosion in 100 Hrs None Brisonce, % TNT

Detenetion Rete:
Fiemmebiity Index: Confinement None

Condition Pressed

vercecepichty: % Charge Diometer, in. 0.5
Density, gm/ce 1.56

Vetesitiey: Rote, meters/second 7650
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AMCP 706-177 Tripentaerythritol Octanitrate (TPEOR) ~~ |
y .

Condition . Oxygen, atoms/sec :

: Heat, kilecolorie/mole 23. . .Wox, in. for 56% Detonation (4H, aryl 3-1 ‘ ‘
Wer, gm Temperature Ronge, °C . 215 to 250 ‘

Density, gm/ce ’ Phose Liquid :
j

Heot of: ‘
Conrbustion, col/gm 2632 Armor Pete lmpoct Test: :

Explosion, col/gen 1085 60 men Marter Projectile: j
Ges Volume, ce,’gm Té2 50% Inert, Velocity, ft/sec 5

Formation, col/gm Aluminum Fineness °:
Fusion, cat/gm .

500- Generel Purpose Beende: :

Specitie Neat: cal/gm/'C a
Specific Impulse: Plote Thickness, inches :

lb-sec/ib (calculated) 2ho ; ‘
1% :
% ‘

14y . {
Burning Rate: 4

em/sec {Bomb Drop Yost:

erThermal Conductivity:
cal/sec/em/*C T7, 2000-tb Semi-Armer-Piercing Beas vs Concrete: \eenee

Coutficient of Exponsion: Max Safe Drop, ft
Linear, %/°C 300-tb Generel Purpose Bomb vs Concrete:

Triois
Herdness, Mahe’ Scale: Unoft ,

Low Order

Young's Medubes: High Order
B’, dynes/cm?

E, tb/inch* 1000-% Geners! Purpose Bomb vs Concrete:

Height, ft
Compreseive Strength; Ib/inch* Trials

Unaffected

Veper Pressure: Low Order
*¢ mm Mercury High Order

q
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Tripentaerythritol Octanitr::. (TPRON) AMCP 706-177

Fragmentetion Tew: Sheped Cherge Effectiveness, TNT = 166:

90 mm HE, MATT Projectile, Let WC-91: Gloss Cones Stee! Cones
Density, g/cc Hole Volume
Charge Wt, Ib Hote Depth

Tetet Ne. of Fregments: Cob Waite

For TNT
For Subject HE

Principel Uses; High explosive and as possible
3 inch HE, MARAT Projectife, Lot KC-S: plasticizer for nitroceliuicee

Density, grn/ec

Charge Wr, ib

Total Ne. of Fregmente: Methed of Leoding: Cast or preased
For TNT

For Subject HE
Leeding Density: orn/ce

Pressed at 60,000 psi 1.565
Fregment Velocity: ft/sec

At 9 ft
ALZ5ig ft Storage:
Density, grn/ce

Mathod Dry

Beet (Reletive te TNT): Hazard Cless (Quontity-Distonce)

Ale: Compotibility Group
Peak Pressure
Impulse Exudotion None
Energy

Ale Hygroscopicity, Gein or Loss in Wt, &:

impulse Time, Ere 4 FH at_9°C
Under Water: ho TO 90

Peak Pressure r cos :
impulse 2 <5. 40.01 +0.0

48 -0.02 -0.01 10.02
Energy Lhd -0.04 -0.03 -0.02

192 -0.04 -0.02 wenee
Underground: 216 -0.004 -0.01 +0.03

Peok Pressure
Imputsi: Solubility:

Energy Solvent Solubility
Weter Insoluble
Alcohol Soluble
Chloroforn Soluble
Acetone, hot Very soluble
Benzene, hot Very soluble
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AMCP 706-177 Tripentaerythritol Octanitrate (TPEON) os

Compatibility With Other High Explosives:

100°C Vasuum Stability Test:

NIN PEIN | ORDX”~—si ||, TREON

ml gea/40 bes, 5 gm sample ok | 2.15 | 0.39 | 2.45
wl gas/kO bre, 5 am sample |
of 50/50, TPRON/HE 1.89 | 1.71 237 °=—

Dipentaerythritol Hexanitrate (DPEHN)-TPEON Fusions: :

EH

es! ee es Solidification Time, Days

100: 0 -

95 5 i 3

90 10 3 69 :
G0 20 5 73

50 50 x 60 (Eutectic)

8 80 5 63 ;
10 90 3 69 ‘

°o 100 - 73 : ame,

Preparation; (a) call
Twenty egrets (0.054 mol) of nitration grade tripentaerythritol (TPE) (99%) minimum purity)

were slowly added, with etirriag, to 160 gm (2.55 ml) of 99% nitric acid at a temperature of
-25° to 0°. 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 was stirred
for about one hour at 0° to 5% and poured into eight times ite volume of cracked ice. ‘the
product, when allowed to stand overnight, was crushed under water; filtered with suction; and
washed copiously with water. It was then treated twice with about 5 times its weight of a 1%
ammonium carbonate svlution, stirred for several hours, filtered and washed with water until
the final washings were neutral to litmus. ‘The final product was washed successively with
50 cz “ach of ethanol and ether. ‘The miterial drigd in air weighed 37.8 gm or 964 of theory
based on TPE. It had a nelting range of 71° to TiC. Crystallization cf the crude TPEON frou
chloroform was found to be the most suitable method of obtaining pure TPEON.

Ovigin: .

TPEON prepared by the reaction of tripentaerythritol aad 99% nitric acid at 0° to 10°C mus
reported by Wyler in 1945 (J. A. kyler to Trojan Powder Company: U.S, Patent 2,389, 228,
20 Novenber 1945).



Tripen tol Octanitrate (‘TPEOH AMC 706-177 ‘
ae a pene

| (e) J. J. leMonte, H. J. Jackson, S& Livingston, L. B. Silberuen and K. N. Jones, The . a
Preparation and Explosive Properties of Tripenteerythritol Octanitrate, PATR No. 290," 1958.

| (b) K. Mamba, J. Yemashite and S. Taneka, "Penteerythritol Tetranitrete,” J Ind Explosives
' Gee (Japan) 15, 282-9 (195%); CA bg, 12283 (1955).

(2) SD. Brever and H. Henkin, ‘The Stability of PEIN and Pentolite, OGRD Report No. 1si4.

(a) 2%. Berlow, R. H. Barth and J. &. Snow, The Penteerythritols, ACS Monogreph No. 136,
Reinhold Publishing Corporation, New York, 1958.
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AMCP 706-177 Tritonal, 8, /20

Composition: Malecular Weight: 81

Oxygen Belonce:
mer Se CO, % “TT
Aluaioun 20 CO % -8

Density: gm/cc Cast 1.72

Melting Tulnt: °C

C/H Rotio Freezing Point: *C

impect Sensitivity, 2 Kg We: Beiting Point: *C
Burecu of Mines Apporotus, cm 85

Semple Wt 20 mg Refrective index, n°,
Picotinny Arsenal Apparatus, in. 13 °

Sample Wt, mg 16 fs
AR

Friction Pendulum Test: Vacuum Stebitity Test:
Stee! Shoe Unaffected c/40 hrs, at
Fiber Shoe Unaffected _ sore

100°C .Rifle Bullet impact Test: Tricis 120°C oa
% . ae

Explosions 60 35°C ;

Burned 0 200 Grom Beunb Sond Test:
Unattected ho Sond, gm

Explesion Tomporeture: ¢ Sensitivity te Initiotion:
Seconds, 0.1 (no cap used) 610 Minimum Detonating Charge, gm

1 520 Mercury Fulminote
§ Decomposes 470 Leod Azide 0.20

" M65 Tetryi 0.10
20 Bellictic Merter, % TNT: (2) 12h

Trouai Test, % TNT: (b) 125
75°C lnternatione! Hoot Teer:

% Loss in 48 Hrs Plate Dent Yast: (e)
Method 5B

100°C Meet Test: Condition Cast
% Loss, Ist 48 Hrs Confined Ro
% Loss, 2nd 48 Hrs Density, grn/cc 475
Explosion in 100 Hrs Brisonce, % TNT 93

Decanation Rete:
Flemmebility Index: 100 Confinement None None

—> Condition Cast Pressed
ve piclty: % = 0°C, 906 RH 0.00 Chorge Diameter, in. 1.0 1.0

Density, g/cc 1.72 1.72
Veletility:

Rote, meters/second 6475 6700
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Beceter Sensitivity Test: (a) Decomposition Equetion:
Condition Cast Oxygen, ctorma/sec

100 (Z/sec)
Tetry|, gm 58 Heet, kilocalorie/mote
Wox, gm Temperature Range, °C

Density, gm/ce 1.75 Phase

Heet of: (ce)Combustion, cal/gm 4b8O Armor Plate impact Test: (e)

Explosion, col/gm iTTO 60 men Mertor Prejectit
Gos Volume, cc/gm 50% Inert, Velocity, t/sec = 509 71100

Formation, cal/gm Aluminum Fineness 10 12
Fusion, coal/gm

500-Ib Generel Purpose Bombs:

Specific Heet: col/gm/°C (b)
Trials InertAt -5°c 0-23 Plate Thickness, inches

Density, gm/cc 1.7% U 0
wy “6 100

At 20°C 0.32 1% 6 33

1% 0
Burning Rete:

contac Serub Deep Test: (e}
Mca col/soc/em/°C () nx 107 T7, 2000-Ib Semi-Asms.-Piercing Bomb vs Concrete:

Density, gm/cc 1.73

Coctfictent of Expension: Max Safe Drop, ft
= Linear, %/°C $00-» General Purpose Bomb vs Concrete:

Seel Seal
Volume, %/*C Height, ft U,Wo :

Tricts B wb

Y (b) Low Order it) (]
‘eung’s Modulus: H 2 °E’, dynes/em* 6.67 x 100 igh Order

E, Ib/inch* 0.97 x 108 1000-1 Generel Furpese Semb ve Concrcie:
Density, gm/ce 1.72 Seel

Height, ft 5,000
Compressive Strength: Ib/inch? (b) 230 Trials 2b

Density, gm/cc 1.75 Unotfected 23

Vapor Pressure: Low Order fe]
*c ann Mercury High Order 1
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AMCP 106-177 Tritonel, 80/20

Pragmentetion Tout: Sheped Cherge Bifestivences, THT = 100:

90 mm WE, M71 Projectile, Let WC-91; Gloss Cones Steet Cones
Dericity, gm/ce - 1-71 Hole Volume

Cherge Wr, * 2.272 Hole Depth

Tetel tte. of Fragments:

For TNT ‘103 Cetor: Gray
For Subject HE 616 - —_

Principe! Vers: GP bombs

3 inch HE, AGLAT Projectile, Let KC-5:

Density, gm/cc 1.75
Cherge Wi, ib Q.91h

Tetat eo. of Fragments:For TNT 514 Mathed of Leading: Cast

For Subject HE 485
Loading Deneky: gm/:2c 1.65-1.72

Feegment Velocity: ft/sec
Ato tt 2h60
At 25% ft 2Ro Stecege:
Oensity, gm/cc 1.72

_Mathod bry

Steet (Relative te THT): (rf) Hozord Class (Quontiry-Distonce) Cless 9

Ale: Compatibility Group Group I
Peak Pressure 110

Impuice 115 Enudotion
Energy 19 __

Als, Confined Preperetion: |

impuise 19 Tritonal is prepared by adding TNT and
aluminum senaerately to a stean-jecketed melt

Under Wetus: kettle equipped with e stirrer. Heeting of
Fe0k Pressure 105 the kettle and mixing of the ingredients are
impulse 118 continued until all the INT 1s melted. When

1 the viscosity of the mixture is considered
Energy 9 satisfactory (edovt 85°C), the tritonal is

poured into projectiles or bombs the same as
‘INT.

Peck Pressure 117

impulse 127
Energy 136
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Tritonal, 80/20 AMCP 706-177

ins

The Addition cf aluminum to increase the power of explosives wes proposed by EBaceles in
1899 and patented by Roth in 1900 (German Patent 172,327). Some recent ctudies, directed
towards establishment of the optimum amount of aluminum in the T¥T/Aluminun system, have shown
that (1) the blest effect increases to a weximum vhen the elusinum content is 30% (Ref g);
the brisance, as measured by the Sand Test, passes through a maximum at about 17% aluminua
(Ref h); in Fragmentation Tests, no maximum je 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 decrease? >y adfitiors of aluminum up to 4og
(Ref 3). For ali practicel purposes .t is concluded that the addition of 18% to 20% sluninun
to THT isproves ite performance to a mximum. This conclusion is in agreement with that of
British workera vho measured performance of aluminized TNT-mixtures based on extensive Lead
Block Test date (Ref x).

Tritonal, consisting of 80% TNT and 20% aluminum, was developed and standardized in the
United States during world War If for use in bombs.

References:53

(a) L. C. Suith and E. ¥. Eyster, ical Testing of Explosives, Part III, Miscellaneous
Sensitivity Tests, Performance Tests, OSRD Report No. ’ Des r °

(>) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revi-
sion, NAVORD Report No. 87-46, 26 July 1946.

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report Ko. 803, 11 August 1942.

(4) L. ©. Qmith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, MOL Memo 10,303, 15 June e .

(e) Comittee of Div 2 and &, NDRC, Report on HEY and Tritonal, OSRD Fo. 5406, 31 July 1945.

ons W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture, 9 April
1 e

(g) W. B. Kennedy, R. F. Arentzen and C. W. Tait, of the Performance of THT/Al on
the Basis of Air-Blast Pressure and ee, OSRD Report fo. » Division 2, t
Wo. KEE-6, 25 Jenuary 1955.

(nh) W. R. Tomlinson, Jr., Develop New Hi-h Explosive Filler for AP Shot, PATR No. 1290,
First Progress Report, 19 May 1553.

(1) We. Re Tomlinson, Jr., Beelop New High Explosive Filler for AP Shot, FATR No. 1380,
Second Progress Report, 12 January (S4.

(J) L. S. Wise, Brfact of Aluminum on the kate of Detonation of TNT, PATR Bo. 1550,
26 July 1945.

(s) Armament Research Dept, The Effect of Alumimim on the Pcwer of Explosives, British
Report AC-6437, May 1944 (Explosives Report 5771/55).
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AMCP 706-177 Tritons1, 80/20 rN |

(1) Also see the following Picatinny Arsenal Technical Reports on Tritoral:

9 3 h 2 § Z 8
na 2693 ahh 1635 1956 1737 2138 .
2 "3 2353 2127
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Veltex No. huge AMCP 706-177

Compenition: Molecular Weight: 261
% .

HMK 70.0 Oxygen Solerce:
Nitrocellulose (13.15% X) 15.0 CO, % -26
Ni troglycerin 10.7 co % 0.5
2-Ni trodiphenylamine 1.3 Density: g/cc Pressed 1.72
Triacetin 3.0

Melting Point: *C

C/t Ratio Freezing Point: *C

tanpect Sensitivity, 2 Kg Wr: Boiling Poin?: °C
bureau cf Mines Apparatus, cm

Sample Wt 20 mg Refractive index, 3,
Picatinny Arsenal Apporotus, in. c

Sample Wt, mg fin
ns

Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90°C waee

100°C 1.20
Rifle Bullet impect Test: = Trials 120°C 29 hours 1+

%Explosions V35"e
Partials 150re
Bumed 200 Gress Bomb Send Test:
Unaffected Sand, gm 66.4

Explosion Tempereture: *¢ Sensitivity te Initiation:
Seconds, 0.1 (ic cop used) Minimum Betonating Charge, gm

1 Mercury Fulminate ween

5 “eod Azide 0.30
10 Tetryl sone
is
20 Beilietic Merter, % TNT:

Trousi Test, % TNT:

75°C internetionel Hoot Test:
% Loss in <& Hrs Piste Dont Test:

Method

90°C Hoot Test: Condition
% Loss. Ist 48 Hrs 0.28 Confined
% Loss, 2nd 48 Hrs 1.12 Density, gm/ce
Explosion in 300 Hrs None Brisonce, % TNT

—— BDetenetion Rete:
Flammebility Index: Confinement

Condition
Hygroscepicity: % Chorge Diometer, in.

—_ Density, gm/ce
Volatility: Rote, meters/second (calculated) 8500

*3ee Footnote c.. foliovi ng pags.
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AMCP 706-177 Yeltex No. bigs

Beccter Sensitivixy Test: Decompeeltion Equetion:

. Heat, kilocalorie/moleWax, in. for $0% Oetonation (AH, Lee!
Wox, gm Temperature Range, °C

Density, gm/cc Phase

Meet of: Armee laapactCombustion, cal/gm 2359 Plate Tost:
Explesion, cal/gm 1226 60 me Mortar Projectile:

Gas Volume, cc/gm 50% Inert, Velocity, ft/sec
Formation, cal/gm Aluminum Fineness
Fusion, cal/gm

5$00-Ib Generel Purpose Sombe:

Compression at Rupture: % 8.26 Plote Thickness, inches

Work to Produce Rupture: 1

ft-1b/inch 9.62 %
1%
1%

Burning Rete:
cm/sec

Bemb Drop Test:

Thermel Conductivity:
col/sec/em/°C TT, 2000-lh» Semi-Armer-Piercing Bomb vs Conccete:

Cootficiont of & jen: Max Safe Drop, ft

Linear, %/°C 500-l» Generel Purpose Bomb vs Concrete:

Volume, %/°C Height, ft
Trials

Merdaces, Mohs’ Scole: Unaffected

Voung’s Modules: 10 hgh Onder
E’, dynes/em* 0.2b x 10
E, Ib/inch? 3.35 x 10° 1000-l» Generel Purpose Bomb vs Concrete:
Density, gm/ce

Height, ft

~ Compressive Strength: Ib/inch? 2720 Trials
Unaftected

Veper Pressure: Low Order
ho mm Mercury High Order

*Name essigned by Dr. Mar- M. Jones, formerly
of PA; based on original development by
Janes H. Veltman.

—s



}
4

~ . , 
,

€

]

(~ Veltex No. &b8 AMCP 706-177

} Progmentetion Test: Sheped Cherge Effectivenses, THT = 100:
}
: 90 mm HE, M71 Projectite, Let WC-91; Gloss Cones Stee! Cones .

4 Denaity, gm/ee Hole Volume
i Charge Wt, i& "Hole Depth
\
; Total Ne. of Frogments: crange
i For TNT Color:
, For HE' bist Principel Uses: High mechanical strength

3 inch HE, MA2A! Projectile, Let KC-5: machinable explosive

‘7 Charge We, tb
4
: Tetel Ne. of Frogmeris: of Pressed
i For TNT Mathed of Leoding:
, For Subject HE

‘ Leeding Denelty: gm/cc
: ' » Velocity: ft/sec At 6,700 pst 1.72

4 Ato ft
? At 25% ft Storege:
*

} Density, gm/ce

: Blot (Reletive so TNT: Hazord Class (Quantity-Distonce) i

; 4
‘ Ale: Compatibility Group ?
i Peok Pressure
‘ ] Exudation None
: ~e Machinability Excellent
'

: Ale, Confined:
, impulse _

; Under Weter:
F Peok Pressure

and Impulse
: Energy

' Peck Pressure
‘ Impulse
‘ Energy
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AMCP 706-177 Veltex No. 448 a

Preparation:

The preparation of this class of explosive compositions is illustrated by tle mevaod used
for Veltex No. 448: Place 675 cc of water in a slurry kettle equipped with an agit-t-~. Add
5.85 em of 2-nitrodiphenylamine and agitate for several minutes to obtain dispersion. Then
add 93.7 gm of water-wet nitrocellulose (dry weight 67.5 gm) in small portions. Prise the
temperature to 48°C and maintain this temperature, but continue the agitation. A mixture uo?
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 udded over a
5-minute period vith agitation continued for 30 minutes at 48°C ‘The slurry is cocled to
room temperature and filtered. The filter cake is dried to a moicture cont«nt between 8% and
12%. The incorporation of this mix is completed * rolling 50 gm portions at a terperature
of approximately 90°C. ‘The finished coll “4 is then preheated on a heat table at GO°S. In-
crements of 25 gm each are pressed a. 570. pei for four minutes at 71°C. A eylinier is then
built up by pressing together four 25 eg: increments for a dwell time of 15 minutes.

ins

Veltex is the neme given to a series of closely releted nitrocellulose comporitions pre-
pared in 1957 at Picatinny Arsenal by the solventless procese used for propellants. These
compositions el] contain a high percentage of solid high explosive. They were investiga‘ 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 «). Com-
positions similar to Veltex No. 448 and containing 60% to 80% HMK, with either nitroglycerin
or triethyleneglycol dinitrate as colloiding egent for n‘*trocellulose, have also veen prepared.
In general these compositions showed lower heat stability than that of cunventional high ex-
plosive compositions.

Reference; 84

1 (a) U.S. Air Intelligence InYormation Report IR-269-55, Holtex--Hispano Suiza Explosive, went
May 1955.

mone net

Bosee footnote Lt, page 10.
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AMCP 706-177
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ENGINEERING DESIGN HANDBOOKS
Listed below are the Handbooks which have been published or are current!dates prior to | August 1962 were published as 20-series Ordnance Corps ,

edesignated those publications as 706-series AMC Pamphlets (e.9., ORDP 20-138 was redesignated AMCP 706-138). A
reprinted, or revised Handbooks are being published as 706-series AMC Pasphiets.
No.
AP 706-
100
104
106

107

108

109
ie

WW

V2

3

ya
VW§

Wel{s)

162(SRD)

165
VOC}
V5

“8(C)
wd

178(C)

179
180
185

186

let

tee

189
196
igi
195

197

138

199

200

SUNDER PREPARATION. -not available

litle

Design Guidance for Producibi lity
*value Engineering
Elements of Armament Engineering, Sart One,

Sources of Energy
Elements of Armament Engineering, Part Two,

Ballistics
Elements of Armament Engineering, Part Tnree,

Weapon Systems and Components
*Taoles of the Cumulative Gtnomial Probabilities
Experimental Statistics, Section t, Basi~ Con-

cepts and Analysts of Mr*-urement Date
Experimental Statistics, Saciton 2, Analysis o-

Enumerative and Classificatory Data
Eapurimencal Statistics, Section 3, Planning

and Analysts of Comparative Experiments
Experimenta! Statistics, Section 3. Specia?

Topics
Experimental Statistics, Sectrun ‘, Tables
Environmental Series, Part One, Basic Environ-

wental Concepts
*Environmental Series, Part Two, Basic Envtron-

mental Factors
“Criteria for Environmental Contro: of Mobile

Systems
**Packaging and Pack Engineering
*Hydraultc Fluids
Electrical wire and Coote

*Infraced Mi'itary Systems, Part One
*Infrared Military Systems. Part Twe 1u)

Destgr for Air Transport ind &. dro. of
Matericl

“Maictainedi lity Enctcrerr ig Theory ang Practice
Me ntaine ‘tity Guide fur Des yn
Inventions, Patents, end Related Matters
Ser wechanisms. Section |, Theory
Servomechanisms, Section 2, Measurement and

Stgnel Converters
Servomechanisms, Section 3, Amplification
Servomechan:sms, Section 4, Power Elements and

System Design
Trajectories, Oifferential fifects, and Dete

for Projectiles
“Dynamics of a Tracking Gimte: System
Intertor Sellrstics of Guns
Elemerts of Terminal Ballistics, Part One. Kiril

Mechanisms and Vulnerability (UW)
Elements of Terminal Ballistics. Part Tao,
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