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PREFACE

The Engineering Design Handbotk Seri a  of  the Arty fleter’el Coamand Is  • cooidlrated 
series c f handUcks containing basl: 1nfom»t1on and fundanntal data useful In the design 
and developwnt c f Amy *aterie l ana systems. The handbooks are authoritative reference 
; » k s  o f practical Information and quantitative facts helpful 1n the design and development 
of A nry M t t r le l  so that I t  w ill neat the tactical and technical needs o f the A need Forces.

AHCf* 7JVV177, Properties o f  Explosive? o f  Military Interest, I s  one of a series cn 
Explosives. One hundred and tee explosive compounds or mixtures are listed  herein, alpha­
betically, with their properties, Including composition varlatlors. Thes: explosives were 
selected because of their current or probab.» application to m ilitary use.

The tabulated data reflect the results cf tests, and were I r s t  compiled for publica­
tion at Ptcatlniy Arsenal, Dover, New Jersey, by W. R. Tom1lnson, Jr. These data were 
later revised by O liver E. Sheffield, also of Plcatlnny Arsenal. fc *  the Engineer! q Hand­
book Office of Duke University, prise cq tractor to the A n y  Matt e l  Ccammnd.

The Handbooks are readily available to a ll elements c f AMC, including personnel and 
contractors having a need and/or requIreMnt. The A n y  Materiel Coamnd policy Is  to re­
lease these Engineering Design Handbooks to ether 000 act iv it ie s and their contractors 
and to other GovemMnt agencies In accordance with current A n y  Regulation 70-31, dated 
9 September 1966. Procedures for acquiring these Handbooks follow:

a. A c tiv it ie s within AMC and other 000 agencies order direct on an o ffic ia l
fo r*  froa:

Coanandlnv Officer
Letterkeniyy A n y  Depot, ATTN: ANXLE-ATD 
Chambers bur Pennsylvania 17201

b. Contractors who k.ve Departaent o f Defense contracts should subalt their 
requests through their contracting officer proper ju stif ica tion  to the address 
listed  In  par. a.

c. Govemaent agencies other than Obi) having need for the Handbooks M y  subalt 
their requests d irectly  to the address listed  In  par. a or to:

Comandlng General 
U. S. A n y  Materiel Comnand 
ATTN: AMCAM-ABS 
Washington, 0. C. 20315

d. Industries not having Goverrwent contracts (th is  Includes colleges and 
Universities) must forward their requests to:

Commanding General 
U. S. A n y  Materiel Comand 
ATTN: AMCR0-TV 
Washington, 0. C. 20315

e. A ll foreign requests rust be submitted through the Washington, D. 1:.
Embassy to:

Assistant Chief of Staff for Intelligence 
Foreign Liaison Office 
Department of the Amy 
Washington, 0. C. 20310

A ll requests, other than those originating within D0D, must be accc&panled by a
valid ju stifica tio n .

Cements and suggestions on th is handbook are welcomed and should be addressed 
to Amy Research 0ff1ce-0urhac, Box CM, Duke Station, Durham, North Carolina 27706.
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ABBREVIATIONS AND SYMBOLS

AC

ACS
AISI
Ann
Ann chla phys
AP
APG
ati>
Beil
Ber
BIOS CP2-HEC 

BM
Bull Soc cnln
CA
calc
Chau Ket Eng 
Chi» et Ind 
Coap rend

CP
CR

dec
OH
DRP
E

t
Gttzz chin ital
CP
HE
HU AT
Ind Eng Chen 
J An Chea Soc 
1 Chea Ind 
J Chen Soc 
J Prank Inat 
J Ind Explo­
sives Soc 

J prakt Chea 
LA
Land-Bornst

M
M (
hem pcudr 
ag

approximately. ihls eynool is cued before numbers.
Advisory Council on Scientific Research and Develop- 

aent, Great Britain.
Aaerican Chemical Society.
American Iron tnd Steel Institute.
Liebig’s Annalen der Chemie.
Annales de chlaie et de physique, 
araor-plercing.
Aberdeen Proving Ground, 
atnosphern; ataospheric pressure.
Bellsteln Organlsche Cheale, 4th Edition.
Berlchte der Deutschen Chealschen Gesellschaft.
British Intelllgenre Overseas Service or Objective

Subcoaaittee, Group 2, Halstead Exploiting Center. 
Bureau of Mines, United States Department of Interior. 
Bulletin de la societe' chialque de France.
Chealcal Abstracts, 
calculated.
Chealcal and Metallurgical Engineering.
Chlaie et Industrie.
Coaptes rendus hebdoaadalrea des eeances de 

l’Acadeale des Sciences (Parlr). 
centlpolce.
toaptcs rendus hebdoaadaires des seances de 

l’acadeale des Sciences (Paris), 
decomposes.
difference in heat (l.e., heat evolved) by decoaposition. 
Deutsches RelcUspatent.
modulus of elasticity or "Young's aodulus"; longitudinal 

stress/change in length; (force/area)/(elongation/ 
length); erpr*ssed in lb/inc/.*. 

saae as Z, but expressed in dynes/cu?.
Gaszetta Chiaica Itallana. 
general purpose, 
high explosive, 
high explosive antitank.
Industrial & Engineering Chemistry.
Journal of the Aaerican Chealcal Society
The Journal of the Society of Chemical Induairy (London). 
Journal of the Chealcal Society (London).
Journal of the Franklin Institute.

Journal of the Industrial Explosives Society (Japan). 
Journal fur praktlsche Chemie. 
lead az'de
Landolt-Bornsteln PhysIkallsh-Chebische Tabellen,

5th Edition (Berlin), 
molar.
Monatshefte fur Chemie (Wein).
Manorial des poudres et aalp^tres (Paris), 
ml 1 1tgram.
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ABBREVIATIONS AND STMB6LS (cont'd)

min minimum.
ml milliliter.
n/s meterc per second.
MW molecular weight.
RAVORD Bureau of Ordnance S. "'vy)
RC nitrocellulose.

a20 Index of refraction, wit** D band of sodium as light 
source, at twenty degrees centigrade.

RDBC Sttionel Defense Eeaesrch Committee.
HFOC Rational Fireworks Ordnance Corporation.
RG nitroglycerin.
ROL 0. S- Heval Ordnance Laboratory, White Oek, Silver 

Spring, Maryland.
ROTS 0. S. Naval Ordnance Teat Station, China Lake, Calif
RRC Rational Research Council.
OB oxygen balance.
OCR Ordnance Committee Minutes.
OSRD Office of Scientific Research end Development
PA Plcetlnny Arsenal.
PATE Plcatlnny Arsenal Technical Report.
Phil Trans Philosophical Transactions of the Royal Society of 

London.
Pogg Ann Poggendorf's Annalen der Physik.
Proc Roy Soc Proceedings of the Royel Society cf London.
tec trav chin ' Eecuell des traveux chluLquee des Pays-Bas.
EH relative humidity.
El Report of Investigation.
SAE Society of Automotive Engineers.
SAP semi-armor-piercing.
sol solution.
Spec Specifications.
•td dev standard deviation.
TM Technical Manual, Department of the Amy.
TM/TO joint publication, as a TM and as a Department of the

Air Force Technical Order.
Trane Farad Soc Transaction* of the Fareday Society 
vac atab vacuum stability.
Z angew Chen Zeitschrlft fur angewsndte Cheale.
% anorg Chen Zeitschrlft fur anorganlsche und allgeiaeine Chemic.
Z gee Schleis- Zeitschrlft fur das geeamte Schless und Sprengstoff- 
Sprengstofiv wessen (Munchen).

Z/sac atom* of oxyge ’ per second.
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PROPERTIES OF EXPLOSIVES OF MILITARY INTEREST

INTRODUCTION

1. ytmnrmwtwfg A MPOBT Of 8BJOIARD gUTS. Mo effort was swde tc cover ill the exietisg 
literature, either open or classified security infonsation, on any explosive. Hsther, the 
min reeouxue has been retorts ( M  facilities usinj, standard or wal’.-kncwn test procedures.
g, 0BX6IE. Compilation of data resulting in tills handbook we undertaken by Pi cm tinny Arsenal persoo&eiSbo desired to provide s manual tabulating tne characterl stl cs of explosives , bised 
on tests, with regard to current, end possible future, Interest. Die first resulting Pica tinny 
Arsens'! publication ess dated SO June 19̂ 9* Derision 1, PA Technical Report Bo. rfko, dated ApriJ. î Ŝ, with revisions, provides the date used herein.
i. aocpn. 'tabulated data of tests on one hundred and ten explosive compounds air mixtures include sensitivity to friction, impact, host; per farm  ce characteristics or effectiveness 
in weapons; physical and cherdoal properties; and method of preparatlor, synthesis or manufac­ture, with comment# on b .storiesl origin, and supplementary references.
r. W W B! MDTMKWS AHD SOURCES. The references, as to sources of data or for more details in methods of testing, have been listed, when available, at the e.'d of each section devoted to 
e given explosive coapound, explosive mixture, or explosive ingreilent. Where no reference la 
given, it can be assumed that these data represent typical values obv.lned by standard proce­dures. When available any reference should be consulted for more details in interpreting test date.

Also there are listed Picatinny Arsenal Technical Reports which contain xlditicnal informa­tion on the particular exolosive. These report numbers ere given in ascending order, in columns corresponding to their teixlnal digits, and in accordance with the "Uniterm Iidex" prepared for Picatinny Arsenal by Xtocunentation Incorporated under Contract DAI-36-O3h-501-OR]>-(P)-w2 (1955)*
5. KHABAT13H CP W M S  ARP METHODS OP TEgTIBS. Data fare tabulated herein on three form-type pager, in the following sequence of headings. H any of these terms are self-explanatory.

a. First tabular page.
(1) Same of the explosive in each instance.

(2) "Composition."

(3) "Impact Sensitivity; 2 Kg Wt.”

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

A sample (approximately 0.02 gram) of explosive is subjected to the action of a failing 
weight, usually 2 kilograms. A 20-milligram sample of explosive la always uaed in the Bureau 
of Mines (EM) apparatus when testing solid explosives. The weight of sample used in the Pica- 
tinny Arsenal (PA) apparatus is indicated in each case. The Impact test value is the minimum

•Reference publications (a through q), applyi.ig to thic Introduction. are listed at the end of 
the introduction.



s
height at,which at least cm  of 10 tvdala reeultc, ta v g ^ g l ^ .  For the BM apparatus, the unit 
of height 1* the con tine ter; fear the PA apparatus, i t "  is •the inch. In ths feraer, the explo- 
a m  la held between two flat, parallel hardened (c 63 t  2) utecl surfaces; In the latter case,
It la placed In the depression of a aaall steel die-cup, capped by a thin brass borer, in the 
canter of which la placed a elotted-vented-cyliadrical steel plug, slotted side deem. In the 
M  apparatus, the ligaet Impulse le transmitted to the sample by the upper flat surface, in the 
FA, by the vented pit*. The mein differences between the two tests are that the PA tact (1) 
involves greater mnflnsannt. (2) distributes the translational impulse over a smaller area 
(due to the inclined aides of the die-cup cavity), and (3) involves a frictional component 
'against the Inclined sides).

The beet value obtained with the BA apparatus depends, to a narked degree, on the sample 
density, Thie value indicates the hasard to be expected on subjecting the particular sample 
to an impact blow, but la of value in assessing a material's Inherent sensitivity only if the 
apparent density (charge weight) is recorded along with the impact test value. The values tabu* •
hated herein were obtained on material screened between 50 and 100 mesh, U. S. Standard Screens 
Where ningle component explosives are involved, and through 50 meeb for the mixtures.

(b) Impact sensitivity test for liquids, (b) <

The Ed Impact Teat for liquids ie run in the same way as foi solids. The die-cup is filled 
and the top of the liquid meniscus adjusted to coincide with the plane of the top rln of the 
die-cup. To date, this visual observation has been found adequate to assure that the liquid 
does not wot the dle-cup rim after the brass cap has been set In place. Thus fhr the repro­
ducibility of data obtained in this way indicate that variations in sample else obtained are 
not significant.

In the case of the BN apparatus, the procedure that was described for solids is used vith 
the following variations:

1, Ti>o weight of explosive tested is 0.007-gm. C ,,<*-■

2. A disc of desiccated filter paper (Whatoar. Ho, 1) 9* 5-mllllmeter diameter; la laid on w  
eacE"’drop, on the anvil, and then the plunger is lowered on the sample absorbed in the filter
paper.

(h) "Friction Pendulum Test." (c)

A 7.0-gm sample of explosive, 50-100 mesh, is exposed to the action of e steel, or fiber,
•hoe swinging as a pendulum at the end of a long steel rod. The behavior of the sasapie la 
described qualitatively to indicate its reaction to this experience, l.e-, the moet energetic 
reaction is explosion, and in decreasing order of severity of reaction: snaps, cracks, ar.d 
unaffected.

(5) "Rifle Bullet Impact Test." (d)

Approximately 0.5-pound of explosive is leaded in the same manner as it is loaded for actual 
use: that le, cast, pressed, or liquid in a 3-inch pipe nipple (2-inch Inside diameter, l/lo- 
inefa wall) closed on each and by a cap. lbe loaded item, in the standard test, contains a small 
air space which can, if desired, be filled by inserting a wax plug. The loaded item is sub­
jected to the lipact of a caliber .30 bullet fired perpendicularly to the leng axis of tht pipe 
nipple, from a distance of 90 feet.

2
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(6) "Explosion fwperatire." (a)

A 0.02-gm sample (0.01-gm In the ease of Initiator*'; of explosive, loose loaded in a No- 8 
blasting cap, is .emerged for a short period In a Wood s metal bath. B«e temperature determined 
is that which produces rmlouion, ignition or decc position of the sanple In 5 second?, and the 
behavior of the sample is Indicated by "Explodes” or "Ignites" or "Decomposes" placed beside the 
value. Where values vere available for times other than 5 seconds, these have been Included.
Tor 0.1-second values, no cap was used, but the explosive was placed directly on Wood's metal 
bath, Ismedlately after cleaning. Ihe valuo 0.1 second is estimated, not determined, and repre- 
aents an Interval regarded as instantaneous to the observer's eye. Dashes Indicate no action.

(7) "75°C International Beat feet." (a)

A 10-gm aaaple is heated, for 48 hours at 75°C. The sample a ‘ter this exposure is observed 
for signs of decooposltlon or volatility.

(8) "100°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 st 100°C for 100 hours results in explosion.

(9) "Flaaantillty Index." (h)

The measure of the likelihood that 1. bare charge will catch fire when exposed to fleams is 
the Index of flamsblUty. Die test Is made by bringing an coQrhydrogen name to bear on the 
explosive. dhe maximum time of exposure which gives no ignition In 10 trials and the minimum 
exposure which gives ignition in each of 10 trials are determined. The index of flammability 
is 100 divided by the mean of the two times In seconds. Ihe most flaanable substances have high 
indices, e.g., 250.

(10) "Hygroecorlcity."
A 5- to 10-ga sample is exposed for hygroscopicity under the ctated conditions, until equili­

brium is attained, or In cues there either the rate is extremely low, or very large amounts of 
water are picked up, for the stated time. Ihe sample, If solid, Is prepared by sieving through 
a 50 and on e 100 mesh screen.

(11) "Volatility."

A 1-gm sample is exposed for volatility under the stated conditions. Ihe sample if solid 
Is prepared by sieving through a 50 and on s 100 mesh sieve.

(12) "Molecular Weight. ”

Ihe molecular weight (MW) of a mixture can be calculated from the equation

MW of mixture » 100 .
+ JELmw^ mVg mvj mvn

where e, b, c and s ere the weight percents of the components, and mw^, mw2, mvo end mvn their 
corresponding molecular weights.
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c

fNcdurt tor calculating oxygen balance is to dr tend ne the muter of gr— to—  of oxygen — let 
•re excess or deficien t for 100 gre—  of e co— wind, nils matter aul . ’ p iled  by tbe otaade velght of oxygon gives

tbe oxyfec balance: l6CC (21 1 1  . z)
4 — locular w igh t of ooapound » oxygen balance to COg and HgO, vtere X - a to—  of .Aon,
T ■ ate—  of hydrogen, % • ato—  of oxygen. Ihe oxygen balance of a mixture la equal to tbe a—  of the percent eciEposliiaM tlaer tbe oxygen balance for each coeyonent.

Vhe eaxboe/bydragen (c/h) ratio is calculated —  folic— ;

feg-f 'HS -jfc;8'- - c/' ■*“<■
(lb) "Density."
(15) "Melting Point." ___*
(16) "freezing P'.iut."
(17) "Boiling Point."
(18) "Refractive Index."
(19) *Voeuu» Stability I— t." (a)

A 5.0-ga staple (1.0 gm tor Initiators), after having been carefully dried is heated for hO hours, In vacuo at the desired teaperature. ~
(20) "200 Or—  Boob 3aod Test."

(a) Sind test for solids, (a) '
A 0-h-gn saople of explosive, pressed at 3000 pounds per square inch into a So. 6 cap, is 

Initiated by lead aside, or mercury fulminate (or, i t  necessary, ly lead aside end tetryl), in a sand teat bo—  containing 200 ga of "on 30 mesh" Otts—  sand. The amount of azide, or of tetryl, that oust be used, to insure that tbe staple .rushes the oaximtu cet weight of sand, ‘
is designated —  Its sensitivity to Initiation and ths net weight of tend crushed, finer than

A M C P m -177

(13) "Oxygen Balance."
Dm  oxygen balance (OB) la calc la ted from tbe csplrloal forvuls of a oexpound in percentage 

of «9CM required far eoplete conversion of oarUar to carbon dioxide (or oarben aoocadde) tad hr dreg—  to — ter. Whan metal is pres— t tbe rexctione ore os stood to occur in tbe following 
' dart

Metal + 0 - — * Metal Oxide
C + HpO -- — » CO + 3^
OOg+lfe — — • CO + HgO
200 + Og ---— » 200g

4
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30 math, la termed tha sand hast vtlut. Ihe net weight of eand crushed la obtained by sub­
tracting Area the tctalThe amount crushed by the Initiator when shot alone.

(b) Sand teat tor liquid1', (b)

She sand test for liquids la and. m  accordance with the procedure given for solids except 
that the following procedure for loaning the teat samples la substituted:

Cut tha closed end froa a So. 6 blastly cap end load one end of the resulting cylinder 
with 0.20 ga of land aside and 0*23 gn of tetryl, using a pressure of 3000 pal for consoli­
dating each charge. Kith a pin, prick the powder train In one end of a piece of alner'a black 
powder fuse 6 or 9 Indies long. Crimp to the pricked end a loaded cylinder, taking care that 
the end of the fuae la held firmly against the charge in the cap. Crisp near the aouth of the 
oap so aa to avoid squsetlng tha charge. Transfer e weighed portion of O.bOO gn of the teat 
explosive to an aluminum cap, taking precautions when the explosive la liquid to Insert the 
aa^le In such a Banner that aa little aa possible adheres to the side walls of tbs cap, iid 
whan a solid neterial is being tested use material fine enough to pass through a Ho. 100 U. S. 
Standard Sieve. The cape used shall be of the following dimensions: length 2.00 Inches, In­
ternal diameter 0.248-inch, wall thickness 0.025-lneh. Press solid explosives, after Insertion 
Into tha aluminum cap, by means of hand prestore to an apparent density of approximately 1.2 gn 
per cubic oentlmeter. Ibis was done by exerting hand pressure on a wooden plunger until the 
plunger bad entered the cep to a depth of 3*93 centimeters. Following are the dimensions of 
tbs Interior of the cap: height 5-00 cm, arse of cross section 0.312 square centimeters. In­
sert the cylinder containing the fuse and explosive charge of tetryl end lead aside into the 
(tliainua cap contalnlig the test explosive for the determination of sand crushed.

(21) "Sensitivity to Initiation."

Oils Is sensitivity to Initiation as described under the preceding heading. The mlnlnr* 
detonating charge, in grass, required to detonate the explosive sasple, is given.

(22) "Ballistic Mortar, $ 1ST." (e)

The amount of aample tu.der test which Is necessary to raise the heavy ballistic nortar to 
the same halght to which It raised by 10 ga of trinitrotoluene (1ST) Is determined. The 
sample la then rated, on a proportionate basis, as having a certain 1ST valie, i.e., as being 
a certain percent as affective aa 1ST in this respect. The formula is

1ST value - — IP ■ ... x 100. sample weight
The ballistic nortar consists of a long compound supporting rod, at tha and of which is sup­
ported a heavy short-nosed mortar. The nortar contains a chamber about 6 Inches in diameter 
and 1 foot long. A projectile occupies about 7 Inches of the chaober and the sample to be 
tested occupies a snail portion of tha reminder of the Chamber. When the sa^le la detonated, 
the projectile 1j driven Into a sand bank, and the nortar swings through an angle which la 
xarked on paper by a pencil attached to the nortar. The angle thus indicates the height to 
which tha pendulum la '■alsed by the explosion, and this latter represents the energy measured 
by this teat proceluie.

(23) "Trauzl Teat, $ 1ST." (d) '

A sample of the explosive to be tested (of the order of 10 gm) Is exploded In a cavity, or 
borehole, 25-nm In diameter and 125-nm deep, In a lead block 200-an in diameter and 200-mm in 
halght. Eie borehole 1* made centrally In the ujr cr face of each block, which la cast in a mold 
from desilverized lead of the beat frailty. Although these tests have been node >nder a variety
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of condition*, vhe.-e possible the data have been taken from or related to thoae of Deference f 
(Saoum). Here a No 8 blasting cap vaa used for Initiation of thp sample contained In glass,
The velght of sai^ie used was adjusted to give, vith the Initiator, a total expansion of 250 to 
900 cc, since vlthtn this range expansion and sample velght vere linearly related under the con­
ditions '* Taoum’s test, lhus expansions for equivalent weights vere readily calculated, and 
the tea alue expressed In percent of the expansion of an equivalent velght of TNT,

(24) "Plate Dent Test," (d)

Two methods vere used for plate dent tests,

(a) Method A - Ine charge Is contained in a copper tube, having an internal diameter 
of 3/U-lnch and l/l6-inch vail. This loaded tube is placed vertically cm a square piece of 
cold-rolled steel plate, 5/8-inch thick; 4-inch and 3-l/4-inch square plate gave the sane re­
sults, The steel plate 1 a In a horizontal position and rests in turn on a short length of 
heavy steel tubing 1-1/2 indies ID and 3 Inches 0D, The charge rests on the centei of the 
plate «nd the centers of the charge, plate, and supporting tube are in the same line. A 20-gm 
charge of the explosive under test Is boostered by a 5-6® pellet of tetvyl, 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 
1-3/4-lnch thick, 5-square inch cold-rolled steel plate, vith one or more similar plates us 
hacking. The charge Is initiated vith a Ho. 8 detonator and two 1-5/8-lnch diameter, 30-gm 
tetryl boosters.

Plate dent test value, or relative brlsance = Saagtle Dent Depth x i00.
Dent Depth for m r  at 1.61 gm/cc

(25) "nstucation Rate." (g) '

The detonation rates reported in the tables contained herein vere determined principally by 
using the rotating drum camera, under the conditions stated, e.g., usually charges 1 inch in 
diameter, 20 Inches long, wrapped In cellulose acetate sheet, and initiated by a system designed 
to produce high order stable detonation at the maximum rate under the particular conditions, a  
t-T,ieal Initiating system for this consisted of four tetryl pellets 0.995 inch in dlaatetev, 0.T5 
inch long, pressed to 1.50 gm/cc, vith a Corps of Engineers special blasting cap placed In a 
ce iiral hole in the end pellet. __

b. Second tabular page. ■

(1) "Booster Sensitivity Test." (p) .

The booster sensitivity test procedure is a scaled up modification of the Bruceton method ’ 
(uncontlned charge). The source of the shock consists of two tetryl pellets, each 1.57 Inches 
diameter by 1.60 Inches high, of approximately 100 gm total velght. The Initial shock la de­
graded through wax spacers of cast Acravax B, 1*5/8 inches diameter. 'Hie test charges are 1-5/8 
inches diameter by 5 Inches long. The value given Is the thickness of rax In Inches at the 50# 
detonation point. The weight of tetryl pellet noted is the minimum which will produce detona­
tion with the spacer indicated.

(2) "Heat o f  (calorimetric tests), (i)

Heats of combustion and explosion are generally determined on sauries weighing of the order 
of 1 to 2 gm, in standard calorimeter bombs such as the Parr or Emerson, approximately 400 cc : 
(for low loading density), or the Boas, approximately 45 cc (for high loading density). For
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heats of combustion tbo settle Is burned under about bo atmospheres of oxygen; for beets of 
explosion, nitrogen, or one atmosphere of air is used,

(3) "Specific Beat."

(k) "Burning Rate,"
(3) "Thermal Conductivity,”

(6) "Coefficient of Expansion,”

(7) "Ihrdness, Hobs' Scale,"

(8) "Touag's Modulus,"
(9) "Oospressive Sucr?th."
(10) "Vapor Pressure,"

(11) "Decomposition Biuatlon."

(12) "Armor Plate lapact Test." (j)

(a) 6o-ma Mortar Projectile,

A Modified 60-«m, M49A2, mortar projectile Is loaded vltfa rise explosive to be tested, drilled 
to the proper depth (about l/2 Inch), and a flat-based steel plug screwed Into the projectile to 
give a smooth dose-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 leaded projectile with fins 
attached is fired from a five foot length of 2-3/8 inches IB x 3*3/3 Inches OB Shelby steel tub-3. Die Igniter -nd propelling charge, consisting of an igniter for a 2.36-inch rocket (basoo- 

, 5 gm of kT bl> ck pu.uer, 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, Inert or affected,
Is determined by observation (e.g., whether or not flash occurs on Impact), Within the range of 
flight stability of the projectile, 200-1100 ft/sec, the 50$ point Is locsted.

(b) 300-lb General Purpose Bombs-

(13) "Ben* Brop Test."

Bomb drops are made using bombs assembled In the conventional manner, aa for service usage, 
but containing either inert or aim’bated fuzes. The target Is usually reinforced concrete,

c. Third tabular page.

(1) "JTagmentatlon Test," (1)

The weight of each empty projectile and weight of water displaced by the explosive charge Is 
determined, and from this the specific gravity of the charge la calculated. All 3*inch end 
90-nm nrojectllee are Initiated by M20 Booster pellets, and those used with 3-inch HE, M42A1,Lot KC-5 and 90-nm HE, Mfl, Lot WC-91 projectiles are controlled in weight and height as follows: 
22-50 £ 0.10 gm, and 0.480 to 0.485 Inch.



A X C P 7 M - O T

The projuctlls assembled Kith fuze, actuated by a Blasting Cap, Special, type U  (Spec .19­
20) pieced directly co e lead of comparable diameter and booeter, are placed In boots ocn- 
•tructed of half-inch pine* 9 m  90-ms proJ*c tiles are fragmented In boxes 21 x 10-1/2 x 10-1/2 inches and the 3-inch projectiles in boxes 15 x 9 * 9 inches outside dliisnsions. 9 m  box vltb projectile Is placed on about b feet of sand in * sieel fragmentation tub, the detonator vires ere connected, and the box covered vith epproxlaately b feet nore of saud. The projectile is 
fired and the sand run onto a gyrating b-aeah screen on which the fragments are recovered.

(2) "fragment Velocity."
Charges 10-l/8 inches long and 2 inches in diameter, containing a booster oovlty, filled by a 72-gm tetxyl pellet (1*3/8 inches diameter, 2 indies long, average density 1,59b) are fired in a modal projectile of Sielby eeaaless tubing, 2 indies IS, 3 inches OS, SAX 1020 steel, vith 

a valdad-on cold rolled steel base. 9 m  projectile is so fired in a chamber, connected to a 
corridor containing velocity stations, that a desired vedge of projectile casing fragments can be observed. 9 m  fragment velocities are determined by shadow photographs, using flash bulbs, and rotating drum cameras, each behind three slits. The drum cameras have e writing speed of 
30 meters per second.

(3) "Blast (Relative t- TOT)."
The blast pressures and iagiulses given vara determined almost exclusively vith tourmaline 

gagas, and the usual necessary specialised electrical circuits, shielded cc-axial cables, oscillographs, •'-.c ■ In general, the data represent results of tests vith large eased charges.
(b) ‘shaped Charge Effectiveness, 1ST « 100." (k, m) . -

Uoccnflned charges 2 indies in diameter and 6 indies long, boostersd by a 10-ga pressed tatryl pallet, set in a 20-sm pellet (truncated cone) of east 60/bO cydotol, are shot against 3-loch homogeneous armor plate at a 1-3/18 Inches standoff. 9ie cones used are ooinrdal Pyren glass funnels, sealed off at the start of the sten, 2 inches in diameter, 0.110 to 0.125 inch veil thickness.
Onoonflned charges 1.63 inches in diameter and 6 Inches long are tested at a standoff of 

I.63 inches against stacks of b x b x 1 inch mild steel plates. M9A1 steel cones are used. 
Results are averages of h trials.

(5) "Color."

(6) "Principal Uses."
(7) "Method of Loading."
(8) "Loading Density."

(9) "Storage."
Ammunition and bulk explosives in storage represent varying degrees of hazard and compati­

bility. lhls has led to their being divided into s nunher cf hazard classes and compatibility 
groaps as indicated In subparagraphs (b) sad (c) below.

(a) Method: Wet or dry.

(b) Hazard Class (Quantity-Distance).

8
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Munition and bulk explosives are dinted into quantity-distance classes, Claac 1 through 
12, according to tho daeag* expected if they explode or lgnlta (Reference: Any Material Ooraeiu*. Regulation, AMCK JgJ-100, AMC Safety Manual, chapter 17). All standard explosives In hulk are 
Included In four of theoe clsasaa: ~Las8 5, 2A, 9, and 12 (» 9-1910/TO 11A-1-*).

(c) Oorviatlhlllty Group. -
Explosives and aaaunltloa are grouped for compatibility vlth respect to the follovir̂  factors:

1. Xffacta of explosion of the item.
2. Rate of deterioration. .
3« 3a~Xitinty to Initiation.
b. Type at packlt̂ .
5. Sffacta of fire Involving the item.
6. Quantity of explosive per unit.

(d) Ezutetloc.
d. macellaneous entries.

Where available and appropriate, the foll<*rtng or related data are given, In apace at 
the button of the third fora, or on plain pages.

(1) Solubility.
(2) Methods of manufacture.
(3) Historical lnforaatlan.
(b) Bulk cô iresalblllty aodulua. (q)

Die direct experimental naasureawnt of the dynealc bulk modulus of a solid la difficult, and 
fee such neaurenente have been rate. One apparatus has been developed at the Msval Ordnance 
laboratory and Is described in detail In Reference q. Bulk aodulua (Its reciprocal la the con* possibility) Is teflaad aa the ratio of stress to strain ebon the stress Is a pressure applied equally on ail surltoes of the aaaple and the strain Is the resulting change In voluns per unit ▼olitae.

■ (3) Hydrolysis tests, (o)
Dw 2uC-hour hydrolysis test Is conducted as follows: A 5*ga eaaple of the dry nitrocellu­lose is weighed accurately in a tare-weighed 250-oc Pyre* flnak hx.vlng a ground glass connection 

for a Pyrex condenser. Own 100 ee of distilled water Is addsd to tho nitrocellulose In the flssk and the flack fitted to tho condenser. Die flask Is plaoed In a staan hath In which the water it kept bollliM! constantly by naans of slactrlc hotplates. At the end of ZbO hours the aaouzrt of solid developed by the hydrolysis of the nitrocellulose Is measured by an electronatlc 
pH aethod.

(6) Sensitivity to Initiation by slsctrostatlc discharge, (n)

9
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Ok* esmplea are tested under tiro amounts of confinement, designated as unconfined end cco- 
lined. In the unconfined teat, a saeple of approximately 0.0$ gn la dumped into a shallow de 
presaion in a iteel block and flattened out with a epetula. In the confined testa (partly 
confined). the settle of approximately 0.05 g» la introduced into soft-glass tube (-*• 7 am ID x 
18 ssi long) vhich fits over s setal peg. The voluas of the space around the charge at zero gap 
Is ~  0.15 cc; at a gap of 0.6 an, It Is—  O.fc ee. In addition to providing noderate confine- 
aent, thla system also minimizes dispersion of the castle by the teat spark, and reduces the 
affect of material bel. : repelled fron the needle point by electrostatic field effect.

When a teat is to be aede, the needle point electrode is screwed up until the gap between 
electrodes is greater than the critical gap discharge at the test voltage. The sample Is then 
placed In position, the high-voltage terminal of the charged candensor Is switched to the point 
electrode by means of a mercury switch, end the electrode Is screwed down until discharge occurs.

lhe spark energy (in Joules), for zero probability of Ignition, Is determined.

(7) Destruction by cbenlcal decomposition.

Burning Is the preferred method of destroying explosives. Initiating type explosives (In 
quantity) are usually destroyed by detonrtlon with demolition blocks. Destruction of explo- 
elves by chemical decoagosltlon can he effectively used where small laboratory quantities are 
involved. Procedures given are standard for only lead azide, mercury fulminate and nitrogly­
cerin.

(8) Other infonmtlcn.

(9) References.

6. HB1KBK83 CMBD IH DTHBOJCTIOW.1

a. V. E. Rinkenbach and A. J. dear, Standard Laboratory Procedures for Sensitivity.
Brleanco. and Stability of gaploalves. BATR r*o. iAol, lB ifcrCh 19^, Revised SB February 1950. .

b. V. S. Tomlinson, Jr. and A. J. dear, Development of Standard Tests —  Application of vN*r"' 
the t« m -. «<d Hs«d Testa to the Study of Hltaroglycertu and Other Llauid Explosives, BATR Ho.
173bT i3 June 19*9.

c. J. H. Mclvor, Friction Pendulum. PA Tasting Manual 7-1, 8 May 1950.

d. Departments of the A n y  and the Air Force Joint Technical Manuel and Technical Order,
DC 9-1910/TC 1U-1-3A, Military Roloslwa, April 1955*

a. J. H. Mclvor, Ballistic Mortar Test, BA Testing Manual 7-2, 8 May 1950.

f. a. Raourn, Z g«a Schlees-aprengetoflV. pp. 181, 229, 267 (27 J-we 1932)*

g. 0. J. Mieller, Baulpment for the Study of the Detonation Process, BATH No. 1W 5,
4 July 19^5.

h. 1ERC Interim Report, Preparation and Testing of Explosives, Nos. PT-19 and PT-20,
February-April 19W.

I. Linnle E. Newman, PA Chemical Laboratory Report Nos. 127815 and 131*1*76, 11 January 1951-

J. Report AC-2983/0rg Expl 179-

lFor information regarding source of references, Inquiries should be made to the Commander, 
U,S, Army Research Offlce--Durham, ATTN: CRDARD-EH, Box CM, Duke Station, Durham, North Carolina 
27706,
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k. Eastern Laboratory, du Poet, Dwsstlgatloo of Cavity Effect, Section in , Variation of 
Parity Effect elth Oonncsltlon, BERC Contract W-b/fe-ORIVyrr:}. ' 1

1- J. H. mcXtot, Fragnantation Test Procedures, PA Tseting Manual 5-1, 2A August 1950.
a. Eastern laboratory, da Pent, Investigation of Carl tv affect, Pinal Report, 16 September 

19̂ 3, HIKC Contract V.$T2-ORD-5723-
n. P. V. Broun, D. H. Kuslor, and F. C. Gibson, Sensitivity of Explosives to Initiation 

by Electrostatic Mtcfaargaa, U. s. Department of Interior, Bureau of Hnea, K. 1. 3B5i, 1^6-
o. D. D. Soger, Study o f A d d  Adsorption sad Hydrolysis o f Cellulose Blteate and Oellaloee 

Sulphate, BAIR Bo. lfV , 12 January 1932*

p. L. C. SWtfc sad £- B. Eyeter, Sensitivity Bests, Performance Testa,
Physical Testing of Explosives, part m ,  Miscellaneous
af e  Aftort i^ t . — :------

q. C* S. Sandler, An Acoustic Technique for Measuring the Effective Dynes! c Bulk Modulus 
of Elasticity sad Associated toss factor of Robber and Mastics. HAVOHD Beport Bo. 1^&, 1 flep- 
tatter 19J6. . ■

V. S. Crsaer, Bulk Oonoresslblllty Data on Several aploslves, BAVORD Beport Bo. 1*300, 
15 Srptenber 1936.
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AKCP 706-177 Amatols 60/20, 60A 0. 30/50

Compatibility vlth M»*al»:
Dry - Mbtal* unaffected are sine, Iron, tin, bra*s, brass t.' i plated, brass HRC coated, brass abaitae cos ted, nickel aluminum, steel, steel niated . itb nickel, zinc or tin, stain­less steel, Parker 1 ted steel, end steel costed vith acid-proof black paint. .'totals slightly 

affected ere copper, bronze, lead end copper plated eteel.
Preparation: .

In preparing anntols the proper granulation of a«.onlum nitrate la required If the scxleua 
density of the cast anatol Is deelred. The asmtotV.u nitrate should be dried eo as to contain 
not nora then 3-25)1 nolsture- It should be heated to about 90°C before being added to the 
appropriate weight of aolten HIT contained in a neltlng vessel equipped vlth an agitator. Con­
tinue adzing to Insure uniformity and load by pouring Into 'bill or boolba.

Origin:

Developed by the ti-itiah during World Mar I in order to conserve 1ST. '

References:2

(a) L- C. Smith and 3. H. ^ 8  ter, Physical TestlaJ of Explosives, Part III. Miscellaneous 
Sensitivity Testa, Performance Teata, C ^ D  Report 57w, 27 December 19^5.

(b) Report AC-17/Phys 2x 1.

(c) Dc P. Hclougell, Methods of Physical Testing, O S ®  Report Bo. 803, 11 Auguot 19*»2.

L. C. Smith and K. 0. Raster, Physical Testing of Bzoloslves, Part III - Miscellaneous 
Sensitivity Tests; Performance Teata, OSRP Report Mo. 57h6, 27 Deceases- J.9̂ 5*

(l) Coolttee of M v  2 and 8, EDRC, Report on HEX and Tritons!, 05RB Report Bo. 5^06, '
31 July 1*5. V w

(e) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision,
HAVOHD Report Ho. 87-1*6, 26 July 19*6.

(f) R. W. Drake, Fragment Velocity and Panel Penetration of Several Ezploalves In Simulated
Shells, 08HD Report Ho. 562£, 2 January i9b6. . ■

(g> Eastern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, 18 September 
19^3, KTRC Contract W-672-ORD-5723- .

(h) Also see the following Picstlnny Arsenal Technical Reports on Amatols:
0 1 2 3 \• “* *• Mm

240 68l 132 7 3̂
350 731 182 1173 69*
630 901 1302 1373 73̂
950 1051 1352 1323 874

1300 13U 1372 1 9̂3 13^
1530 ll»5i

1651
1552 1783

5 6 7 8 9“*

65 266 1207 5̂ 8 5 9̂
425 55̂ 1^57 638 799
695 666 1737 838 929
715 986 1827 1098 1129
73 y 1376 2167 lll*8 1219

1145 1416 1388 1369
1225
13*»5
1455

1636
1796

1568
1838

1559

18S5
(1) TM 9-1910/TO 11A-1-31*, M i li t a r y  E xp lo sive s. A p r il 1955.

ee footnote 1, page 10.
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IcJBctlc Martor. %  TNT: (a) 56

Tread Tcct, %  TNT:
7I*C letcieetlieel Meet Tcct: (•)
%  Lacs in 48 Hi* 0.0 Hate Coot Tacts

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, %  TNT

1B0*C Heat Tcct;
%  Lacs. 1st 48 Hr* 0.74 
%  Lot*. 2nd 48 Hr* 0.13 
Explosion in 100 Hn Hone

DctaeoNce Rata: (b)
Confinement None Strong 
Condition Solid Liquid 
Charge Diameter, in. 1.25 4.5 
Density, gm/cc 0-9 1.4 
Rate, meters/second 1000 2500

ncmmeMHty led**:

Hygreccepielty: %  M __.
30°C. 90* RH Extreme

VelctMty:
Decomposes et 210 C
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AMC? 706-177

«
*■

■ !

"< twt«

■ uMwtniltTfftjr T«tt

TMyl,|ni
Wan, In. for 90% Catenation 
'*tm, gm 
Danalty, gm/ee

Naatafi
Ccmfcatton, col/gm

Go* Voluma, cc/gm 
fotmotlof̂  eat/gm 
Fudon, cal/gm

* 6

960
1096

16.83

cm/tac

eel/Me/cm/*C 8 .9- 3>9 x  10"*

Unaor, %/*C 

Voluma, %/*C

YaangTs Madaiat:
E‘, dynaa/em* 
E, (b/lneh* 
DansMy, gm/cc

tL. /!— L»Im 99I^*99I*V #VW99Jr99* I Of If tv" ■

Vapor N a m :
•c mm Marcury

188 3-25
205 7.1*5216 11.5522J 15.80
‘m

OGto

IpaaMs Haatt eol/gm/’ C (•)
°C _2£ Ploli ThicknMi iflchti

-150 0.109 0 0.397
1•100 0.330 50 O .k li

-50 0 *35* 100 0.1*26 1%

aawapaaMaa IgaoMaat ( f )
0NyQ9n» oIqivk/m c  
(Z/M)
M m I ItllflMlflfli/nfllBnwif m w m p w m| i*nna

1013-8

*0.5

(fo“ «S

36*3
(AH. kcol/moO 

Tamgaratura Kongo, *C 8*3-861 817-867
Liquid

Anaor Hate fcapaat Taatt 

m i
90% Inart, Vatodty. ft/aac 
Aluminum Flnanaw

1%
1%

DrapTaatt

77, H O A I l aa l Anaaa Hatcteg la a k  n

Max Safa Drop, ft

900%  Oaaatal Fmpoaa l awk *1 Caoctatei

Haight, ft 
Triol*
Unoffactad 
Low Ordar 
High Ordar

1000-fc Gaaaral Patpaaa Baaik *. Caaatate:

Haight, ft 
Trial*
Unoffactad 
Low Ordar 
High Ordar

w
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AimoM ub nitrate AMCP7W-177

* m ,  m i  n m M a  u » wctit
Density, gm/cc 
ChorgsWt, lb

For TNT 
For Subject HE

I  hwb W .M O A 1  Pis|ortEa. Lot KC4: 
Penalty, gm/cc 

O w g iW l,b

Total No. ol Fiegeioetoi
For TNT 

For Sublet HE

rftpRHi tMICR}* n/NC
At 9 It 
A tSB fe ft
Density, gm/cc

iM t W l l i l l r i f  THTh 

A in
h o k  Prttauro
Imputes
Enatgy

A b ,C ia M i
Impulse

Under Water:
Peek Pressure
Impulse

Enargy

UilaiyiaaHi
Peok Pressure
Impulse

Enargy

Hwpe4 Oterge WedkiWQk THT *  IMt 

G ian Conn Stool Conor
HoioVoluno 

noto M p m

Colon Colorle e r

Ptleslpsl  Uses: Explosive Ingredient of mixtures used In bodba or largo eallbar projectiles

M J o l  of toodlogt Prooood or coot dependingon co^ooltioo of Mixture

leedfag daesltyi gm/cc V a riab le

Method Dry

Hoxord C lou (Quantity-Distance) Claaa 12

Compatibility Group Group D

Exudottat Rone

Effect of Temperature on Inpact denoltlYlty (Chemically pure grade); (b)
tap. PA Impact Test
°c 2 Kg Vt, inches

25 31
75 28
100 27
150 27
175 12

Compatibility trltb Me tala: (a)
In the preoence of moisture, sanonlum 

nitrate reacts with copper, Iron steel, 
brass, lead and cadmium.

Entropy; (g)

cal/mol at 25°C 36.0
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A M C PW -m Himcnlua Kltrete

Solubility of eamcalisa nitrate. graaa in 100 graae (it) of; (t)

fktar Alcohol Acetic Add Hi trie Add Pyridine
i HJtrlc

* A & A l A A -§ tA LAA"
V3S20 192 to 5 27.0 0-39 15 73.0 01.7to 297 60 T«5 80.9 5.8 30 106 20.8

60 ta T8 10.5 101.0 20.7 75 201 31.6
80300 8 120.0 125

Prepare tlon:

t m onlum nitrate la prepared by the neutralization of an aqueoua aolutloo of ewsonle with 
nitric a d d  and evaporation of tha eolutioe. the product which la vary pur* la dried In a 
graining kettle.

Orlalnt

Tint prepared by Glauber In 1659 and flret used aa an exploaive ingredient in 1867 when a 
Swedish patent waa granted to Gblaaon and Horrbin for a co^oalte dynamite.

Daatructlon by Chenlcal Decoamoeltlon:

ikaonlua nitrate la decomposed by atreng alkalies with the liberation of amonla, and by 
aulfurlc ad d  with the formation of smoolum sulfate and nitric add.

Bafarencaa;3

(a) Departments of the A n y  and the Air Force 04 9-1910/TO 110-1-3*1. Military Explosives, 
April 1955.  ̂ ^

fb) P. p. Macy, T. D. Dudderar, E. F. Reese and L. H. Erl keen, Investigation of ganaltlvlty 
of Fertiliser Grade ftatin'um nitrate to Explosion, Eft IB Ho. 1658, 11 July 19ft7.

(e) 9. ?. ISf.cDougall, Methods of Physiol Testing, OSRD Report Ho. 803, 11 August 19**2.

(d) L. C. Sdth and S. G. Rye ter, Physical Jesting of Explosives, Part III - Miscellaneous 
ganaltlvlty Theta: Perfonance Testa, 6Sed Report Ho. 5746, 27 December 19**5. ......

(e) International Critical Babies. McGraw-Hill Book Co., H. Y-, Land-Bornet.

G. D. Clift and B. T. Federoff, A Manual for Explosives laboratories, Vol. II, Lefax 
Society, Inc., Philadelphia, 19*»3-

(f) R. J. Flnkelsteln and G. Gaaow, Theory of the Detonation Process, HftVORD Report Ho. 90- 
t6, 20 April 19**7>

(g) George Feld, The Dissociation Pressure and Free Energy cf Formation of Ammonium ni­
trate. Arthur D. Little, Inc., J Aa Chen 3oc, 5b^B-bO (l9y>).

(h) M» A. Cook and M. Taylor Abegg,*Isothermal Decomposition of Explosives’* University of
Utah, Tnd Hne fhe«. June 1950, pp- 1090 to 1095.

^See footnote 1, page 10
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AMCP 706-177

(i) Alto bm  th* following Pio*tiM»y Araeoal t̂echnical Report* on Ameaim Hltratet

£ l 8 1 k l ftm I 8 2
SkO
§

1290
1750

661
T»1051

11*1
13U
1391

188

US
T̂ 3

■ Hp1T83
a83

36k
96k

109k12Lk
183k
13&k

&
1285
?>*5
l6S3
1675

596
666
676
9*6

1106
1696

907
U17
19k7
8167

5k8
638
938

1006
1036

799
1369
lk09

1A31 1725

x \
/

\
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AMCP 706-177 A—nnlua Perchlorate

rtejpriMim

a  ss.fe
« IX.9

J.» ^
0 5*-5 
C/M Ratio

Mefeceter Weight: (OĤ BÔ ) liT‘5

*IT“  »:3
PuBfi gm/cc 1.95
MtMng MMt *C
rVfwSini IfMR w

I If- Ub.BR̂pOTe •JHHHWWyg • WTJ
Bureau of Minot Apporotut, cm 67 
Sampit'Wt 20 mg
PleoWnny Artanftl Apporotu*. in. A  
Sample Wt, mg ft

BeMap Ndi *C
Mnclfe Mu, r&

C«S
nS

Sstei Shoe SDopt 
RbarShoe Ua?£fect«l

Vucinm ItiSMty Tttft ' .
ce/dOHrs, at 

90*C
100*C 0.13 
120‘C 0.80 
t3S*C ■'■•■■■_
150X  0.38

Rifle Mb* Import Ttoh Trial* 
%Expiation*

fWol*
Burned
Unaffected

2ggfl—  Biot 8ydTtttr
Sand, gm 6.0

p̂lnliK TiMpinhMi
Second*, 0.1 (no cop mod)

1
5 *35

10
15
20

Minimum Detonating Charge, gm 
Mercury Fufcnlnott
Load Axidt 0-80 
Tttryi 0.25

BeRflt MortMy %  THT*
Tmmf Tttt, % TMr"s

¥9 V IMVfMnNM VM9V 19WJ -

% Lott in 48 Hrs Male DtalTtadt
Method 
Condition 
Cjnflntd 
Density, gm/cc 
Brnonce, % TNT

100*C Hoot Yefls
% Lett, I*t 48 Hr* 0.02 
% loc*, 2nd 48 Hr* 0.00 
Expiation in 100 Hr* Bone

Confintmtnt
Condition
Chorgt Diameter, in. 
Dtntity, gm/cc 
Rate, meters/ttcand

ran, * t—- a— -t-rHmHIIRpiy VIM*li

Hyimccpic.ty: %

y»witi)i
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AMCP7M-177 Awaonlua Perchlorate

(o)

t  mtaebtrlieb flre t prepared, la  1832, cryatala of amoolu* (m liln iti  trm barlun 
lunitilinala and i i t i l r i  eulAte (Pats Abb Sg, 300). f . schloelng traatad b hot aolutloe of 
artlfli parctilorata n th  ■iimlua chloride, and on cooling, cryatala of aaaocttua parcfcloreta 
m m  Obtalaad (Oom rand. J3 , 1269, D-3DJ). 0. AXvlal treated a aixtur* of 76 parta of aa- 
w ^™  nitrate vlth 8X3 palm of aodina perchlorate, and obtained a crop of Mall cryatala of 
OMaataai perchlorate vhlch vara purlflad by recryatclllastlon free hot vatar (fluain Patent, 
103#993. A. hlolatl nlatd aagnaalua or calcdun perchlorate with aaanwlaa chloride aafi
aryatala of awnf*'iai perchlorate deposited tram tha eolation of vary eoluble aegnealoai or oel- 
tisai chloride (Oaraac Patent, 112, 682, 1899) .

h f l M M U i *

(a) V. 8. MUlnaon, J r .,  fbaraioal *nd fttploaiee Propertlea of HUltanr Bmlodvca. PaiH 
So. 1372, 29 SovaMher 19^3.

(b) I . L. Darla, gw Cheadatrr of Powder and Bgloelvae. John Utley end Sooa, In c., lfav
fork, 1943* ■ ' v

(c) i. V. Mailer, k Conprabanalva Tpeatl— ob Inorganic and Theoretical O w latrr. Tol. II 
looiawna, $raan and 0o ., London, lgfc, p. 396.

(d) Alao Baa the following Pica tinny Areenal Technical Reports on Ammlua Perchlorate:

0 1 1 4 l 6 2
100 321 813 354 1095 1726 1049

1783 6o4 1725 1969
854 220p

^See footnote 1, page L0.



Barmtol AHCP 706-177

•% C o m p e t i t i o n ;

%

M e l e c a l e r  W e i g h t : 1 2 5
—

1

\
B a r i u m  n i t r a t e  6 7  

T N T  3 3

O x y g e n  B a l e  n e e :

C O .  %

C O  %
- 3

+ 1 3

i
»

D e n s i t y :  g m / c c  C a s t 2 - 5 5

\ M e l t i n g  P a i n t :  ° C

♦
i C / h ’ R a t i o F r e e z i n g  P a i n t :  * C

»

2
I m p a c t  S e a c i t l H t y ,  2  K g  W t :

B u r e a u  o f  M i n t s  A p p a r a t u s ,  c m  

S a m p l e  W t  2 0  m g  

P i c a t i n n y  A r s e n a l  A p p a r a t u s ,  In . 

S o m p l e  W t ,  m g

3 5

n

2 k

B o i l i n g  P a i n t :  * C

% .. 

•

•

t ■

R f l t o c H v t  l o d o x ,  n j

n o
( I t s

n £

*

*

i

F r i c t i o n  P m M e e  T e s t :

S t e e l  S h o e  

F ib e r  S h o t

V a c u u m  S t a b i l i t y  T e s t :

c c / 4 0  H r s ,  o t  

9 0 “C

r
R i f l e  1  a l l o t  I m p a c t  T e s t :  T r i a l s

! 0 0 ” C

1 2 0 ° C

?
»

%
E x p l o s io n s  

P o r t i a  Is

1 3 5 “ C

1 5 0 “ C

t

» _ 

»

B u r n e d

U n a f f e c t e d

2 0 0  G r a m  B o m b  S a n d  T e s t :

S a n d ,  g m 2 6 . 8
•

» . ... 

*
•

♦
•

i
»

•

t z p l o e i o a  T e m p e r a t u r e :  C

S e c c  x h ,  0  1 ( n o  c a p  u s e d )

1

5  I g n i t e s  3 8 5  

1 0  

1 5

S e t s s ith r it y  t o  I n i t i a t i e a :

M i n i m u m  D e t o n a t i n g  C h o r g e ,  g m  

M e r c u r y  F u l m i n a t e  

L e a d  A z i d e  

T e t r y l

0 . 2 0

0 . 1 0

1
V

p
» 2 0 B a l l i s t ic  M o r t a r ,  %  T N T :

•
T r a u x l  T e s t ,  %  T N T  :  ,

'
7 5  C  I n t e r n a t i o n a l  H e a t  T e s t :

%  L o s s  in  4 8  H r s P l a t a  D o in ' T o s t :  ( a )

M e t h o d

7 3  2 7

B

•

1 0 3  C  H o o t  T o * :

%  L o s s ,  1s t 4 8  H r s  

%  L o s s , 2 n d  4 C  H r s  

e x p lo s i o n  in  1 0 0  H r s

C o n d i t i o r  

C o n f i n e d  

D e n s i t y ,  g m / c c  

B r i s o n c e ,  %  T N T

o a « t

N o

2 . 5 2

a

*
D e t o n a t io n  R a t e :

C o n f i n e m e n t

C o n d i t i o n

C h a r g e  D i a m e t e r ,  in

• F l a m m a b i l i t y  I n d e x :

4
t

H y g r o s c o p i c i t y :  %

' O 0 C ,  9 0 »  H i 0 . 0 0

• V o l a t i l i t y :
D e n s i t y  g m / c c  

R a l e ,  m e t e r s / s e c o n d



Mt
rC
ur
y



Baratol AMCP 706-177



AMCP 706-177 Baratol

(a) D. P. NfccDougall, Hsthoda of Physical testing, OSRD Repeat Ho. 803, U  August 19**2.

(b' L. C. Smith and S. C. tyster, ftcrslcal Tasting of Explosives, Part III - Miscellaneous 
Sensitivity tests; Performance testa. bsllb ksport #o. 57A6, 27 Decesber 19**5.

(e) Also see tbs following Picatlnny Arsenal technical Reports on Baratol:

£ 1
2010 1783
2lfi0 2233

(d) C. Lenchitz, W. Beach and R. Vallcky, Enthalpy Changes, Heat of Fusion and Specific 
Beat at Basic Expletives, PAIR Ho. 250U, January 1959.

6 8 

2226 2138

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

Steeped Charge HtetHmiw, TNT =  100:

96aanH«.M71 Pi«int*te,U«WC-»1: Gian Conn Steel Conn
OmHy.jm/cc Hoi* Voium*
Charge Wt, lb Hoi* Depth

Total Ha. at >ii(ii«h;
For TNT 
For Subject, HE

Cater:

Maclpal Item Bateb filler
• lash HE. M4JA1 PmJnHte. U» KC-S:
(tensity, gm/ct 
Chorga Wt, fc

Total Ha. cf FragaMata:
For TNT 
For Sublet HE

Matter d at Leedteg: Cast

LaJteg Danlty: gm/cc 232

Frogne* Vihribi ft/soc 
AtPft

SNrega:At 25ft ft
Dmlly, gm/cc

Method Dry

Mast (Matte* l*TNT>i Hozord Cion (Quantity-Distance) Class 9

Air. Compatibility Group Group I
P*ok Pressure 
Impuls*
Energy

Exudation

AteCnAwb Preparation:
impute* Procedure same as described under Baratol 

except aluminum la added to the barium nl-
M * W t e * i trate-OTT molton mixture under agitation
F*ok Pressure until uniformity In comparison la obtained.
Impute*
Energy Booster Sensitivity Test:

(c)
Condition Cast
Tetryl, gra 100

PeoV Pressure 
Impute*

Wax, In. for 50# Detonation 
Density, gm/cc

0 .86
2 .32

Enwgy Heat of:
Combustion, cal/gm 2099
Explosion, cal/gm 1135
Gas Volume, cc/gu bio



Baronal AMCP 70M 77

References:6
(a) L. C. Sklth and E. 0. Ryster, Physical Tasting of Explosives. fart III - MiscellaneousSensitivity TSata: ParfOraanoe Stats, W  heport fc.57*6, 2? Deoes*? * ..
(b) 0. ... Ntsserly, B»e frte of Detonation of varloua Explosive camour.m. 0StD Report Mo. 1219, 22 February 19*3-

M. n. Boults, The frte of Detonation of n>— wins. Mixtures. OSRD Raport
Bo. 56U, 15 January 19*6.

(a) D. P. MacDougall, Methods of Physical Testing. OSRD Raport Bo. 803, U  August 19*2.
(d) Arthur D, Little Raport, Study of Pure Exploalre Opposition of Mixture vlth i~erfoawnoe, Contract Bo. DA-11 Part III, Correlation of

T l T b y  im --- :----
(e) 8- J. Lovell, Propagation of Detonation In Long and Barrow Ooluana of Explosives, PAIS Mo, 2138, February 195$.

■5See footnote i, page 10.



«

!

AMCP 706-177 Black Powder

%

Fotassiua nltaet* 7*5.0 

Sulfur 10.1* 

Charcoal 15.6

C/H Ratio

Molecular Weight: 8fc

Caygea Belaacei
C O > «  -22 
0 0 %  - 2

Deaelty: s Vcc Variable
s4-|y_. u^a, tr FW h I ha
U--.a-M-t_a t̂FIVIIMy rVMR U

liyct ImMiliii, S Kg W h  
Bucaau of Mines Apporatus, cm 32 
Sompla W» 20 mg
Picotinny Arsenal Appoiotus, in. 10 
Sompki Wt, mg l6

BeiBag Mat: *C

Refractive lades, n&
n£
|>S

awâ m̂ ®̂  â M̂e
Steal Soe Snaps
fiber Shot Unaffected

Vacuum StefciBty Teat:
cc/40 Hrs, ot 

90‘C
ioo*c 0.5
120‘C 0.9
135*C
150’C

Rifle Ballet Impact Teat: Trials 
%

Explosions 
Portia Is 
Burned 
Unaffected

200 Cram Berne Seed Test:
Sand, gm 8

Ixplttles Tempeietere: *C
Seconds, 0.1 (no cap used) 510

l 490 
5 Ignites i*2T 

10 356 
15 
20

Sensitivity to laMeMoa:
Minimum Detonoting Chorge, gm 
Mercury Eulminote 
l od Azide

Sensf&ve to l«nitln« fuse
BoMatic Matter, %  TNT: 50

Ttaasl Teat, %  TNT: (a) 10
75*C latotasHseal Hast Test:

%  Lou in 48 Hrs 0.31 Plete Deaf Teat:
Method 
Condition 
Confined 
Density, gm/cc 
Brisonc*. %  TNT

tM*C Host Test:
%  Lost, 1st 48 Hrs 
% Lou, 2nd 48 Hrs 
Explosion in 100 Hrs

Peteaatlas Rate:
Confinement
Condition
Chorge Diameter, in.
Density, gm/cc 1.6 
Rate, meters/second 1*00

HammaMBty lades:

7 “  ~ w>"u, f?4 kh 0775 Hygieeeepklty: %  qeOC, 90* rh 1,91 
30°C. 90* RH 2.51

VetsHWy:

W >
36



Black Povder AMCP 706-177

3

?

!
i

M  mas H E , M 71 Prejectila.  Let W C -9 1 )

Density, gm /cc 

C h o rg e W t, lb

i p w  m i  vi nv^Mpni
For T N T  

For Subject H E

I  inch H E . M 4 2 A 1  Projectile, Lot K C V :

Density, gm /cc 

C h o rg e W t, lb

To ta l N o . o f  Fragmaots:

For T N T  

For Subject H E

Fragm ent V e le d ty : ft/sec 
A t i l t  
A t 2 5 H f t

Danaity, gm /cc

Bloat (Motive to TNT): 

Ain
Peak Pressure

Impulse

Energy

Impulse

Usfir Water:
Peak Pressure

Impulse

Energy

Peak Pressure

Impulse

Energy

Initiating Efficiency;
Prana Required to Initiate

Igniter Comp K*-31 2.0
Igniter Coop JC-29 2.3

Shaped C harge I H octfrrsoaor,  T N T  =  100:

Gloss Cones Steel Cones

Hole Volum e 

Hole Depth

C o h n  B la c k

Fthislpel Uses: 1. Igniter povder
2. Tine rings (fuzes)

Method of Leading: 1. Loose (granulated) 
2. Pressed

Leading R eality : g m /cc p K i  x  10
25 50 60 65 70 75

1.7k 1.8k 1.86 1.87 1.88 i.8q

Method Dry

Hazard Class (Quantity-Distance) Class 9

Compatibility Group Group 0

Exudotian Done

100°C Vacuum Stability Test, 
cc gas/ko hrs:____________
Initial Value 0-5
After 2 hours at 65°C 0.86
After 2 hours at 65°C, 75$ RH l.k6

Sensitivity to Electrostatic 
Discharge. Joules: (b)
Unconfined >12.5
Confined 0.8

Cocnpstlbllity vlth Metals:
Dry • Cor'.iatible vlth all toe tala when

moisture content Is less that 0.20$.
Wet - Attacks all common metals exc.-pt 

stainless steel.
Heat of:
Explosion, cel /tpn 68k
Gas Volume, co/gm 271



AMCP 706-177 Black Powder

Preparation:

VI3lev cor alter charcoal, flour of sulphur and 2-3$ of water are placed In a tumbling barrel 
and alnd for a short period (about l/2 hour). The mixture Is transferred to a "wheel mill’' and 
crystalline potassium nitrate containing 3~^ moisture Is added and the mixture Is im orporated 
for several hours. During the incorporation period the mixture Is kept damp (2-3)1 moisture) by 
siding water at Intervals. The mill cake Is then pressed at 6000 pel between aluminum plates. 
The pressed cakes are broken up between rubber or wood rolls. The material Is screened and the 
various particle sites are separated as desired. The screened material Is then transferred to 
canvas trays and dried In hot air ovens at 60°C. If it is desired to glare the black powder, 
the material before drying is polished by rotation In a tumbling barrel to give it a smooth 
surfkca. It la next screened to remove the dust. The smooth particles are then placed In a 
wooden barrel and rotated with graphite. The material la again screened to remove the excess 
graphite, and dried. Material finer than fUo U. S. Sieve Is not graph!ted.

WARNING
The hatches of black powder must he of sufficient size to cover the bed of the "wheel mill." 

If the wheels run off on the hare bed, explosions usually result.

Origin:

The exact date of the discovery of black powder la unknown. Historians attribute Its dis­
covery to che Chinese, Hindus or Arabs. The Greeks used It during the ?th Century. Marcus 
Graecus in the 9th Century and Roger Bacon In the 13th Century described coaposltions similar 
to the present powder. Beginning with the l6th Century, the ca^osltlon of black powder con­
taining potassium nitrate, charcoal and sulfur has retained unchanged with respect to the pro­
portionality (75/15/10) of the Ingredients.

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

The washings must he disposed of separately because the residue of sulfur and charcoal Is com­
bustible but not explosive.

References:7

(a) Hi. Naoum, nitroglycerine and Nitroglycerine Explosives, Baltimore, 1928.

(b) F. W. Brown, D. H. Kusler and F. C. Gibson, 3enaltlvltv of Explosives to Initiation by
Electrostatic Discharges, U. S. Department of the Interior, Bureau of Mines ftt 19*6.

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

'Sec footnote 1, page 10.



Bl»c> Povder AHCP 706-177

0 1 2 3 4JL
250 SI 222 163 356
710 671 272 363 656
850 661 322 653 566
1010 901 672 863 556
16?0 1111 692 1063 576

126l 582 1153 596
1651 762 1263 656
1561 872 1333 666
1711 1022 16?3

I3S3
776

1911 1622 866
1951 1712 1663 1116
2051 1802

1912
1813
1863
1973

1156
12U
1506

1 6 I 8 2
65 56 367 188 379
615 176 607 318 819
565 356 637 1&8 839
605 686 567 558 869
U 65 766 757 598 859
1275 1256 867 608 899
1815 1316 1097 618 1259
1885 1536 1737 698 1309
1905 1576 1797 838 1339
1915 1586 1807 898 1369

1966 1827 1068 1589
1388 1739
1528 1869
1778 1889
1806
1838
l'/28
£178



AMCP 706-177 l,g,U-Butanetrlol Trinitrate (B1TW) Liquid

%
c: 19-9

H9C-0B0o
11 2.9 2| 2 

HgC
N 17-5 /

HC-ONO,
0 59-7 \ “ 

HgC-ONOg
C/H Ratio 0.13

Meleceler Weight: (Ĉ Ĥ Ĥ Og) 2k l

Oxygen Beleece:
CO? %  -17 
CO %  10

Density: gm/ec Llqui .i 1.52

Melting Point: °C

Freeihf Paint: °C
1-- m----»** »«- * |fA Uh,
Burtou of Minot Apporatut, cm 58 
Sample Wt 20 mg
Picotinny Arsenal Apparatus, in. -*1 
Somplo Wt, mg

fniar- »r■WIWI f e %

Refractive Index, pg, I.L738

n»
n£,

PticHen Penduhmt Tnt: 
Stool Shoe 
Fiber Shoe

Vecnnni Stability Test:
cc/40 Hrs, ot 

90 “C
100'C 2-33
120°C
135"C
150X

Rifle toilet Intpt tt Tod: Trials 
%

Explosions
Portiols
Bumad
Unaffected

200 Cram Bomb Send Test:
Sand, gm L8.6

Ixpleeiea Temperatera: "C
Seconds, 0.1 (no cop used)

1
5 Decomposes 230 

10 
15 
20

SensMviiy te Inltietieni
Minimum Detonating Charge, gm 
Mercury Fulminate
Lead Azide 0>20 
Tsfry! 0.10

Ballistic Matter, Ss TNT:
Traaxl Test, %  TNT:

7S'C International fleet Test:
%  Loss in 48 Hrs Plate Dent Test:

Method 
Condition 
Confined 
Density, gm/ce 
Brisonce, %  TNT

100 C Heat Test:
%  Loss, lit 48 Hrs 1.5 
%  Loss, 2nd 4b rirs 1-2 
Explosion in 100 Hrs None

Detenetien Rate:
Confinement
Condition
Chorgc Diameter, in 
Density, gm/cc 
Rcte, meters/second

Flammability Index:

Hygraecepiclty: %  (a)
100°T. 95i RH. 2k hrs O.lL

Volatility: „
60°C, ag/cp. /hr kC

4t»



l,£.l*-ButHnetrlo) Trial t in 'e  (Bl'lN) ..iq.ltl AMCP 706-177

îrÔtOŜÎSSOtît̂S i

90 d m  Ml, M71 h^N ti4, let WC-91:
Density, gro/cc 

Chorge W t, lb

Total I k  •( Fragments:

For T N T  

For Subject H E

3 inch H E, M 4 2 A I  h o jt d i le ,  Lot K/13- 

Density, gm/ce 

Chorge Wt, lb

Totol Ne, of Fragme.sts:
For T N T  

For Subject H E

Fragment Velocity: ft/sec 
A t  9  It 
A t 2 5V i <»

Density, gm/cc

Meet (M o t iv e  to T N T ) :

A ir:
Peok Pressure

'mpulse

Energy

A ir, Confined:
Impulse

Uoder W otor:
Peak Pressure

Impulse

Energy

U nderground:
Peak Pressure

impulse

Energy

He  ̂. 0f; v- f £)
Cot.i ioi.. '-s i/ -::: ' .

>f lor., ceJ /  ■-- :<•.
■>c v,.!,-', c ’

Shopod Cherge Effectiveness, T N T  - 100:

Gloss Cones Steel Ccnes

Hole Volum e 

Hole Depth

Color: Yel lo v o il

Principe! Uses: Explo sive p le s tlc lz e r  fo r
n ltro c e lI :lose

Method of Lending:

Loading Density: gm /cc 1 • 52

Storage:

Method

H azard Class (Quantity-Distance) 

Com patibility Group 

Exudation

S o latl it;. 
en/100

['■ V*iter, 
et:

(•>

dO C 
FO'C

0 .0 '
0.15

S o lu t ilit  
sir./100 era:

of Water («)
0.0 -

S oltftilltv  
rr 2 ;JC, 1:

. ,7-/100

zither 
Alcohol 
£:1 i-'-.ĥ ir:Alcohol

-

A C2*.Or.f

Vic iv • • ; / \
I i



AMCP 706-177 1,2,4-butanrtrlol Trinitrate (&BK) liquid

frrxjttlon (laboratory Procedure):
n> ft coaled Mixture of 73*8 gft of 100̂  nitric acid, 46.2 gas of 106.2̂  sulfuric sold and 

60.0 gn of 96.1$ sulfuric add, 30 gas of the original (or radlatillftd) 1,2,4-butanetriol vea 
•ddftd dropwlae with agitation for a period of thirty ninutaa. The taapexature of the reaction 
mixture wu kept at 0°-5°C. When the agitation wi completed atlrrlng wee continued for one 
and one-half hour*. The alxture ana poired Into Ice enter, anl the resulting oil auepenalon 
eaa extracted with three 100 Milliliter portions of ether. The ccfthlned ether extracts were 
washed with eater, then with a 5jt acdlua bicarbonate solution and finally with eater. The neu­
tralised extract eaa dried with anhydrous calcium chloride and then the ether eaa evaporated. 
The yellow oil was dried in a vacurm desiccator over anhydrous caldua chloride until the Mate­
riel eae brought to constant weight.

l,?,h-hutsnetriol eae first synthedsed by Vhgner and Ginsberg in 189b by oxidising allyl 
carblnol with potaaslua pero&oganate under slid conditions (Ber 2£, 2437). Recently the U. S. 
Rubber laboratory, under the direction of P. Tavney, devised e new synthesis carried out with 
allyl acetate end fomaldehyde to give 1,2,4-butene triacetate which was readily hydrolysed tc 
butanetrlol (U. S. Rubber Company Quarterly Report, May 1948). Working with pure 1,2,4-butans- 
Vriol prepared by an l̂ roved technique of the Wagner Method, the U. & Naval Laboratory In 
1948 nitrated the butanetrlol on a laboratory and s pilot plant scale (Reference e).
References:8

(a) J. A. Callaghan, F. tacrl, J. Bednarlk, and P. McCollum, Tue Synthesis of 1,2,4-Butane-
trtol and the Evaluation of Its Trinitrate, U. S. Naval Povder Factory reclhnlcai Resort ̂ o. 19.
KHipteab^ i9«S:----------------------

(b) Also see the following Plcatlnny Arsens. Technical Reports on Butsnstrlol Trinitrate:
1755 and 1786.

“See footnote 1, page 10.



Oospaaltlon A-3 A2ICP 706-177

oc

flux 9 1  

Mac 9

C / H  Ratio

Melee eUr Weight: 227

Osygaa Beleace:
C O , %  .1 8  
C O  %  -2 3

Density: gm /cc 1 2 ,0 0 0  p e l  I . 6 5

Maltiag Point: *C

Froesiaj Peiat: 'C

Impact Sm lN iky, 2  Kg Wt:
IBureou of M ines Apparatus, cm  100+ 

Sample W t  30 m g
Picotinny Arssnol Apporatus, in. 16 

Sornpie W t ,  m g 17

le i Hap Peiat: "C

Rsfroctfrs lades,

n£

" S
■  » -» - -*__l---^ ---*■rdcIlHI rVH^PMII IOT>

Steel Shoe Unaffected 

Fiber Shoe Unaffected

Votrsm  StshlHti Teat:
cc/40 H rs, ot 

90*C

ioo*c 0 .3
120*C 0 . 6

135*C

1 5 0 -C

MfSe lellet Impact Test: T r io h  

%
Explosions 0  

Po-tiols 0  

Burned 0  

Unaffected 100

200 Grcm lamb Send Test:
Sand, gm  5 1 .5

■Jî MOTevei tgv^graisier %
Seconds, 0.1 (no cop used)

1
5 Decom poses 2S0 

10 

15 

20

SinijChity te laltietiea:
M inim um  Detonoting Chorge, gm  

M ercury Fulm inate 0.22* 

Lead Azide 0.25*

*  A lte rn a tive  in it ia t in g  chances

Ballistic Mortar, %  THT: ( , )  i j .

T ran1 Test, %  T N T :

7 S 'C  letemetieeil Heat Taet:
%  Lott in 48 H rt Plate Deet Tt t: (b )

Method B B 
Condition Preseed Pressed 
Confined .< 0 No 

Density, gm /ec 1 .6 l 1.20 

Brisance, %  TNT 126 75

100*C Heat Test: *
%  Loss, 1st 48 H rs 0.15 

%  Lots, 2nd 48 Hrs 0.15 
Explosion in 100 Hrs Hone

Detonation Rate: (c)
Confinement None 
Condition Pressed 
Charge Diameter, in. 1.0 

Density, gm /ce 1*59 
Rote, meters/second 8100

HommeMHty lades: 195

Hygroscopicity: %  30°C, 9 0 ^  RH 0 .C

VsletiHty: 5 0° C , 15 d a is 1 .0 3



AMCP 706-177 Composition A-3

90 mm H I. M71 Projectile, Lot W C-91:

Density, gm /cc 1.62
C harge W t, lb 2.10 2

Total No. of Fragments:

For T N T 703
For Sul ject H E 1136

3 iach HE, M42A1 Proiefilft, Lot KC-S:

Density, gm /cc 1.6L
Charge W t, lb 0.861

Total No. of Fragment!:

For T N T 5iA
For Subject H E 710

Fragment Velocity: ft/sec
A t  9  ft 2800
A t 2 5 H f t 2530
Density, gm /cc 1.6l

■let* (RftlftHvft t«  T N T ): 

A ir:
Peck Pressure 

Impulse 

Energy

A ir, CoftNeed:
Impulse

Under Water:
Peak Pressure 

Impulse 

Energy

Underground:
Peak Pressure 

Impulse 

Energy

Shapes Charge Effectiveness, T N T  =  100:

Glass Cones Steel Cones

Hole Volum e 

Hole Depth

Color: White-buff

Principal Utos: HE, SAP, AP projectiles;
Shaped Charges

Method of Loading: Pressed

---------------------------------------- -----------
Loading Density: gm /cc P s l  *  1Q J

3 IP
__________ 1^*7__________ 1 ^ ______________
Storage:

M ethod Dry

Ilaza rd  Class (Quantity-Distance) C la s s  9

Com patibiiily Group G ro u p  I

Ej Jotion i not exude at 65°C when waxes 
□citing sharply at or above 75°0 are used.

Preparation:
A vater slurry of FDX Is heated to 100°C 

with agitation. Wax and a wetting agent are 
added and the mixture, under agitation, is 
ccoled below the melting point of the wax. 
The wax coated RDX is collected on s filter 
and air dried et 75°C.
Effect of Temperature on 
Fate of Detonation: (*)

16 hrs at, °C -5̂* Density, gm/cc 1.51
21

1.51
Rate, m/sec 7600 7620

Booster Sensitivity Test: (a)
Condition Pressed
Tetryl, gr. 100
Vex, ir.. for , >1 Detonation 1.70
Density, gir/cc 1 .6 2

Heat of:
'V’tbustlor., cel/gm _i m

44



Competition A-3 AMCP 706-177

Compatibility vlth Metals:

Dry - Aluminum) stainless steel, mild steel, mild steel coated */ith acid-proof black paint 
end mild steel plated with nickel or zinc are unaffected. Copper, magnesium, magnesium-aluminum 
alloy, brass and mild steel plated vlth cadmiur or cop^ci are slightly affected.

Wet - Stainless steel Is unaffected. Copper, alrmlnum, magnesium, brasr, mild steel, mild 
steel coated viv. acid-proof black paint and mild rteel plated vlth copper, cadmium, nickel or 
zinc are slightly affected.

Origin:

Developed by the British during World Whr II as RDX and beeswax. Subsequent changes in the 
United States replaced beeswax vlth synthetic vsr~, changed the granulation of RDX and Improved 
the method of manufacture.

Destruction by Chemical Decomposition; .

RDX Composition A-3 (RDX/vax, 9l/9) is decomposed by adding it slowly to 25 times its weight 
of boiling yt sodium bydroxide. Bolling of the solution is continued for one-half hour.
References: 9

(a) L. C. Smith and E. G. Evster, Fhyslcal Testing of Explosives, Part III - Miscellaneous 
Sensitivity Tests; Performance tests, OSRD Report Ho. 57̂ 6. 27 December 19̂ 5.

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 19̂ 2.
(c) G. H. Messerly, The Rate of Detonation of Various Explosive Compounds, OSRD Report No. 

1219, 22 February 19^3-

M. D. Hurvitz, The Rate of Detonation of Various Compounds and Mixtures, OSRD Report 
No. 5611, 15 January 1#£ :

(d) 1. C* Smith and S. R. V’alton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl In Boosters, NOD Memo 10,303, dated 15 June 19**?.

(e) W. F. McGarry and T. W. Stevens, Detonation Rat ,3 of the More Important Military Explo­
sives at Several Different Temperatures, RUTS No. 23U3. "November 1956.

(f) Also see the following Picatinny Arsenal Technical Reports on RDX Composition A-3:
0 1 2 1 k 5 6 7 8 9

138 0 11*51 11*92 11*93 lk'21* 1325 155C 160 7 133S 163 9
1910 1751 211 2 l f l l * 1585 1936 178 7 13 8 8 2 1 7 9

163!* 3595 1 r'97 17 c 3
2151+ 1 7 1 ; 183S

1635
2235

^See footno te 1, page 10.



AMCP 706-177 Ccgweltlon B

Cam* n itim :

RISC 6 0  

T R T  >10 

H u t ,  added 1

C / H  Ratio

Meletelar Weight: SSL

Oxygen Bele^iee,
C O , %  - L 3  
C O  %  10

Density: gm /cc 0aet 1 .6 5

Making Feint: *C ( l )  7 8 -8 0

Froasinf Feint: *C

------------- «  |f m Ute,

Bureou o f M in ts  Apparatus, cm  75 
Sample W t  2 0  m g

Picotireiy A rstnal Apparatus, in. l L  
Sam pit W t, m g 19

Belling Feint: ‘ C

Refract ire Index, n°

n &

n >

f l M l P i  rVHOTISW  1 Vm «

Sttol Shot Unaffected 
Fiber Shot Unaffected

Vacnem StebiRty Test:
cc/40 H rs, at 

9 0 'C

100*C 0 . 7  

120*C 0 - 9  

135*C

150*C u +

Rifle Ballet Impact Taat: Tria ls  

%
Explosions 3 

Portiols 13 

Burned L 

Unaffected 80

200 Stem le n d  Sand Test:
Sand, gm  5>*.0

T c M ^ M lv iv t  C

Seconds, 0.1 (n o  cap used) 526

1 368 
5 Decanpoeee 278

10 255 

15 * 2 5 0  

2 0  *  250

*--tnt-.tn-- ^  » -  * »- »«------H M w IV R y  la  IIW m IMIBi

M in im u m  Detonating Charge, gm

M ercury Fulm inate 0 .2 2 *  

Lead A zide  0 .2 0 *

* AriSlPnative Initiating charaes
BeNittic Mortar, %  T N T : (a) 133

Treasl Test, %  1 N T: ( b )  130

75*C Intsmntisnnl Heat Test:
%  Lots in 48 H rt Fleta Dent Test: ( c )

M ethod 3 

Condition Cast 
Confined No 
Density, gm/ee '  . 71 

Brisonce, %  T N T  132

100*C Heat Tart:

%  Lost, 1st 48 Hr* . 0 . 2  

%  Loss, 2nd 4 8  Hrs 0 . 2  

Explosion in 100 Hrs None

Dstenetien Rate:
Confinem ent None 
Condition Cast 
Charge Diameter, in 1 .0  

Density, gm /cc 1 .6 8  

Rate, meters/sscond 7bb0

fltim m eblBty Index: 177

Hygretcepicity: %  30°C, 9 0 *  RH 0 .0 2

Volatility:

46
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AMCP 706-177 Composition B

Fiagun a tetion Tatt:

90 mm HE, M71 Projectile, Lot W C-91:

Density, gm/ee 

Chorge W t, lb

1.65
2.187

T r  ol No. el Fragments:

For T N T  703

For Subject H E  998

3 luck HE. M42A1 Projectile, Lot KC-5:

Density, gm /cc 

Charge W t, lb

Total No. of Fn g n oti:

For T N T  

For Subject H E

Fragment Velocity: ft/sac 
A t  9  ft 
A t 2 5 > ,  ft

Density, gm /cc

■lost (Relative to T N T ): 

A ir:
Peak Pressure

Impulse

Energy

Air, Confined:
Impulse

Under Water:
Peok Pressure

Impulse

Energy

1.67
0. C''c

51*t
701

29I+O
2680
1.68

( i )

110
110
116

75

110
108

121

Method of Looding: C' ̂

Loading Density: gm /cc 1.6 8

Underground:
Peok Pressure 10**

16 hrs at, °C 
Density, gm/cc 
Rate, m/sec

-5 k
1.69
7720

21
1.69
7660

Impulse

Energy

y 1 Bulk Modulus at Room 
Temperature (25°-30°C): ( : )

C r a t e r  r a d iu s  cubed 107
f  Wax i r v Comp B 
> n e s / e m 2 x 1 0 '10 5

1
10

2 
t ,’y

Qj
£.31

D e n s it y ,  m/cc 1 id 1.70
V i s c o s i t y ,  p o is e s : 

'iemp, z 3 ° ::
•

3-12.7

Shaped Charge Effectiveness, T N T  =  100:

(g) (h)
Gloss Cones Steel Cone:

Hole Volum e 178 162
Hole Depth 125 ll*8

Color: Yellow-brown

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

M ethod

H ozord Class (Quantity-Distance) 

Com patibility Group

Dry

Claes 9

Group I

Exudation Very slight when stored at 71°C

Origin:
RDX Composition B was developed by the 

British between World War I and World War 17 
It was standardized by the United States 
early In World War II.
Effect of Temperature on 
Rate of Detonation: ( i )



Composition B AMCP 706-177

Compatibility vlth Metals:
Dry - Magnesium, aluminum, magnesium-aluminum alloy, mild steel, Ltainless 6teel, mild steel 

coated with acid-proof black paint and mild steel plated with zinc or nickel are unaffected. 
Copper, brass and mild steel plated with copper c- cadmium are slightly affected.

Wet - Aluminum and stainless steel are unaffected. Copper, brass, mild steel, mild cteel 
coated with acid-proof black paint and mild steel plated with cadmiu ;, copper, nickel or zinc 
are slightly affected. Magnesium and magnesium-aluminum alloy are more heavily affected.
Preparation:

Water vet RDX is added slowly with stirring to molten T"" 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 mired, the composition 
is cooled to a satisfactory pouring temperature. It is cast directly into ammunition components 
or in the form of chips when Composition B is to be atored.
Destruction by Chemical Decomposition:

RDX Composition B is decomposed in 12 parts by weight of technical grade acetone heated to 
1*5°C. While this is stirred vigorously, there is added 12 parts of a solution, heated to 70°C, 
of 1 part sodium sulfide (itegŜ HpO) in 4 parts water. Hie sulfide solution is added slovly so 
that the temperature of the acetone solution does not rise above 6o°C. After addition - com­
plete, stirring is continued for one-half hour.
References: 10

(a) L. C. Smith and E. G. Easter, Physical Testing of Explosives, Part III - Miscellaneous 
Sensltl.̂ ty tests; Performance Tests, OSRD Report No. 57̂ 6, 27 December 19̂ 5*

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives.. Second Revision, 
NAVORD Report Ko. 87-46, 26 July 1946.

(c) D. P. MscDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1912.
(d) 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 Jure 1949.
(e) "jmmittee of Divisions 2 and 8, NDRC, Report on and Tritons!, CrRD Report No. 5406, 

31 July 1945.
(f) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, 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, NDRC Contract WS72-ORD-5723-
(h) Eastern Laboratory du Pont, Investigation of Cavity Fffect, Final Report. E Lab du Pont, 

contract W-672-ORD-5723, 13 September 1943-
(i) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Important Military Explo­

sives at Several Different Temperatures. PATR No. 2363, November, 195d.

*°See footnote 1, page 10.
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A M C P W 4 n Co»o«ltloo B

(jl v. S. Cnmr, *ilk flnanraaalblllty Data on Several High Bxploalvea, KMK5RD Report Ho. 
4300, 15 Sepiaaber 1956^ - - ■

(k] i m the following Plea tinny Araecnl Technical Peporta on BEK Coapoaition B:
0 1

1360 1211
1530 1451
2100 2131
2160 2151
2190

2 1 4 l

1402 1313 1224 1325
1482 1433 1424 1435
1598 1803 1944 1585

1982 2004 1595
2053
2063
2103
2233

2104 1865
1885
2055
2125
2155
2175
2235

6 I 8 2
1466 1207 1338 1339
1476 1437 1388 1379
1556 1457 1438 1469
1756 l’i37 1458 1819
1956 1797 1688 'OIQ
223' 2007 1728

2147 i.826
1836
1978
2008
2138
2168

(!) C. Lanchltr, V. Beach and R. VaUcky, Enthalpy Changes, Beat of Tualon and Specific Heat 
Item** *»|.iM i m . »TR Ho. 2504, January 1959-
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Congosftlon B, Desensitized AMCP 706-177

Cm v m IHm : I* II**
%  -- 
R1JC 60 55-8 
MIT 40 40.0 
)hX| added, (fitanolind 
or Ari»tow»x, 1650/ 5 
1700F)

Vinyleeal (MA28-14), 
added 2 

Vistanex (B120) 1.8 
Albecer Wax 3.6

C / H  Rotio

Melecalar Weight: 21 3 2 1

Oxygea Releece:
C C  %  See Qydonlte See Ooogp B 
C O  ”, see Gyclonite See Cam p B

Density: g m / rr  Cast 1.65 I.65

MelHag Foist: *C

Froesiag Feint: 'C

hnport Sensitivity, 2  K| W t: £  II** 
Bureau of M ines Apparatus, cm  95 

Sample W t 20 mg
Picofinny Arsenal Apparatus, in. l i t  13 

Sample W t, m g 17 16

■ailing Feint: 'C

Retro elite ladox, n»
n£
n£

Mctfee feadelese Test:

Steel Shoe Unaffected 
Fiber Shoe Unaffected

Vacuam Stability Tert: 1 ^  I I * *

cc/40 H rs, at 
9 0 ‘ C  

1 0 0 'C

120‘ C  0 .9 9  0 .9 2  

135°C

150*C 11+ 11+

Rifle Reflet Im p o rt Test: Tria ls
%  I* II**

Fxplasions 0  0  

Portiols 0  0  

1 Burned 5 0

Unoffected 95 100

2 w « eras* lem b Send Test: 1 ^  I I * *  

Sond, gm  5 8 .7  5 5 ,0

Rspleelse Te irate re: °C I I * *  

Seconds, 0.1 (no cap used)

I
5 Decom poses 260  270 

10 

15 

20

Sensitivity to inMietien: I *  I I * *  

M inim um  Detonating Charge, gm  

M ercury Fulm inate

Lead A zide  0 .2 2  0 .2 6  

Tetryl

Ballistic Mortar, %  T N T :

Tread Tert, %  T N T :
7S 'C  tntsrnsHsnnl Heat Test:
%  Loss in 48 Hrs Plata Dont Tost:

Method 

Condition 

Confined 

Density, gm /cc 

Brisonco, %  T N T

10* C  Heat Test: £  I I * *  

°c Loss, 1st 48 Hrs 0 .0 5  0 .1 2  

%  Loss, 2nd 48 H rs 0 .1 9  0 .1 8  

Explosion in 100 Hrs None None

Detonation Ro'o:
Confinement

Condition

Chorga Diamotar, in. 

Density, gm /cc 

Rote, meters/second

Flammability laden:

Hygroscopic by: %
30°C, 90it RH 0 .0 0  0 .0 0

Ve'aHflty: N i l  N i l

♦Desensitized Cohj t\ designated I, utC3 emulsified wbx. 
**Dtsens’tized Comp 3, designated II, uses -..ated RDX-



AMCP 706-177 Compooitlon 3, Desensitized

Fragmentation Test: Shaped Charge Effectivoaen, T N T  ~  J00:

90 mm H I, M71 Projectile, Lot W C-91: Gloss B Tries Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Total No. of Fragmtnti: Color: Yellow-brown
Tar TNT

For Subject HE
Principal Utas: Bombs

3 inch HE, M42A1 Projectile, Lot KC-5:
I I * *
i 7E5Density, gm/cc 17165

Chorge Wt, lb 0.87 0 86

Total No. of Fragments:

For TNT 

For Subject HE

51b 5*’
659

Metnod of Loading: Cast

609
Loading Density: gm/cc 1.65

Fragment Velocity: ft/sec
At 9 ft 
.*♦  25% ft Storage:

Density, gm/cc
Method Dry

Blast (Rotative to T N T ): Hazard Class (Quontity-Distcnce) C la ss  9

Ain Compatibility Group Group I

Peak Pressure

Impulse

Energy

Exudation

V isc o s ity ,  poises: I *  I I * *
A ir, Confined:

Impulse Temp, 83°C 3-5 3-1
95°: 2.6 2.7

Under Water:
Peak Pressure References:

Impulse
(a) See the fo llow ing Pica tinny Arsenal.

Energy Technical Reports 
Desensitized:

on RDX Composition B,

Underground:
c f-Peak Pressure I  1

Impulse
21>1 1313 Ib -fj 1756

Energy 2033 1065

♦ Desensitized Corap B, declj uses
em ulsified wax.

♦ ♦ Deser.3iti.ted r’orap B, deri. ; eted I I vises
coated



Opposition C AKCP 706-177

%

KOC 8 8 .3

P l ' . n t l d z e r ,  non­
e x p lo s iv e  1 1 .T *

• H o n e x p lo e iv e  o i l y  p l a s t i c i z e r  c o n t a in in g  
0 . 6 %  l e c i t h i n .

C / H  iRotio

K eteceler W eight!

Oxygen Beleecsi
C O ,  %
C O  %

Beesity! gm /cc

8- -  — 1_ — r /* rlTCBIH§ f l W !  v»

Im pact S w r M H lr .  2 “ »> :
Borneo o* Mines Apporoti is, cm  1 0 0  

Sample W »  20 m g 
Picotinny Arsenal Aoporatus, in.

Sample W t. m g

te llin g  Point: *C

Befractira index, n “

« &

n£,

V flmne

Steel Shoe 

Fiber Shoe

V eceem  S tn h W y  Test:

cc/40 Hrs, ot 
90*C

1 0 0 X  0 . 3

1 2 C C  0 .7

135*C

150*C

W e  B nN rt Im-raer Te st: Th a is  

%
Explosions 0 

Portiols 0  

Burned 0  

Unoffected 100

280 C ra m  Bomb Send Test:

Sand, gin kC .  5

<xphr.ee Tem perature: *C

Spends, 0.1 (no cap used;

1
S Decoaposes 28$ 

10 

15 

20

S s p litM ty  to Initiation:

M in im u m  Detonating Charge, gm  

M ercury Fulm inate

Lead Aside 0 .2 $  

Te try l 0 .1 1

BeiHstit M ortar. %  T N T :  ( a )  120

T ra n z i Test, %  T h T : '

T S ’ C  leleraeWenet Meet Test:
%  toss in 48 Hrs Plate Dent Test:

M ethod A 

Condition Hand Ta  roped 

Confined Yes 

Densifv. gm/ce l . $ 8  

Brisoncn. %  T N T  112

100’ C  Heat Test:

%  Loss, 1st 48 Hrs C .0 L  

%  Lots, 2nd 4? H rs 0 .0 0  

explosion in 100 H rs  Bene

P etto atian Rote:

C m finem e nt

Condition

Charge Diometer, in. 

Density, gm /cc 

Rote, .neters/recond

« . — -------Clite— ■- -M-----

H ygratcapklty: %  30°C,  95<  RH 0 .2 $

V e o tiB ty : 2 5 ° c , 5 day* 0 .0 0
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Conweltloo C-2 AMCP 706-177

o
%

a x  78 .7  
n r  5.0
M T  12.0  
M T  2 .7  
RC 0 .6  
8olvent 1 .0

C/H  Ratio

0«y»*a M u u e :
CO j  %
CO %

Damfty: pm/cc

VMM* *C

f m d * i N < *  *C

h - . r t t m » H t T , l K > W h
Bureou of Mine* Apporotu*, cm 90 

S w iph  W t 20 mg 
Pitotinny Artenol Apporotu*, in.

Sample W t, mg

lefltaa N d i  *C

M m Hm  Ini**.

" 5

n »

W * Im  N i M *  T « h
Ci m I —9HV 9 W
Ftoer Shot

Vacuum StoMRy Teeh
cc/40 Hr*, of 

90*C

100*C 2 .0  

I20*C 9 .0  

13S*C 

1S0*C

RM eOdR* hoped Teeh Trial* 

%
E la tio n *  0 
Portiol* S o  

Burned 0 

Unoffected 80
200 Seen Bead Seed Te d :

Sand, gm **7-5

N M w  T i ip n a im  ‘C
Secrnd*. 0.1 (no cap u*ed)

1
S Dacoepoee* 26$ 

10 

IS 

20

■ »-» »- e. »-*■»-*«--O D M H I D  IPDImnPr
Minimum Detonating Charge, gm 

Mercury Fulminate

Lead Axide 0.25  

Tetryl 0 .10

BeHWk Matter, %  T N T : (a ) 126

Traeel Test, %  T N T :
7<’C  letereuioeel Moot Te«t:

%  Lon In 40 Hr*
Pfete Deal Teett (e )

Method B 
Condition Hand temped 

Confined Bo 

Dentity, gm/ee 1.52 

Britance, %  T N T  111

IB O 'C M a d Te d :

%  Lon, l*t 48 H n  1 .8  

%  Lou, 2nd 48 Hr* l.fc  

Explosion in 100 Hr* Hone

Pdeodiee Rale: (d )
Confinement Bone 
Condition Hand temped 

Charge O ^  'neter, In. 1 .0  

Density, gmA e 1.57 

Rate, .netertAecond 7660

H M M M k r b * it  178

VeloM ty: & ° c > 5 day* 0 .0 0



AMCP 706-177 Composition C-2

*• m m  H E, M 71 Projectile, Lot W C -9 1 :

Density, jin / c c

Charge W t, lb

T K t l  N s . o f Fragments:

For T N T  

For Subject H E

9  Inch H I ,  M 4 2 A 1  Projectile. Lot K C -S :

Density, gm /cc 

Charge W t, lb

T e te l N s  e l F is g s e s h ,

For T N T  

For Subject H E

Fragm ent V sit  city : ft/sec 
A t  9  ft  
A t  2 5 %  ft

Density, gm /cc

Blest ( M n M v e t e T N T ) ’ 

Aks
Peak Pressure

Impulse

Energy

A ir , C e t r f M :  
impulse

Under W ater;
Peek Pressure 

.pulse 

Energy

U s A iy ie s M ;
Peak Pressure

Impulse

Energy

Shaped Chetge Effectiveness, T N T  =  IO C :

Glass Cones Steel Cents

H ole Volum e 

Hole Depth

Celon W h ite

Prin cipal Uses: Plastic demolition explosive

M s lh s d  o f Leadteg: Hand t a i l e d

Leading Penalty; gm /cc 1 -5 7

M ethod D ry

H ozord Class (Quontity-Distance) C la s s  9

Com potibility Group G ro up I

Exudation V o l a t i l i z e s  ab o ve  52°C

P l a s t i c i t y :

B e lc v  0°C P l a s t i c  ( -3 0 ° C )
o -i* o ° c P l a s t i c
ab o ve  1*0°C H a rd  (? 2 ° C )*

•Due to volltalizatlon of plasticizer. 

References;

See references for Composition C-b.



CoapoBitton C-3 AMCP 706-177
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AKCP 706-177 Cetspooltlon 0-3

Ehsgod Che-go lllsrth f—t. TNT =  100:

Gloss Conot Steel Cones

Hoi* Volume 
Hole Dttth

Color. Yellow

Pttodpo) Uno: P la s t ic  dem olition exp losive

M o lM  of loodtag: Hand tamped

Loodtag to o k y i gm/cc 1.58

kMogo:

Method Dry

Hazard Clots (Quuntity-Distonce) Close 9

Compatibility Grots: Group I

Exudation Exudes ot 77°C

Plasticity:

Below 0°C Hard (-29°C)
0-40°C Plastic
Above 40°C Exudes (77°C)

Booster Sensitivity Test: (h)

Condition Pressed
Tetryl, gm ICO
Wax. in. for 50% Detonation 1.36
Density, gm/cc 1.62

References:

See references for Composition C-4.

Tw h

H t H71 Pr'letMa, Lot WC-91:
Osntit, yn/tt 158

Charge Wt, b 2045

Total No.of FrogoMoit:

For TNT 703
toe Subioct HE 944

9 tack NS, M4SA1 P»|»ctlfc. Lot KC-S: 

Density, gm/cc 1.60
Chorgj Wt, lb 0.842

T«hHk«l
For TNT 
For Subjoct HE

fnpMV Tcnâ r! tt/soc 
At 9 ft 
At 25ft h
Deraity, gm/cc

(Rotathe ta TNT):

A ir
Psok Pressure

Impulse
Enwgy

Air, Cwfliii l i
Impulse

I M o  Water:
Peok Pressure

Impulse
Entrgy

Peok Pressure

Impuho
Energy

514
671

105
109
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Coapoeltloc C-h AMCP 706-177

C im p is M s o :

*
R O T 91 

P l a e t l c l s e r ,  n o n -

M siecriler W slg lrf;

Oxygea le le e s e :
C O - %
C O  %

e x p lo s iv e  9*

* Contain! p o ly la o b u t y le n e  2 .1 6 ;  n o c o r  o i l  
1 .6 6  a n d  d i ( 2 - e t h y l h e x y l )  s e b a c a te  5 . 3 6 .

C / H  R atio

Dsasity: gm /cc

M e M a g  Peiet: *C

r l W w i ^  r V H it  \»

a_. ^  m------^  *  a*. U|a,9Sw^MWwy« m W7I
Bureau of M ina* Apparatus, cm  100* 

Sample W t  2 0  m g
Ptcotinny Arsenol Apporotus, in. 19 

Sample W t , m g 2 7

BeiBeg N n ! t  *C

Refractive lodes, jt&

n £

n £

M d i M  P v m M w M T i l l !

Siaai Shot U n a f f e c t e d  

f ” >«• Shea U n a f f e c t e d

Vecem e SteMRty Test:

cc/40 H rs, ot 
9 0 'C

I 0 0 *C 0 .2 6

120 C

I3 5 ° C

I50*C

Rifle BeRat Im pact T * «t : Tria ls  

%
Explosions 0  

Purttols 0  

Burned 20 

Unaffected 80

200 G ram  l e e k  Send Test:

Sand, gm  5 5 .7

K p is -ls e  T s m p ire t»re : *C

Seconds, 0.1 (no cap used)

1
5 290  

’ 0 

15 

20

•----- t«- m— e . ».♦ . .t  —N M R l* llf  IP  IIM M IM H i

M inim um  Detonating Charge, gm  

M ercury Fulm inate

Lead A zide  0 -2 0  

Te*ryl 0 -1 0

B eW stizM crter, %  T N T :  ( a )  130

Tre e s ! Test, %  T N T :

7 S ’ C  let in e M e m l Meet Test;
%  Loss in 48 H rs

Plate Cent Test: ( c )

.vtethod E 

Condition Hand tamped 

Confined No 

Density, gm /cc 1 - f O  ! 

Brisonce, %  T N T  D 5

B T C  Neat Test:

%  i> t 4 8 H r s  0 .1 3  

%  Lev., Sn1 48 Hrs 0 .0 0  

Exp! r , :on in >00 Hrs Kone

Datenetien Rote: ( d )

Confinem ent Hone 

Condition Hand tamped 

Charge iliom eier, in. 1 ,0  

Density, gm /cc 1 ,5 9  

Rat*, m eters/te.ond 30^*0

H ygrescspklty: %  300c ,  9 5 6  RH N i l

VeletMily:
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T

w r

t

V.*f 4

AMCP 706-177 exposition C-t

Yes'

•0 m b  HI. M71 Projectfe, let WC-91:
Density, gm /cc 

C harge W t ,  lb

rsl Nn. ef Fregsissts:
For T N T  

For Subject H E

S to c k  HI. M42A1 tojadh, Let KC-5: 
Density, gm /cc 

C h o rg a W t, lb

TcM Hs. of Fiegmaats:
For T N T  

For Subject H E

1/a1sa1Ah* fa /aaarrapHMMT TVRCRyi, IT/MC
A t  9  ft  
A t  2 5 %  ft

density, gm /cc

■tost (te to tire  te  T N T ) :  

A ir :
Psok Pressure

Impulse

Energy

A ir , C saWned:
Impulse

U a ia r  W ater:
Peak Pressure

impulse

Energy

Peak Pressure

Impulse

Energy

Sksgsd Ckerge I H ertfrseess, T N T  =  I N :  

d o c s  Cones Steel Cores

Hole Y oi.jm e 

Hole Depth

Effect of Temperature on (i)
Rate of Detonation:

16 hrs at, °C -5*t 21
Density, gm/cc 1.36 1-35
Rate, m/aec 7020 70k0

Plasticity: 
Below 0°C
o.i*o°c
Above tO°C

Plastic (-f7°C) 
Plastic 
Plastic (T °C)

n"’N’W*--'

Celsn Light brown

Prtodpd (Isas: Plastic demolition explosive

Hand tamped
' ,

Laadtog Osesity: gm /cc 1 .6 0

OT*S^^r

M e tfrd Dry

H ozord Closs (Quontity-Oistonce) C la s s  9

Com potibility Group Group I

Exudotion None at 77°C

60
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Compositions C. C-2< C-3. C-k AMCP 706-177

Preparation:

In manufacturing Opposition C-3» the el^ed plasticizing agent la heated In a eel ting kettle 
at 100°C. Utter-vet HISC la added and heating and stirring are continued until all the vatar is 
evaporated. This mixture la then cooled and hand pressed Into demolition blocks or special Item 
a— inltlon.

deposition C-k la prepared by hand kneading and rolling, or In a Schrader Bovl alxer, RISC 
of kk alcron size or less vlth the polylsobutylene-plastlclzer previously nede up In ether, The 
thoroughly blended explosive Is dried in air at 60°C and loosely packed by hand taaplng to Its 
■ariiia density.

Developed by the British during World Mar II au a plastic explosive vhich could be hand 
shaped. It vaa standardized In the United States during World liar II and subsequent development 
led to mixtures designated C-2, C-3 and C-k.

Destruction by Cheat cal Pecossjositlon; _

Composition C-3 is decoopoeed by adding it slowly to a solution cosgiosed of 1 l/k parts 
sodium hydroxide, 11 parts ’miter, and k parts 95# alcohol, heated to 50°C. After addition of 
Coapoaltlon C-3 Is cosgilete, the solution Is heated tc- 0O°C and maintained at this temperature 
for 13 minutes.

References: 1 >.

(a) Coanittee of Dlv 2 and 8, *TTu,, Report on HBX and Tr.. tonal, OSRD So. 5k06, 31 July 191*5.

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision. 
HAVOHD Report Ho. 8?-k6, 26 July 19k6. ! 1 ------- -------

(c) D. P. Mac Doug a11, Methods of Physical Testing. OSRD Report Ho. 803, 11 August 19k2.

L. C. Smith and E. 0. prater, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Tests; Performance Tests. OSRD Report Ho. 571*6, 27 December 191*5.

(d) G. H. Messerly, The Rate of Detonation of Various Explosive Compounds. QHRD Report No-
1219, 22 February I9k3- -------------------------------  ------  ----

M. D. Hurvltz, The Rate of Detonation of Various Compounds and Mixtures. OSRD Report No. 
5611, 15 January 19k6.

e) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives. PA Tech Div Lee tire, 9 April

(f) Eastern Laboratory, dn Pont, Investigation of Cavity Effect, Sec ITT, Variation of Cavi­
ty Effect vlth Explosive Compoaltlon,~ffDRC Contract W&72-0RfK??23. ' “  1

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect. Final F-nort. 18 SeDtember 
19k3, HIPC Contract W-672-0RD-5T23.

(h) L. C. Smlt and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
IVtryl in Boosters. HOL Memo 10,303, 15 June 191*9.

^'See footnote 1, page 10.

Origin:
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A M C P  706-177 Conposltlona C, r-2, C-3. C-h

(i) V. r. McGsrxy and T. W. Stevens, Detonation.Rate* of the More Iwxartant Military Bxplo- 
sItss at awtwl Teanemturea, PATH Bo. '’BBS, Hovenbar 19$^- ^

(j) A I M  c m  the following Pi<setinay Arsenal Technical Reports on RISC OoMposltlon C:

£ i 1 i 1 i I  a 2

S S L S

Oosp 0-8
5§jn£2

1260

< & * < £

1293
1293 lfcl6

1611 1713 215* 1595 l*u6 1797
1695 1556
1883 1766

1766 1907

151B
lPjB
1518
1518
2028
1826 1819
1958



Copper Chlorotetrasole AXCP 706-177

fs m p s tlt iin :

C  8 . 9  H —, m y**
R  * 1 .5  R — R <

\ C u
a  2 6 .2

Cu 2 3 .*  n - W ^ 001 

C / H  Ratio

M alacular W eigh t: (C u C jR g C ls )  271

Oxygex 1  c le a ts i
C O -  %  -3 0
c o  %  - i e

P re ilty i gm /cc 2 .C  *

I^l-g e  t r

^ul—s. 0̂ *n V B n f  r v M n  u

Im pact S m i t h * ) ,  2  K «  W t i  
Bureau of M inas Apparatus, cm  

Sample W t  20 m g
Weotinny Arsenal Apparatus, in. 1 ;  ( l  l b  v t )  3 

Sample W t ,  m g 9

BaiRag M a t :  *C

Refractive ladcx,

n S

n »

Frtetiea Feedalam Tcet:

Steel Shoe E x p lo d e d  

Fiber Shoe E x p lo d e d

V acuum  Stability Test:

ec/40 Hrs, ot 
90°C

100*C

I20*C

135*C

1 5 0 'C

R M e RuHst Im pact Test: T r io  Is 

%
Explosions

Portials

Burned

Unaffected

200 C ra m  Bomb Saad Test: ( f )

S & a t  f i l t e r  fu a e  ^

Ispleelec Tem perature: °C

Seconds, 0.1 (nc cap used)

1
5  305 

10 

15 

20

f —_ _y- • - u -  a _ t»t -----N n H sITIIj  TV lIBBBWBIVBBr

M inim um  Detonating Charge, gm  

M ercury Fulminate

Lead A zide  0 .2 0  0 .3 0  

Te try l 0 .1 0  .

B eH irtk  M ortar, %  T N T :

T re u z i Test, %  T N T :

7 5 'C  1 ataractic eel H eat Test:
%  Loss In 48 Hr* N o te  Dent T a rt :

Method

Condition

Confined ' 

Density, gm /cc 

Brisonce, %  T N T

100‘ C  Heat Test:

%  Lots, 1st 48 H rs  2 .6 7  

%  L o t ,  2nd 48 Mrs 0 .1 0  

Explosion in 100 H rs  Hone

Ba4_,

Confinement

Condition

Charge Diameter, in. 

Density, gm /cc 

Rate, meters/second

H ygreecapklty: %  30° C , 9 0 h  RH 3 -1 1

V aM U bi ▼ VMIRmf!
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A M C P  706-177 o o b p t  Chlgrof traiole
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Copper Chlorotetiaiols AMCP 706-177

Froparatloo; (a)
Five ̂rane of 5-anlnotetratole ara dissolved In a nirture of 200 al of water and TO al of concentrated HC1. rnough karoaana or nujol (which gives a slightly claanar product) la addad to provide a layer uf oil appraxlaately l/H" thick os the aurfaoe. With only aoderete stirring and external cooling to 10°-15°C, a aoluti» of 5 ijraaa of aodlua nitrite In 70 ec of eater la addad rapidly by mans of a burette extending below the oil layer. Ianediately after thla addi­tion, a aolutloo of r g» of cupric chloride in a ainiaum anount of water la added all at once, and stirriiwj la continue a for about 1 hour. The r*. V Ion aixtur* la allowed to atand for a few ■lnutea till the bright blue copper salt separates. Ae oil la renored by decantation and nay be reused, Hie salt la filtered; washed with water alcohol, and echor; and dried - giving a yield of 6 grans or Tty.

E. Schick, F. Henke-Stark and L* Krause) who prepared the ccaqxxwd by reaction of the dlazo- 
nlun chloride of $-anlnotetrazole with copper chloride (Her 62k, 1123).

Beferences:12

(a) R. J. Gaughrac and J. V. R. Kauftoen, Synthesis and Properties of Halot̂ trazole Salta, 
PAIR Ho. 2136, February 1955*

(b) A. M. Anzalooe, J. E. Abel and A. C. Forsyth, Characteristics of Explosive Substances.
0 i i  1  u .  4 — — —,  ju i 4 m Amhm.m4 4 4 mm UAfflD OITA 14m. .  1 ACC

H
1 ------- ►2 HC1

C —  Cl ♦ H,'2

Origin;
Hie copper salt of S-cblarotetrazole was first described in 1929 by R* Stolle' (with

for Application In A— unltlon, PATH Bo- 2179, May 1955* '
(e) A. C. Forsyth, Pfc, S. Krasner and R. J. Geughran, Development of Optlaun Explosive

CoMWinda, pAtr tk>. 2146, february 1955.

l2Ses footnote 1, page 10.
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A X C P  706-177 Cranuric Triazide

Meleceler Weight; ( C ^ g )  204

C 17*6 H* Osygee Bsleets;
l 3 CO , %  -4 7 .1

K 82.4 C O %  -2 3 -5

/ \ Jeeelty; gm/cc C ry e te l 1.54

Hri I-* 3 MaMeg Paint: *C 94

C/H  Ratio \ r Fleeting Feint: *C

leaped SendHHty, 2 Kg W h B e iia i faint *C
Buraou of M in n  Apparatus, cm 1 kg v t  7

Sample W t 20 mg Reflective Index, ^
Picatinny Arsenal Apparatus, in. -

Sample W t, mg - n «

n »

McNea Pandahan Teeh Vecnem Stability Te d :
Steel Shoe cc/40 His, ot
Fiber Shoe 90*C

100’C
Rifle Beflat hoped Test; Trials 120-C

% 125‘ C
Explosions

Portiols

Burned 200 6rem lam b Sand Te d :

Unaffected Sand, gm 32.2

T w fM th M : *C • •-» »- a.- e - t»e. .1 —  pflHnslvdy TO Vfln n̂Vflfls
Seconds, 0.1 (no cap used) 252 Minimum Detonot'ng lisarge, gm

1 Mercury Fulminate -
5 Lead Azide 0.20

10 Tetryl 0 .10
15

20 (aHietic Mortar, %  T N T :

Tren d Te d , %  T N T :
7S*C letereetfoeel Heat Test: -

%  Loss in 48 Hrs Plate Dent Test:
Method

100‘C  Heel Test; Condition

%  Loss, 1st 48 Hrs Confined

%  Loss. 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brisance, %  T N T

Petenetien Rats:
HsNMMMMty Ittin t Confinement -

Condition -
vijpnvB^iBflyi to Charge Diameter, in. 0 -3

Density, gm/cc 1.15
Vri— lily ; Decompose* above 100°C

i_____________________________________________________
Rate, meters/second 5550-5600



Cyan uric Trioside AMCP 706-177

pa. --------» >̂4.-------- --------------------------- « y *  _  i m .taWNfU •VsW IsTW im i I IT  o “  IM R

M  M I  H I ,  M 7 1 Projectile, Let W C -9 1 : Gloss Cones Steel Cones

Density, gm /cc Hole Volum e

O t o r g e W t . lb Hole Depth

Te te l N e . r i  F m » w h :

For T N T  

For Subject H E

Color: Colorless

Pile tip el Usee: Not used because of difficulty
X tack H i t  M 4 2 A 1  ProisetBs. U r  K C -5 : In controlling sensitivity.

Density, gm /cc 

Charge W t, lb

To ta l N o . o f Fiopmsote;

For T N T  

For Subject H E

M oths f  o f in a d ta g ; P re s s e d

Lsedlep Density: gm /cc

FeogoMot Velocfty: f t/ o c  
A t  9  ft 
A t  2 5 H  ft

At 200 atmospheres l.U 
At 800 atmospheres 1.5

Density, gm /cc
M ethod

M eet (ta istie e  to T N T ) : H azard  Class (Quontity-Distonce) Class 9

A I r Com patibility G roup

Peok Pressure

Impulse

Energy

Exudotion None

A lt ,  CeeW osfi
Impulse

Under W ater:
Peok Pressure

Impulse

Energy

Pook Pressure

Impulse

Energy
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A M C P  7M-177 Cyanuric Triaslde

Preparation:

By the reaction of cyanuric chloride with an aqueous eolutlon of eodlua aside:

Cl

♦ 3*«*3

✓  \
»3-C C-H„

+ 3HaCl

Recrystalllzatlon should be avoided as it leads to very large crystals vhich explode vhen 
broken.

Origin: _

Cyanuric TTlazlda ves prepared la l8k7 by CBhours firaa chlorine and wthyl cyanste.
Later James Improved the process (JCS £1, 268 (1887) and In 1921 E. Ott patented the prepara­
tion tram cyanuric chloride and sodlua aside (Ref b) TSylar and Rlnkenbach prepared cyanuric 
trlaslde In a pure state and determined Its properties (Ref c).

Initiating Efficiency:
V

Reported to be more efficient than lead aside. Capable of Initiating Explosive L.

8olubllltar:
Insoluble In water; readily soluble In hot ethanol, acetone, benzene, and ether.

Heat of:

Tarnation, cal/gn -1090 to -1138

References:13

(a) A. H. Blatt, Cospllatlon of Data on Organic Explosives. OSRD Report Bo. 201k, 
29 February 19kk.

(b) Ott and Cfase, Bar ̂ k, 1T9 (19®l).

(c) TSylor and Rlnkenbach, Bureau of Mines, RI 2913 (1923)*

Taylor and Rlnkenbach, J Frank Inst 20k, 369 (1927).

footnote 1 , page 10.



Cyclonlte* (RIK) AMCP 706-177

C  1 6 .3  O g N - H  |  — NOg

H  2 . 7  B g l: J 3 L ,

H 3 7 .8  H

0  4 3 .2  L g  

C / H  Ratio 0 .3 9 5

Meletaler Weight: ( C ^ N g O g )  2 2 2

Oaygaa Belaace:
C O ,  %  -2 2  
C O  %  0 . 0

Deadly: gm /cc Crystal 1 .8 2

MelHag Mat: *C 20b

w------- e - — feû a.n m i |  rWRR

Impact SsaeMvRy, S K g  W h
Bureau of M i n n  Apparatus, cm  32 

Sample W t  2 0  m g
Pieotinny Arsenol Apparatus, In. 8 

Sample W t , m g 18

BeMag Mat: *C

Refractive lades, n»

i»S

rS .

rsNUPI IfWt
Steel Shoe Explodes 
Fiber Shoe Unaffected

Vacaom Stabttty Test:
cc/4 0 Hrs, at 

9 0 ’C

100’ C  0 . 7  

120*C 0 . 9  

135*C -  

150*C 2 . 5

R M a  Ballet Impart Test: Tria ls  

%
Explosions 100 

Portia Is 0  

Burned 0  

Unoffected 0

208 Cram lead Seed Test:
Sand, gm  6 0 .2

BspMaa Temp Cretan;  ’ C

Seconds, 0.1 (no cop used) b05

1 316 
5  Decoeq?oses 260

10 21(0 

15 235 

20 -

Ob-bII^I^ ̂  IbM^Ibbimhpvvvwj w  mnmpij
M inim um  Detonoting Charge, gm  

M ercury Fulm inate 0 .1 9 * ' 

Load A zid e  0 -0 5 *

tolcHc Matter, %  TNT: ( • )  150

Tread Test, %  TNT: ( b )  157
f | l | l  t t - .a#9 %  MI9R9WIRI IlMa

%  Loes In 48 H rs 0 .0 3
Plate Deal Test: ( c )

M ethod A  

Condition P re s s e d  

Confined Yea 

Density, gm /cc 1* 50 

Prisonce, %  T N T  135

I0 0 * C  H eat Tests

%  Lost, 1st 48 H rs  0  3L 

%  Lest, 2nd 48 H rs  0 .0 0  

Explosion in 100 H rs Hone

DsIsasHsa Rata:
Confinem ent None 

Condition P re s s e d  

Chorge Diameter, in. 1 .0  

Density, gm /cc 1 .6 5  

Rate, meters/second 8180

NeauaeMBty lodes: ( d )  276

HygrestspIcByt %  2 5 ° C , lO O jt RH 0 .0 2

V e M B t y :  N i l

•Name given by Clarence J. Bain of Picstinny Arsenal. Germans call it Hexocen; Italians call 
it iff; British, RDX.

m



AMCP 706477 Cycloalte (SMC)



' *■$•*£«*

gyclonlte (rdx) A M C P  706-177

• 6 ■ *  m  M i l  h e f w H h ,  U l  W C -f  1: 

Density, gm /cc 

C h o rg e W t, lb

G ia n  C o n n

H ole Volum e 

Hot* D * X h

Steel Cones

For T N T  

For Subject H E

ISncfcHt. M 4 2 A 1  Fv*»e«**r, le t  KC-S: 
Density, gm /cc 

C h o rg s W t, fc

Cater: White

Priastpsl Uses: Do toon tor b a t e  charge, a n d
Ingredient for projectile and 
bonb fillers

T o ta l M s. of F r i g n i i H i

For T N T  

For Subject H E

M erited e l  U e d ta g : Pressed

L sedta^P sa sH y: ^ m / c c  ^  

l . k 6  1 -5 2  1 .6 0

pal x  10^ 
1 2  15 

1.63 1*65PsagaMat VatacHy: ft/sec 1 .6 8
A t  9 ft 
A t  25Mi ft

Density, gm /cc H-»t-»munoo Wet

K h I  t f a M n  t »  T N T ) : H ozord  Class (Quantity-Distance) Class 9

Airs
Paok Pressure

Impulse

bmgf

J U r , C i a M t
Im pulM

I h f c r  W ater:
Peak Pressure

Com patibility Group 

Exudation

Group M 
Group L 
Hone

[Si

Effect of Temperature on 
Rate of Detonation:

16 brs at, °C 
Density, gn/cc 
Rato, a/sec

00
- 5k  21 

1 .6 1  1 .6 2  
810 0 8050

Impulse

Em t oF
Effect of Tengterature on 
Insect Sensitivity:

Pook Pressure

Impulse

Erw igy

Temp- PA Impact Test
°C 2Kk Wt, Inches

Room 9
32.2 8
10k 5
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Methyl ethyl ketone
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fiyclonltc (REX) AMCP 706-177

Solubility of Cycloolta. Holston Lot E-2-5 In Various Solvent*:

Solubility

B d U n g
Point? Grade or

28°CSolvent Source’*1’ Heated Crystalline Porn

Aeatooa 56 CP 8.2 16.5 at 6o°c hexagonal-thick
Cjclobax* none 155-6 CP 13-0 24.0 at 93°C cubic (easalve fore)
Mtroeethaae 100.8 1-5 12.4 at 97°C plates
Acetonitrile 81.6 MUcet 

Chen. Co.
11-3 33-4 at 93°C platee

1- Htroprcpene ,
2- mtropropaar -

126.5 B  Meet 1.4 10.6 at 93°C short needles
120 HC Prat; 2-3 11.6 at 93°C ■hart needles

2, 4-Pentanedlooe 140-5 Carbide & 
Carbon

2.9 I8.3 at 93°C flat prises

MethyXieobu tylketone 115.8 2.4 9.6 at 93°C long prises
n-Propylsoetate 101.6 HC Bed label 1.5 6.0 at 93°C long prises, som

cubic
n-Butylf create 105.6 IK Red Label 1.4 4.6 at 93°C long prises
Ktbyl acetate 77-1 Baker's T 2.0 6.1 at boll. hexagonal plates
t-FMtrlfnplonkt* 121 B  Red label 0.8 1.6 at 93°C short prises, sobs 

cubic
Butylaoetate 126.5 El Bechuleal 1.1 4.0 at 93°C long prises
Mstbylethy lketona 79-6 5-6 13-9 at boll. coarse platee
11 troethane U4.2 HC Red label 3-6 19.5 at 93°C plates
Ieopropylacetate 88-90 CP 1.1 3.2 at boil. long prises
Meeltylccd.de 128 HC Red label 4.8 14-5 at 93°C plates
n-Aaylaeetute 146 CP 1.0 2.1 at 93°C prlsee
dactkylcarbonate 88-91 HC Red label 1.4 6.6 at boll. plates
M e  thylcerbonate 125-126.5 HC Red Label 0.7 3-2 at 93°C prises
Iaonqrlacetate 132 CP 1.2 3.6 at 93°C prises
Ethylproplooete 98-100 HC Red label 3-0 10.7 at 93°C fairly thick hex 

plates
Methyl-n-butyrat. :L01.5-103-5 HC Red Label 1.2 4.9 at 93°C needles
Cyclopentanoce 130.6 HC Red label 11.5 39.0 at 93-5°C hexagonal plates
Acrylonitrile 77.3 Qyanaeld Co. 4.0 16.4 at boll. flat plates
Methylcelloeolveac state 144.5 Carbide & 

Carbon
1.6 8.8 at 93°C nasslve hexagons and 

prises

* HC, Baatoon Kodak; Praet, practical.
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AMCP 706-177 Cydonite (BDX)

Preparation;

(Suamary technical Report of the KERC, Div 8, Vol 1)

(CHgig ♦ 1»HR03 ♦ 2HHkB03 + 6(CH3<X))2 0

2
'2

Axmonlum nitrate end acetic anhydride axe placed in a flask and, vhlle the aiztuxe ia stirred 
at 75°C» tha following three liquids are introduced concurrently and proportionately: acetic an­
hydride, concentrated nitric add, and a solution of hexamlne in gladal acetic add. The final 
■latere is held for a short tlae at 75°C> diluted with water to 300 acetic add, and allured to 
hydrolyse unstable reaction by-products, void: are a dxture of various nitrated and acetylated 
derlwatiTes of hexamlne fragments. After slnnrlng, the slurry is cooled and the precipitated 
cydodte renewed by filtration. The yield is 780 at the theoretical amount (2 moles) of cyclo- 
nlta malting at 199°C. By dissolving the anaodum nitrate in the nitric add, a continuous pro­
cess, based on 3 liquids, is possible.

Hie product la recrystallized from acetone, or cyclohexanone, to (a) remove acidity, (b) 
control particle else and (c) to produce stable ^-HMX. .The preparative procedure described 
above, the Bactwann or Combination process, yields cydonite containing 3-84 HMX-

First prepared by Henning in 1899 (Genmn Patent 104,280) and later by von Hertz (u. S.
Patent 1, 1*02,693) in 1922 who recognized its value as an explosive. Hot used cm a large scale 
In explosive ammunition until World War II.

Destruction by Chemical Decompoeltlon:

Cydonite (RISC) is decomposed by adding it slowly to 25 times its weight oi boiling 50 sodium 
hydroxide. Bolling should be continued for one-half hour.

References:14

(a) In C. Smith and E. 0. Eyeter, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Teste; Performance Tests. OSRD Report Bo. 5746, 27 December 1945.

(b) ft. Raoum, Z. gea Schlese aprcnjzstoffy, pp. l8l, 229, 267 (27 June 1932).

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report Ho. 803, 11 August 1942.

(d) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision, 
HiVORD Report Ho. 37-46, 26 July 1946.

^Ses footnote 1, page 10.

Origin:
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Cyelonlte (BEX) AXCP 706-177

•) Arwanant Reaearch Department (Woolwich), Solubility of RDX In Nitric A d d  (ARD Kxpl Rpt 
%3 September 19*3)-

(f) Report AC-2S87-

(k ) International Critical Mbles 
land. Boomat.

B. T. Fedaroff et al, A lfcnual for Sroloelvea laboratories, LeHax Society Inc, Phila­
delphia, 19*3*6.

(h) B. Hutchinson, The Iherrel Sensitiveness of Bnloalvee. Hie Thermal Conductivity of 
Eploelvo Materials, AC 2861, Flrat Report, Angust l£h2.

(l) R. J. Flnkalstein tod G. Gamov, Theory of the Detonation process, SAVORD Report Ho. 90- 
*6, 20 April 19*7.

(j) International Critical Tables.

(k) W. F. HoGerry and T. V. Stevens, Detonation Ratea of thr More Important Military Sxnlo- 
alrea at Several Different Teaperatures. Bo. 2383, Hovenbe) 1956.

(l) Alao aee the following Picatlnny Arsenal Technical Reports on Cyelonlte:

0 1 2 1 *

U70 1211 582 863 118*
1290 12*1 13*2 1193 1*1*
1360 1311 1352 1293 1*5*
1*50 1*21 1372 1*33 l6l*
1760 l*8l 1*02 1*83 163*
1980 1561 1*52 1503 202*
2100 l6ll

1651
17*1
1751
1761
2131
2151

1*92
1532
2062
2112

1693
1713
1793
1923

215*
220*

l 6 I 8 2
65 1236 857 1*36 709

1175 1316 1207 1*58 1379
1185 1*16 1*27 1*98 1*29
1*35 1**6 1*37 1578 1**9
1**5 1*66 1517 1838 1*69
1715 1*76 1617 1958 1709
1855 1516 1687 1958 1909
1885 1556 1737 2008 2059
1915 1756 17*7 2028 2179
1935 1766 1787 2178
2095
2125
2205

1796
1836
1936
1956
2016
2056
2176

1797
1957
21*7
2227

2198



AJICP 706-177 Cyclotol, 75/25

f  i n f i l l " ! - *

RISC 75 

3MT 25

C / H  Rotio

M e te ce b r W eigh t) 22L

O i f f M  M e o e e i
C O ,  %  -3 5  
C O  %  -  6

Pseeflyt gm /cc C e e t  1 .7 1

M ilH e |  M e t :  *C

m_. _ -

A If — UJk, \ .I H p K I  N N H n R y i  • R f  W fj
B ure o u o f M i n n  Apporotut, cm 

Sample W t  2 0  m g 
P ico tim y A n t r a l  Appara? j s , in.

Sample W t ,  m g

B V d a g  M o t :  *C

M I ^ M i r g  ||^

n S

n »

Fffcttja Pw M m  Teet:

5' eel Shoe U n a f f e c t e d  

Fiber Shoe U n e f f e c t e d

cc/40 H n ,  a t ’
90*C

100*C 0 .2 3  

120*C 0 . i ‘ l  

I3S *C  -  

150*C -

Rifle M M  leipoct T e c h  Tria ls 

%
Explosions 30 

Partial* 9 M k e a  ItO 

Burned 0  

Unoffected 30

2 8 8  O r—  to m b  Send Test:

Sand, gm

I P H ^ W V I V i  \»

Seconds, 0.1 (no ..np used)

1
5

10

15

20

SeeeMvity le  In lH  sties:

M inim um  Detonating Charge, gm  

M ercury Fulm inate 

Lead Aside 

Tetryi

Bettetic M e ite r, %  T N T :

T r e n t  Test, %  T N T :

7 3 ’ C  le tiree H ee el fleet Test:
%  Loss in 48 Hrs M ete D eal Test:

Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  7 N T

100'C H eet Test:

%  Lost, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

P i t i i i r t M  H a lt :
Confinement None None 
Condition C e e t C e e t 

Charge Diameter, in. 1 . 0  1 .0  

Density, gm /cc 1 .7 0  1 .7 1  

Rote, meters/second 8035 793®

R e re ie b lB ty  lades:

on ----------- «~a»-. ry
f  * 70

VeietM ty:
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Cyclotol, 75/85 AMCP 706-177

r
*
#
♦«
*
♦*
»
i
i
•

rT«h^ -------- —unonion
Tetryt, g m

W o k , in. for 5 0 %  Detonation 

W a x . gm

Density, gm /cc

2625*

1225*

662

M o rta ls
Combustion, eol/gm  

Explosion, col/gm  

G a t Volum e, cc/gm  

Formation, col/gm

Fution, ca l/gm  ( h )  5*0
♦ O t l c u le t e d  f r e r t  c o o p o t l t lo n  o f  a l x t u r c .

Hsrti col/gm/*C (h>
f c

- T 5 0 .2 2 0 75 0 .3 5 2
0 0 .2 2 5 85 0 .3 2 5

25 0.25*f 90 0 .3 3 2
50 0 .2 9 6 100 0 .3 5 1

cm/*ec

*1 -------------1 -A--------" MHRM VWWWrty!
cal/soc/cm /'C

Linoar, % / * C  

Volum e, % / * C

Yaoog't i
E*. dynes/cmr 
E, ib/inch* 

Dantity, gm /cc

Cswprseslis Strength: Ib/inch*

Vapor h w n :
"C  m m  M ercury

Oxygen, atem*/sec 
* (Z /te c )
Hoot, kilecolorie/mole 

(A H . kcal/m ol) 
Tem perature Range, *C

Phase

Ameer Plate Impost Test:

MHO e
5 0 %  Inert. Velocity, ft/sec 

A lum in um  Fineness

Plo*t Thickness, inches 

1
lVt
• V4
1%

Dreg Test:

T7, M OM  Semi Armor Pltrcleg Bomb «t Concrete:

M a x  Safe Drop, ft

M M  fitetrel Perpaee tnmb *s Ceecule:

H eight, ft

Trials -

Unaffected 

to w  O rder 

H igh  O rder

1000-A General Purpose Bomb rt Concretes

H eight, ft 

Tria ls 

Unaffected 

Low Ordei 

H igh  O rder

t
t



AMCP 706-177 Gyelotol, 75/25

is f* '* '* '

M s *  Hi. M71 Pmjsrtlte. Let WC-H:
Density, gm /cc 1.78
Chorg* W t ,  lb 2.22

TeSei N*. *f Fregmaets:
For T N T 703
For Subject H E 151**

3 iadi Nt, M42A1 Prejettite, U » KC-5:
. Density, gm /cc 

Charge W t .f c

Tetel N*. ef Fregeeaett:
For T N T  

For Subject H E

rNpHHI Tt/NC
A » 9 f t  
A t  2 5 *  ft

Density, gm /cc

■test (deleter 1 1* TNT): 'd)

M n
Peak h  a  m - Ill
Impute* 126
Energy —

Air, CeaHaed:
fmpuls*

Ihter Weler:
Peok Pressure

Impute*

Energy

Peak Pressure

Im p u re

Energy

t t f i <  C h srge IW «  st tesa ess, T N T  =  100: 

Gloss Cones Steel Cones

Hoi* Volum e 

Hoi* Depth

/^S
i ?

Cater: lellov-buff

Prtadpel Uses: Siaped charge bomb especially 
fragmentation; HE projectiles; 
grenades

MsNm4 iff Lm JI■ r Oast

Leading Deeslty: gm /cc 1-71

Sterege:

M ethod Dry

H azard  Class (Quantity-Distance) Class 9

Com patibility G n x g ) Group I

Em dotion

Preparation: See Composition B
Origin: Developed by the British between World 

War* I and II and standardized In the United 
States early In World War II.

Black Modulus at Room 
Temperature (25°-30°C):

I^nts/cm^ x 10*̂ 0 ■ 3.09
Density, gm/cc I.7U

Absolute Viscosity, poises:* 
Temp, 85UC 210* *

Efflux Viscosity, Ssybolt Seconds:
Temp, 85°C 9-1**

( ,

* Compositions using Spec Graau Type A, 
Class A RDX.

** Composition prepared using RDX of optimum 
particle size.
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Cyclotol, 70/30 AMCP 706-177

C w h U H * .

RDX 70 

T O T  30

C / H  Ratio

M a lic e  ler W e ig h t: 22L

Oxygen le le a c e :
C O , %  -3 7  
C O  %  -  8

D e a d ly : gm /cc c a s t  1 .7 1

M | | ^ |  Pviofr* *C

Frees lag Feiat: *C

l i w M t l l i ,  2  K g  W t :
■ Bureau of M ines Apparatus, cm  60 * 

Sample W t  70 m g
Picatinny Arsenal Apparatus, in. I 1*

Sample W t ,  m g 20

Refractive lades, n °  

n £  

n £

Steel Shoe U n a f f e c t e d  

Fiber Shoe U n a ffe c t e d

U -------------------e see- am------------------a.▼ O a W N  IWy * D8« i

cc/4 0 Hrs, at 
90*C

100’ C  v 

120”C  0 .8 6  

135*C 

150‘ C

R M e  Ballet Im pact Test: Trlols 

%
Explosions 30 

Portiols 30 

Burned 0  

Unaffected h o

200 Great la m b  Saad Teat:

Sand, gm  5 6 .6

E x p M a a  Tem perature: *C

Seconds, 0.1 (no cop used) •

1 -  
5 Decomposes 26$

10

15

20

P --------IxL-tx-- s . I-Igt^gl^-
MIVemisHy VO WHIMWIVt

M in im u m  Detonating Charge, gm  

M ercury Fulm inate 0 .2 1 *  

Lead A zid e  0 .2 0 *  

Tetryl

BeWatic M ortar, %  T N T :  ( a )  1 3 $

T ro n s l Teat. %  T N T :

75*C Im oresliosol H eat Test:
%  Loss in 48 H rs Plate D e al Teat: (b)

M ethod B 

Condition C a s t 

Confined No 

Density, gm /cc 1 -7 2 5  

Brisonce, %  T N T  1 3 ^

100’ C  Meet Test:

%  Loss, 1st 48 H rs 0 .0 7  

%  Loss, 2nd 48 Hrs 0 .0 8  

Explosion in 100 H rs  None

Petoaetiaa Rate:

Confinement None 

Condition C a s t 

Charge Diameter, in. 1 .0  

Density, gm /cc 1 -7 3  

Rote, meters/sacond 8060

Flam m ability lades:

H ygrescepkity: %  N i l

V e M W ty : Nil
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AMCP 706-177 CSyclotol, 70/30

PtogowaleNea Task

N o n  H i, M71 FrejacMe, La* W C-91:

Density, gm/cc 1.71
Charge W t, lb 2.213

Tatol Na. W  Fraganati:

For T N T 703
For Subfact HE 1165

A lack HE, M42A1 Projectile, Let KC-5:

Density, gm/cc 1.72
Q w rg tW l, lb 0.923

IIIH IWi V* rrapHHHIVt
For T N T 5lV
For Subject HE 826

Pragma* Valsdly: ft/s*c
A t 9 ft 
A t 25ft ft

Density, gm/cc

Mast (Eelsth'i t* T N T ): (a )

A ir:
Peak Pressure 110
Impute 120
Energy —

A ir, Cw Wm *  
Impute*

I M h  Wetar: 
Paok Pressure 
ImpulM 

Energy

Peak Pressure

Impute

Energy

ik * H  Charge n iiilh w m i, T N T  =  100t

Gloss Cones Steal C o n M  ( e )

Hol« Volume

Mol* Depth 130

M r Yellow-buff

M i ripJ  Um r  Shaped charge boobs;
especially fragmentation HE 
projectiles, grenades

MsHted *f laedteg: Csat

LaaAgDaakpgin/a 1.T1

H azard C la n  (Quantity-Distance) 

Com patibility Group 

Exudation

Dry

Class 9

Group I

Preparation; See Composition B
Origin: Developed by the British between 

World Wars I and TI and standardized In 
the United States early In World War *1.

Absolute Viscosity, poises:*
Temp, 85°C —

90°C 53-2
Efflux Viscosity, Saybolt Seconds:

Temp, 85°C 5
Heat of: **

2685 
1213 
85I*

Combustion, cal/gm 
Explosion, cal/gm 
Gas Volume, cc/gm

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

** Calculated fr< position of mixture.
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Cyclotol, 65/35 AMCP 706-177

TT^lBUa* 221*

RISC S5 

n r r  35

Oxygen ■ ■ lo a n :
C O - %
C O  %

O
 *> 

• 
1

D e a d ly : gm/ee C a s t 1.71
M s b la y  Paint: *C

C / H  Rotto n M H I I |  r l H i n  Vo

Im pact lia > W rl> y , 2  K g  W h
Buroou of M inor Aeporotus. cm  

Somplo W t  20 m g 
Picotinny Arsenol Apparatus, in. 

Sample W t . m g

l i g ^ l  potato *C

MViVaVIVV M N I f

n£
n £

Stool Shot 

Fibor Shoo

Unaffected
Unaffected

V acaam  StoblBty T a rt :

cc/40 Hrs, at 
90*C 

100*0 

120*C 

135*C 

150‘ C

U f lo  M e t  Im pact Ta ct: Tria l*  

%
Explosions

Partial*

Bum od

Unoffoctad

2 0 0  C ra m  l o o *  Send T o rt :

Sand, gm 55-U

f a p M o a  T o  aporataro: *C

Seconds, 0.1 (no cap used)

1
5 Decomposes 270 
10 
IS 
20

m----- uL.it.. ^  a »«l. »l —dONOrtlTIcj Ip  H M lW W It

M in im u m  Detonating Charge, gm  

M ercury Fulm inate 

Load Aside 

Tetryl

leMIsHc M ortar. %  T N T :  (e> 13>*

T r e a d  T a rt , %  T N T :

7S*C latom olloaol H eat Ta ct:
%  Loss in 48 H rs H a te  Boat T a rt :

M ethod

100‘ C  Hoot Test:

%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

NVIv *

ConfinementH a m  m obility Index: Hone

Hygtaccoplclty: % N i l Charge Diamatcr, in. 

Density, gm /cc 

Rate, meters/second

LrOo L 

1 .0  

1 .7 2  
7 0 7 ';V i M M y s N i l

y
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AKCP 706-177 Qrclotol, 65/35

M  m  IM. M71 r»ets«ms. U » WC-*li
Density, pm/cc i .n
Chorpa Wt, ft 2*853

Total Me. el h g M M
for TNT 703
Per Sub|ect HE 1153

»  M i HI, M4U1 MwMh, U » KC4;
Density, pm/cc 1.71
Chorgs Wt, lb 0.922

1ti?

For TNT 51»*
For Subi*ct HE 769

Psagmeat Vetacky: ft/aec
At 9 ft
ArSSVfc ft
Density, pm/cc

West Otslslfts So TWT)i

Ain
Peek Pressure

Impulse
Energy

Air, Ceefteed:
Impulse

Under Water:
Peek PreKure
ImpulM

Energy

took Prtsturo

Impulse

Energy

Heat of: »

Combustion, cal/gm 2755
Explosion, csl/gn 1205

Gas Volume, cc/gm 815
* Calculated from composition of mixture.

Gloss C ent* Si m I Corns ( • )

Hols Volume 
Hole Depth 130

U k Yellov-buff

Shaped charge boobs; •specially fragmentation HE 
projectiles, grenades

M atfcedof Leodtap: Oast

Lead H p ftseiftyi pm/cc 1.71

M ethod Dry

H oxotd Class (Q uontityO istance) Class 9

Com patibility Group Group I

Exudation

Preparation: See Composition B

Origin: Developed by the British letveen 
Worli Wars I and II and standardized In 
the United States early In World Her II.

Eutectic Temperature^ °C: 79

gm REX/100 gm TOT 
79°C 
95°C

U.l6
5.85

Absolute Viscosity, poises:*

Ten®, 85°C 
90°C

30.2
26.0

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



n
Cyclotol, 60A 0 AMCP 706*177

i
t
i
«
*
«
*
*
t
#

*i

%
REX

H I T

C / H  Rotio

60

40

M t o e H s o i l H 'B l .  a  k > w it
Bureou of M ines Apparatus, cm  75 

Sample W t  20 m g
Picctinny Arsenol Apporotut, in. 14 

Sample W t ,  m g 1 9

Stool Shoo 

FiborShoo

Unaffected
Unaffected

hoped Teat:

Explosions

Porticils

Burned

Unaffected

Tria ls

%
5

55

25

15

■spMsa Tso^orotoro:
Seconds, 0 .1 (no cap used)

1
5 Deco^>oses 
10 
15 
20

280

71 *C lists sHoosI Hoot To
%  Lost in 48 Hrs

100*C Hoot Tost:
%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 H rs 

Explosion in 100 Hrs

0-0---- - - * AtHyJIilWpiCwyr w

VoMBty:

Nil

Nil

W«laW« 22b

O sygso Istooco i
C O ,  %
c o %

-4 3
10

Psoslty: gm /cc c o s t 1 .6 8

°C

■-------s—  a . >_»
n v m m  r p > n  w

BeM og M o t ;  *C

t i l i o d l r o  lodes, n j

« 5

b £

V oco sho  StoMBty Tost:

cc/40 H rs, ot
90*C

100*0

1 2 0 'C 0 .2 9

I35*C

I 5 0 'C

2 0 0  Grom  l i n t  lo a d  Tost:

Sand, gm 5 4 .6

a ----- ♦>»..»«— s^ o — i*r -  *r -  — ,N SH sIrW y W  oHCoWoô No*

M in im u m  Ostonoting Charge, gm

M ercury Fulm inate 0 . 2 2 *

Leod A zide 0 . 20*

OoNistic M e rto r, %  T H T s  ( e ) 1 .3 3

T ro o s l Test. «  T N T :

Plate Dent Te s t: ( b )

M ethod B

Condition C o s t

Confined No

Density, gm /cc 1 .7 2

Brisonce, %  T N T 132

Deteoetioa Role: .

Confinem ent None

Condition C o s t

Charge Diameter, in. 1 .0

Density, gm /cc 1 .7 2

Rote, meters/second 7900

8:>



AMCP 706-177 £^clotoll_6o/jjO

M  M  HI. M71 Preiecritt, Let WC-91:
D m iity , gm /cc 1.65
Ch orge  W » ,  lb 2.187

a|■ WW Wt rrapMUna
For T N T 703
For Subject H E 998

»  Imcb HE, MOA1 Piefrcfils, U l KC-»t
Density, gm /cc 1.67
Chorgo W t, N> 0.882

Total No. of FiogotaMi:
For T N T 51»t
For Subject H E 701

FrogoMot Votedty: ft/soc (c)
A t  9  ft 2965
A t  2 5 %  «t 2800
Density, gm /cc

"

•loot (toloMvota TNT): (d)

Air:
Pook Pressure 10b
Impulse 116
Energy —

Air, Cerilnl:
Im pulte

Under Water:
Peok Pressure

Impulse

Energy

tledeigioewrf:
Peak Pressure

Impulse

Energy

iiest of: *
Combustion, cal/cm 2820
Explosion, cal/gru 1195
Gat Volume, oc/gm 81.5

Compress Lve Strength■ Ifc/i , 2 nch
1.70 .Tl'CC 2200-3000

Ibagsd Cberga IWutKnaasi. TNT =  IMt

Gian Conn StMl Conti (• )

H ole Volum e 

Hole Depth

1T8
125

162
lb8

Cater: Yellow-buff

Prior Ip si Uses: Shaped charge to**;
especially fragmentation HE 
projectiles, grenades

M f l l M  •# U « 4 a | ! C a s t

L u d la g  D«salty: gm /cc 1.68

Store go:

M ethod Dry

H azard  Class (^x x rtity -D isto n cs) Class 9

Com patibility Group Group I

Exudation

Preparation: See Composition B

Origin: Developed by the British betveen 
World Wars I end II and standardized in 
the United States early In World War 11.

Bulk Modulus at Room 
Temperature (25°-30°C):

Oynes/cm2 x 10”10 
Density, gm/cc

b.lb
1.72

Absolute Viscosity, poises:*

Temp, 85°C 
90°C

12.3

* Compositions using Spec erode 
Cleas A RDX.

T/pe A,

folo.i3t.ed froiii can-position of mixture.
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Crclotol, 75725, 70/30, 65/35 AXCP 706-177

I M M i n w i ! 15

(a) Ih C. 8*1 th and E. 0. ^star, Hysloal Testing of Brcloslras. Part I H  - Miscellaneous 
Sensitivity llwti: Perforaance Tests, OSffl itaport Wo. 5^46, ST Deeeafcar 19*5.

(b) D. P. IfccDougall, Methods of Physical Testing, OSRD Report Ho. 803, 11 August 19k2.

(c) R. V. Saak*. Pregnant Valodty and ftoel Penetration of Several Explosives in SI au­
la tad Sballa. OSRD DeportHo. January 19^>.

(A) V. Fbilipchuk. PTee Air Blast Evaluation of hBX-IRT-Al, REX-THT, and THT-Metsil arstaas, 
national BortharTa— ry hpaS',"■*-», JganLS6.. ...... ............31----

(a) Baa tarn laboratory, du Pont, Investigation of Cavity Effect. Section m ,  Variation of 
Cavity Effect with Opposition, JSWC Contract W-6lT2-0Rl>-5723*

(f) V. S. Cnuner, Bulk OoMpresslblllty Data on Several High Explosives, KAVORD Rê iort Bo. 
k30O, 15 September 195*.

(g) Also ace the following Picutinny Arsenal Technical Reports on tydotols;
0 1 2 1 k l 6 I 8 2

1290 1651 lk82 lk83 182k lk35 lk76 lk2T 1396 lk69
1530 17kl 1793 183k 1585 1756 1507 lk88 1509

19° 3 19kk 1796 17k7 1838 1709
200k 1876

(h) C. Lendltz, V. Bead and R. Vallcky, Enthalpy Changes, Heat of Fusion and Specific 
Heat of Basic Explosives, EATR Ho. 250k, January 1959*

T5iee footnote 1, page 10.
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AMCP 706-177 Cyclotrimethylene Trlnltroeamlne

l 2
c  ao.6  V

h  3 .5  o * N- N - j ^ y N _ N “ o

n  * 8 . 3  H2 c “ k ^ ^ - CH2

O 2 7 .6  T  

C/H Ratio 0 .1 2  $

Meleeidar Weight: (C jH g N ^ O j)  17b

Oxygen Balance:
C O ,  %  -5 5  
C O  %  .8 6

Density: gm /cc

Melting Mat: *C 105 t o  107

fresnleg Feint: *C

h « M «  Sensltivlly, 1 Kg ¥fts 
Bureau of Minot Apparatus, cm 

Sample Wt 30 mg
Picotinny Arsenal Apparatus, in. 1 5  t o  22 

Sample W t , m g 1 7  t o  20

A -  sat---- a.- a__̂  s ^M H M |  PSMrS W

Refractive lodes,
n S

FrlsMes Rsadnban Test:
Stool Shoe U n a f f e c t e d  

Fiber Shoe U n a f f e c t e d

Vacaem ItibWty Test: ( c )

cc/40 H rs, ot
90*C 0 .2 0  

100*C 9 .1 9  3 -7 1 *
• A v e ra g e  v a lu e  o f  5 g n  sa m p le  t w ic e  r e  c r y s t a l ­

l i z e d  fr o m  l s o e n y l  a l c o h o l .

Rifle toHst hnpect Tosh Tria ls  

%
Explosions

Portrait

Burned

Unaffected

100 Cram Bomb lend Test:
Sond, g m  59*2 5**.l

T m u MS^M M * mCM p n w n  a m ^ w a f e r

Seconds, 0.1 (no cop used)

1
5  220 

10 

15 

20

m----- »«t-u .. 0— — -• v n m ifw j iv  im iiv iiv n i

M in im u m  Detonating C ia rg e , gm  

M ercury Fulm inate 0 .2 0 0 * *  

Lead A sid e  0 .1 0 0 * *

* * A l t 5 ? B l t i v e  i n i t i a t i n g  c h a rg e s .

■■Metis Mortar, %  TNT: 130

Troasi Test, «  TNT:
75'C IsSsmetlseel Heel Test:

%  L o tt in 48 H rt Flats Dent Test:
Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

IB0‘C Heat Test:
%  Lots, 1st 48 H rt  8 .7 9  

%  Loss, 2nd 48 Hrs 2 .9 8  

Explosion in 100 Hrs None

Pstseetlen Rote: (b )
Confinem ent None 

Condition C a s t 

Charge Diameter, in. 1 .2  

Density, gm /cc l . b 2  

Rote, meters/second 7000 t o  7300

HomtosMIly lades:

Hygrestepltlty: %  30°C, 90f> RH 0 .0 2

SJ _ O-.ses.- ▼ MMIIlijt



Cyclotrlaethyl«nt Trlnltrowalna A M C P  706-177

}
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4

AltCP 706-177 Cyclotrlmethylene Trlnitroaaalnc

HCBO + HĤ OH + HtfOg

formaldehyde — nmlua
hydroxide

(Reference a)

HBO.-HgSO^ OB— S -1̂  B—  K0

Hj,C -1
sodium nitric sulfuric T
nitrate acid acid 1

BO

An SMonlaeal solution of an amine la prepared by adding aqueous formaldehyde to amaordum 
hydroxide. The rate of addition of formaldehyde la regulated to maintain a solution tempera­
ture of 30° to 35°C- v

Sodium nitrite la dissolved in water and the solution or slurry la then poured into the 
previously prepared esdne-eoaonla solution and totally dissolved by stirring. This solution 
Is chilled to below 0°C.

Into a mlxsd acid solution, previously prepared by dissolving concentrated nitric add 
In water and addirg concentrated sulfuric add, all chilled to -9°C, there is added the cold 
amine-nitrite solution below the surface of the add mixture. The addition la regulated to 
take 20 to 30 minutes.

Bis resulting foamy head of cyclotrimethylene trinltroeamlne la allowed to fit over the 
icy spent liquor far l/2 hour and ia then collected on a sintered glees funnel and washed to 
neutrality. TBe moist cyclotrimethylene trlnitroeaalne is removed from the funnel and air- 
dried on filter paper. The dry crude product melts at 106° to 107°C. Re crystallization from 
iaoamyl alcohol gives • pure coagxund melting at 103° to 107°C.

Origin;

CJrdotrlmethylene trlnltrosamine was discovered in 1888 slsultaneouely by Grieas and 
Harrow (Ber 21 (1888), p. 2737) and by Mayer (Ber 21 (1888), p. 2883) when sodium nitrite 
was allowed To reset with hexane thy lene tetramlne Tn acid solution. This compound wsb later 
studied by Dudsn and Scbarff (Ann 288 (1895), p. 218) and by Delupine who determined Its best 
of formation, which was negative (Bull 80c chim (3) 15 (1896), p. 1199). Because cyclotri- 
methylene trlnltrosamine could be made at first in very poor yield only, it was a long tine 
before it received consideration for practical application as an exploaive. However, the 
study of cyciotrimethylene trlnitroeaalne was continued and Investigations were made as to 
Its behavior in mixtures with other substances (Prof. D. G. Romer "Report on Explosives," 
BI08GP 2-HBC 57^2).

Destruction by Chemical Decomposition;

Cyclotrimethylene trlnltrosamine is easily decomposed by icid cr alkali and even by 
boiling in water.



Cyclotrlsethylene Tr 1 nltroeanlne AMCP 706-177

Imsersed 10 minutes In bath heated at 5°/*inub*
i Teap. °C

(1) Melting begins j 105
Decoapoai tlon begins j 150
lltrous gas • l60
Retire decoê ositlon ; 1T0 _

! (2) Sobs bubbles 110
Very slow decoaposltlon 150
Decomposes In 2 minutes c o o  ;
Decô oaes in 40 seconds 250 :
Immediate decoapositloo 300 ’

(b)

Dong ftra Stability: (b)

Cyclotrlmethy'-ene iTinltroeaadne loosely packed In covered wooden boxes for six years at 
ambient temperatvre and protected froa the sun:

1. Explosl' e showed no color change.

2. Melting point decreased froa 104.5° to 104°C.

3> Coefficient of "Utilisation Prectique" decreased from 125.5 to L?3- 5*

4. An .’bel Test st 110°C gave no color to iodine starch paper In 15 minutes. 

fusion Tests. Mixtures of Cyclotrlmsthylene Trlnltroaamiae and THT: (b)

Cyclotri methylene 
Srinitiosamine, >

Melting 
Point, C

10 74
20 68
30 62
40 55
42 55 (Eutectic)
50 61
60 69
70 77
95 95

Eutectic Composition With TOT: (b) Rate of Detonation, aeters/second

k3$ Cyclotrlmethylene Trinitrons mine 
53i 7KT

7,000



AMCP 706-177 Cvclotrlmethylen̂  -lnitrosamine

Reaction of Gyclotrlnathyleoa Trlnltrosaalne With Other Haterlala: (b)

1. Iron pov mr Slight reaction

2. Copper powder Slight reaction

3. Aluminum ponder Slight reaction

k. 2 parts picric add * 1 part R-Salt a. Violent decomposition after 2 hours at 10°C
b. Violent deco^oeltlon after 10 to 15 minutes 

at 10C°C

5. 2 parts nltr^lycerln * 1 part 
; R-Salt

No evidence of deco^osltloc after 5 days at 
90°C

Detonation l».te i (b)

Coni'' dement Paper cartridge

(.edition reseed

Charge Diameter, in. 1.18

Rate, maters/second Density, ga/cc

5180 0.85
5760 1.00
6600 1.20
7330 l.fcO
7600 1.50
7800 1.57

(a) Arthur D. Little, Inc. Progress Report No. 106, Fundamental Development of High Explo­
sives , April 1955, Contract No. DAI-19-020-50i-0HD{P)-33.

(b) Louis Me'dard and Maurice Du tour, "Etude Des Propriety's De La Cl clotrimethylene 
Trinltroaamlne," M &  poudr, %£., 192k (1951*) •

(c) H. A. Bronner and J. V. R. Kaufnan, "Synthesis and Properties of R-Salt," PATR In
preparation 1959. '

(d) Also see the following Picatlnny Arsenal Technical Reports on Cyclotri.ethylene
Trlnltroaamlne: 117lt, 2179.

*̂ >See footnote 1, page 10.



HBX (Depth Boab Kxplo rival AMCP 706-177
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AMCP 706-177 EBX (Depth Boob Explosive)

MHWVTWy lO T t < • ) |^ ------tui----VaOnanron C e e t

Tetryl, gm 100

W o k , In. for 5 0 %  Detonation 1 -3 5

W a x , gm

Density, gm /cc 1 .7 6

Host eft ( D
Combustion, col/gm

Explosion, col/gm 1700

Gas Volum e, cc/gm

Formation, col/gm

Fusion, col/gm

SpscM c Heat: c o l/ g m / X  

-5 ° C »  d e n s i t y  1 .7 5  g a / c c

( a )

0 .2 5

cm/see

IRPMOI
col/M C/cm /*C 
D e n s it y  1 .7 5  g n / c c

1 3 -3  x  10

CiiW M rtr f lifn ili ii
Unaor, % / * C  -7 3 ° -7 5 ° C

votunw, %/*c

4 .5  x  10*

E', dynes/em1 

E, Ib/lnch* 

Density, gm /cc

(4)
1 0 .4  x  10 

1 .5 1  x  106 

1 .7 2

10

lit Ib/ineh* ( d ) 3 2 1 0 -3 3 8 0

D a n a lt y  1 .7 8  g n / c c

Veper Piseserat
*C m m  M areury

Oxygen, otoms/sec 
(Z /M C )

Haat, kilecabrie/m ole 
(A H , kcol/m ol) 

Tem perature Ronge, “C  

Phase

Ararat Plata Impact Teat:

M  mas Matter Pia|acNle:
5 0 %  Inert, Velocity, ft/sec

A lu m in u m  Fineness 

500-lb Csaarsl Petpeea Is—ha:

Plate Thickness, inches 

1
IV4
1*4
1%.

l eash Drop Teat:

T7, 2000-lb j ail Anwar Piercing lamb *t Ceacrste:

M a x  Sofa Drop, ft

SMMb Oeaerel Parposa lamb vs Ceacrste:

Height, ft 

T r io  Is 

Unaffected 

Lew O rder 

H igh  O rder

IMO-b Oasaral Parpeae lamb vs Ceacrste:

H eight, ft 

Trlois 

Unaffected 

Low O rder 

H igh Order
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IBX (Dapth Boat) Explosive) AMCP ’,'06-177

Taah

M a m H l M T I  Pr*iect«e< U t W C - » 1 :

D m H y ,  gm /cc 

Chorg# W t ,  lb

Tetal No. *< Frogmsoh:
For T N T  

For Subjoct H E

3 Uch HE, M43A1 Pto|acHla, Lot KC-5:
Donury, gm /cc 

Chorg* W t , lb

Total No. of I
For T N T  

For Subjoct H E

Fiogm oot Velocity: ft/ioc 
A t V f t  
A t  25*4 ft

Density, gm /cc

MmI IRolothro ta TNT): 

Air
P*ak Pressure 

Impute*

Enor iy

A ir . CooHood:
Impute*

U nder W o t a r  
Peak Praisurc

Impute*

Energy

(<0

118
127
138

136

Poek Pressure

Impute*

Energy

S h o go l Chorg* Iftad itaN O M , T N T  =  100:

Gloss Coo** Stocl Cones

Hoi* Vo'um *

Hoi* Depth

Color Gray

Priodpol U***: Depth charge

Method el LeedMf * Cast

lli< «|  O w n  by: gm /cc 1.61-1.69

Stamgo,

M ethod Dry

H azord  Class (Quonti*y-Distaneo) Class 9

Com patibility Group Group I

Exudation

Preparation:
DfiX can be manufactured by slowly addin,’ 

water-vet RDX to molten TNT melted in a eteam- 
jacketed kettle equipped with a stirrer. When 
all the water has evaporated, nramonimn nitrate 
is added and with heating and stirring con­
tinued, grained aluminum Is added. Ihe mix­
ture la cooled with stirring continued to 
maintain uniformity and when suitable for pour, 
ing the mixture la cast. ESX can also be made 
by adding 21$ ammonium nitrate and 18$ alumi­
num to 1*2$ cyclotol or Composition B of 50/>0 
PDX/HIT content plug 19$ of TNT previously 
melted at about 100°C.





1.3-DleBlno-2,h,6-Trlnltrobontene (DMMB) AMCP 706-177

*  NH 
C 2 9 .6  1 ~

H 2 . 1  V  A  " ° 2

N 2 6 .8  S r ”  NH2

S O ,
0  3 9 .5  2 

C / H  Rotio 0 .3 6 0

Melecnler Weight: ( C ^ N j O g )  2h3

Oxygen Relents:
CO* %
C O  %

Density: gm /cc Crystal 1 .8 3

Melting Paint: *C (a) 290

Preening Point; *C

Impost ScncOlelty, 2 K| Wl:
Bureou of M ines Apparatus, cm 

Sample W t  20 m g
Picotinny Arsenal Apparatus, in. 18 

Sample W t , m g 9

BeWng Point: *C

Refractive Index, n£
n £

n £

* »->»- -  * - « ‘  ■»--- -rn e e lM  vV ^W n M i fVWs

Steel Shoe 

Fiber Shoe

Vncnnm Stohllity Test:
cc/40 H rs, ot 

9 0 'C  

100’ C  

120’ C  

135’ C  

150’ C

Rifle Bnflet Impact Teat: Tria ls  

%
Explosions 

Portia Is 

Burned 

Unoffected

200 Cram Oemh Send Test:
Sand, gm  k 6 . $

Explseiea Temperature: *C

Seconds, C. 1 (no cap used)

1
5

10

15

20

m— ^  e -»»»- «t— ,vSHWOTlvny sv IRmNsIVHe
M inim um  Detonoting Charge, gm

M ercury Fulm inate ---------

Lead A zide 0 .2 0  

Te try l 0 .1 0

Ballistic M ortar, %  T N T ;  100

Traoxi Test, %  TNT:
75’C letemeHeeel Meet Test:

%  Lots in 48 Hrs Pinto Dent Test:
M ethod 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

100'C Meet Teel:
%  Loss. 1st 48 H rs 0 .0 0  

%  Loss, 2nd 48 Hrs O .k  

Explosion in 100 Hrs None

Detonation Rota:
Confinement None 

Condition Pressed 
Charge Diameter, in. 0 .5  

Density, gm /cc 1 .5 5  

Rote, meters/second 7500

Flammability Index:

Hygrascopiclty: %

Volatility:

<)5



AMCP 7(16-177 1 3-Plamlno-2,4,6-Trlr itrobenzene (DATOB)

T m I s iheped Chorge Effectiveness, TNT = 190:

90 MM HI, M71 Projectile. Let WC-91: Gloss Cones Steel Cones

Density, gm /cc H ole Volum e

Charge W t ,  lb H ole Depth

Total No. of Fragments:
For T N T  

For Subject H E

f , | , r Yellow

Principe! Uses:
3 tack HE, M42A1 Projectile, Let KC-S:

Density, gm /cc 

Chorge W t ,  lb

Total No. of Frogatente:
For T N T  

For Subject H E

Pressed

Lending Density: gm /cc
1.65

Fragment Velocity1 ft/see
A t  5 0 ,0 0 0  p e l

A t  9  ft 
A t  25 Vi ft Ita M M rfiVtVfVt

Density, gm /cc
M ethod Dry

Start (Rotative to TNT): H azard  Class (Quontity-Distance)

Air: Com patibility Group

Peak Pressure

Impulse

Energy

Exudation None

Air, Coe fined: 
Impulse

Cook-Off Temperature: °C 
Time, minutes

320
8

Under Wotar:
Peok Pressure

Heat of:
Explosion, cal/gm 2876

Impulse

Energy

Underground:
Peok Pressure

Impulse

Energy

‘Hi



l,3-Dlamlno-2,It,6-Trlnitrobenzene (DftTUb) AMCP 706-177

Preparation;
Fifty grams (50 gm) of dry styphulc acid vas added to 200 gm of anhydrous pyridine vith 

stirring- The resulting slurry vas stirred for an additional 30 minutes. Hie yellow product, 
dlpyrldinlum styphnate, vas collected by filtration and washed with approximately 100 milli­
liters of diethyl ether. Hie product vas dried over phosphorus (V) oxide, at room tempera­
ture, for 5 hours. Yield of 77 gm (94$), melting point 168° to J.70°C (literature melting 
point 173 C) •

To 50 milliliters of phosphorus oiy trichloride, 29.8 gm of the dipyridinium styphnate wore 
added iu small portions, with stirring. Hie reaction mixture vas then warmed on a steam bath 
for 15 minutes. This solution vas quenched in 500 gm of ice water. Hie light yellow precipi­
tate vas separated by filtration and washed vith water until the washing was neutral to lit­
mus- Yield of 1,3-dichloro-2,4,6-trinitrobenzene 20.1 gm (98$). MP 130° to 131°C (literature 
MP 128°c).

A suspension of 3 gm of l,3-dlchloro-2,4,6-trinitrobenzene in 9 milliliters of absolute 
methanol vas prepared. This slurry vas cooled to 0°C, and dry ammonia was bubbled into the 
stirred suspension. After 20 minutes the reaction mixture was allowed to warm to room tem­
perature, filtered by suction and washed wi t  methanol and ether until a negative Bellstein 
test for chloride ion was obtained on the washings. Yield of l,3-diamino-2,4,6-trinitrobenzene 
2.5 gm (7ft)» MP 288° to 290°C (literet-ire MP 285°C).

DATKB, also called 2,4,6-trinitro-l, 3-diamj. no-benzol or 2,4,6-trinitro-phenylenediamine- 
(l»3)» was first obtained by Noeltlng and Collin in 1884 (Ber 17, 260) and also by Barr in 
1888 (fier 2 1, 1546) from 2,4,6-trinitroresorcin dimethylether in contact with ammonlacal 
alcohol for several days. J. J. Blanksma obtained the same product in 1902 by reacting 
either 2-chloro-2,4,6-trinitroanisole or 3-chloro-2,4,6-trinitrophenetol with ammonlacal 
alcohol (Rec trav chim 21, 324) and from 2,4,6-trinitroresorcin methylethyl ether with ammo­
nia cal alcohol (Bee trav chim 2J, 56 (1908)).

Meisenheiaer and Patzig in 1906 prepared DHUB in the form of yellow needles, MP 28o°C 
from 1,3,5-trinitrobenzene ydroxylamine said sodium methylate in methyl alcohol (Ber 2540). 
The product vas slightly soluble in glacial acetic acid but poorly soluble in other solvents.
It decomposed into HHj and 2,4,6-trinitroresorcin when boiled with dilute NaOH or K0H (Beil 1 3,

Korner and Contardi prepared IAMB by the reaction of either 2,4-dlchloro-l,3,5-trinitro­
benzene or 2,4-dlbroroo-l,3,5-trinitrobenzene with amoniacal alcohol at room temperature or 
bwtter toy heating to 100°C (Atti R. Accad Lincei (5), 1 7 1, 473 (1908)); (5) 18 I, 101 (1909)). 
A method of preparation by prolonged reaction of N-nitro-N-methyl-2,3,4,6-tetranitroeniline 
with a saturated ammonia solution was reported in 1913 by van Romburgh and Schoers (Akad 
Amsterdam Versl 22, 297).

C. F. Van IXiin obtained DATNB melting at 301°C by reacting a concentrated aqueous ammonia 
solution with R-nitro-K,N,N-trimethyl-2,4,6-trinitrophenylenedlamine-(l, 3) or vith N-nitro- 
N-icethyl-N-phenyl-2,4,6-trinitrophenylenedlamine-(l,3) (Rec trav chim ̂ 8, 89-100 (1919)). 
later Van IXiin and Van Lenr.ep reacted concentrated aqueous ammonia with 2,4,6-trinitro-3- 
aminoeniBole or 2,4,6-trinitro-3-aminophenetol to obtain DATK3 melting at 237° to 288°C (Rec 
trav chim 147-77 (1920)). In 1927 Lorang prepared the same compound by boiling 2,4,6- 
tri-ltro-1,3-bis ( -nitroethyl ureido) benzene with water or by heating it with ammonlacal 
alcohol ir, a tube at 100°C (Rec trav chim 46, 649) (Beil £ 1 7, 7 II 33).





Diezodlnltrophenol AMCP 706-177

Cem patltisa: „ „
%  | 8
C 3 U .3  I 5 '

h 0,9 r r - A
N 2 6 .7  °2B - k ^ L » 0 2 02 * k ^ H 0 2

o
0  3 8 .x

C / H R o t lo  1 .0 5 6

M elecalar W eight: ( C g H j N ^ )  210

Oxygaa Balance:
C O , %  .6 1  
C O  %  -1 5

Density: gm /cc Crystal 1 ,6 3

M a k in g  Feint: *C 157

Fronting Feint: 'C

I m p i l t  Bsashivlty, 2  K g W t :
Bureau of M ines Apparatus, cm  

Sample W t  20 m g
Picatirmy Arsenal Apparatus, in. h ;  ( 1  l b  v t )  7 

Sample W t , m g 15

BoiBng Feint: *C

—Onev̂ rniFe 8̂S6
n£
n«

Frictiea Fsndnlnm  Test:

Steel Shoe Detonates 
Fiber Shoe Detonates

u ----T I M R  WoWeeBny IVhi
cc/40 Hrs, ot 

90*C

100‘ C  7 . 6

120‘ C

135‘ C

1 5 0 'C

Rifle M M  Im pest Test: Tria ls  

%
Explosions

Portiols

Burned

Unaffected

M O  Orem  Booth Bond Test:

lO S & lP p o w d e r f u s e  U5.I
leplesiem Temperetmre: C

Seconds, 0.1 (no cap used)

) 200 
5  195 

10 180 

15 

20

M inim um  Detonating Charge, gm  

M ercury Fulminote

Lead A zid e  0 .2 0  

Te try l 0 .1 0

Ballistic M o rtar, %  T N T :  (a) 97

T ra o s l Test. %  T N T :

7 5 ‘ C  letereetlseel Meat Test:
%  Loss in 48 H rs Ftete Dent Test:

Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

1 0 0 'C  Meet Test:

%  Loss, 1st 48 H rs 2 -1 0  

%  Loss, 2nd 48 H rs 2 -2 0  

Explosion in 100 H rs None

Dateaatian Rate:
Confinement

Condition P re s s e d  

Charge Diameter, in.

Density, gm /cc 0 . 9  1 .5  1 -6  

Rote, meters/second ^***00 6600 6900

Flem m ehiBty Index:

Hygresseplcity: %  30°C, 9 0 ^  RH 0 .0 4

V olatility: 5 0° C , 30 m onths U n a f f e c t e d

•Until it la established which plcramlc acid (melting point l69°C) Isomer is involved (Ref: J 
Chem Soc, 2082, August 19^9). ~

Mi



A X CP ' 6-177 Dlazodlnltrophenol

9 0  -nm  H E , M 7 I  Project.*, Let W C - f l :

Density, om/ec 

Chorge W t, lb

Total N t. «f  F ra fa w h :

For T N T  

For Subject H E

3 inch H E . M 4 2 A 1  Frojactila, Lat K C -5 :

Density, gm /cc 

Chorge W t , lb

ku aA BaeeMeeAAl I Wwl ItOi V* tlVpMilnei
For T N T  

For Subject H E

Fragmen t V elocity: ft/sec 
A t  9  ft 
A t  2 5 %  ft

Density, gm /cc

Meet (Relative to T N T ) :  

A ir :
Peak Pressure

Impulse

Energy

A ir, C onfined : 
Impulse

U n d e rW a le r:
Peak Pressure

Impulse

Energy

Peak Pressure

Impulse

Energy

Shaped Charge Effect hreneee, T N T  =  100:

Glass Cones Steel Cones 

H ole Volum e '

Hole Depth

Cctor: Yellow needles

Prleclpal Uses: Percussion cape

Pressed

Laadleg Density: gm /cc Apparent 0.27
' At 3000 pal l.lk

S lt f lf C !

M ethod Under water

H azard Class (Quantity-Distance) Class 9

Com patibility Group

Exudation None

Solute111ULi
Soluble in nitroglycerin, nitrobenzene, 

aniline, pyridine, concentrated hydrochloric 
acid, and In moat common organic solvents.
ilea., of:

Combustion, cal/gm 
Explosion, cal/gm 
Gas Volume, cc/gm

3243
820
86c

Sensitivity to Electrostatic
Discharge, Joules: (c) 0.012

(

100



Dlazodlnitroi ;ol AM CP 706-177

Solubility: gm/100 m i  of the following substances: ( c )

Solubility at 50°C
Solvent t

Ethyl acetate 2.1*5
Methanol 1-25
Ethanol 2.1*3
Etbylenedlchloride 0.79
Carbon tetrachloride trace
Chloroform o . u
Benzene 0 .23
Toluene 0 .15
Petroll uu ether Insoluble (at 20°C)
Ethyl ether 0.08 (30°C)
Carbon disulfii trace (30°C)

Preparation: (chemistry of Powder and Explos.ves, Davis)

Ten gm >f plcramlc acid la sr.spendeG in 120 cc of 5$ hydrochloric acid, and under efficient 
agitation ab about 0°C. 3-6 6® sodi m nitrite in 10 cc vater ia dumped into the suspension. 
Stirring ia continued for 20 minutes, the product filtered off rnd wished thoroughly with ice 
water. The dark brown product, if dissolved in acetone and precipitated in water, turns bril­
liant yellow.
Origin:

Discovered by Graces in 1858 (Annaler, 106, 123; U3, 203 (160O) and studied extensively by 
L- V. dark (ind Bng Jhem Z}, 6c j (1935)• Developed for commercial use in 1928. This com­
pound was patented in the (felted States by Professor William M. Dane.
Destruction by Chemical Decomposition;

Dlazodlnitrophenol is decomposea ... adding the water-wet material to 100 times its weight 
of 10$ sodl'.m hydroxide. Nitrogen t;as is evolved.
P.eferer ca«: 18

(a) Killip C. Keenan and Dorothy ")1-“s. TBble of Military High Explosives, Second Revision,
NAV0RD Report No. &1-U6, 26 July 191*6. '

(b) F. W. wow.., D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation by

«< footnote page 10.

101



mm*-*.

A X C P  706-177 masodlnitrophenol

Electrostatic Discharges. U. $. Dept of Int, Bureau of Mines, RI 3652, 1946.
(c) L. V. dark, 'Blasodinit-ophenol, A Detonating Explosive,” Ind Eng Chen 25, 663

(1933).

Seidell, Solubilities of Inorganic and Organic Compounde, Van Koetnind and Co., N. Y.
(d) Also see the following Picatinny Arsenal Technical Reports on Dlasodlnltrophenol:

0 2 4 1 7 8 2
150
610
2120

1352 3*»
Pl4

355 827 318
1838

2179

102



Methylene Glycol Dinitrate (DEGN) Liquid AMCP 70* 177

%  '

c  2fc.5 K C ------------0N0
1

H k . l  « C . --------

/  0
H l b .  3 H ,C  ^

0  5 7 -1  « 2 C ---------  ONCL,

C / H  Ratio O .1 U 3

Molecular Weight: (C ^H g N g O ^) 196

Oxygen Balance:
CO* %  -1*1 
C O  %  -  8

Deatity: gm /cc L i q u i d  I . 3 8

Malting Feint: *C 2

Fraccing Feint: 'C

Impact S e c e M ru ,. 2 K g  W t:
Bureau o f M ines Apparatus, cm  100* 

Sample W t  2 0  m g
P kotin ny Arsenal Apparatus, in. 9  

Sample W t, m g

8aiN«9 M a t: *C Decomposes l6 0

Refractive Index, n »

n £  1.1*1*98 

n »

Friction F e s M a i Test:

Steel Shoe E x p lo d e s  

Fiber Shoe

Vncvum Stability Test:
cc/40 Hrs, ot 

9 0 ’ C

100’ C  0 . 3 c c / 2 0  hr/gm

120°C

1 3 5 'C

150°C

KMe Id io t Impact Test: Trials 

%
Explosions

Po-tiols

Burned

Unaffected

200 G rom  iam b Sant Toot:
Sand, gm  4 2 .2

ixploelee Temperature: *C

Seconds, 0.1 (no cap used)

1
5 237 

10 

IS  

20

Sensitivity to Inltiatien:
M inim um  Detonating Charge, gm  

M ercury Fulminate 

Lead Azide 

Terry!

Ballistic Mortar, %  T N T : 90

Traucl Test, %  T N T : 77

7S*C letemetietwl Heat Test:
%  Loss in 48 Hrs Flats Dent T».it:

Method 

Condition 

Cor ned 

Denary, gm /cc 

Brisonce, %  T N T

100*C Heat Test:

%  Loss, 1st 48 Hrs 1*,0 

%  Loss, 2nd 48 H rs ? .0  

Explosion in 100 Hrs Hone

Detonation Rate:
Confinement

Condition

Chorge Diameter, in.

Density, gm /cc 1* 38 

Rote, meters/second 6760

Flammability In tn :

Hygrascopicity: %

Volatility: / o ° C ; sng/cm2 / h r  19?



AMCP 706-177 Methylene Glycol D1 nitrate (DECK) Liquid

Beoeter Sensitivity Test:
Condition

Tetryl, gm

Wax, in. for 50%  Detonation

Wax, gm

Density, gm/cc

•fool of:
Combustion, col/gm 2T92

Explosion, col/gm 8 ia

Gos Volume, cc/gm T96

Formation, col/gm 2 0 2 0

Fusion, cal/gm

Specific H oot: col/gm. C

Burning Rote:
cm/sec

Th erm al Conductivity:
co l/sec/cm /'C

Coefficient of Expansion:
Linear, % / 'C

Volume, % / ‘C

Kerdncss, M ohs' Scale:

Yeung's Modules:

E', dynes/cm2

E, lb2inch2

Density , gm/cc

Compressive Strength: lb/mch2

Vapor Pressure:
'C  rr : Mercury

20 0.00'y
vO 0.1 jO

Decomposition I g uotion:
Oxygen, otoms/sec 
(Z/sec)

Hoot, kitocokx ie/mole 
UH, kcol/mol) 

r»mperoture Range, °C

Phose

A rm o r Plato Im pact Taat:

60 m m  M o rtar Projactila:
50% Inert, Velocity, ft/sec 

Aluminum Fineness

M O A  Gaoeral Parpeae Bombs:

Plate Thickness, inches 

1
Hi 
1 Vs 

1*4

Bomb Drop Toet:

T 7 ,  2000-lb  S rm i-A rm oc-t iercing Bomb vs Concrete:

Max Safe Drop, ft

5 0 0 -lb General Purpett Bomb n  Concrete:

Height, ft

Tr..

Unoft* .red 

Low Order 

High Order

1000-lb General Purpose Bomb vs Concrete:

Height, fr 

Tnals 

Unaffected 

Low Order 

High Order

KM



Diethylene Glycol Dint irate (DECK) Liquid AMCP 706-177

to m m  H I. M71 Prejeetiie, Let W C -tl:

Density, gm /cc 

Chorge W t , lb

. Telel Ne. of >m »m li;
For T N T  

For Subject H E

3 inch HE. M 42AI Prejeetiie, U t  KC-S:

Density, gm /cc 

Charge W t, lb

Tetel He. ef Fregmeots:

For T N T  

For Subject H E

Fragaieat Velocity: ft/sec 
A t  9  ft 
A t  25 Vi ft

Density, gm /cc

•lost (Relative to T N T ):

A ir:
Peak Pressure

Impulse

Energy

A ir, Coafixed:
Impulse

Uadar Water: 
Peak Pressure 

Impulse 

Energy

Uadergroaad:
Peok Pressure

Impulse

Energy

Viscosity, centipoiscs: 
Temp, 20°C 6 .1

Shaped Charge EHectiveaau, T N T  ~  100:

Gloss Cone; Steel Cones

Hole V c'um o  

Hole Depth

Color; Colorless

Ffiacipal Usee: Propellant romposi * Ions

Method of U adi eg:

U adi eg t'easity: gm /cc

Storage:

M ethod

H azard Class (Quantity-Distance) 

Com patibility Group 

Exudation

Liquid 

Class 9

Preparatlor.: D2GN can be prepared vith approxi- 
netely o5$ yield by adding diethyleneglycol 
to mixed acid (50$ H N C 1*5$ HgSOjj, and 5$ 
1̂ 0). The temperaturê is kept at 30°C or 
lower. The separated DECK is purified by
washing with successive 
d ilute sodium carbonate 
until neutral.

Hydrolysis. $ Acid:
10 days at 22UC 

5 days at oO°C
Solubility  in Water, {•'tn/lOO

portions o f  ’ 
solution and

0 .0 0 3
0.003

gm, at:
------------- ---------- 571*0

6o°C 0.00
-iolubili ty , gm/100 wm, at 2>°c. in:

Ether CO
Alcohol 00
2:1 Ether:Alcohol 00
Acetone 00

I



AMCP 706-177 methylene Glycol m  nitrate (IBCK) hlnuld

Origin:
lirst prepared and studied by We. H. Rlnkenbech in 1927 (Ind Eng Chen 1£, 925 (1927) end 

Later by Rlnkenbech and H. A. Aaronson (ind Eng Chen 23, l6o (1931)) both of Plcetlnny Arsenal. 
Tsed In propellant coepoaltlona by the Gemana dnringvforld War II.

Instruction by Chemical Decomposition;
□BBN la deconpoaed by adding It elovly to 10 tinea Its weight of 18$ aodlun sulfide 

(BagS’SfflgO). Seat la liberated by this reaction but this la not hazardous If stirring la 
■alntalnad during the addition of IEOH and continued until solution Is complete.

Rciercncca:19

>%e the following Pica tinny Arsenal Technical Reports on EBGH:

0 1 2 1 k 6 I 2
50 231 72 673 *9* 3*6 1*87 279
180 551 602 1*1*3 162U 1516 1L27 579
620 1391 1262 1616 ll*87 ll*39
1*90 1*21 1392 1786 1817
1990

T7See foot note pege X).

m
******



Bls(g,2-Plnltropropyl) Fumerate (HtPT) AMCP 706-177

p . — ■ . . 111. .MMpMRIVHi
46
c 31-6

CHC02CHgC(N02)2CH3

k  n .  t  chco2cw2c ( no2)2oh3

0 50.5 

C /H  Rotto

Melecelat Weight: ( C10H12\ ° 12)  2&>

Oxygea lalaace:
CO, 4b -59 
CO %  - IT

Density: gm/cc Crystal 1.60

^  *C Fa”  'l l  H

Freesing Point: *C

Impact Sensitivity, 2 K| W t:
Bureau of Minos Apparatus, cm 100+ 

Sampi* Wt 20 mg
Picotinny Arsenal Apparatus, in. I S  

Sample Wt, mg 18

■oiling Point: *C

Retrace hro Index,

n£

n l

M cMn  Pondolom Test:

Steal Shoe Unaffected 
Fiber Shoe Unaffected

Vacuum Stability Toot:
ce/40 Hrs, at

90°C --------

i OO’C 0.66

120°C --------

135'C 0.91 

150*C

rifle  Relief Impact Test: Trials 

%
Explosions

Portiols

Burned

Unaffected

200 Gram lam b Sand Tost:
Sand, gm

Ixpleeiea Temperature: °C
Seconds, 0.1 (no cop used) —

1 —
4 Smokes 250 . 

10 

15 

20

Sensitivity to Initiation:
Minimum Detonating Charge, gm 

Mercury Fulminate 

Lead Azide 

Tetryl

Ballistic Mortar, %  T N T : '

Trauxl Test, %  T N T :
7S 'C  Infamatieaal Heel Test:

%  Loss in 48 Hrs Plate Dant Test:
Method 

Condition 

Confined 

Density, gm, cc 

Brisonce, %  TNT

100’ C Heat Test:

%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

E-’tplosion in 100 Hrs

Detonation Iteto:
Confinement

Condition

Charge Diameter, in.

Density, gm/cc 1*^9 

ote, meters/second 0̂50

Flammability lades:

Hygraacepicity: %

Volatility:

1<»7



C P  706-177 Bls(2.2-Dlnitropropyl) Funarate (EMPF)

FfIfIMNMiOR Shaped Charge Effect!veaees, T N T  = 100:

90 mm H i, M71 Projectile, Lot W C-91: Glass Cones Steel Cones

Density, gm/ce Hole Volume

Charge Wt, lb Hole Depth

Total No. of Frogmsats:

For TNT  

For Subject HE

Color: White

Principal Usee:

3 inch H i, M42A1 Projectile, Let KC-3:

Density, gm/cc 

Charge V/t, lb

Total No. of Fragments:

For TNT  

For Subject HE

Method of Loading: Cast

Loading Density: gm/cc l.rvO
Fragment Velocity: ft/sec

At 9 ft
At 25V4 ft Storage:

Den*;ty, gm/cc
Method Dry

•lost (Rotative to T N T ): Hazord Class (Quantity-Distance)

A.r: Compatibility GrC p
Peak Pressure

Impulse

Energy

Exudation Hone

Heat of:
A ir, Confined: Combustion, cal/gmImpulse 3070

(calculated)
U » *r  Wcter: 

Peak Pressure

Detonation, cal/gm 7t>7
(calculated)

Viscosity, poises:
Impulse 0 0.5-t-.emp, 'Jit.‘1C
Energy 10£■5 C o.k3t

Underground: Liquid DensiV,, gm/cc:
Peak Pressure reap, 'A.'fc l. 3r',2
impulse P-* © O O 1 • 37t
Energy Crivii.:

:.v, rithes i zea lr. llL? M. F.. iUll uf the
U. C. Cava! Ordnance labors tot . Vih!: e Oak,



Bls(2,2-Dlnltropropyl) Fuiaaratc (DUFF) AMCP 706-177

P’eparetion: (a, b)

HC-C0C1
|| + PCHoCC'TOoJoCĤ OH 
HC-C0C1

aici3
HC-COgCHgC(HOg)gCHj 
HC-COgCKgCfNOgJgCK̂

3-3 mol 7-3 mol 1.6 mol 63$ yield
fumaryl chloride 2,2-dinitropropanol aluminum bis(dinitropropy 1) fumarai,e

chloride
Wnitropropanol was nixed with chloroform (1320 milliliters) and the mixture heated to 

boiling. The distillate was collected in a water separator. At first the distillate wa6 
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 room tempera­
ture and the separator removed. Fumaryl chloride was introduced, followed by the aluminum 
chloride which was added in four equal portions. Air was blown into the flask for a minute 
to effect mixing, ar.d the reaction sustained itself without the addition 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 into 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 diluie ice cold 1IC1. Hie aolid 
product was collected on a sintered funnel, washed with water and with he.iu.uc 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-Dinltropropam 1 Esters, NAVORD Report 
No. 2t97, 3 July 19527“̂ '

(b) D. L- Kouba and H. C. McNeil, Jr., Hercules Report on High Explosi'es. ...vy Contract 
N0rd-11280, Task A, 26 May 1951*-

W

20SlM f o o t  n o t  «• I 0.



AMCP 706-177 Bls(2,2-Dlnltropropyl) Succinate (Oi?S)

r

‘Cempssitien.

C 51.1*

H 3*7

„  A m l  j HgC02 O l2 C (N 0 2 ) 2 CH3

0  5 U .2  CH2 C02 CK2 C (H 0 2 ) 2 CK3 

C / H  Ratio O .g 5 0

M d o ce lo r Weight: ( C ^ . 1 ^ 0 ^ )  382

Oxygen Inlnnse:
C O ] %  -6 3  
C O  %  -2 1

Density: gm /cc C r y s t a l  I . 5 1

MelHnp Feint: "C  55

Fteexint Feint: *C

Impact lia iR M ty, 1 Kg W h  
Bureau of M ines A pparatus. cm 

Sompie W t  2 0  m g 
Wcotlwny Arsenol Appo rotu i, in. 

S o m p la W t, m g

ImllUa M a tt *C

Relioctlre Index, n° 

n£ 

n&

m i^ M  r i m n n  b o ti

Stool Shot 

Fiber Shoe

bo........ P.-Lltf.— Ta ^ ,TM H R  mlmaiuj ISSue
cc/40 Hrs, ot

90*C --------

.0 0 ’ C  0 .1 0

I20*C

135"C

150*C

Rifle Ballet Impact Teet: T r io lt  

%
Explosions

Portiob 

Burned 

Unoffacted

200 Orem Bomb Send Test:
Sand, gm

Irplm ieri Tsmpsrstnts: 'C

Seconds, 0.1 (no cap used) —  

1 —  
5 >1*00 

10 

IS  

20

SsnsitMty to Inltietien:
M inim um  Detonating Charge, gm  

M ercury Fulm inote 

Lead A zide  

Tetryl

Ballistic Matter, %  T N T :

Tranxl Test, %  T N T :
7S*C Intemetienal Heat Test:

%  L o u  in 48 Hrs Flats Dent Test:
Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

100‘C Meet Test:

%  lo ts , 1st 48 Mrs 

%  L o u , 2nd 48 Hrs 

Explosion in 100 Hrs

Confinement

Condition

Charge Diometer, in. 

Density, gm /cc 

Rats, meters/second

FIs mm ability Index:

Hypiaecepieity: %

Volatility:

110



Blg(2,g-Dlnltropropyl) Succinate (DBFS) AMCP 706-177



AMCP 706-177 Bli»(2,2-D lnl tropropyl) Succinate (DMPS)

Preparation:

CHgCOCl
SCHoCfNOgJgCHgOH + |

CHgCoCI

OI2CX)OCH2 C( N02 ) 2CH3

■2-» CH2C00CH2C(N02)gCH3

succinyl aluminum 
dinltropropanol chloride chloride bis(2,2-dinitropropyl) succinate

A methylene chloride solution of dinltropropanol (0.02 mol 'n 15 milliliters) was mixed 
with 0.01 mol of succinyl chloride. To this solution 0.003 mol 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 reaction solution was refluxed l-l/2 
hours. Fine needle-like crystals formed upon cooling and adding hexane. Hie crystals were 
slurried in dilute hydrochloric acid and on recrystallization from methanol gave a 93% yield 
of HIPS (melting point 85° to 85.6°C).
References:21

(a) M. E. Hill, Synthesis of Hew High Explosives, HAV0RD Report No. 2965, 1 April 1353*
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AMCP 706-177 g.g-PlnltroDropyl-H.h.H-Trialtrobutyft* (mPTO)
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g ,2-ian ltroproM rl-M .l*-T :ln ltrobu tyrete (IHPTB) AMCP 706-177

Preparation: (•» 1>)

CH3C(30g)2OH + vKJ2)3CC^CF2C0Q a ic i3

trlnltrcbutyryl alusdnumdinitropropenol chlorite chloric'
CHjCiUĈ JgCHgOOOCBgCOlOgJj + HQ

dlnltropropyl trlnltrcfcutyrate
Dinitroprcpenol, trinitrcjut/ryl ehlarite and aluminum chlorite ware slowly Mixed in car­bon tetrachloride at 60°C. Sal* mixture was refluxed at T5°C for two hour*. After the inac­tion ana collated, tha mixture jw? coolad and the crystalline product aapaxatad and purified. Mitar lb tba dinitropropeno) waa m e n d  by acaotroplc distillation before tha add chlorite wi added. S» purified product had a eel ting point of 95° to 9̂ °C. '

Crystallotxmphlc Data; (c)
Some dlatlnct crystallographic modifications of SPOT hare been obeerred. Baeaa poly­morphs tev* been characterized by weans of X-ray diffraction and wlcroecopic observation.Porn I crystallize! fron solution In carbon tetrachloride, chloroform, acetone, chloroform- berane, acetone-water, or wethanol-water at roon takers ture. Prolonged standing of Porn I at roon tê emture under tha nother liquor pronotes a transition to 70n H. Open aolldl- flcation of nolton IMP'S, Porn H  la always Observed.

rsneai. wte of Transformation of fom n  to Porm I (e)
la^eraturs. Average Rate,

sq inch/hour
j Standard 
j Deviation

Average Rate, 
tm/icar

15 0.JU7 ! 0.036 0.012

2° 0.1*35 : 0.025 0.126

25 0.1*32 : o.oi»6 0.133

30 0.1*75 . 0.01*9 0.11*0

35 0.253 0.037 0.i»,‘5

Both Parma I and III gave very erratic sansitivity values. The high temper*tur# polymorph, 
Tons II of EHP1B, gave consistent sensitivity values.

References:

(a) k . E. Hill, Preparation and Proosrtlaa of 2,2-Dlnltropropanol Esters. ittVORD Report 
Ho. 21*97, 3 July i95ST^

(b) V. B. Hevson, Hercule■ Report on Hlgi Explosi/es, Bevy Contract HOrd-11280, Task A,
18 October 195̂ *.

(c) J. R. Holden and J. Wenograd, Physical Properties of an Experimental Castable Ezplo- 
alve 2.g-Dlnlt.ropropyl 2.U.U-Trlnltrobutyrate DHPTB. BAVORD Report Ho. Ul*27. 11 December 1956.

22‘Sea footnote 1, page 10.
r



AMCP 704-177 2,U-Mnltrotoluene (HIT)

V O IIM IR W ii
%  « 3 

C  W - 3  1

H 3 -3  | | - f ! n 2

H 1 5 -*

0  3 5 .0  J 2 

C / H R o t lo  0 .5 7 9

Mileceler Weight! ( c y ^ N g O ^ )  1 .8 2

Oxyge* Baleece:
C O -  %  - 11*» 
C O  %  -  53

Deadly: gm /cc 1 .5 2 1

MeRfag M a t: *C 7 1

m------- e-----^  - e_.n M H i |  fV H in  v»

bopaat SaaaMaity, 1 K «  W h 
Biaeou «  M in a  Apparatus, an 

Somri* W t 20 mg 
Plcatinny Arsenal Apparatus, in. 

Sample W l, mg

BoMag M a ti *C Decoopoeee 300

Refractive tad**, n j;

h a

n »

FticHoe h a h lw  Tw h
Steal Shut Unaffected 

Fiber Shoe U naffected

Vacaam Stability Teat
cc/4 0 H rs, at 

90*C

i0 0 * C

120*C <>.<*

t35*C

150*C

Rifle BaHst impact Te rt: T r lo U  

%
Explosions 0 

Pcrtiols 0  

Burned 0  

Unaffected 100

200 Groat Bomb Seed Ts
Sand, gm  1 9 -3

CepM ea Tempemtwe: °C

Seconds, 0.1 (no cap used)

1
S Decomposes 310 

10 

IS  

20

m ».» ^  ■ •*» *»-----pCUBmfrHy 1* H M IM W it

M inim um  Detonating Charge, gm  

M ercury Fulm inate

Leod A side 0 .2 0  

Te try l 0 .2 5

BaBistic Matter, %  T N T : (a ) 71

Tread Teel. %  T N T : (b ) 6U

71 *C leMmeHoeel Heat T a h
%  Lose in 48 Mr*

Plata Daat Teat:
Method

Condition

Confined

Density, gm /cc ' 

Brisonce, %  T N T

lb O 'C  Heat Teeh

%  Loss, 1st 48 Hr* 

%  Low , 2nd 48 H rs 

Explosion in 100 Hrs

D*teaetl*a Rote:
Confinement

Condition

Chorg* Diometer, in. 

Density, gm /cc 

Rote, maters/sacond

FI* •mobility led**:

Mygrotcopklty: %  25°C, 100$ RH 0.00

Veletitity:

/ - V
: »

t >
'sw^'
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. o

2.*-dnltrotoluene (gfT) AMCP 706-m

Twh
•e e *  H t  M 7 1 P i^ e d f c ,  U l  W C - t l i  

Danttty, gm /cc 

C harge W t , lb

• j l J  fa—ifm w  nvpmuiim
For T N T  

For Subject HE

I ladi HI. M4SA1 N.jutte, U* KC-S:
Daratty, gm/cc 

Charge W », lb

Total Me. of 9n |m m Ik
For T N T  

For Sublet HE

ftagmaat Vobcbpi ft/wc 
AtTft At 25% ft
Oansity, gm/ee

J

iMOtaMMloTKni

Ain
M t F n n n

Ah,
Im p u te

I M k  WtUt! 
Not Fi m m v  
Im p u te

Enwgy

Fr' b m n
Imv^te
Energy

Mu f i l  Cte rg* I I I i i IIm m *!. T N T  =  IM t 

d o n  Cone* Steel Conet

HoleVotene 

Hoi* Dap*

Catet Yellow

i1 Ingredient of propellant 
powder, dynaaltet and plaatlc exploaive*

Malted *t U*dlag: Preaaed, extruded or caat coapoc.lt ion

LeedMg DeatBy: gm/cc Variable

aa-^a------->nwrao try
Honrd O cm (QuonKtyTHttonce) CLaaa 12
CompuNbiHty Group Group D
Exudation

65.5°C n  Toot:

Minute*

Hoot of:

Coabustlor cal/g■

Them*il Cf iductlrltyj

cal, a*c/ca/°C 
Denalty 1.322 ga/cc

6<H

(b) 15*5

6.26 x 10"

J
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AMCP 706-177 2.*-Dlnltrotoluene (HTT)
>

Preparation:

s n  nrr.

Solubility: wa/lOO ga of the folloulog substance!t

&Bthyl Alcohol nitroglycerin Water

!s
25
35
*5
55
60

i fc i i

0.16 20 30 22 0.027
0.29 50 0.037
0.*9 100 0.25*
0.77
1.03

Solubility at 15°C. In:

Solvent i

can* 65.076
ecu
W c

2. *31 
60.6**

ToluOl *5. *70
CHsflH 5.01*
Q A oH (966) 1.916

Solvent i

N U B  (absolute) 
Ither (absolute)

3.039
9.1*22

Acetone 81.911
Ethyl acetate 57-929
CSfe 2.306
Pyridine 76.810

Origin:
Occura m  75£ of the products obtained on the nitration of toluene, the reaeinlng 255 being 

2,6-IBT end other isaeers of OT. Also occurs ns sn inpurity In crude OTT obtained by 
standard BMufScturing process, used In explosive Mixtures at least since 1931 •

References:23

(a) L. C. arith and E. 0. Eye ter, Physical testing of Bxploslvea, Part i n  - MlecellaneoMe
Sensitivity Basts: Pel a m .  OSRD Report Bo. 57«>, 27 December 19»5-

(b) A. H. Blatt, Coanllatloc of Eats on Organic Explosives, OSRD Report Su. 201*, 29 Wbru. 
pry 19**.

(c) Report AC-2661.

(d) Also see the folio* ng Pi cm tinny Arsenal Technical Reports on EKT:

0 1 2 2 * 1 6 I 8 2

810 1351 72 *3 39* 1615 186 97 768 69
1830 1501 372 233 80* 2125 1556 817 938 1*9

1651 922 3*3 10** 1816 837 1538 2*9
1781 11*2 673 108* 1896 279
1821 1672 1023 109* 779
2031 1692 1663 ll6* 17*9
2221 17*3 132*

2013 1*6*
152>*
167*
1751.
209*

23See footnote 1, page 10.
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Dlpontsorythrltol HoMxnltroto (DFSPi) AMCP 706-177

f . r r f i i t r 1! - .

C  2 1 . T  
H  2*9
N 1 5 .2  0 «0 .. (* 0 „

0 6012 K K
O N ^ O C H ^  - C * 2 -  C -  CH2 -  CCHgOBOg

9 »2  K
C/‘H  Ratio o .  15* 0B°2

Mlhtett. Weight: ( C 10Hl 6 N60 I 9 )  55*

C O , %  -2 6  
CO  %  v 3

• s H k y tg m / c c  C r y s t a l  1 .6 3

MtMeg Point: ‘ C  7 3 -7

fpilllsi Point: *C

1b | « <  liilM h i, X Kg VKfc 
Bureau of M in in  Apparatus cm  14 

$omp*e W t  2 0  m g
Picotinny A n t n o l  Apparatus, in. * 

Sample W t, m g 10

* - » - »  9{*N M |  rV M li v

tofcotthi Index, n*

n 5

n £

QsMIio to ls ls i Tot:
S M  Shot E x p lo d e s  

Fiber Shot (J n s ffe n te d

V acuum  StoMUty Tost:
cc/40 H rs, ot 

90*C

100*C 3 -7  

120*C 11+ 

135*C 

I50*C

B M t  M S  lis p e tt Teet: Tria ls  

%
Explosions 

Port toll 

Burned 

U n o H tc ttd

XBBCtem lent Send Tott:
Sand, g m  5 7 .*

U p M s s  Tistp irf n :  *C

Seconds, 0.1 (n o  cap used)

t 300 
5 E x p lo d e s  255

10

15

2b

w  iM v m v p it

M in im u m  Detonating C h o rg t, gm  

M ercury Fidm inott 

Lead A i id t  

Te try l

BeHtMc Matter, % TNT: (e) ]1»2

T n m s I Test, %  TNT: ( b )  126

7S*C IsSMtslisee; M ost Twt*.
%  Lots in 48 H h Pinto Dost Test;

Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

I8TC Host Test:
%  Lots, 1st 48 H rs 0 .1 1  

%  Lots, 2nd 48 Hrs 0 .1 0  

Explosion in 100 H rs None

Dotesotien tote: ( c )

Confinem ent C o p p e r tu b e  

Condition P re s s e d  

Charge Diameter, in. 0 .3 9  

Density, gm /cc 1 .5 9  

Rate, meters/second 7*10

n — n n a t y  i - d ^ .

Hygrescepicity: %  0 .0 3
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AMCP 706-177 IMpentasrythrltol Hexenltrate (EPMM)

TMt:

M  M  HI, M7I ha|s«tHe, Ut WC-91: 
Density, 9m /cc 

Charge W t ,  tb

Tetal He. ef FrogaMals:
For T N T  

For Subject H E

»  bd> HE. M42A1 NalstHle, Ut KC-1: 
Density, gm /cc 

Charge W t , lb

Total He. of
For T N T  

For Subject H E

FpigMit Vibcfeji ft/MC 
A t  9  I t  
A t  25V4 ft

Density, gm /cc

Mast (Relathe teTMTh

AIr
Peak Pressure

Im p u te

Enargy

A b iG a a K .'r t t
Im put e

IMuWatan
Peok Pressure

Im p u te

Enargy

Peak Pressure

Im p u te

Enargy

aa-- .1 rasa.---mmm _>>----- «||f —PMpM KliWnrlMllf 1" f •> 196:

Glass Cones S tN l Cones

H ole Volum e 

Hole Depth

Ceier. W h ite

Mattel Uses: I n g r e d i  s o t  o f  p r im in g  
c o a p o a lt lo n a

Malted af Leodtag: P re s s e d

Leadtag Daasftyt gm /cc

A t  3000 t o  >1000 p a l 1.59

M ethod D ry

H a za rd  C last (Qunnrity-Dtstonce) C l a s t  9

Com patibility G roup

c-ujdotien

Preparafexpljtloo: (Chemistry of Powder and loelvea, bavla)
EtBO-CHg^C Dahydratt nr. .
(HO-CHg) jC-0-C( Ĉ -CH) 3 ~-- 1-

(OgBO-CMg)3C-0-C( CHg-CWOg) 3

Mpentaerythri tol H-rxi nitrate la procured 
In the pure stati (melting point 72°C) by 
fractional cryetilllzatlon of crude PEE 
froa aolat acetone.
Origin: Foraad aa an inpurity In the prepa­
ration of PE1B. Propartlea flrat described 
by W. Frederick and W. Brfin In 1930 
(Berlchte 63, 2661 (1930)j Z. gee Schleaa- 
aprengetollC 2£, 73.6, 125-7, 156-8 (1932))

Heat of:
Combustion, cal/gm 2260



Plpentaegythritol Baxanitrete (OTHHl AMCP 706-177

Btftaeaces i24
(a) L. C. Selth and I. 0. Xyster, Etaraloal bating of Explosives. Part III - Miscellaneous Sensitivity flsatai Parfmeanoa Tsais. OSRD Report Ho. 5746, 27 beeewer 1$»5.
(b) A. Stetthaoher, Pie 8chleas und Arenaatoffe. Lelpsli, p. 363.
(c) T. I» Avia, Bw Chcnlatry of Powder and Explosives. John Wiley and Sons, Inc., Rav

York (1<*3) »• 21S-SB5--------- ■
(d) A, Livingston, Charaeterlatlea of Amloelvea BMC and MBS, BfcTR Bo. 1561, 6 Septaeher 

19*>5.

z**Se* footnote 1, page 10.
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AMCP 706-177 Dynamite. Low Velocity. Picatinny Arsenal (LVD)

CasspaalHas; 9 9 -5 / 0 .5  R C X / l -M  dye *  I T .  5 
%

■CRT 6 T . 8  
T r i p e n t a e r y t h r i t o l  - 8 . 6  
6 8 / 3 2  V l s t a c  n o  l/ D O S  b in d e r s * *  t . l  
C e l lu lo s e  a c e t a t e ,  I H - 1  2 . 0

*R D X , C la s s  E ;  1 -M A  l a  9 6 4  p u re  1 -a e t h y la a i n o -  
a n th ra g u ln o n e .
* * V la t a c  So 1 l a  l o v  MW p o ly b u t e n e ; COS l a  
d lo c ta r la e b e c a te .

C / H  Ratio

JVItlM VlAf ^||||^<

6 w * * * w e -

C O  %

B e a iB yi gm /cc L o a d in g  0 - 9

M alH ag Fatah 'C

M-----*------- iu ^ A .  a/*VIVw m |  f M n  V

a----------»  *  |f_ Ufa,H lip K l M M H n rliy i A  w n
Bureau 0* M ines Apparatus, cm  

Sample W t  20 m g
W catinny A n a n o l Apparatus, in. 2 2  

Sample W t ,  m g 19

BeM ag F etal: ‘ C

I r t i M t h e  lades, y,°

" 5

« £

rllBVIPi r U M M l i  I  Vm I

Steel Shoe U n a f f e c t e d  

Fiber Shoe U n a f f e c t e d

V k s o s  Ssebllt| Tee l:

cc/4 0  H rs, ot 
9 0 -C  

I0 0 * C

I2 0 ’ C  0 .9 0

I3 5 * C

I5 0 * C

■ M s  BoNet laspact Testt Trio ls  

%
Explosions

Fortiols

Burned

Unaffected

M B  Beeta Bemb le a d  Test-

Sand, g m  t o .  5

le p M e m  Tsm psrete ie : "C

Seconds, 0  .1 (no cap used)

1
5  I g n i t e s  1*80 

10 

IS  

20

Am la A le ll e ■MHBRHVIIf M  H M M IM At

M in im u m  Detonating Chorge, gm  

M ercury Fulm inate

Leod A zide  0 .2 0  

Te try l 0 .1 5

BeWstFi V e rie r, %  1 H T :  93

T ra u s l Tea t, >.v T * .T :

7S*C laterasHeasI H ast Test:
%  Loss in 48 Hr* H a le  D e a l Test.

M ethod 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

100‘ C  Neat Test:

%  Loss, 1st 48 H it  

%  Loss, 2nd 48 Hr* 

Explosion in 100 Hrs

PetcaoHsa Kate:

Confinem ent None 

Condition Hand tamped 

Chorge Diameter, in. 1 -2 5  

Density, gm /cc 0 . ‘)

Rote, meters/second t . j ) 7 ;  o r  l t t O O  ft./ s e c

H am m  ability lades:

Hygreesepklty: %  0 .3 1  
7 1 ° C . 9 5 4  RH. 10 d a ys  S a t is f a c t o r y

ValatiSty:

c
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Dynamlto, Low Velocity, Picatinny Arsenal ( V f h ) AMCP 706-177

f lU M lU lM  Taah Charge H H iithw w , TNT =  IN i

M  mm M ,  1671 N M h .  <*• W C-flt
Density, <>m/cc 

ChorgeWt, lb

Gloat C o m  Steel C o n tt

Hole Volume 
Holt Depth

Total Me. ol FtegaMota:
For T N T  

For Subject H E

>ia«fc«N.M49At PtefeaMh, U t KC-S:
Density, gm/cc 
Charge Wt, lb

For TNT 
For Sutjaet HE

Fravraaot Vebdty: ft/aac 
M 9 H  
At 2SH  ft
Dantlty, gm/cc

M ail HMaMta to TNT): 

A h
Peok Pressure

Impulse

h a g y

AL.

Impulse

Wader Water:
Paok Prtltura

Impulse

Energy

Paok Praaaura

Im pulta

Energy

Cahn Pink
___ 1

Medpal U m u  Excavation, demolition, .
and cratering '

Method at hssdlagt Ball Packer aachine loaded

Uediag DaaaNyt gm/cc 0.9 
Thawed cartridge 1-1/2" dlaaeter, 8" long

Steoage:

Method Dry

Hozord Clou (Quontity-Dittooce) Claaa 9

Compotibility Group Group A

Exudotion

Sensitivity to Initiation:
Stick dry, No. 6 Electric cap Positive
Stick dry, Corpa of Engineers Positive
Stick wet, Corps of Engineers Positive

Air Gap Propagation:
Max distance vlll, Inch 2-1/2
aln distance will not, Inch 3

Stick Hater Iemersion:
Weight gein, f 9-16

Heat of:
Explceion, cel/gm 625
Gas Volume, cc/gm 6ll

Cold Storage: Plastic to -65°F
Low Tew erature U ae«: 
" ~ - O T T i dgy. M2 cep 

crimper Satisfactory



AXCP 706-177 amanita, Low Velocity. PlcatlnRy Arwntl (OTP)

Preparation:
To date this dynaalte has been prepared on a laboratory scale, the details of wblch are 

classified. It baa been abeam, however, to be nechlne loadable on a Hall packing aacMne.
Origin:

■obel Invented toe original dynaalte In 1866 and gave toe naae dynaalf to alrtures of 
nitroglycerin and kleeelgdbr. Ow strength of a dynamite we* Indicated by toe percentage 
of n  In toe alzture. later oxidants and caabustlbles were substituted for tba kleselguhr, 
and aaaonlum nltraf and/or nltroetarch replaced toe HO, bringing Into edstenee new types 
of dynandtes. World tor n  allltary operations required special danclltlon and crate ;ng 
exploelves free from toe objectionable characteristics of BB and anny "dynaalta substitutes" 
ware developed for specific applications. U» subject lov velocity dynsnif was developed in 
1996 by Pica tinny Arsenal (Bef a).
Befercncea: 25

(a) H. V. Vilct. DevelooSMnt of Low-Velocity Military Explosives Haul valent to Oo— erclal
aroanltea. EA Technical fiarat Hâ cb I B E ------ ------3 -----------------

(b) Also see the fallowing Plcetlnny Arsenal Technical Reports on lynanltes:
0 1 2 k 2 6 I 8 2

1260 13B1 782 864 128$ 1416 507 848 1819
1360 l6ll 153!; 1464 1456 057 1826
1720 1506
1760 2056

2*Sae footnote 1, page 10.
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Bynaaltc, Hedlua Velocity, Hercules (WD) AMCP 706-177

*
.SBC 75
•an 15
Starch 5
SAX Ho. 10 Oil L
Tlatanex oil gel* 1

*80/15/5. a s  H o . 10 wight oil/Vistanex B- 
l a J X C / W t y  I S  

C / H  Ratio

Oeygse Boloaco.
CO- %
co% -51

gm /ec Loading 1.1
M M :  'C

: *C

R eport SaasR M ly, X  K g  V fe  
Bureou o f Minos Apparatus, cm  > 1 0 0  

Sample W t  2 0  m g  18
Picotinny Arsenol Apparatus, in. 2 5  

Sample W t, m g

Nitroglycerin Equivalent, % 60
Reflective lades, nj*

n£

■ * —• rt. _ • e . vv IC R H  e TB IM I
( s ^ l• IM l 9n0r

FfcerShoe

re Test:
Craeklea
U n a f f e c t e d

RMe BoBrt Rapart Tosh Tria ls

%
Explosions 0
Portioh 0
Burned 10
UnoCfacted 90

Ixglsslsa TsapsreHtre: •c

0 .8 0

0.91*

1 Bank Seed Tart:
Sand, gm 52.6

Seconds, 0.1 (no cap used) 

1 
5 

10 
IS  

20

ffwifpj it v
M inim um  Detonating Charge, gm  

M ercury Fulm inate

Lead A side 0 .2 0

Te try i 0 .1 0

7 S ‘ C Hart Tost:
%  Less in 48 Hrs

1 M * C  H a r t  T a rt:

%  Loss. 1st 48 H rs 

56 Loss, 2nd 48 H rs  

Explosion in 100 H rs

0.62
0.12
Hone

_  %
7 1 ° C , 95& RH, 50 d a ys  S a t is f a c t o r y

Vs I J ill):

BoMrtk Matter, % TNT: 122

Tieori Tost, «  TNT:

Hate Oort Test:
Method 

Condition 

Confined 

Density, gm /cc 

Brisc-ce, %  T N T

Drtsiiatisa Rote:
f  enfinemant 

Condition

Charge Diameter, in. 

Density, gm/ee

Hone
Machine temped 

1.50 
l.l

Rote, meters/second 6000-6600; or 20,000 ft/sec

12.5



AMCP T06-177 Oyn— lf. Ifcdlum Vtloelty, H«rcul»« (WD)

Q
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Dynamite, Medium Velocity. Hercules (MVD) AMCP 706-177

Preparation:
Mmmftetured on standard dynamite Una and packaged on a Hall packing aachlne. Details of 

handily aaterlala and techniques of manufacture are classified.
Origin:

Military forces frequently require excentiou, demolition, and cratering operatlone for 
uhleh atandard high explosives are unsuitable. Ooamerdal bleating explosives, except black 
powder, are called dyntusltea although they may contain no nitroglycerin. The subject dynamite aubstl oute waa developed in 1952 by the Hercules Powder Company (Ref e).
References:

(a) W. R. Baldwin, Jr., Blasting Explosives (Dynamite Substituted Hercules Powder Company 
formal Progress Report, RI 2006, ip August 1952, Any Contract Dd-S^-O^ORD-llO.

(b) B> V. Voigt, Development of Low-Velocity Military Explosives Equivalent to Ooaamrdal lineal tea, Pd Technical Report Ho. 2374, March 1957-

^See footnote 1, page 10.
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. . I

KC Blank Fire AMCP 706-177

r » n n i m »  t m h I N p H  V N I ^ I  R I W I n i lH I f  V H I  I W *

M  M M  M l ,  M M  L M  W C - t l !

Density, gm /cc 

C h o rg s W l, b

T « t a l  M f c t f P M f H M l K

For T N T  

F o rS u b ia c tH E

3  Imsb H E .M 4 2 A 1  Fm jscttts. 1st K C -S i

Danaity, gm /cc 

C h o rg e W t, lb

Gloss Cornu Staal C onst

H ole Volum e 

H ole Depth

P ih u lp a l Uaat! Grenades; caliber .30 blank

Tatal Na. a# I
For T N T  

F o rS u b ia c tH E

F r o f w t  V t h th y i ft/ ia c  
A t  9  ft  
A t  2 5 %  ft

Danaity, gm /cc

M ast flbJsrive ta  T N T ) :

Loose

Lnedteg P r aalty . gm /cc  o.kO

M ethod v e t

H azard  C la n  (Quontity-Distance) C ls s s  0

Ain
le a k  Preuure 

Impuiae 

Energy

Air, CaaNeadt
Impuiae

I M a r W o t a n
Paok Praaaure

Impuiae 

Energy

Peak Pressure 

Impulse

E n e t o v _______________________
References:z'(a) See the following Picatinny 
Arsenal Technical Reports on EC Blank Eire: 691, 
901, 3T2, 512, 822, 233, 1373, 85**, 65, 667,
817, 69, 579 and 1399.

Com patibility G roup Group J

Exudation

Preparation: EC Blank Fire la a partially
colloided propellant manufactured by a pro­
cess using either acetone and ethanol or a 
mixture of butyl acetate and benzene to 
gelatinize only a part of the nitrocellu­
lose. The process is controlled so that 
the product passes through a No. 12 sieve 
end Is retained on a No. 50 sieve.

Origin;
Invented In 1882 as bulk sporting (smoke­

less) powder by W. F. Reid and D. Johnson st 
the Explosive Coagmoy (whence the name "PC") 
in England (British Patent 619).
120°C Heat Test: Minutes
Salmon Pink 150
Red Fumes 3(XH
Explodes 300*-

See footnote 1, page 1C.
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AMCP 706-177 Ednstol, 55A5

%

Halelte (Ethylene Dlnitramlne) 55 

TNT 1*5

C / H  Rot .

Melecelar Weight: 178

Oxygen talents:
C O : %  .5 1  
C O  %  -1 7

Density: gm /cc C a s t 1 .6 2

Melting Patel. *C Eutectic 80

Impact l«wlW»lh'. 1 Kg Wl:
Bureau of M ines Apparatus, cm  95 

Sample W t  2 0  m g 
Picotirmy Arsenal Apparatus, in. 

Sample W t, m g 2 0

Betting PeMt: “C

Rsfmcliie tales,

n »

rl̂ l̂ PI rVHMMRH lam*
Steel Shoe Unaffected 
Fiber Shoe Unaffected

Veceeet ItablBly feel:
cc/40 H r , ,  at 

90°C

100‘ C  1 .0  

120°C 11+ 

135*C 

150’ C

Rifit lallat Impart Test: T  als

%
Explosions 0 

Portiols 0 

Burned 7 

Unaffected 93

200 Grctn Ismt Send Test:
Sand, gm  1*9.1*

Exptsstee TesgenlHre! ** C

Seconds, 0.1 (no cap used) 1*35

1 21*8 
5 Decomposes 190

10 183 

15 176  

20 168 

♦CcRpoeltloo Heleite/TST, 60/1*0.

m____ I s l - t t . .  a .  I a U ^ I a a ,MwllivylVT vv IVIIIIHRMV*
M inim um  Detonating Charge, gm  

M ercury Fulm inate 0 .2 2 *  

Lead A zid e  0 .2 6 *

*Alteni3'live initiating charaes.
BeMsNc M e  lint, %  TNt: ( a )  119

fteast Test, %  TUT: ( b )  120

n*C IdendlMil Heal Teel:
%  Loss in 48 Hts M ole Deal te e h  52/1*8 

M ethod B 

Condition c a s t  

Confined No 

Density, gm /cc 1 .6 2  

Brisonce, %  T N T  112

100‘C Heel fash
%  Loss, 1st 48 Hrs 0 , 2  

%  Lost, 2nd 48 H rs  0 .1  

Explosion in 100 H rs  Hone

Confinement Hone 
Condition Cast 
Charge Diameter, in. 1 .0  

Density, gm /cc 1 -6 3  

Rote, meters/second 73**0

FWsweebflVy la lass Will not continue to burn

VetaHHty:



Ednatol, 55/45 AMCP 706-177

FrayaentaH ea Test:

* 0  *h h  H I .  M 71 Pra|*ctH*. U t  W C -9 1 :

Density, gm /cc 1.56 1.62
Charge W t , lb 2.065 2.092

Te te l H e  *1 Fragments:

For T N T 703 T03
Fot Subject H E 842 908

H a c k  H I .  M 4 2 A 1  P m je ctih , U t  K C -S :

density, gm /cc 1.60
Charge W t, lb 0.845

To ta l H e . o f FragaM M s:

For T N T 514
For Subject H E 536

PregsM at V slee ky: ft/sec
2730A t  9  It

A t  2514 *t 24 30
Density, g m /cr 1.68

•last (Relative t*  T O T ) : (4, e)

A i r
Peok Pressure 108
Im pulsr 110
Energy 108

A ir ,  CeaHeed;

Impulse

Under W a t e r
Peok Pressure —

Impulse —

Energy 113

Peak Pressure 

Impulse

Energy

Booster Sensitivity Test; ( « )
Condition Cast
Tetryl, gm 100
W ax, in. for 50$ Detonation 1.28
Density, gm/cc 1.62

Rasped d te rg e  IHecthreoess, T O T  s l W i  g)/gO

Gloss C o n n  Steel Cones 

H oi* Volum e 126 183
Hoi* Depth 117 181

C e ls r Yellow

P rio ri,* ! Uses: Projectiles, bomba; special
anmunition components

AAsMm 4 e f fesefhm* C a s t

U s d s ,  DeasRyi gm /cc 1.65

SM M ge:

M ethod Iky

H azard  Class (Quantity-Distance) Class 9

Com patibility Group Group I

Exudotian Does not exude at 65°C

Eutectic Temperature, °C: 79-8
gm Haleite/100 gm TNT 

79.8°C 0.48
95-0°C 1.12

Compatibility vlth Metals:
Dry: Brass, aluminum, stainless steel, 

mill s t e e l ,  mild steel coated vlth ecld- 
proof black paint, and mild steel plated 
vlth cadmium or nickel are unaffected. Cop­
per, magnesium, magnesium-aluminum alloy and 
mild steel plated vlth copper or zinc are 
slightly affected.

Wet; Copper, brass, msgneslum, magnesium- 
aluminum alloy, mild steel, mild steel coated 
vlth acid-proof black paint and mild steel 
plated vlth copper, cadmium, nickel or zlr.c 
are heavily attacked. Aluminum Is slightly 
affected and stainless ateel Is unaffected.



AMCP 706-m Ednatol, 55/1*5

Preparation:

Wet Itolelte 1* added slowly to mol ton TUT heated at about 100°C in a steam Jacketed melting 
kettle equipped with a stirrer. Heating and stirring are continued until all molature la 
evaporated. Loading la done by pouring the mixture cooled to 85°C.

Origin:

Mixtures of Halelte (BUM) and OTT, designated Ednatol. were developed at Pleatlnny Arsenal 
Just prior to World War II.

References t28

(a) L. C. Sslth and E. 0. Ryster, Physical Testing of Explosives. Fart III - Miscellaneous
Sensitivity Tests; Performance Tests. OSRD Report Ho. 57**6, 27 Decanter 1^5* ”

(b) Philip C. Keenan and Dorothy C. Pipes, table of Military High Explosives, Second Revi­
sion, NAVORD Report No. 87-1*6, 26 July 19**6.

(c) D. P. MicDougall, Methods of Physical testing, OSRD Report No. 803, 11 August 19U2.

(d) L. C. Smith and S. R. Walton, A Consideration of RDl/Wax Mixtures as a Substitute for 
Tetryl In Boosters, ROL Memo 10,303, 15 June 1$**9.

^ e )  W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives. PA Tech Dlv Lecture, 9 April

(f) Eastern laboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation of 
Cavity Effect with Composition, NERC Contract W-672-0RD-5T^3.

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, 18 Septem­
ber 19^3, HISC Contract W-6T2-ORD-5T27

(h) Also see the following PIcatinny Arsenal Technical Reports on Ednatol:

0 1 2 2 1*•
1290 r m 1162 1193 1291*
lUOO 11*51 1372 1363 11*3**
11*20
1530

1651 li*82 11*93

I 6 7 8 2
1325 1796 11*57 1198 1279
1395
1885

ll*77
1737
1797

1388
1838

11*69

2®Sea footnote 1, page 10.



Ethylene Glycol Pi - Trl nl trobutyra tc (GTOB) AMC? 706-177

O m j v m M m :

C 2 5 -6  . 

H  2 .6

M 1 T . 1  'iH2 C02 CH2 CH2 C ( B 0 3 )

0  * T  ® W W ( * > 3 )

C / H  Ratio 0 .2 3 5

M shtrior Weight: (C j ^ H ^ g R g O ^ )  L68

Oxygon Belease:
C O , %  .31* 
C O  %  0

PsssMy: gm /cc C r y s t a l  1 .6 3

MeMng Print: *C ,9 6

Freering Peiet: *C

*---- -- •------*«» *«-. % H .  «U6.N M h IVIIj i  • Hi| W fl S r i  Beg Print: *C
Bureau of M i n n  Apparatus, cm

Sompte W t  20 m g Refract Wo Index, r °
Picatinny Arsenal Apparatus, in.

Sample W t, m g n »

n »

* »-»« -  *- » -  - -  eVICnM r W M N N I V e e u u w  Pe^LIIW— T V C W R  H w Rn j  I d s !
Steel Shoe cc/40 H rs, at
Fiber Shot 90*C

I0 0 * C
UH e Setter Impact Test: T r ia s

I2 0 * C
%

Explosions I3 5 * C

Portia Is 150*C

Burned 208 Cram Sewk Send Test:
Unaffected Sand, gm

f a p W M  C SeneMWMy to InIMetien:
Seconds, 0.1 (no cap used) — • M in im u m  Detonating Charge, gm

1 — M ercury Fulm inate
5 50*  p o i n t  230 Lead A zide

10 Te try l
15

20 BeBistk Manor. %  T N T :

7S*C IntsrseHsnsI Meet Test:
Trouri Test, %  T N T :

%  Loss in 4 8  Hr* Piste Dent Test:
Method

100*C Meet Test: Condition

%  Lo w , 1st 48 Hr* Confined

%  Lo w , 2nd 48 H is Density, gm /cc

Explosion in 100 H it Brisonce, %  T N T

Detonation Bole:
Confinem ent

Condition

Charge Diameter, in.

»s » - .rM. Density, gm /cc 1 .6 3  

Rate, meters/second 73**0



AMCP 706-177 Ethyl>n« Glycol Dl-Trlnltrobutyr>f (OTMB)

I'M



Ethylene Glycol Dl-Trlnltrobutyrate (GTNB) AMCP 706-177

References^29

(a) U. S. Rubber Company Progress Report No. lU, Navy Contract NOrd-10129, 1 February 1951 
to 1 May 1951.

(b) U. S. Naval Ordnance Laboratory, Silver Spring, Maryland, Letter from Or. 0. H. John­
son to Commanding Officer, Pica tinny Arsenal, 8 April 1955 (ORIBB fc7i.86/Wi<.3> Registry No. 
39813); and NOL Letter from Ik1. D> V. Slckasn to Conwndlng Officer, Plcatlnny Arsenal,
29 November 1955 (CMBB bTl.86/159-1? Serial No. 0289^).

29Se« footnote 1, page 10.
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AKCP7W177 Explosive D (Aaaonlum PI crate)

C  2 9 -3  0 —

H  2 . *  --------N02

H 2 2 .7  l  J  

0  * 5 -6
N O ,

C / H  Rotio 0 .3 1 7  2

Metec*r W * i * h  ( C g H g N j ^ )  2*6

Oilier Betoaeo:
CO, % -52 
CO %  -13

Deadly: gm/cc C r y s t a l  1 .7 2

MeMap Mat: *C D a c o ^ o a e s  265

r f n m f  rVM ai v*

hapadSeasftMly, 2K« Wt:
Bureou o f Mina* Apporotus, cm  

Sample W t  20 m g
Picotirmy Arsenol Appn-xttin, In. 17 

Sample W t . m g 18

BeMap Pda* ‘C
Refraetire Index, n ”  eQ 1.'308

*0 1-870 
c0 1-907

frictlsa P ttM a  Test:
Steel She U n a f f e c t e d  

Fiber Shoe U u a ir e c ie d

Vacaoa llibltty Tea:
cc/4 0 Hrs, ot 

90*C

1 0 0 C  0 . 2  

120*C 0 . *  

135*C

150*C 0 .*

Rifle BaHd taped Ted: Tria ls  

%
gnplpgtotif 0

Partiolj 0  

Burned 30 

Unoffected 7 0

2B8 Oraa Beak Soad Tosh
Sond, gm  39*5

Isp l u l l s  Tiapiroten: ‘ C

Seconds, 0.1 (no cop used) *05

1 367 
5  D ecoapoees 316

10 31*
15 299 

2 0  295

* - »-» r^ 1 . 1 ^ 1 ^ ,• M P s im y  ID WDVDInHie

M inim um  Detonating Charge, gm  

M ercury Fulm inate

Lead A side 0 .2 0  

T d r y l  0 .0 6

BeNidk Mortar, %  TNT: ( a )  99

Tread Ted, %  TNT:
VB84S# 9 v  H in n M v m M i n n i  i v m

%  Lost in 48 Hrs
Plate Dad Ted:

M ethod A  

Condition P re s s e d  

Confined Y e s  

Density, gm /cc 1*50 

Brisoncs. %  T N T  91

1B0*C Ned Ted:
%  l i a ,  1st 48 H rs 0 . 1  

%  Loss, 2nd 48 H rs  0 . 1  

Explosion in 100 H rs Hone

DdeaaMea Rate:
Confinem ent None 

Condition P re s s e d  

Chorge Diometer, in. 1 .0  

Density, gm /cc 1 .5 5  

Rate, meters/second 6650

FleaaelMty Index:

VeteMfty:
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Bylo»lv« D (Aunlua Plcr̂ t*) AMCP 706-177
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AMCP 706-177 Explosive D (A—onlua Pi crate)

Preparation:

Explosive D la manufactured by suspending picric add in hot vater and neutralizing It with 
gaseous or liquid aaaonla. As the picrate Is formed, It goes Into solution; on cooling, It precipitates* An excess of anemia leads to forestlon of the red fora of atmmlua pi crate. 
This should be avoided* The aepaiated crystals are vasfced with ~old vater and dried.
Effect of Storage on Sand Test Values:

Minima
Detonating
Charge

Storage. 
Years _C

Mercury
Fulminate
•’7 5 T ~

TV. try 1 
(ga)

Sand
Crusted
T B T

0 0.06 23
3-5 50 0.23 23
2 * Rormal 0.03 23
4 * Bormal 0.04 23
2 ** 50 0.24 23

* After 3-5 years at 50°C.a* After 3*5 years at 50°C and 2 years at magazine temperature. 
Solubility: grn/lOO as i i ) , of: (e)

Water Alcohol Ethyl Acetate
i °s t !£ i ^  *■

20 1.1 0 0.315 0 0.290
100 75 10 0.690 10 . 0.300 * - ' •

30 1.050 30 0.380
50 1.890 50 0.450
80 3.620 80 0.560

Origin;
First pispared by Mtrchand In l84l and used by Brugere In admixture with potassium nitrate 

as a propellant In 1869* Used as a high explosive after 1900.
Destruction by Chemical Decosa>oaltlon:

Explosive D (ammonium pierste) is decomposed by dissolving in 30 times its weight of a 
solution mads from 1 part of sodium sulfide (HagS*?^) In 6 parts of water*
References;

(s) L. C. Smith end E. G. Eyeter, Physical Pasting jot Exploaiven, Part. Ill - Miscellaneous 
Sensitivity TSsta: Performance Tests, o s f tb  Report Ho. 5 7 4 6 , 2 7  Dececber 1 9 4 $ .

30See footnote l, page 10,
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4
»
9
?
*

*
%
t
¥

2s£ oalve D (Answnlum picrate) a m c p  rofr tr r

(b) D. P. IfccDougall, Hethodl of Physical Tasting, 03RD Report No. 803, U  August 19**2.

(c) u  C. adth rad S. R. Nfeltoo, A Consideration of PJMC/Wta Mixtures aa a Substitute for 
Tstryl in Booatera, .OL Memo 10,303, 15 iune 1^9-

J (d) F* W. Brown, D. H. Hosier and F. C. Glbaon, Sensitivity of Eamloalyes to Initiation
1 ... by Electrostatic Discharges. U. S. Dept of Int, Bureau of Mines, R± 3852, 19b6.
» '
f (•) Various aouxcea in the open literature.
v
t (f) Alao aee the following Pica tinny Arsenal Technical Reports on Explosive D:

» 0 1 2
•t - 3to 1W1 132
• 870 ^  1 582
b 13&? 1172•  ̂ ■ 1352b 13724
¥ 1«*92

\ -
*
t
¥S
V
%
t
>
4
t
¥

2 k 1 .6 I 8 2
81*3 69k 65 266 1737 328 1729

TOk 1*25 556 1797 836 1759
87** 1585 796 1838
1231* 1655 986
172*» 1725 ll*66

1885 1796
189$

f
v
>
*
v
*I­
k

t  .

A

ft
»

9
»
9

#
?
4
4
*
I

n »



AMCP 706-177 Glycerol Monolactxte lrlnltrete (GLTH) Liquid

C M p i i M i i s
%

c  2 4 .1  Q o k o -

> JLH 3*0 C H g -  0 -  C -  C H -  C H j 

B  1 4 .1
o u -  o h o ;,

0  5 8 .8  2 2  

C / H  Ratio 0 .1 8 0

M eiecalet W e ig h t! ( c y y i j O j j )  299

Oxygen R eisers;
C O ,  %  -3 0  
C O  %  3

Density: gm /ce L i q u i d  1 .4 ?

m------- e----r t iV e f l^  rflflUi V

hepect S e e tM tlty , 1  K g  W t :
Bw eou of M ines Apparatus, cm  15 ( l  l b  v t ) ;  42  

Sample W t  2 0  m g 
Picotinny A n e n o l Apparatus, in.

Sample W t ,  m g

Reiflag M e t :  *C

Refiecttre Index. i )£

t l£  1 .4 6 4  

n £

M cM ee N e e  T o rt :

Steel Shoe U n a f f e c t e d  

Fiber Shoe U n a f f e c t e d

V eceem  Stehflfly Test:

cc/40 H is , at 
90*C

I00*C  5 .9

I2 0 ‘ C

I35*C

I5 0 * C

Rifle Reflet Im pact Te st: Tria ls  

%
Explosions

Portiols

Burned

Unaffected

M B  O re m  B a a *  Send T e flt

Sond, gm  1 3 .1

Ispleeiee Te s rp e in tn n : *C

Seconds, 0.1 (no cap used)

1
S 223 

10 

IS  

20

Seetfllefty »e  M M e H sa i

M in iir*  m  Detonating Charge, gm  

fAercury H ilm inata 

Lead Aside 

Tetty l

RaflhMc M e rle t, %  T N T :

T tn a e l Test, %  T N T :

7 S 'C  l a l i i i s t i i e i l  fleet Test:
%  Lots in 48 Hrs H i l t  D ent Test;

M ethod 

Condition 

Confined 

Density, gm/ce 

Britance, %  T N T

100*C Meet Te st:

%  Lass, 1st 48 Hrs 2 .5  

%  Loss, 2n d  48 H rs 1 .8  

Explosion in 100 H rs Bone

Detenetien Rale:

Confinem ent

Condition

Charge Diometer, in. 

Density, gm/ce 

Rote, meters/second

n e a M M M t y  Index:

4Vn jfV f lK ^ le lV jt  70 '

V e M f lt y :  6 0 ° C , ng/cm 2 / h r  28
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Glycerol Monolsctatc Trinitrate iGLUfl Liquid AMCP 706-177

F««|MatMlM T«*: Hafal d te rg e  IM atHeaaem . TNT = 100:

M  Baa HI. M71 N**ectte, La* WC-tl: G a s s  Cones Staal Conat -
D m i i y ,  gm /ce H ole Volum e

Charge Wt. lb H ola Depth

For T N T  

For Subject H E

Celer

Priadpal Ueat: Gelatin!ter for nitrocellulose
1  iach H I .  M 4 3 A 1  PreJaatHa, La* K C -S :

Dantity, gm /cc 

Chorga W t, lb

Total Ha. af Frogman;
For T N T  

For Subject H E

M ethod ef Lsodtag:

Loodtog Paathy: gm /cc

Fragmeat Vale ally: ft/sec
A t P f l  
A* 25V& ft iterey*.
Density, gm /cc

M ethod Liquid

Biaat (kaiotfcra *a T N T ) : H a za rd  C lo u  (Quontity-Distance) C la s s  9

Air: Com patibility G roup

Paok Pressure

Impulse

Enargy

Air, C a a H a a l:

Exudation

Hydrolysis, i Add:
Impute 10 days at 22°C 0.021

!> days at 60°C 0 .0 1 U

Uodor Water: Solubility in Water,
Peok Pressure gm/100 gm, at:
Impulse <0.01
Enargy ( i o c

Solubility, gm/lOO gm,
<0.015

Vnfiipntnf- at 25°C, in:
Paok Pressure Ether OB
Im pub a 2:1 Ether: Alcohol •
Enargy Acetone m

Heat of:
Combustion, cal/gm skoj



AMCP 706-177 Glycerol Monolactate Trinitrate (p in t) Liquid

Preparation:

Glycerol monolastate (GML) Is prepared by heating a glycerol lactic add mixture containing 
1*£ exceaa lactic add at 116°C for 112 hours vlth dry air bubbling through the liquid. The 
product vfclch contains 0.6t£ free add is carefully nixed vlth 6 parts of k0/60 HBOs/BgSCh 
aaintainad at 20°C, stirred for 1 hour, cooled to 5°C, and poured on ice- It Is extracted 
with ether, water-washed, adjusted to pH 7 by shaking vlth a sodlun bicarbonate solution, and 
again vater-waahed tn.?e tines. It is then dried vlth calcium chloride, filtered and freed 
of ether by bubbliog wl'li air until minimal loss in weight is obtained. The product has a 
nitrate-nitrogen conttut of 13-̂ *-3% (theoretical l1*. 15t N). Another batch, prepared from TML 
obtained fron glycerol-lactic add containing 6.5% excess glycerol, bad a nltrate-nitrrget 
content of lfc.jojl, corresponding to a mixture containing 5.5% nitroglycerin. It is not con­
sidered practicable to prepare the pure GLTK.

Origin?

The preparation of a nitrated ester of lactic add and glycerol, by nitrating a glyceryl 
lactate vlth nitric and sulfuric adds, for use In explosives, was reported In 1931 by Charles 
Stine and Charles Burke (U. S. Patent 1,792,515).

The preparation of glycerol monolactate by heating glycerol with equimolar proportions of 
a lactic add ester of an alcohol boiling below 100°C (ethyl lactate) was patented by Richie 
H. Locke in 1936 (British Patent 1*56,525 end U. S. Patent 2,087,980).

Reference:31

(a) P. F. Macy and A. A. Saffltz, Explosive Plasticizers for Nitrocellulose, rAIR Ho.
1616, 22 July 19W.

r  ' ■ 
W

itSee footnote 1, page 10,
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Glycol D1 nitrate (GUN) liquid AMCP 706-177

Csinptoltlsn:
%

C  1 5 -8  _ ^ - ° N ° 2 

H £ . 6  CH2 

N 1 & .4  1

0  « ,
^ - 0 » 0 .

C / H  Ratio 0 -0 9 2  2

Molecnlnr Weight: (C g K ^N g O g ) 152

Oxygen Balance:
C O ; %  0 . 0  
C O %  21

O ddity: gm /cc L i q u i d ,  25°C 1 .4 8

Ms M a y  Perot: °C -2 0

Freexing Paint:. *C

liM < *  Sene M y  by. 2  K g  W it
Bureau of M ines Apparatus, cm  4  ( l  l b  v t ) ;  56 

Sample W t  20 m g 
Picatirmy Arsenal Apparatus, in.

Sample W t, m g

Balling N t a t :  *C

keftndlve Index, nS,

" S  1.1*452
. 0
A m

Steel Shoe 

Fiber Shoe

Si------------  Cft*kUtene Tad*T K O T n  i n P H i j  l id *

cc/4 0 Hrs, at 
90*C 

1 0 0 'C  

120"C 

135*C 

150*C

U H e  BeHet Inspect Te d : Trials 

%
Explosions

Portiols

Burned

Unaffected

200 Grans Bunk Sand Te d :
Sand, gm

°c

Seconds, 0.1 (no cap used)

1
5 E x p lo d e s  257 

10 

15 

20

SeaoHMty to Initielien:
M inim um  Detonating Charge, gm  

M ercury Fulm inate 

Lead A zide 

Tetryl

BoBldlt Mortar, %  T N T :

Troaxl Te d , %  T N T :
75’ C  1 d o  radioed Hoot To d :

%  L o u  in 46 Hrs PlaM Deal Te d :
M ethod 

Condition 

Confined 

Density, gm /cc 

Brisartce, %  T N T

100'C Heel Te d :

%  L o u , 1st 48 Hrs 

%  L o u , 2nd 48 Hrs 

Explosion in 100 Hrs

Delendlen Rale:
Confine ,,dn t G le e s  tu b e  

Condition L i q u i d  

Charge Diameter, in. 10 

Density, gm /cc 1 .4 8 5  

Rate, meters/secand 7300 e n d  205 0

FlewmeliHly Index:

Hygreecepicity: %  30°C, 90f> RH 0 .0 0

V eldilily:

14i!



AMCP 706-177 Glycol Diaitrate (OEK) LHuld



4

• s Glycol Dinitrate (GPU) Liquid AMCP 706-177

Preparation;

Glycol dial twite (ethylene glycol dinitrate, dlnitroglycol, nltroglycol, dinitrodimethyl- 
eneglycol) nay he prepared by nitration of ethylene glycol, HOCHgCHgOH, vith a nixed nitric 
acid in the same apparatus that is used for the preparation of nitroglycerin. The glycol is 
prepared by synthesis from ethylene, and ethylene chlorohydrln:

H0C1
CHg - CHg ------- »

H-0
H0CH.CH.C1 --- ------»

NaHCO
HOCHgCHgOK

Origin:

Henry vas the first to prepare and identify glycol dinitrate (Ber 3, 529 (1870) and Ann 
chin phye [ 4 ] 27, 2h3 (1872) but Kekuld had previously nitrated ethylene and obtained an un­
stable oil vhlcn he supposed to be glycol nitrate-nitrate. Ho immediate practical use was 
-*de of glycol dinitrate because glycol itself vas relatively rare and expensive at the tine.
It vas 1901* before a patent vas granted covering the use of GEK' as an explosive (DRP 179,789). 
but it vas seven years later before its actual use as an explosive vas recorded (Mist poudr 16 
(1911) p- 214). the principal physical properties or GDH vere determined or recorded by Rinx- 
enbach (Ref b).

References:32

(a) 1%. Haoum, Nitroglycerin and Hltroglycerln Explosives, transrition, E. M. Synmes, Ike 
Williams and Wilkins Company, Baltimore (192b), p. S2k.

(b) Ms. H. Rlnkenbach, "Ike Properties of Glycol Dinitrate," Ind Eng Chem 18, U95 (1926).

(c) Mb. H. Rlnkenbach, "Glycol Dinitrate in lynaoit': Manufacture,” Chem Met Eng, 3U, 296
(1927). ^

(d) Mb. H. Rlnkenbach, Application of the Vacuum Stability Test to Hltroglycerln and Hltro­
glycerln Explosives. PATR lbJI*, 27 August 191*6.

USee footnote l, page 10.
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AMCP 706-177

%  '
REX b5
irr 30
Aluminum 20 
D-2 Wax 5 
Calcium Chloride, 
added 0.5

C / H  Rotio

Molecular Weight: 93

Oxygen Belence:
C O , %  -66 
C O  %  .36

Density: gm /cc ‘ Caet 1 .7 b

Melting Paint: °C

Fretting Point: “C

It -act <— itthrUy, 2 K ( W t:
Bureou of Mines Apparatus, cm  - ­

Sample W t  20 m g
Picotinny Arsenol Apparatus, in. (  c )  l b  

Sample W t , m g 18

Boiling Paint: *C

Kefrectlre Index, n »

n £

n£

Friction Pendulum Test:

Steel Shoe Unaffected 
Fiber Shoe —

Vncttum Stability Teel:
cc/40 Hrs, at

90*C ---------

100*C 0 .b 7

120*C

1 3 5 'C

150*C

U H e  Bullet Impact Teat: Tria ls  ( b )  

%
Explosions 80 
Psrtiolt —

Burned - ­

Unaffected 20

200 Gram Bomb Sand Test:
Sand, gm  1*9.3

Ixpleclon Temperature: *C (a)
Seconds, 0.1 (no ccp used) ***

1 —

5 6l0(mln) ( c )  

10 

IS  

20

Sensblsity to Initiation:
M inim um  Detonating Charge, gm

M ercury Fulm inate . . . .  

Lead Aside 0.20 
Te try l 0.10

Ballistic Mortar, %  T N T : (4) 133

Trees! Test, %  T N T :
75 *C Intamotieaol Meet Test:

%  L o u  in 48 Hrs Plata Dent Test:
Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

100'C Meet Test:

%  L o u , 1st 48 Hrs 0.78 
%  L o u , 2nd 48 H rs 0.00 
Expiation in ’.0 0  H rs None

Detanstion Rata: ( * .  b )

Confinem ent None 
Condition Cast 
Charge Diameter, in. 1-0 
Density, gm /cc 1-71 
Rote, meters/second 7191

FlemrucMiity ledex:

Hygtaecepkky: %  30°C, 95$ RH, 7 days 2.01 
71°C, 9 5 $  RH, 7 day# 1.77

VeM IM yi
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AMCP 706-177

I« Besstsr Sensitivity Test:
Condition

t Tetryl, gm

W a x , in. fo. 5 0 %  Detonotion

0 W a x, gm

*5
Density, gm /cc

r
? Heetef:> Combustion, col/gm 3972
* Explosion, cal/gm 923
> Gas Volum e, cc/gm 733
* Formation, cal/gm

»•
Fusion, cal/gm  78°C ( b ) 10.25

* ,  
g Specific Heat: c ^ „  * m / 'C ( b )
*• 30°C 0.269
•♦ .
f
i

50°C 0.268

t Burning Bate:
cm/sec

» Tbermel Conductivity: ( b )  .3
cal/sec/cm /’ C  35°C 1 .1 0 x 10

Coefficient s<f Ixpensien:* Linear, bit in c h
? 0°C 10 x io*7

35°C 83 x 107
m T0°C 131 x 10‘*

Hsrdnsss, Mobs’ Scale:

Tenng’s Medubts: (b) 9
1* ^ E‘, dynes/cmJ 9-0 x 10
#

E, Ib/inch” L.30 X lu5
V
o ' Density, gm /cc 1 .7 1

*
4-it

Compressive Strength: Ib/i.icM See beicv

-A Vapor Pressure:
“C  m m  M ercury

2Compressive Strength: It/inch IO83 .if Density, gm/cc 1.71
•* Ultimate deformation, % 1.32

Oxygen, otoms/iec 
(Z/m c )

Heat, kilocolorie/mole 
(A H , keol/mol) 

Tem perature Range, *C 

Phase

Aimer Plate Impact Teet:

M  mm Mortur Projectile:
5 0 %  Inert, Velocity, ft/sec 

A lum inum  Fineness

lAft ^--- » »----lemhe,i w i i  bmots

Plate Th ic k n e u , inches 

1
1V4
1V4
1%

Bomb Dreg Teats

T7 , 2000-lb Semi-Armor-Piercing Bomb vs Ceecretes 

M a x Sofa Drcp, ft

500-lb Geoeral Pergeee Bomb t i  Ceecretes

Height, ft 

Tria ls 

Unaffected 

Low Order 

H igh  O rder

1000-lb General Purpose Bomb vs Csecrets:

Height, ft 

Tria ls 

Unoff acted 

Low Order 

H igh Order
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AMCP 706-177 H-6

FwgrnsntoHrs Test: 0 »> Shaped Charge Effectiveness, T N T  = 100:

9 6  m m  H I, M71 Proiarttte, Let E G S - i - l T :  

Density, gm /cc 

Charge W t , lb

d o s s  Cones Steel r ones

Hole Volum e 

Hole Depth

klm — A ^ .1VIVI IWi 97 rl«|HNIIIVt
For Composition B
For Subject H E
For 30/20 Trltonal

3 iacb HE, M42A1 Projectile, U »  KC-5:

Density, gm /cc 

Charge W t, lb

998
7 l U
6 l 6

Color: Gray

Principal Uses: HE charge

Telel Ke. ef Fragments:

For T N T  

For Subject H E

Method ef Lending: Oast

Leading Density: gm /cc 1 .T 1

Fragment V ile  city: ft/iec 
A t  9  ft 
A t  2 5 %  ft

Density, gm /cc

Storage:

M ethod Dry

Meet (ReieMve te T N T ): (a) H azard Class (Quantity-Distance) Class 9

A in  3 -£5" diameter sphere 
Peok Pressure A  psl Catenary 
Impulse RFOC Pendulum 
Energy

25. k  

19-8

Com patibility Group 

Exudotion

Group I 

None

A ir, Cm MuW : 
Impulse

U sier Water:
Peak Pressure

Impulse

Energy

Undergreaad:
Peak Pressure

Impulse

Energy

1
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fi-6 AMCP 706-177

Effect of Altitude. Charge Mane tar and Degree of Confinement on Pet nation Velocity*
(Reference e)

Slaulated Altitude,
One-Inch Column

Explosive Confined Unconfined Confined I Unconfined
q/s m/s m/8 | m/i

TUT, Ground 6820 6720 6670 1 5270
density, 
gm/cc 1.59 30,000 6660 6930(2) 6610 6760(1*)

60,000 6800 - 6520 61*00(1*)

90,000 6810 6720 6550 6610(1)

Average 6798 6790 6588 6260

B-6, Ground 7190 ; 7360 73!*0 6870
density,
gm/cc 1.69 ' 30,000 7300(2) 71*30 73fO 7980

60,000 7280 71*90 7550 7010

90,000 ’ 7300(3) 7270 7500 7000

Average • 7268
____ 1 ■ '„a------- :

7385 71*38 7215

*Confined charge in l/V steel tcbe, AISI 1015 seamless, 1" diameter 18" long, and 2" 
disaster 7" long. All means vert determined from sets of five values unless otherwise 
indicated by ( ). A 26 gm tetryl booster was used to initiate each charge.

Average fragment Velocities at Various Altitudes11' (e)
Simulated Altitude, Feet

Explosive Charge Diameter, 
Inches

Ground
“572“

30,000
m/s

60,000 90,000
m/8

HIT, 1 291*0 2991 3119 2868
density, 
gVcc 1.51 2 3623

—
1*191

..... . ■
5077 1*980

--------- 1
H-6,
density, 
gm/cc 1.71

1 ; 3fe6l 1 31*05 31*67 3563

2 1*603 1*726 1*998 5288

♦Outside diameter 2.5V ’; inside -*tameter 2.01"; length 7".

References;

See HEX-1; HEX-3 reference list.



AXCP 706-177 Halelte (Ethylene Dinttramfne) (EDNA)

(in recognition of its development as a military explosive by the 
late Dr. G. C. -ale of Picatlnnv Arsenal.1

%  no2
C 16.0 H C -----  N

2 \
H 4.0 K 

N 37.3

o  42.7 h2c ------ n( ^  '

C/H Ratio0.066 H

Molecular Weight: (CgHgl.'^C^) 150

Oxygen Balance:
ca. %  -32 
CO %  -10 .5

Density: gm/cc Crystal 1 .7 1

Point: *C Decomposes 175+
Freexing Paint: C

ln »a c» Seasif '♦ v, 2 Kg W t:
Bureou of ines Apparatus, cm 48 
Sample Wt 20 mg

Picatinny Arsenal Apparatus, in. 14 
Sample Wt, mg 17

Bailing Paint: ’C

Refractive litdsx, p» 

n» 

n»

Friction Pendulum Test:

Steel Shoe Unaffected 
Fiber Shoe Unaffected

Vecuum Stability Test:
cc/40 Hrs, at 

90'C

100”C , 0 .5

120"C 1.5 
135=C —  

150'C 1 1+

Rifle Bullet Impact Test: Trials 

%
Explosions 0 
Partials 60 
Burned 20 
Unaffected 20

200 Gram Bomb Sand Test:
Sand, gm 52. 3

Expiation Temperature: °C
Seconds, 0.) (no cop used) 265

1 216 5 Decomposes 189

10 178

15 173

20 170

Sensitivity to Inltiuticu:
Minimum Detonating Charge, gm

Mercury Fulminate 0.21 

Lead Azide 0.13 

Tetryl - -

BolUstic Mortar. %  T N T : ( a) 139

Trauxl Test, %  T N T : (b) 122
75 “C International Heat Test:

%  Loss in 48 Hrs 0.01 Plate Dent Test: (c)
Method A 
Condition Pressed 
Confined Yes 

Density, gm/cc 1.50 
Brisonce, %  TNT 122

W C  final Test:

%  Loss, 1st 48 Hrs 0.2 
%  Loss, 2nd 48 Hrs 0. 3 

Explosion in 100 Hrs None
Detonation Rote:

Confinement Uncor.fi r.ed 
Condition Pressed 
Charge Diameter, in 1 .0  

Density, gm/cc 1. V)
Rote, meters/second 7570

Flos nobility Index:

Hygraacopicity: %  0.01

Volatility: m i
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l  *

Haleite (Ethylene

Bssster Sensith by Teel: (a)
Condition Pressed
Tetryl, grn 100
Wax, in. for 50% Detonation 2.O'?
Wax, gm

Density, gm/cc 1.L2

Heat of:
Combustion, cal/gm 2L77
Explosion, col/fm 1276

Gas Volume, cc/gm 908

Formotioo, col/$m 1J*
Fusion, cal/grr

Specific Heot: col/gm/‘C

lum ing Rata:
cm/see

Thermal Ceadnctivity:
col/sec/efn/*C

Coefficient of Expansion:
Linear, % /*C

Volume, % / ”C

Hardmss, Mobs' Scale:

D i n i t . (EDNA) AMCP 706-177

Ywag'i Mtdakn:
E', dynes/cm3 

E. Ib/inch3 

Density, gm/cc

Compressive Strength: Ib/inch3

Vapor Pk i m h ;
'C mm Mercury

Oxygen, otoms/sec xo“ *0 
(Z/sec)

Heot, kilocolorie/mole 30.5 
(AH, kcol/mci)

Temperature Range, CC l8h-25** 

Phase L iqu id

S1*1
37-3 30.8

— lUh-161''
Solid Solid

Armor Plate I aspect Test:

60 mm Me star Projectile:
50% Inert, Velocity, ft/sec

Aluminum Fineness 

500-lb General Purpose Bombs:

Plate Thickness, inches

1
Hr
1 Vi
H!r

leaib Drop Test:

T 7 ,  2000-lb  Sem i-Arm or-Piercing Qeaib v*

Max Sale Drop, ft

500 lb General Purpose iam b vs Concrete:

Height, ft 

Triols 

Unaffected 

Low Order 

High Order

1000-lb General Purpose Bomb vs Concrete:

Height, ft 

Trials 

Unaffected 

Low Order 

High Order
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AMCP 706-177 Halelte (trthylene Dinltrmlcel (Ena)
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Halelte (Ethylene Dlnltramlne) (ESINA) AMCP 706-177

Cc— atlblllty with Me tali:

- Copper, brui, aluminum, olid eteel, stainless steel, olid steel coeted with acid- 
black point, and mild steel plated with copper nickel, cadmium or zinc are unaffected. 

Nfcgaealum and magnesium-aluminum allay are slightly affected.

Wet • Copper, brass, mild steel coated with acid-proof black paint, and mild steel plated 
vitt copper, cadmium, nickel or zinc are heavily corroded. Aluminum is slightly affected and 
stainless steel Is unaffected.

lapact Sensitivities of Various Crystal Bablta;

Bureau of Mines Iwact Test, 2 Kg Wt:
«
> - Habit cmft •
‘ 1st plate 55
| * 2nd plate 55i ’ Bi-pyramid 71* Bracydo—  66
* Sphenoid h6

Solubility; gm/lOO gm (j) of;

Water Alcohol
*
« 2c i 2c i
V 20 0.25 20 1.00
*■ ho 0.75 ho 2.1*6
f .... 60 2.13 60 5.2?*
*

80 6.38 78 10.h
100 >20

|  Preparation;

» (in— ry Technical Report of the RISC, M v  8, Vol 1)
*
»
* CHo0 + HCN —* HO CH-CI?« 2 2
> (98* yield)»
- HO CH-CH + NH, -*  SHpCHpCK ♦ HO

» * (82* yield)
** * HH.CH.CH +2 c

2H2 -» H2H CH2CH2SH2
• •• (88* yield)
** _
»

CH2— RH2 CH.—  HHV 
1 2 \1 + CO.— »

a
f
t

CH2— iih2 2 1 /
CH2--NH
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AMCP 706-177 Haleite (Ethylene Dlnitrairlne) (EHiA)

CH---
1 <L NH\ CH2-N ẑ N0, L«2—
1 ^  CO + 2HN0 — » 

NH^ J
1 cc + 2H-0 1 CO + H-0

ch2— CH2-N-a£T5o^ c. CH2—  "

CH-—  NH —  NO,
1 2 2 CH2—  NH— N02

* co?
The rev materials used in this process are cheap and available; the first three reactions 

proceed smoothly, rapidly and in good yield (70$ overall), and only the third requires high 
pressures, Hie 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 
ethylenedlamlne to yield N.N'-diacetyl-ethylenediamine which can be treated in a way similar 
to the above to yield Haleite.

Ethyleneurea is very easily nitrated, with strong nitric acid (98$). nt ordinary temperature 
and in a very short time, and the dlnltroethyleneurea produced appears ... .̂ drolyze, yielding 
Haleite, immediately after solution in water at 95°C> Doth the nitration and hydrolysis are 
practically quantitative.
Origin;

First described in 1877 by Franchimont and KLotbie (Rec trav chim 7, 17 and 2bh) but it 
was 1935 before its value as an explosive was recognized. Standardized during World Wiar II 
as a military explosive.
Destruction by Chemical Decoamoeltlon:

Haleite is decomposed by addition to hot, dilute sulfuric acid. Nitrous oxide, acetalde­
hyde and .'thyxene glycol are evolved. Haleite is also decomposed by addition to 5 times its 
weight of 20$ sodium hydroxide.
References:33

(a) L. C. Smith and E. G. Eyster, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Tests; Performance Testa, OSRD Report No. 57ht>, 27 December 19̂ 5•

(b) Report AC-2983/0rg Ex 179-
(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 1 1  August 1 9 h 2 .

(d) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for Tetryl in Boosters, N0L Memo 10,303, 15 June 19 19. a— — — — — — — —
(e) R. J. Finkelstein and G. Gamow, Theory of the Detonation Process, HAV0RD Report !io. 

90-h6, 20 April 19̂ 7.
(f) M. A. Cook and M. Taylor Abbeg, "Isothermal Decomposition of Explosives." University 

of Utah, Ind Eng Chem (June 1956) pp. 1090-1095-

ee footno page 10.
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Halelte (Ethylene Plnltramine) (EIKA) AMCP 706-177

(g) Also see the following Plcatincy Arsenal Technicŝ . Reports on Halelte:
0 1 2 3 1*

1200 1231 1162
4b

1113 l*ll*
1290 1U51 1232 ll*93 12&
1360 1651 1252 1923 11*3**
1380 1352 
1400 1372 
1600

1 6 7 8 2

1255 786 897 1198 1279
1325 1796 1737 1288 ’ 319
1395 1797 1378 1379
1885 1937 1388

1838
11*69
11*89
2179

>
k

f>*
¥

i
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AMCP 706-177 HBX-l

%

RDX M5 
T U T  38 
Aluninum 17 
D-2 Wax 5
Calcium Chloride, 

added 0 -5  

C/H Ratio

Melecelar Weight: 102

Oxygen Balance:
CO, %  .68 
CO %  -35

Density: gm/ce Cent 1.72

Melting Point: *C

Preening Paint: ‘C
•-- •--- * if— UA,SOTRKeaWjrf m Wf,

Bureau of M ines (Apparatus, cm  - -  
Sampie W t  2 0  mg

Picotinny Arsenol Apparatus, in. 16 
Sample W t, m g 21

Bailing Paint: *C

Refractive Index, p j  

n £  

n »

friction Pendahm Test: (b)
Steel Shoe Unaffected 
Fiber Shoe —

Vacuum Stability Teet: (a , b)
cc/40 Hrs, ot

9 0 ’ C  ---------

100’ C  0 .h 7  

120”C  0 .9 8

135“C  ---------

150*C 11+

Rifle Bullet Impact Teat: Tria ls  (b) 
%

Explosions 73 
Partiols - ­

Burned —

U  no ffacted 28

200 Grom Bomb Sand Test:
Sand, gm  W .  1

fxpleslsa Temperate re: "C  ( a )

Seconds, 0.1 (no cap used) —  

i - - ­
5 W O  

10 

15 

20

ff--- --. n — I ■aoMmiviTj iv iiiwmvvoo*
M in im u m  Detonating Charge, gm

M ercury Fulm inate ---------

Lead A zide  0 .2 0  

Tetryl 0 .1 0

BalUttic Mortar, %  T N T : ( d )  133

Tra in! Test, %  T N T :
75‘ C Intern nth at Teet: 

%  Lost in 4 8  v_ ■ Plata Dent Test:
M ethod 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

100'C Heat Test: ( b )

%  Lots, 1st 48 Hrs 0 .0 5 8  

%  Loss. 2nd 48 H rs 0 .0 0  

Explosion m 100 H rs hone

Oetenatien Rate: ( a ,  b)
Confinem ent Bone 

Condition Cast 
Charge Diorreter, in. 1 .0  

Density, gm /cc I . 6 9  

Rote, meters/second 722k

flammability index:

Hygteecepkltr: %  3 °°= -  95* HH, 7 daye 2.98 
7-°C, 95l RH, 7 daya 1.13

▼ e
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HBX-1 AMCP 706-177

k '

Quae la), ■ ̂ —A..p w r v * m m iT iiy  i iR i (c)
Condition Cast
Tatryl, gm 100
Wox, in. for 50%  Datonotion 1-25
Wox, gm

Density, gm/cc 1-73

Heat of: (b)
Combustion, col/gm 3882
Explosion, col/gm 919

Gos Volume, cc/gm

Formotion, col/gm 758
Fusion, col/gm 780C 9-25

Specific Heat: col/gm/“C (b>
30 °r O.2L9

so°C 0.261

luralag lata:
cm/sac

Tbatmal CaadacHtlt>: (b) -3
col/sec/cm/'C 35°C 0.97 x l 0 J

CeaHIclaat of Ixpaasiac: (b)
Lineor, 0-CAnch
ore 16 x 10̂j*

35 C 95 x 10
T0°C 159 x 10*4

Haidaatt, Mohs' Scale:

Yoaog's M s M a : (b)

E', dynes/cm* 10-3 x 109
E, Ib/inch’ 1.19 x 10-5
Density, gm/cc 1.69

Camptaaahra Stiaaglb: Ib/inch2 See below

Vopar Preeeare:
*C mm Mercury (b)

Compressive Strength: lt/lnch 1303
Density, gm/cc" 1.69
Ultimate deformation, % l-3b

Oxygen. otoms/sac 
(Z/Sec)

Haot, kilocolorie/mole 
(AH, kca mol) 

Temperature Range, °C 

Phose

Atwar Mata Impact Taat:

tO mm Mattar tajadllt:
50% Inart, Velocity, ft/sec 

Aluminum Fineness

Plcte Thickness, inches

l ' i
l>/;

loath Drop Taat:

T7, 2040-lh Semi'Armat-Merciag lamb vs Caactata;

Mo* Sofa Drop, ft

500-fc Gaaaral Purpose lamb *s Caactata:

Haight, ft 

Trials 

Unaffected 

Low Order 

High Order

1000-lb General Purpose BeatL «  Concrete:

Height, ft 

Triols 

Unaffected 

Low Order 

High Order

157



AMCP 706-177 HBX-l

158



AMCP 706-177

Compos itioa:
%

RDX 31 
TNT 29 
Aluminum 35 

D-2 Wax 5

Calcium Chloride, 
added 0 .3  

C / H  Rotio

M alecaler W eigh t: 64

Oxygon Balance:
C O , %  .7 5  
C O  %  .1*9

Density: gm /cc Ceat 1 .6 b

M a M n g  Paint: C

Freezing P rin t: *C

Im pact Sensitivity, 2 K g  W t:
Bureau of Mines Apparatus, cm —  

Sample W t 20 mg
Picatinny Arsenal Apparatus, in. 15 

Sample W t, m g 23

Bailing Paint: *C

Refractive Index, n £  

n »  

n S

Friction Pendulum Teat:

Steel Shoe Unaffected 
Fiber SI -re — -

'  Voctnm i StoblHty Te s t; ( a ,  b )

cc/40 Hrs, at
9 0 'C  ---------

1 0 0 'C  0 .b 5

120*C

135*C

150*C

Rifle Bullet lmpr.ct Test: Tria ls  ( b )  

%
Explosions 78 

Partiols -  -  

Burned - ­

Unaffected 22
200 O ram  Bomb Sand Test: ( b )

Sand, gm  1*1*.9

Ispleslen Tem perature: °C ( a )

Seconds, 0.1 (no cop used) — •

1 . . .

5 500 

10 

15 

20

m--- -tzL.h— n— «-*»*-»» —•vuvfviTiWj w  iM n m v R i

M inim um  Detonating Charge, gm

M ercury Fulm inate . . . .  

Lead A zide  0 .2 0  

Tetryl 0 .1 0

Ballistic M ortar, %  T N T :  ( d )  111

T ia n x l Tost, %  T N T :
7 S  C  latenm tienal H oot Test:

%  Loss in 48 Hrs Plata Dent Teat:

Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

1 C V C  Heat Test: (h)
%  Loss, 1st 48 Hrs 0-70 
%  Loss, 2nd 48 Hrs 0.00 
Explosion in 100 Hrs None

Datenatiaa Rate: (a, b )
Confinement None 
Condition Cast 
Charge Diameter, in. 1.0 
Density, gm /cc l.?l 
Rote, meters/second 6917

Flam m ability lades:

Hyg.oscopicity: %  3°°C’ 95* HH. 7 days 2.01
(b) 71°C, 95* RH. 7 days 0.31

Volatility:



AMCP 706-177

IpeeM. (auMalki SB*—a..•^Wlwt wPHm ITIIj 1 fell
Condition 

Tetryf, gm

Wax, in. for 50%  Detonation 

Wax, gm 

Density, gm/cc

Heat of: (b)
Combustion, cal/gm 1*1*95
Explosion, cal/gm 877

Gas Volume, ce/gm

Formation, col/gm 1*91

Fusion, col/gm 9-30

Specific H»i*t: col/gm/’C

30°C 0.251*

50r c O.25I*

Borabig Bata:
cm/scc

Thermal Conductivity: 0>> -3 1.70 x 10 *col/sec/cm/'C 35°C

CeeHItleat of Expansion: (b)
Linear, A £  /inch -if

0°C 1-0 x 10
35°c 63 x 10*^
70°C 130 x 10"

Hardness, Mebs* Scale:

Yeung's Modulus: 0 0
E', dynes/cm1 11.5 x 109
E, Ib/inch* 1.67 x 105
Density, gm/cc 1.81

Compressive Strength: Ib/inch* Gee below

Vapwr Pressure:
'C  mm Mercury

i -impressive Gtrer^tb: lfc/irxh^ lf,10
Derr, .ty , ijm/cc 1 . 8 1
Ultimate deformation, ^ 1.37

Oxygen, atoms/s*C 
(Z/MC)

Heat, kilocalorie/mole 
(AH, kcol/mol) 

Temperature Rang*, °C

Phose

A rmsr Plat* Impact Tm t:

M  mm Mortar Prafactila:
50% ln*rt, Velocity, ft/s*c 

Aluminum Fineness

50O-lb Geaetol Parpeee Ir a k i:

Plote Thickness, inches 

I
I'4
IV,.
Hr

Bomb Drop Test:

T7 , 2000-lb Semi-Armtr Piercing bomb v*

Mox Safe Drop, ft

500-ft General Patpaw Bomb vs Caacrate:

Height, ft 

Triols 

Unaffected 

Low Order 

High Order

1000-lb Geoeral Parpeee Bomb it  Concrete:

Height, ft 

T riols 

Unaffected 

Low Order 

High Order
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AKCP 7C6-177 HBX-1; HBX-3

The Stability of HBX Compos!tlons Made With and 
Without IJeslccants and Containing Added Moisture *

Exgloslve
Moisture, Acidity, 100“C Vac Stab Test Hygroscopicity, %

t l cc gas Hours 95% HH
Composition

30°C O O

Standard HBX-1 0.73
»

0.011 0.47 40 +2.98 +1.13
+0.2% moisture 0.68 40
+0.4% moisture 0.62 40
+0.6% moisture 1 0.50 4o

HBX-1 without CaCU 0.00 0.029 0.38 40 -0.06 -0.25
+0.2% moisture 0.25 40 :
+0.4% moisture 0.23 40 ;
+0.6% moisture 0.27 40

HBX-1 with silica gel 0.06 0.031 0.73 40 +0.08 +0.0U 1
j

Standard HBX-J 0.54 0.012 0.45 40 +2.01 +0.31
+0.2% moisture 0.47 40
+0.4% moisture 0.43 40
+0.6% moisture 0.4l 40

HBX-3 without CaCU 0.02 0.049 0.46 40 -0.06 -0.29
+0.5% moloture 0.26 4o
+0.4% moisture 0.26 4o
+0.6% moisture 0.20 4o

HBX-3 with silica gel 0.04 0.100 0.45 40 +0.09 +0.05

Standard 3-6 0.71 0.017 0.47 40 +2.01 +1.77
+6.2% moisture 0.88 40
+0.4% moisture O.63 40
+0.6% moisture 0.65 40

H-6 without CaCU 0.03 0.082 o.io 40 -0.06 -0.25
+0.2% moisture *" 0.10 4o
+0.4% moisture J.25 40
+0.6% moisture 0.23 40

H-6 with silica gel 0.05 0.028 0.43 4o +0.09 +0.06

* All samnles were ground to 20/100 mesh size, 7 days before tests. Silica gel used was 
Fisher 'ientific Company, Lot 541492, through 100 mesh U. S. Standard Sieve.

H 8



HBX-1; HBX-3
AMCP 706-177

HBX explosive mixtures are prepared by melting HIT in a steam-jacketed melt kettle equipped 
vith a mechanical stirrer. Water-vet :_J(X is added slovly with stirring and heating until all 
the vater le evaporated. Aluminum is added, and the composition is stirred until uniform.
D-2 vax and calcium chloride are then added. The desensitizer vax, also known as Composition 
D-2, consists of 84^ paraffin and other waxes, l4f nitrocellulose and lecithin. The mixture 
is cooled from approximately 95° to 100°C to a temperature considered suitable for casting 
(the lowest practicable pour temperature). HBX can alao be made by adding the calculated 
amount of TOT to Composition B to ootaln 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 sdding 5^ desensiti­
zer to Toroex II, for high blast explosive applications.

References:34

(a) 0. E. Sheffield, Blast Properties of Explosives Containing Aluminum or Other 1 fetal 
Additives, PATR Mo. 2353> November 1956*

(b) S. D. Stein, G. J. Horvat end 0. E. Sheffield, Some Properties and Characteristics 
of HBX-1, HBX-3 sad H-6, PATR No. 2431, June 1957-

(c) L. C. Smitn and S. R. Wilton, A Consideration of RDX/Wax Mixtures aa a Substitute for 
Tetryl in Boosters, NOL Memo. 10,303, 15 June 1949*

(d) S. R. Walton, Reao^t on the Program to Develop an Improved HBX-Type Explosive, KAVORD 
Report No. 1502, 26 July 19$0.

(e) A. W. O'Brien, Jr., C. W. Pluimner, R. p. Woodbura and V. Pbilipchuk, Detonation 
Velocity Determinations and Fragmert Velocity Lc-terml nations of Varied Explosive Systems 
sad Conditions, national Northern Corporation Final Summary Report MNC-F-13. February 1958 
(Contract Dil-19-020-501-ORD-(P)-5S).

xf) Also see the following Picatinny Arsenal Technical Renorts on HBX Explosives: 1756,
2138, 2169. ‘

footnote 1, page 10.
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AMCP 706-177 HEX-21*

%  '
Potassium Perchlorate 32 

(17 microns)
Aluminum, atomized 1*8 

(20 microns)
RDX (througn 325 mesh) l6 
Asphaltum (through 100 mesh) 1*

C /H  Ratio

Maiacnlnr Weight: 1*7 • 6

Oxygen Balance:
CO- %  -1*2 
CO %  -3l*

J ^ d ^ O . o S r e 1 2 ^

Making Faint: "C

Freezing Faint: *C

Impact is m llh lti, 2 Kg W t:
Bureau of Mines Apparatus, cm —  

Sample Wt 20 mg
Picatinny Arsenal Apparatus, in. 16 
Sample Wt, mg 2l*

Bailing Faint: *C

Refractive Index, n°

n£

Friction h s M w  Test:

Steel Shoe Detonates 
Fiber Shoe Unaff'cted

Vaceem Stability Test:
cc/40 Hrs, at

90“C ------

100°C 1.25
120°C

135-C

150”C

Rifle Bel let Inspect Test: Trials

%
Explosions

Partials

Burned

Unaffected

200 Gram Bomb Sand Test:
Sand, gm 12.5

tipleslen Tseipinters: 'C
Seconds, 0.1 -  3 used) —  

1 —  
5 520 

10 

15 

20

SansPhety to InrtiaCian:
Minin... Deteratng Charge, pm

Mercury Fulminate ------

Lead Azide 0.20 

Tetryl 0.25

Ballistic Mortar, %  T N T :

Traaxl Test, %  T N T :
75‘C International Heat Test:

9* Loss in 4b Hrs Flat', Dent Test:
Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, %  TNT

100 C heat Tost:

%  Loss, 1st 48 Hrs 0.15 

%  Loss, 2nd 4b Hrs 0.00 

Explosion in 100 Hrs i'one

Detonation Rote:
Confinement

Condition

Charge Diameter, m. 

Density, gm/cc 

Rote, meters/second

Flammability Index:

Hygrescepicity: %  :;0r-,e

Velattti/: -r-r.r.e



HEX-21* AMCP 706-177
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AMCP 706-177 H S X - L ;

C a n ip H ititii;

%
Petaasium Perchlorate 32 

(17 mlcrone)
Aluminum, flaked (1 micron) L8 
RDX (through 325 mesh) 16 
Aephaltum (through 100 mesh) L

C/r> K. t̂io

M olecular W eight:

Oxygea Balance:
CO - %  -1*2 
CO %

2 § ?B 8S * S  S 1 ? : &

M aking Feint: °C

Fruaxing Feint: °C

Im pact Sensitivity, 2 K g  W t:
Bureau of Mines Apparatus, cm 

Sample W t 2 0  mg 
Picatinny Arsenal Apparatus, in. 

Sample Wt, mg

Boiling Feint: 'C

Refractive Index, j>“

n »

nS>

Friction P m ^a h im  Test:

Steel Shoe Partially detonates 
Fiber Shoe Unaffected

Vacuum  Stability Test:

cc/40 Hrs, at
9 0 ’C -------

1 0 0 'C  1 . 5 2
120=C

135°C

150°C

kifte Ballet Im pact Test: Trials 

%
Explosions

Portiols

Burned

Unaffected
200 G ram  Bomb Send Test:

Sand, gm 2 3 . 7

tx p le tk n  Tem perature: C
Seconds, 0.1 (no cop used) -----

1 —  
5 5^5 

10 
15 

20

Sensitivity to Initiation:

Minimum Detonating Charge, gm

Mercury Fulminate -------

Lead Azide 0 -2 0  

Tetryl 0.25
Ballistic M ortar, %  T N T :

Tro u xl Test, %  T N T :

75°C latam atiaaal Meet Test:
%  Loss in 4 8  Hrs Mate D tn t T u t :

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, %  TNT

1 0 0 'C  Moat Test:

%  Loss, 1st 4 8  Hrs 

%  Loss, 2nd 48  Hrs 

Explosion in 100 Hrs

Detonation Rate:

Confinement

Condition

Charge Diometer, in 

Density, gm/cc 

Rote, meters/second

Flammability Index:

Hygrascaplclty: %

Volatility:

k m;



HEa-16 AMCP 706-177

Fragmentation Tad:

9 0  M m  H E, M 71 Projectile, lo t  W C -9 1 :

Density, gm/cc 

Chorge Wt, lb

To ta l N o. o f Fragments:

For TNT  

For Subject HE

3 inch H I ,  M 4 2 A 1  Projectile, Lot K C -5 :

Density, gm/cc 

Chorge Wt, lb

To ta l N o. o f Fragments:

For TNT

For Sub/*:t HE

Fragm ent Velocity: ft/sec 
At 9 ft 
At 25*4 ft

Density, gm/cc

Blot! (Relative to T N T ) :

A ir:
Peak Pressure

Impulse

Energy

A ir, Confined:
Impulse

Under W ater:
Peak Pressure

Impulse

Eneigy

Underground:
Peok Pressure

Impulse

Energy
Flam e le m p e ra t : r e , c  y 'c

A c '. l v a - 1 j : .  e r .\  . k-:o l CTy • -

. e:np. w ” .0 *,s. •• *0
i 1 ,**. i ;

rb  ■ . k . *• x i N

Shaped Charge FMectivenees, T N T  =: 100:

Gloss Cones Steel Cones

Hole Volume 

Hole Depth

C o lo r Grey

Principal Uses: HE filler for small caliber 
projectiles

Method of L o o A tg : Pressed

Loading Density: gm/cc 
Pressed at 20,000 1 .6 2

Storage:

Method Dry

Hazord Class (Quontity-Distance)

Compatibility Group

Exudation None

Static- Tests:
20 mm T21$£l Projectile: 

PA Peak Pressure, psi 
NFOC 2C" Blest C-ube 
APG 21" Blast Cube

Static Tests:
20 mm H97* Projectile:

77
15
12

Fostoro pel
HEX-16
17-3

nn
5T

Tetryl
“7 T “

Catenary psi **3 23 26
FAaration, nlcrosec 517 560 530
APT 21" Blast Cube 29 — 10

Heat of:
Join; .8Mot., cal ' m AIL
ix p l  o e : c : . . c a l  

.-as Vol . ' 200

1*>7



AMCP 706-177- HEX-18

Cook-Off Tests; (c)
20 mb T215E1 HEX-18 Loaded Projectiles With Dye-Ccsted REX Top-Off

Projectile No. Cut-Off Itomp. °C Cook-Off

1 170 Yes (198)

2 150 No

3 155 Yes (190)

1 150 to 175 No

national Northern Projectile Load:

M0X-2B (no top-off) 195 |

M0X-2B (Tetryl top-off) I
M0X-2B (97/3, RDX/wax top-off) 175 ;

M0X-2 (no top-off) 175 '

Fragment Penetration Tests: (c)

1 Avg. No. of Penetratlona par
! Round In Zone &5U-136°

| Projectile FlUer Altitude, Feet ! 0.020”
f

O.OlO" 0.051"
j T215EL PEX-18 Ground 35* 264 282
1

60,000 : 676 ^32 : 388

| T282E1 M0X-2B Ground 631* 290 235
60,000 807 367 250

EX8 Mod 0 M0X-2B Ground ; 1*76 268 221

60,000 672 2 6 1 256

Hie fragment penetration test records numbers of complete penetrations of aluminum panels 
of various thicknesses at 2.5 feet from the static detonation. Hie total penetrations recorded 
on the 21ST-3 aluminum panels occurred with the projectile nose always pointed toward C° and 
the base toward 180°.

Hie test date Indicate that on the thicker panels, O.OlO" and 0.051," the K£X-18 loaded 
T215E1 projectile produced more comple e fragment penetrrtlons at ground and altitude than 
M0X-2B loaded T282E1 and EX8 Mod 0 projectiles.



HSX-gU; HEX-U8 AMCP 706-177

Preparation:

Hie HEX compositions were prepared by blending the appropriate weight of the dry ingredients 
in a Patterson-Kelly twin-shell blender for at least 30 minutes.

..n alternate procedure for 100 to 200 gram batches used a "Cradle-Roll" mixing device.
This device consisted of a half-barrel type container constructed of wood and lined with an 
electrical conductive material. A plastic roll was allowed to move over the Ingredients by 
remote control action of the container, the roll action prevented caking of the mix but had 
no adverse effect on the particle site of the ingredients, lie period of time required to 
obtained a uniform and Intimate mixture was approximately fifteen minute.,.

Origin:
Die development of "slow-burning" explosive mixtures which would produce Increased blast 

effects in enclosed or nearly enclosed spaces directed attention to their use for possible 
military application. In 1950 Picatinny Arsenal developed a high capacity filler for 20mn 
projectiles consisting of 85/10/5 REX/aluminum/desensitizer which was mare powerful than stan­
dard tetryl filler. However, in comparison with M0X type explosives, there was little doubt 
as to th iuperior performance of the M0X mixture. HEX (higu r-'ergy explosive) mixtures were 
developed at Picatinny Arsenal in 1953 (Ref a) as superior higE bxc.t compositions suitable 
for use in small caliber projectiles.

References:35

(a) 0. E. Sheffield and E. J. Murray, Development of Explosives"' Metallized Explosives—  
High Blast Fillers for Small Caliber Shell, Picatinny Arsen 1 Memorandum Report No. MR-^9,
21 December 1953*

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

(c) National Northern Corporation, Lei er from Dr. C. M. Saffer, Jr., to Commanding 
Officer, Picatinny Arsenal, 12 June 195'i



AMCP 706-177 2 ■ -■1..,2'.o' -HexanKro-oxar.ilide (i'V; )

Composition:

%  ll \
C 3 3 -0  ----------------------------------V'

1 I
K 1 . 8  JiK NK

N 21.9 C25A ;:- : G, Y ] ' :' .  

0 1*3-9
C/H Rotio 0 .7 9 7  :;o

Molecular W eight: ( C ^ H ,

Oxygen Balance:
CO; %  -53-1* 
CO %  - l)-L

Density: gm/cc

M elting Point: C Decomposes 302

Freezing Point: C

Im pact Sensitivity, 2 Kg W t:
Bureau of Mines Apparatus, cm - ­

Sample W t 20  mg
Picatinny Arsenal Apparatus, in. 15 

Sample W t, mg 12

Boiling Paint: C

R cfractivi Index, n »

n »
. 0n »

Friction Pendulum Test:

Steel Shoe Unaffected 
Fiber Shoe Unaffected

Vacuum  Stability Test:

cc/40 Hrs, at 
90  °C

1 0 0 'C  o . l O  

120 C 

135-C  

150 C

Rifle Bullet Impact Test: Triaii 

%
Explosions

Partials

Burned

Unaffected

200 Grom  Bomb Sand Tost:

Sand, gm 5 2 .1

Expiation Tem perature: C

Seconds, 0  1 (no cop used) —  
1 ••

5 331 
10 
15 

20

Sensitivity to Initiation:

Minimum Detonating Charge, gm 

Mercury Fulminate - ­

Lead Azide 0-30 
Tetryl 0.25

Ballistic M ortar, %  T N T :

Tra u xl Test, %  T N T :

7 5 ’ C  Intem atia-ial Hoot Test:
%  Loss in 48  Hrs

Plate Dent T a it :

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, % TNT

1 0 0 C  Heat Test:

%  Loss, 1st 48  Hrs 0.07 
%  Loss, 2nd 4 8  Hrs 0.0> 
Explosion in 100 Hrs "one

Detonation Rote:

Confinement

Condition

Charge Diametei, in 

Density, gm/cc 

Rate, meters/second

Flammability Index:

Hygrotcopicity: %  25°C, T O -', ?i: 0 . )  1

Volatility:

170



2 .u ,b ,2 '  ,L' ,u ’ -Hexanitro-oxenilide (HHO) AMCP 706-177

Fragmentation Toot: Shaped Charge Effectiveness, T N T  =  100:

9 0  mm  H E, M 71 Projectile, Lot W C -9 1 : Gloss Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Tota l N o. of Fragments:

For TNT 

For Subject HE

3 inch H E, M 4 J >  '  Projectile, Lot K C -5 :

Color: Almost vhite

Principal Uses: Igniter powder; pyrotechnic 
compositions

Density, grr 

Chat ;e Wt, b

To ta l N o. of Fr*am eiiH:

For TNT  

For Subject HE

Method of Loading: Pressed and extruded

Loading Density: gm/cc

Fragment Velocity: ft/sec 
At 9 ft
At 25 Vi ft Storage:

Density, gm/cc
Method Dry

Blast (Rotative to T N T ) : Hazard Class (Quantity-Distance) Class y

A ir:
Peak Pressure

Compatibility Group

Impulse

Energy

Exudation None

A ir, Confined:
Impulse

Under W ater:
Peak Pressure

Impulse

Energy

Underground:
Peak Pressure

Impulse

Energy



AMCP 706-177 '-Hexanitro-oxanilide (HNO)

Solubility In the following substances:

Solvent

Nitrobenzene
Water
Alcohol (Ethyl)
Acetone
Benzene
Butyl acetate
Carbon tetrachloride
Dlmethylf ormamide
Ether (Ethyl)
Acetic Acid 
Nitric Acid 
Crystalline form

<3 gm in 100 cc, at 23°C ~  5 gm in 100 cc, at 210°C 
0.10 gm in 100 cc, at 100°C
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Very soluble
Insoluble
Insoluble
Soluble
Long rectangular glistening plates from nitrobenzene

Preparation:

Bo prepare hexanitro-oxanilide, first prepare tetranitro oxanilide as described herein 
under the entry "2,4,2' ,4'-Tetranitro-oxanilide (UK))."

A 1.5 liter round bottom flask is equipped with a stirrer of the type which causes a down­
ward swirl. Hie 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-.c mixed acid is cooled to 10°C. 29.2 grams of
tetranitro-oxanilide is slowly added to the mixed acid under rapid agitation maintaining the 
temperature at 8°-10°C. After the addition of the TUG is completed (approximately 25 minutes) 
the temperature is raised to 85°C over a period of 2 hours and held at 85°-90°C for one hour. 
The hexanitro-oxanilide (HNO) "slurry" is filtered on a luchrer funnel and purified as ex­
plained under "Tetranitro-oxanilide."

A. G. Perkin in 1892 obtained hexanitro-oxanilide directly by heating to boiling a solution 
of tetranitro-oxanilide in a mixture of sulfuric and nitric acids. He also prepared the same 
compound from oxanillde by the action of a boiling mirtu':-e it fuming nitric and sulfuric acids 
(J Chem Soc 6l, 482 (1892)).

References: 36

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

(b) D. Dubrow and J. Kri?tai, Substitution of Tetranltro Oxanillde and Hexanitro Oxanillde 
for Tetrani tr 3 Oarbazole, PA Pyrotechnic Research laboratory ftepoi-t 51-TFl-B'i, 20 December 1

(c) S. Livingston, Preparation oi Tetranltro Carbazole PA Chemical Re&< uvci, Laboratcr; 
Report 136,330, 11 April W$l.

(d) S. Livingston, Development of Improved Ignition Type Powders, PATI No. 226/, July 19 ‘6.

3 6 s * *  f o o t n o t e  1 , page 10.

Origin;
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beU-HMX (a) AXCP 706-177
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beta-HMX A X C P  706-177

Preparation: (b) N0„

CH2
N — N 2

HO2

Tvo men are required to regulate the addition of reagent* and control the temperature dur­
ing the Initial stage addition; one arn can complete the procedure. A i-Uter 5-necked flask 
la used, the center neck for an efficient stirrer, one side neck for a thermometer, and the 
other necks for hurrettes and a gas outlet (to wter trap). The flask Is placed In a pan with 
■team and cold water inlets, for temperature control.

Five cc of acetic anhydride and 250 cc glacial acetic add are poured into the flask and 
the temperature brought to 1*5 £  l^C, and held there for the duration of the entire reaction. 
Die reagents (a solution of 33-6 SB hexamine in 55 go of glacial acetic add, 100 cc of ace­
tic anhydride ard 1*0 cc of a solution of 1*2.3/57*T-aaeodua nitrate/960 nitric add) are then 
■dd+d simultaneously, continuously and equivalently over a 25-minute period. The reaction 
mixture Is aged 15 minutes.

The second stage reagents (60 cc of 1*2.3/57.7, ammonium nitrate/900 nitric add and 150 cc 
acetic anhydride) are then added simultaneously, continuously and equivalently over a 25-min­
ute period. S*e mixture le aged 65 minutes, poured Into 1.5 liter of vater and simmered on a 
U.saa hath for 12 hours. Cool, filter and dry the HEX-HMX precipitate (yield 730 HMX).

The REE Is destroyed, leaving HMX, as follows: 1025 gm of the crude product are placed In 
a solution of 15 gm sodium tetraborate decahydrate in 5 liters of water, heated to boiling 
with agitation, and 5 H BaCH added at the rate of 3 cc/mln. When about 730 cc have been added 
the pS Increases sharply from a little over 8.7 te over 9*7 which corresponds to collet# 
destruction of the Filter th< HMX from the hot mixture; yield 612 gm, ip 279.5®-260.5°C. 
Re crystallization ft?cm nitroaethane yields material belting at 26l°-262°C.

Origin: . .

Was dljcovered as an Impurity (by-product) in the nitration o.’ hexamethylene-tetramin* to 
form RISC. It is now manufactured directly by'the pro coos described above and has valuable use 
in explc.*f-ve systems.

n— oval of MIX ft?om HKX-OTIX Mixtures snd Recovery of a RBX-HMX Mixture (This procedure appears 
suitable for use vltfa mIxSi-ee containing 800 or more HMX):
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AXCP 706-177 beta-HHX

Procedure;

$00 great o f  MIT: containing 12.25$ REX are placed In a 1500 cc beaker, 500 cc o f  acetone 
le  added and the Blurry la  agitated  for several minutes a t room te ^ e re tu re . Before c o l le t s  
s e ttlin g , the :;DX-HMX-acetono solution is  decanted.

To the residual HMX-RDX, another 503 cc o f  acetone Is  added. Hie slurry Is heated on the 
staeabath and v h lle  to ll in g , agitated  fo r  several minutes. The b o ilin g  HDX-HMX-ecetone solu­
tion  i s  decanted. The residual HMX is  now washed with cold acetate lu to  a funnel. This HMX 
Is  now taken up In 956 alcohol, f i lte r e d  and dried. Y ield  353-9 ga or 70.786*

A ll  the acetone extracts are combined and evaporated to  dryness. Y ield  137.5 ga or 26.56* 

Y ield  Balance; 1 2 3

Pure HMX obtained - 353*9 gm 70.786
Total RDX-HMX mixture recovered -
137-5 gm 26.506

Sables taken during process •
2.A gm O.A86

Loss during process 2.21)6

Total 100.006

Various saamles were analyzed for HXD content:

1. Crude BIX 12.256 RDX
2. After first acetone washing 6.06 RDX
3. After second acetone walling 2.06 m u
A. After third acetone washing o.oi
RfX-BIX sample recovered 5*)«56 mix

Preparation of 'ins Particle-size HMX by che Aspirator

1. DisscJre 11(X) gm HMX in AAOO cc of dimethyl sulfoxide.
2. Filter the HMX solution.
3* Oonuect a clean aspirator to thr water line.
5. Place ;i 55 gallon clean drum under the aspirator.
5« Fee ten a polyethylene tubir.£, long enough to reach easily to the bottom of the E£MX- 

dimethyl sulfoxide or® Vi ter, to the side Intake of tbe aspirator.
6. Fasten to the bottom of the aspirator another poiyetby.' ene tube long enough to reach 

to the bottom of the 55 gallon drum. _
7* Open the water fhucet and then place the polyethylene tube in the HMX container.
3. ’3tite ffiilSy fine HMX separates out In the drum. Total duration of run is approximately 

7 minutes.
9* After all the HMX solution Is sucked out of the container, the ' .ter is turned off.

10. The m aterial le  f i lte r e d  end water washed.
11. If dry HMX Is required, the material ■ n be alcohol and ether washed.

A more e f f ic ie n t  method to recover the RBX-HMX mixture;

1.2.
3-

F ilte r  the combined hot acetone extracts.
Pour while agitatin g  the f i lte r e d  extracts ln tr a t le a s t U times i t s  volume o f water. 
F ilte r  and dry, e tc.
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beta-BCC A M C P  706-177

»
*
\ Color:
* White

»» Store*#:
*
k Method try

\
t

Baxard Class (Quanf ty-Watanca) Class
»
» Co âtlblllty Group Group
t Group
ia
• - Exudation Hone
j References:37

(|) 0. E. Sheffield, E. J. Moray, A. L. Rosen and B. V. Khnouae, Properties of ag, FA OmkIm I naaaarch laboratory Report Bo. 52-0:1-23, 7 April 1952.
(b) W. E. Baolaann, The Praparatlon of ag, OSRD Bapcrt So. 1961, 3 Boraabar 19̂ 3-
(e) 0. LiTlngatoo, Characteristics of Explosives BCC ind IFfflH, FAIR So. 1561, 6 Septenter 

19^5*

(d) R. J. FinbelateJn and 0. 
90-&6, 20 April 19*>7-

Theory a t tha Detonation Proc— a, HAVOKD Baport Ho.

(a) 0. B. Johnson, ttg as a **pToslve. HAVQRD Baport HO. 4371, 1 October 1956.

(f) Also saa tha following Floatlnny Arsenal Technical Reporta on BCC:

i  2 i  1  1

1TM 2163 2016 1737 1709
2059

(g) C. Len&lts, V. Band: and R< Vallciy, Enthalpy Changes, Hast of Fusion and Specific 
Hast of Basle Bmloalras. BMR Ho. 250fc, January 1959*

37See f o o t n o t e  1 , page 10.
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AMCP 7 f ' 177

Modulua of KLaetlcity: *

lb/lnch4 ;

Average 89*200

High 97»1*00
I
; Law : 76,300

• Met aped m b  l/2" x l/2" cylinder (epproxmetely 3 ge) preaaed et 3 tone (6,000 lb) 
total load or 30,000 pel vlth a 2 edLnute tlae of dwell.

Setback Senaltlvity Teat; (a)

Critical Preaaure 119,000 pal •

Deneity, gm/cc 1-92

* Freeeure below vhleh no Initiation la obtained and above Which an incraaaltg 
percentage of Inltlatlone can be expected aa the aetback preaaure lncreaaee.

Preparation;

Procedure alallar to that uaed for Torpex.
Beferancea; 38

(a) let Xndoraenant from Chlaf, Xxploalvaa Development Section, to Chief, Rxploelvee Reaearch Section, Pi^tinny Araenal, dated 12 My 1958. subject: "Prooertlea of Octol* and HTA-3."
(b) R. Brown and R. Vellcky, Heat Capacity of HTA-3. Picatinny Araenal General laboratoryReport Ho. 58-EL-509, 5 My 1958. ------

38S.e footnote 1, page 10.
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AMCP 70*477 Lead Azide

o
t i m p i i I H . l i :

N  2 8 .8
N a * N -  N - F o — N - I . « N

F b  7 1 .2  

C / H  Ratio

Melstuler Weight: (F b N ^ )  291

Oxygen Balance:
c \ .%  -5.5 
C O %  .5.5

Dera*>: gm/cc L .8 0  Dextrine ted L .3 8

MeMng M o t :  *C Decomposes

Brassing Paint: "C

l u i t t  I m l i h l h .  2 Ke W t: Pure Dextrine t e d  
Bureau of M ine* Apporatus, cm  10 17 

Sample W t  2 0  m g
Picotinny Arsenal Apparatus, in. 3 5 

Sample W t , m g 30 28

Belling Paiut: *C

Refractive Index,.

n£
R»

rncvm*t ■ vbi>
Steel Shoe Explodes 
Fiber Shoe Explodes

Vmcmtm StabWtv Test: Dextrinsted 
cc/40 Hrs, ot 

90*C

ioo*c 1 .0  
??o*c 0.07
135 «.
l r t JC

Rifle Bullet Impact Test: Tria ls  

%
Explosions 

Portia *s 

Burned 

U'.iafiected

200 Gram Bomb Send Test:

^ ff i& tP p o v d e r  fuse 19.v !
b y W e s  Temperature: *C

Seconds, 0.1 (no cop used) 39o

1 356 
5 Explcaes 3^0 
10 33? 

15 335 

20 335

Sensitivity te InMisMen:
M in im u m  Detonating Charge, gm  

M ercury Fulm inate 

Lead A zide  

Tetryl

BeMstic Merter, %  T N T :

Trauxl Test, % T N T : ( e )  39

75*C.luteieetiisel Heat Test:
% Lots in 48 H n Plate Dent Test:

M ethod 

Condition 

Confined 

Density, gm /cc 

Brisance, % T N T

I N 'C  Heet Test:

% Loss, 1st 48 Hrs 0 . 3I* 

% Loss, 2nd 4 8  H rs  0 .0 3  

Explosion in !0 0  Hrs None

Peteuetleu Rale: Pure Dead Azide 
Confinement

Condition Pressed 
Charge Diam eter, in.

Density, gm /cc 2 . 0  3 .0  L .O  

Rote, meters/second L0 7 0  L6 3 0  5180

FtemmabKky Indus:

___.. *., oj Dextrlnoted Not. Dextrinsted
30®c/90̂ 'ra 0 .8  0 .0 3

VetetWty:
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Deed Azide AMCP 7GS-177

■

'SS-.v
'M-

Teat:

99 mm Ml, M71 PwJecHte, U» WC-91:
Density, gm /ee 

Charge W t, lb

Me. e f  f u j e u l e

For T N T  

For Subject H E

3  tech H I  M « U 1  PteiecMe. Let K C -S : 

Density, gm /cc 

C h o rg e W t, lb

T e te l N a . a# Fragments:

For T N T  

For Subject H E

F r e g n et  V s ls tb y : ft/sac 
A t  9  ft
A t  2514 ft

Deneity, gm /cc

leM  (M e t b m  te  T M T ) :  

A ir:
Reek Pressure 

nputse 

Energy

Air, M M :
Impulse

Under W e le r:
Peok Pressure

Impulse

Energy

Peok Pressure 

Impulse 

Energy 

Heet of;
Combustion, cal/gm 
Explosion, cal/gm 
Gee Volume, cc/gm 

Formation, cal/gm

630
367
308
-3W

Shaped C beige H f eethreneei T N T  =  109:

Gloss Cone? uHisT-Conas

Hole Volum e 

Hole Depth

Celer: White-buff

Principe! Uses: Detonators, priming compositions, 
and commercial blasting caps

- M ̂ Pressed

I i s A s p  Deneity .  gm /cc  p , i  x  1 0  ̂
3 5 10 15

2.62 2.71 2.96 3.07
Sir p :

M ethod Wet

H azord  Class (Q uantity-D istance) Class 9

Com patibility G roup Group M (vet)

Exudation None

Compatibility with Metals:
Dry lead azide does not react with or cor­

rode steel, iron, nickel, aluminum, lead, 
zinc, copper, tin or cudmlum. I. does not 
affect coatings of acid-proof black paint, 
oil, NBC coegiound or shellac. Dead azide In 
the presence of moisture corrodes zinc and 
copper; and with copper, it forms the extreme* 
ly sensitive and dangerous copper azide.
Specific Heat:

!£
-5 0
0
25
50

cal/gm/°C

0.110
0.110
0.110
0.110

Thermal Conductivity: 
cal/sec/cm/°C (Pure) 1.55 x 10-I*
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AMCP 706-477 head A tid e

CoejatlblUty with Hetels:

Pgr: 8tael, iron* nifehel, lluainua, lead, cine, copper, tin, atainleee ateel, braes end 
brans* were unaffected by six years' contact with dry lead add* at aabient tes^ertture and 
50°0. Nmtl, chroae-nickel and Inccoel were unaffected under the eane conditions in two and 
one-half years.

Wet; Copper and sine are rapidly attacked by nolst lead azide, while dual nun la not 
attacked In 2k hours. Monel, chrcaW'nickel and Inconel are not attacked by lead aside (££ 
noleture) after 2$ "oaths' exposure at anblent te^ereture and 50°C, end J-l aagnaeiua-alunl- 
n a  alley is eery slightly corroded.

g Aside8— le Tasted ttj "
friction Panialua Teat:
(All LA daxtrlnatad)

Lead Aside 
plus

25S~SCter

lead Aside 
plus

20fBaSer

Lead Aside

n c s b -
-J2BT

Shoe fiber fiber

Bo. of lrielo 1 10
KspLosicns 1 0
Gkeokllags 0
Unaffected 0 10

m e t  Snslttvlty. i M L
(All IA daxtrlnatad)

BA Apparatus, inches k

Steel fiber Steel fiber

12 W k 1
0 0 1 1
2 0 2 0
10 10 1 0

9 9 k

Actlratlon toergy; (c)

Koal/nod* S3* 7k
Inductlcn Period, eeccode 0.5-10

Initiating Bffldenrv, Orena Required to Olya Complete Initiations of;

Daxtrlnatad Asloe (aa)

TIT 0.25
Tetryl 0.10
REX 0.05
m 0.02

Sensitivity to Static Discharge, Joules (Pure lead Azide) (b) 0.0070



LeedAzlde AMCP 706-177

Oo»atlbllity 100°C Vacui
of Dextrlneted bead Aside with Black Powder;racuua Stabl i*0 hr:

auntie Wt (g«) Material cc
1.0
1.0
2.0

' Load Azide 0.50
0.381.26

Povder50/50,Lead Azlde/Black Powder
Solubility of Pure Lead Azide; m/lOO m  of Water:

t

20 0.05
Preparation of Lead Azide (Dextrlneted): (da Pont procedure)

2 Be - H «  K —  I  * Td  (B03) 2 - i  Pb(*3) 2 f 2 BeBÔ

Lead nitrate eolutlon: Thii la prepared by dlanolvlng loA lba lead nitrate and 8.25 It. 
dextrine In deionized water, the solution allowed to settle, and sodium hydroxide added to bring the solution to a pH .if 5*1** Hie final concentration of the aolutlon la then adjusted 
ti ?.ty lead nitrate, 0.375̂  dextrine by addition of deionized water.

Ibe lead aside Is precipitated at a solution tskiersture of l60°F, using 60 parte lead nitrate and 50 parte sodlux azide solution. The latter Is added to the farmer In 23 nlnutes, under agitation (no baffles are used In the precipitation vessel), the mixture cooled to roon taacentor in 12 mlnutae, and sllowed to settle 10 alnutes. fhe acthsr liquor la decanted 
and the raselnlnq slurry washed before packing.

first prepared In 1891 by I. Curtiua (Ber2t, 33̂ 5-6) by adding lead acetate to a solution 
of eodlun or afwilun aside, f. Byroninu# (ifamrh latent 38A,792) should be credited witn the 
first attest In 1907 to use lead aside with sow success In the explosive Industry. Its eon- 
asrdal manufacture started in Europe before World War II and In the United States since 1931 
as Military or coanerdal grade "dextrinetod" lead aside.
Destruction by CheMloal Decotoeltlon:

lead aside can be decoapoeed by
(:) adxlrg with at least five tinea Its wight of a 10j> solution of sodium hydroxide 

and allowing the mixture to stand far 16 hours. Decent the supernatant solution of sodium 
aside end drain Into the sail.

(2) dissolving In s 10£ solution of enonlum acetate and adding a 10)1 solution of 
■odium or potassium bichromate until no more lead chromate Is precipitated.

(3) wetting with 500 tines Its weight of water, slowly adding 12 times Its weight
of 25* sodium nitrite, stirring, and then adding 1A times Its weight of j6£ nitric or glacial 
acetic add A red color produced by the addition of ferric chloride solution indicate* Lead 
Azide is still present. ‘

i Origin;
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AKCP 706-177 Lead Azide

(4) dissolving in 50 times its weight of 15* ceric amonlum nitrate. Die aẑ dc is 
decoag>~aad with the evolution of nitrogen. '
References: 39 '

(a) Fh. Kaoua, Z gee Schless Sprengstoffv, l8l, 229, 267 (27 June 1932).
(b) F. W. Brown, D. H. Kualer and F. C. Gibson, Seniltlvlty of Explosives to Initiation 

by Electrostatic Dischargee, U. S. Dept of Int, Bureau of Mines, KI 3852, 19fc6,
(c) C. Lenchltz, Ice Calorimeter Determination of Knthalry and Specific Heat of Eleven 

OntanoMStallic Oospounis, PACT tS22'-i, Bovember •’/55.
(d) Also see the following Pi cat! nay Avje_.al Technical Reports on Lead Aside:

0 1 2 1 4 l 6 I 8 2
550 561 832 393 C 255 326 567 626 609580 861 852 1393 784 525 856 637 708 719
600 IL51 882 1493 824 1325 866 657 748 749760 1651 932 2093 944 1485 1316 707 788 7691450 1132 2133 2164 i486 1737 83B 849

1152 2204 1556 2227 1388 9991352 1528 21791372 1838
2198

J^See foocnor t, page 10.
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L e a d  2,4-Plnltroresorclnate (UHR) AMCP 706-177

t i m f i i t t t m .

C 1 7 -8  | i-------------  0 ---------
H 0 .5
H 6 .9 \  1—  802
0 2 3 -7  Fb 
Pb 5 1 .1  —  0 --------

L »0  J
C / H R t f io  0 .5 4 9

. M e le re l* . W eigh*: (P bC gH gN gO ^) 405

V I||W I ■•IW W t
C O , %  -3 2  
C O  %  -  8

Deasky: gm /cc C r y s t a l  3 .2

U n lU B . B gl^s— ^ ^ s *  sr

Pressing Pole*: *C

l i « M t f  SenslUvfty. 1  X |  W h
Bureau of M ines Apporotus, cm  1 4 c  w t 30 

Somple W t  2 0  m g 
Picotinny Arsenal Apparatus, in.

Sample W t, m g 20

Betting P d o h  ’ C

Refractive Index, n° 

n £  

" »

rn S IM i r lH M M I IVH>

Steel Shoe 

Fiber Shoe

V ecn em  StebW ty Test:

cc/40 H rs, at 
9 0 'C  

1 0 0 'C

120°C (7 3  m in u t e s ) E x p lo d e s

I3 5 * C

I5 0 * C

Rifle BeNet Im pect Test: Trio ls 

%
Explosions 

Portia Is 

Burned 

Unaffected

2 0 0  G ra m  Booth Send Tee*:

^ C s l i f s o u d e r  f u s e  2 0

lip le e ie e  T t s g i i d t r s :  ’C

Seconds, 0.1 (no cap used)

1
5 Explodes 265 

10 

IS  

20

f  ,  i. ■Tati to . 1 Ib IsIasZa a .M m n m y  iv  iMvmRM*
M inim um  Detonating Charge, gm  

M ercury Fulminot*

Lead Aside 

Tetryl

Ballistic M o rtar, %  T N T :

T r a w l  Test. %  T N T ;

7 S ‘ C  Intetanrtc.iel H eat Tee*:
%  Loss In 4 0  Hrs

Piets Dane

MoAlC

Condition

Confined

Density, gnr fe z  1 
Brisance, %  T N T

I M ' C  Hee* Test:

%  Loss, 's t  40 H rs  0 .2 0  

%  Loss, 2nd 40 Hrs 0 .0 2  

Explosion in 100 H rs None
Detenetien Rate:

Confinement

Condition

Charge Diameter, in. 

Density, gm /cc 

Rote, meters/tecond

■L.____* »M-  * -  -4----------rMMRMOTWWy •■OTRr

Hygreetepiclhr: %  30°C, 90# RH 0.73
* * -
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AMCP706-17T Lead 2 ,k »B lP ltro raao rcln ato  (LEHR)

Teat:

9 »m HI,M71 PiaiocMta. U* WC-91:
Denaity, gm/cc 
ChorgeWt, lb

For TNT 

For Subject HE

2 Inch HI. MOA1 FniacMa. Laf KC-Si 
DanaMy, gm/cc 
Chorga Wt, lb

T iM N a a l
For TNT 
For Subject HE

FiogMof Vohkbjn ft/tec 
AT 9 ft
At 25% ft
DanaMy, gui/cc

Meet Watattra ta TNT)i 

Ain
took Praaaura
Impulse
Enaigy

Air, Ceefiaed: 
Impulse

Wo
Paok Praaaura 
Impulse
Enargy

Pack Praaaura
Impulaa
Enargy

Shaped Ckaiga IWartWaaaaa, TNT =  109:

Gloss Conaa Staal Cones
Hole Volume 
Hole Depth

Calar: Red or yellow

Principal Uses: Electric detonators

Preaaed

Leading OsneMy: gm/cc

StaMga:

Method Wet

Ho lord Cloaa (Quontity-Distonce) Class 9

Compatibility Group 

Exudation Hone

In itia tin g  E fficien cy: O.U gm LOTH doer not 
in it ia te  te tr y l  pressed a t 3000 pel.

Hast of:

Exploalon, cal/gm 270

J
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Lead 2.4-pmitroreaordnate fUM ) AXCP 706-177

Preparation:

♦ Fb(H0j„3 «=

HO.
Pb + 2HKO.

HO„

Tb a solution of 5 graas of purifi®'* nlnitroresoreln and 2.6$ grant of anhydrous sodium 
> ta in $00 cc of boiling water is e*/.5d slowly a solution of 10 grans of lead nitrate 
v^ssolved in 60 cc of boiling water. Hie reaction nlxjire Is constantly stirred during the 
vuldttlon of the lead salt and for shout an hour aftemrd while the solution Is allowed to 
cool to rooa temperature The precipitate is filtered and washed thoroughly first with water 
sad then with alcohol ar ether. It Is dried In a stean oven.

Origin:

4,4-dldtroreaordn was described In the 1881 edition of Bel la tain (Bell VII, 88$). The 
sans compound was described In mare detail by Weselsky, Benedict and Hilbl in 1882 (N H, 323) • 
lbs lsad salt of 2,4-dinltrorcsarclnol appears to bare been prepared between World War I and 
World Whr n  by treating resorcinol with nitrous a d d  and oxidizing the resulting dlnitroso- 
resordnol to dlnltroresorclrt»I. Bead nitrate solution was then added to a solution of tbs
2,4-dinltroresardnol to which sodiua oarbonate had been added to fora the soluble sodium salt 
(j. D. 1'opper, PATR Bo. 480, March 19j4). The UVR exists In two ferns differing In physical 
characteristics but possessing similar explosive properties. These forma are red and orange 
In color (K. 8. Whrren, BATR 1448, Septe*er 1944).

vfto. w<»:40

(a) See the following Plcatinny Arsenal Technical Reports on Toad 2,4-Dinltroresorcinate:

0 2 4 8 2
480 453 1004 1328 859
$80 1448 1079

f o o t n o t e  1 , page 10.



AMCP 706*177 Lead l>,6-Dinltroresorclnol Basic (LEHR Basic)

*  0 — Pb — OH

c  u . 2  1

;  t l  v A
n  S : 5  L ^ ^ J - o - p t . - o H

H° 2
C / H  Polio 0 .1 7 7

Melecelsr Weight: (P tg C g H ^N g O g ) 6L6

< x T %  -2 0
C O %  -  5

Density: gm /cc

MeMeg Paint: *C 2 1 3

Fteeslag Peiat: *C

li»e c t  tm H W li, 2  K| W h
Bureau of M inas Apparatus, cm  1  k g  v t  60 

Sample W t  20 m g 
A c a k n y  Arsenal Apparatus, in.

Cample W t ,  m g 2 0

BNBag Palm; *C

Irlre tlh s  ledsx, r £

n «

n »

m CHKI

Steel Shoe 

Fiber Shoe

Vacaam i l r i i l l )  Test:
cc/4 0 H rs, at 

90*C 

100’ C  

120*C 

)3 5 ‘ C  

1 5 0 -C

Bifle BaNot impact Test: Tria ls 

%
Explosions

Portiais

Burned

Unaffected

2 M  Stem Bomb Send Test:

^Q rta P 'B o w d e r f u s e  15

b p M e a  T s m p it e le n :  ‘ C

Seconds, 0.1 (no cap used)

1
5  E x p lo d e s  295 

10 

15 

20

>----->»■- !«-. ^  t - !.« ,.» ----H H N im y n  iM UHW ir
M in im u m  Detonating Charge, gm  

M ercury Fulminote 

Leod A zide  

Tetryl

BeMhMc Mortar, %  T N T :

Tsaasi Test, %  T N T :
7S‘ C latereetiseel N eat Test:

%  Loss in 48 Hrs Plate Dear Test:
M ethod 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

1 M ‘C  Meet Tee*

%  Loss, 1st 48 H rs 0 .L  

%  Loss, 2nd 48 Hrs 0 .0  

Explosion in 100 Hrs None

Confinem ent

Condition

Charge DiometC'. in 

Density, gm /cc 

Rote, meters/second

FlMNn#M8ty In^h :

fljpiW V^alsyS 7w

▼MWNmyS
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Lead *»,6>-Blftltror«norclnol B««ie {tjur B>«1c) AMCP 7Q6>177

m*
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* 1I

AMCP 706-177 Lead 4,6~Dlnltroreaorclnol Btalc (UBR Basic)

Preparation!

(a) On* hundred grui of pur* resorcin 1* fused In a porcelain casserole and lnedlately 
poured on a glass plate. After cooling, the cake Is ground In c mortar to pass a U. S. Stan­
dard IQ. 6 mesh screen. Four hundred grass of $6 percent nitric add In a one pint capacity 
Dsmr Jar is stirred Mechanically vhll* carbon dioxide snov is added In small pieces. When 
the teagieretur* falls to -20°C, so grass of the granulated resorcin is added In small quanti­
ties. Simultaneous addition of solid 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 with vigorous stirring In f l t i m e s  Its volume of cracked Ice, In water. Ibis mix­
ture Is allowed to stand for one ho*ir and the product then filtered, washed, end partially 
dried, weight 1»3.6 grams. The crude h,6-IKB la purified by first dissolving the product in 
an aqueous 5 percent sodium hydroord* solution (l7>k grams of sodium hydroxide in JbO cc of 
water). H u  resulting solution if then neutralised by gradually adding It to a boiling solu­
tion of 21. li grans of 96 percent sulphuric add In 150 cc of water. The resulting precipitate 
of 4,6-nR Is filtered hot on s suction filter end air-dried. Yield; 27.5 grams (37*8 percent 
of the theoretical).

(b) Five hundredths (0.05) mole (18.96 grams) of lead acetate is dissolved In 67 cc of 
war* water, Into which is gradually stirred 0.10 mole (b.O grams) of sodium hydroxide dis­
solved In 67 cc of water, dtlrrlng Is continued for five Dim tea. After settling, the white 
lead hydroxide Is washed by decentatlen three times with 100 cc portions of distilled water, 
and used iamediately for the next operation.

(c) A 0.0278 mole (5.56 grama) quantity of the 4,6-DfR prepared under (e) above, is dis­
persed In 270 cc of water by vigorously besting with a motor stirrer. After heating this 
dispersion to 90°C, the 0.05 mole of lead hydroxide prepared above In slurry form is Intro­
duced In snail portions. Agitation is continued for three hours at 90°C. The haste lead 
M - I U R  Is washed ouce by decantation, and again on the filter with alcohol. After drying 
overnight in a desiccator charged with calcium chloride, the product weighs 15*6 grams.

Origin:

Both the 2,b- and b,6-dlnltroresarcln were di- scribed in scam detail by Masalsky, Benedlkt 
and Huol in 1882 (M II, 323)* typka prepared the l*,6-dinitiore>,orcin In 1883 by hydrolyzing 
the nitration product of resorcin dlacetate (Bar 16, 551). A '.tore direct and economical 
method of preparation suitable for production scale manufacture was developed during World 
Wfer II by the British (Ministry of Supply Pouch Item W-15t-21s, "Mruufacture of 4,6-Dinitro- 
resorcin and Lead 4,6-Dlnltrcreaorclnaten). Thla procedure consisted of preparing b,6- 
dlnltroresorcinol by direct nitration of granulated reaordn and allowing the product In slurry 
to react with an exceas of lead hydroxide at 90°C. Thla baalc aalt can be prepared In two 
forms: (1) a micro-crystalline, yellow, low-density form and (2) a denser, brick-red form. 
Both products have the aame chemical composition and the same sensitivity to impact (PATH 
ll»l*b, September 191*1*).

UK!



Lead Styphnate AMCP 706-177

t , % , ,m ,n 5  r  o  " 

c  i 5 - 4H 0.6 0„N - f  > -  NO_
N 9-0 2 1 2 PbH-0 
0 30.8 L 0 2 
Fb Lb.2

1 N02 
C/H Ratio 0.320""

Melecolof Weight: (pbCgH^0g) b68

Oxygen Beleoce:
COj %  -19 
CO %  2

Density: gm/ec Crystal 3.02

Making Paint: *C Explodes 260-310

Fteesing Feint: *C

Impart TtnekM ly, 2 Kg Wfc 
Bureau at Mines Apparatus, cm L7 
Sample Wt 20 mg
Picotinny Arsenal Apparatus, in. 3> (8 oz vt) 8 
Sample Wt, mg 22

Belling Feint: *C

Kefracthre Icdex, n «

n £

n »

Friction Pendninm Teet:

Steel Shoe Detonates 
Fiber Shoe Detonates

Veciwm Stability Tart:
cc/40 Hrs, at 

90'C
100’C O.b 
*20*C 0.3 
135'C 
!50*C

Rifle M e t  Impact Test: Trials .
%

Explosions 
Portia Is 
Burned 
Unaffected

200 Grem Bomb Send Test:

*Eouder fuae 11.1
BspM en Tim p ire te n : "C
Seconds, 0.1 (no cap used)

1
5 Explodes 282

10 276
15 272
2C 267

SeaekMty to Inkletien:
Minimum Detonating Charge, gm 
Mercury Fulminate Trace* 
Lead Azide Trace*

* alternative
Ballistic Matter, K  T N T :

Trensl Test, %  T N T : (a) bo
7 5 'C  laternetlesel Meet Test) 

%  Lees in 48 Hrs Plate Dost Test:
Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, %  TNT

100‘C  Neel Teet:

%  Loss, 1st 48 Hrs 0.38 
%  Lorn, 2nd 48 Mrs 0.73 
Explosion in 100 Hrs None

Petanatien Rate:
Confinement 
Condition 
Charge DiuT.efer

Density, gm/cc 2.9 
Rote, meters/second 5200

FlemmebMtv lodes:

Hypers tepltky: %  25°C, 100* RH 0.05 
30°C. 9Oi RH 0.02

Volatility:
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AMCP 706-177 bead Styphnate

Shaped Cheige Hfssthreeess, T H T  = IM t

• C m  H I. M71 Projectile, 1st W C -tl: Glass Cones Steel Cones

Density, gm /cc H ole Volum e

Charge W t, lb Hole Depth

Total He. of Fragments: Color; Orange-reddish brown
For T N T  

For Subject H E
Principal Uses: Iguiting charge end ingredlert

3 M i  H I, M42A1 Projectile, Let KC-S: of prising compositions
Density, gm /cc 

Charge W t ,  lb

Total Me. of Fregseeet*:

For T N T  

For Subject H E

Pressed

Loading Density; gm /cc

Fragment Velocity: ft/jec
A t  9  ft 
A t  25^4 ft Storage;

Density, gm /cc
M ethod vet

Meet (Rotative to T N T ): H a za rd  Class (Quantity-Distance) Class 9

A ir. Com patibility Group Group M (vet)
Peak Pressure

Impulse

Energy

Exudation None

Aiffg GssfhMde Activation Energy:
Impulse 

I M n  W a te r:

keal/mol
Induction Period, sec

75-39
0.5-10

Peak Pressure Specific Heat: cel/cm/°C (c)
Im pulw

Energy

-50 0.11*1
0 0.158

Peak Pressure 25 0.16k
Impulse

Energy

50 O .167

Heat o f :

Combustion, cal/'gm 1251
Explosion, cnl/gm 1*57
Gas Volume, cc/gm 

Formation, cal/gm
368
-92

m



Lead Styphnata AMCP 706-177

Dissolve l4.4 hm lead nitrate and 1 cc of 36< acetic •told In 320 cc dl a tilled eater. Dis­
solve If gm 2,4,6-trinitroreBorcinol and 1.73 gm sodlun caruooate In 80 cc dlatllled eater.
Add the l^ad acetate solution to the trinltroresorclnol solution, under agitation, keeping 
the temperature at 70°-75°C and continue stirring for 3 hours at this teq^erature. Cool to 
20°C In 5 hours. Evaporate the solution to l/3 Its voluisa, cool, filter and eaah the product 
well with eater (to neutrality).

Sensitivity to Static Discharge, Joules: (t>) 0.0009

Loss In Weigh; at 1Q5°C: j

3 hours 0.02
6 hours 0.23
9 hours 0.23

Bffact of Storage for 2 Months at 30°C, on;

Explosion *B5>erature Test Value Nil
Sand Test Value Ell
Sensitivity to Initiation Nil

Solubility, ga/lOO gm (t) in: 

Glycol Placetate 

£

20- 2$ 0.1

Origin;

First described in 1914 by von Hurtz and found to be a relatively poor Initiator by Wall- 
baum in comparison to other primary explosives. (Z ges Schless SprengstoflV j4, 126, l6l, 197 
(1939))' Molsak shoved that lead styphnate could be used as an Insulating (cover) material 
for leac' azide providing protection from mechanical and chemical Influences and, at the same 
time, increasing the detonating ability of the total charge (Transactions of Butlerov Inst 
Chem Teel Kasen (Russia) 2, 81-5 (1935)-



AXCP 706-177 Lead Styphnate

T

, I

Destruction by Chemical Decogpoaltlon:

Lead styphnate la decoqpoeed by dissolving it It at least 40 times Its might of £00 sodium 
hydro*: da or 100 tlaea its weight of £0)1 aenool’-n acetate and adding a solution of aodlua 
dlchrosate, aqua-, to half the might of styphiv.te and 10 parts of water.

References:41

(a) Report AC-9?&/Org Be 74. ,

(b) 7. W. Brown, D. H. Khwler and F> C. Qibson, Sensitivity of Bploslyea to Initiation by 
Electrostatic Discharges. U. £. Dept of Int, Bureau of Mines, HI 3B52, 19**-

(c) C- Lenchitz, Ice Qalorlaeter Determination ofEnthalpy and Specific Heat of Eleven 
Organowetalllc o-npounS, BAIR fro. 2 2 2 ^ , Hoveeiber 1955-

(d) Also see the following Floatlnny Arsenal Technical Reports on Lead Stvphnate:

0 1 2 7jt 4 6 I a 2
1450
2220

11 1352
2032

^53
2093

2164 1316 40?
1737
2077

318 2179

41Sea footnote 1, page 10,



Mannitol Bbsanltrate (Kltroaannlte) AMCP 706-177

CiMMiMiBi
%  ^K2<»0„

c 15.9 0j>S0f  
h 1.8 v y

K 1 8 .6  “ f 380?
hcoso,

0 '3‘8 ch.qho
C / H  Rotie 0 .1 3 3  - *

M eleeeler W e lg t ' (C g H g N g C ^g ) l»52

Oxygea Betaac*:
CO,% 7.1 
CO %  28 3

Peaeltyi gm /cc I . 7 3

M a M a g  Pehc: *C 112-113

nMnRf nwi» \*
a--- - •_a«.i-.e»-- * |f U||.8MMIVII|i A Wl;

B urton ef M i n n  Apporotus, cm  U  
Sample W t  20 m g 

Pieotinny Arsanol Apporotus, in.
Sample W t ,  me 11

•ettieg M a t :  *C Decoopoaea 150

Reflective Index,

nS

Steel Shot Detonates 
Fiber Shot Unaffected

V acsea i Stability Test:

cc/4 0 Hrs, of 
90°C 

100‘ C  

120*C 

135“C  

150*C

Rifle M M  hapect Tart: T r io h  

%
Expiation!

Portia t»

Burned

Unaffected

2 0 0  Great P e e *  Seed Tea k

Sond, ym 6 8 .5

le p ln la e  T w i n  M e n ;  "C  

Second!, 0.1 (no cop ueed) 160-170 (a) 
1 232 (*)
5 175 ( c )  

10 

15 

20

90B8HTtIWy IV IMtW^Hi.
M in im u m  Oetonoting Charge, gm  

M ercury Fulrrinote -- 
Lcod A zid e  0.06 
Te try l —

1 t i t t l e  M e rter, %  T N T :

Tre e s ) T e tt , %  T N T :  (c) 172
7S*C leteieeffeeel H eat Teat:

%  Lost in 4 8  H rs O.k Plate D e a tTa e k

M ethod 

Condition 

Confined 

density, gm /cc 

Brisonce, %  T N T

1 0 0 'C  H eat Te a k

%  Lots, l i t  48 H r t  -­
%  Lott, 2nd 48 H rt

Explotio'i in 100 H rs (Frothed) L 8  hours
Deteaaffea Rote: (&)

Confinem ent Yea 
Condition Preaaed 
Charge Diameter, in. 0- 5 
Density, gm /cc 1.73 
Rote, m ettrs/tccond 82^0

B e a e a W t r  lades:

Hygretceplcity: %  30°C, 9Ojt !<H 0.17 .

*« ■..»«. TVMMejt
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Mannitol Hcxanltrato (Nltrommunite) AMCP 706-177

Solubility _ —

a. Insoluble In water. __

b. Slightly soluble in cold alcohol (2.9 gm at 13°C).

c. Slightly soluble in ether (4 gm at 9°C).

d. Very soluble in hot alcohol.

Preparation: (Laboratory Method) (h)
a. Cool to below 0°C, 50 go of 9856-IOO56 nitric acid placed in a 300 miUi11ter Erlenmeyer 

Pyres flask provided with a thermometer and imersed in an ice-salt mixture.

b. Introduce in — n  portions, 10 gm of d-mannltol, while swirling the flask to break up 
an y lumps of msnnite which might form. Keep the temperature below 0°C.

c. 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.

d. Filter the restating porridge-like slurry through a filter paper previously hardened 
by treatment with mixed acid.

e. Rinse the precipitate directly on the filter with water followed by dilute aqueous 
sodium carbonate and finally with water. (Die resulting crude mannitol hexanltrate gives 
lb.2£ H as determined by the nitrometer.) .

f. Thesolve the crude mannitol hexanltrate in boiling alcohol and filter through a water- 
heated funnel.

g. Bring the filtrate to boiling and gradually add hot water until the appearance of the 
first turbidity.

h. Cool in an ice-salt bath, separate and dry the crystals- (Yield should be about 23 
gm of material, melting ,.t 112°-113°C and having 18.5856 H, the nitrogen being determined by 
t.i nitres*ter. Theoretical yield would he 2l*.8 gm.)

Origin^

Mannitol hexanltrate was discovered in 18U7 by Ascanio Sobrero who recommended it as a sub­
stitute for mercury fulminate in percussion caps (Comp rend. 121). It is the bexmnltrlc
ester of d-rannitol which ie widely distributed nature, particularly in lie slant Frax.'.nus 
ornus. H. Sokoloff, a Russian chemist, investigated the explosive properties of ifri end recom­
mended in 1878 a method of prepcuacion. Mannitol hexanltrate was thoroughly studied by TJerthe- 
lot, Sarran and Vieille. itxaonte, Menard, Strecker, Ticfcanowich (Ph. Naoum, Nitroglycerin and 
Nitroglycerin Explosives, Baltimore, 1928, pp. 156, 2!,7-250), and particularly by J. H. Wigner 
(Ber 3b, 79^ [x903))- kore recent data have been reviewed by Guastalla and Raeclu ("Modern 
EsplosT.es," Industrie Chimica 8, 1093*1102 (1933)).

References:^2

(a) C. C. Hale, Abstract of Available Information on the Preparation and Explosive Proper­
ties of Hexanltrocannlte, PA Special Report Ho. 238, 30 July 1925-

*>2See footnote l, page 1C.
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AMCP 706-177 Mannitol Baxanltrmto (Hltmaannlte)

(b) C. A. Taylor and W„ H. Rlnkenbach, "SensitiyeneiB of Detonating Co^ounde to Motional 
Eqmct, mpect, and Heat," j. Frank mat 20h, 369-76 (1987)-

(e) Hi. Haoua, Z gea Schleaa - Sprengstoffy (Munich), pp. 181, 229, 267 (27 June 193?)•

(d) H. Ekst, Z angev Chea, j6, Jk (1983).

(e) A. Scheldt, Z gea Schleaa - Sprengstoffir 2J>, 262, (193*0- 

Iandolt and Bernstein, E IH, p. 291^-

(f) A. Narahall, Scnloalvea. Their manufacture. Propertleamate, and History, Vol HI, 
London (19^) p. 39- Hi. llaoua. nitroglycerin and nitroglycerin Explosives, Baltlaare, (1986), 
pp. 156, 2h7-850.

(g) A. Scheldt, Z gea Schleaa > Sprengstoffw 2%, 262 (1931*) G. Fleury, L. Brlaaand and 
P. Zhoete, "Structure and Stability of HI trie Eater a," Coup rend 22h, 1016-18 (19**7).
V. R. Tbnlinaon, Jr., Fundamental Propertlea of High Explosives. TSereodynaalc Relatione for 
Uae in the Batlaatlon of Explosive Propertlea, PAIR Ho. 1651, 82 April 19*7.

(h) mrran and Vlelle, M&a poudr 2, l6l (1884-1889) •

(l) L. von Hurtz, U. S. Patent 1,878,652 (20 Septeaiber 1938).

0) L. A. Burrow, U. S. Patent 2,k27,899 (23 September 19^7)•

(k) B< T. Fedoroff, Handbook of Exploaivt and Belated Iteaa, Plcatlnny Arsenal (unpub­
lished).

(l) 0. E. Hieffleld, Literature Surrey on Mannitol Baianitrate. PI Chealcal Research Labo­
ratory Report Ho. 52-00.-16, 23 January i952.

(a) Also see the following PI cat!nay Arsenal Technical Rnporta on Mannitol Bexanltrate:

2 k 6

1352 2k
6k

1
85 6



Mercury Fulminate AMCP 706*177

f i r n p i i l H t r ;

C 8 . 4  0 —  H ->  C 

K 9 -8

0  1 1 .2  0  —  H —  C

He 7 0 .6

C / H  Ratio

Melecetsr W e ig h t: (H g C g H g O j) 265

O sypso i f i x N U
C O ,  %  . I T  
C O %  . c . 5

Deasity: gm /ce C r y s t a l  4 .4 3

M s M e g  M a t :  V  D e cos^oees

n w n i |  r v n m  v

* ------A M tykM H R V M Ifi • n f  W fl
B urtou o f M ines Apporotut, r.m  5 ;  ( 1  k g  v t )  35 

Sample W t 2 0  m g
Picotiiw y Arsenal Apporotus, in. 2 ;  ( 1  l b  v t )  4 

Sample W t , m g 30

t ^rW W t V*

BefiecHre lodes, n £  

n S  

" »
■» ■--« -  J - « ----- » -r l lO W i  r V N P M  IOTvS

Steel Shea E x p lo d e s  

Fiber Shoe E x p lo d e *

V acuum  SteSIBly Test:

cc/40 Hrs, at 
90*C

100 C  E x p lo d e s

120*C

135*C

150*C

M A s  M e l  I m p i it  Tea t: Tria ls  

%
Explosions 

Portia is 

Burned 

Unaffected
2 0 0  Orem  BeeW  Seed Test:

Ixpleeiea Tem perature: *C

Seconds, 0.1 (no cap used) 263

' 239  
- r  5 E x p lo d e *  210

1 f t - '  199 

15 19<t 

2 0  190

Am la M M L a r

M inim um  Detonating Charge, gm  

M ercury Fulm inate 

Lsod A zide  

Te try l ■

BsIHsHc M e tie r, %  T N T :

Tre e s ! Test, %  T N T :  ( a )  51

7S*C latereetleesi Meet Test:
%  Loss in 48 Hfs 0 .1 8 Plate D ent Test:

Method 

Condition 

Confined 

Density, gm /cc 

Britonce, %  T N T

1 0 0 'C  H eat Te st: E x p lo d e d  i n  16 h o u rs  

%  Last, 1st 48 Hrs 

%  Lots, 2nd 4 8  Hrs 

Explosion in 100 Hrs

Dstssetlse Rote:

Confinement

Condition P re s s e d  

Charge Diameter, In.

Density, gm /cc 2 .0  3 -0  4 .0  

Rate, meters/second 3500 425 0 5000

—  - « — -  » -  -1----rM M P IV M It j B8BOTS*

H ygresrsplclty: %  30°C, 90jf RH 0 .0 2

V -I^M tfc.,TM H n lty t



AMCP 706-177 Mercury Fulminate

•Mp M  PIKIVfVMli Ini — 100:

M am HI. M71 Projectile. Let WC-91: G ia n  Cones Steel Cones

Density, gm /cc Hole Volum e

Charge W t, lb Hole Depth

Color: White
For T N T  

For Subject H E

to grey

Principal Usee: Detonators end Ingredient of
3 inch HE, M42A1 Piejectile. Let rC-3: priming compositions

Density, gm /cc 

Charge W t, lb

TeSel He. el Fiegeeenlt: Method of Looting: P*1 x 103
For T N T 3 5 10 1 2 15 20
Fo< Subject H E 3.00 3.20 3.60 3.70 3.82 4.00

Looting Density: gm /cc

Fagasnt Velocity: ft/sec 
A t  9  ft
A t  2SV& ft Storage:
Density, gm /cc

M ethod Wet

Meet (Relative to TNT): H azard  Class (Quantity-Distance) Claes 9

Air. Com patibility Group Group M (vet)
P eat Pressure

Impulse

L ie rg y

Exudation None

Air, Confined:
Impulse

Stab Sensitivity: . 
Density Firing Point (inch-ounces)
gm/cc 0f JjOjt 100$

I M e r  W ater: 
Peok Pressure

3-91 3-2 4.3 
4,26- 1.6 2.6 
4.32 1.6 2.6

5-5

5 : 3
Impulse 4.50 1.6 2.5 4.0
Energy Activation Energy:

kcsl/g .’i 29.81
Induction Period, sec 0.5-10

Peak Pressure Heat of:
Impulse

Energy
Combustion, cal/gra 
Explosion, cel/gm 
Gao Volume, cc/gm 

Formation, cal/gm
2 1?

. m

3peciflc Heat: cal/gm/°C 1.1
Thermal Conductivity:

x 10*1*cal/sec/cm/°C 1
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Mercury Fulminate AMCP 706-177

Initiating Efficiency; Prams Required to Give Complete Initiation of:

Fulminate, gm

TUT 0.S5
fttryl o.ac
KtQC 0.19
FED 0.1?

Coegatiblllty vlth Metals:

Dy; Reacts rapidly vlth aluminum and magnesium. Reacts aiovly vlth capper, zinc, brass 
and treere. Iron and steel are not affected.

yet; Reacts Immediately vlth aluminum and magnesium. Reacts rapidly vlth copper, zinc, 
brass and bronze. Iron and steel are not affected.

Sensitivity to Static Discharge. Joules; (b) 0.025

P e  Effect of Storage at 50°C (tty) on the Purity of Mercury Fulminate

Months Recrystallised Lots Uncrystallized Lots
StorageeMBMdha 2E M 2§i 982 ?o?-fr-T/a

0 99.75 99-77 99-79 99.79 98.86
li 98.7
6 99.3S 99-*5 99.5* 99-*7 95-95 98.7
8 97.*
9 9*. 95
10 9*.9
12 98.7* 99.56 97. *9 99.06 90.65
3-3 98.26 96.79
I* 98.22
15 97.52 99-30 99-30 96.19 83.76
16 97-00 99.01 97*75
17 95-70 96.66 96.69
18 9*.8l 96.58 96. *6 95*90 79-99
23 7**52
26 63.8O

Chemistry;

Mercuric fulminate readily decomposes in the presence of aqueous solutions, chlorides, car* 
bonate and many other matei-iads- Dus to the presence of small amounts of mercury, 1 cried by 
exposure to light or elevated temperatures, It readily forms amalgams vlth copper, brass and 
bronze, thus conqjonents containing these metals must be protectively uoated if used vlth ful­
minate.

Solubility, Grams of Mercury Fulminate in 100 trams of Veter (i);

!£ 1
12 0.07
*9 0.18
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AMCP 706-177 Mercury Fulminate

Preparation:

of Povdcr end Explosives. Davis)

CHO

NO N — OH

H
0 «■ 
1
C

- CH *

■0,

>— OH
I

’2
CH— C00H

N — OH
II

■» h*(c» c )2

Five ga eercury la dissolved in 25 ee 6t citric acid (sp gr 1.42) without agitation, end 
this pound into 50 cc of 900 ethyl alcohol, resulting in a vigorous reaction,
attended by evolution of white fuses and subsequent appearance of fulminate crystals. Red 
fuaea +*«" appear as precipitation of the product accelerates, and then white fUaea again are 
evolved as the reaction moderates. After about 20 mantes the reectioo la over] water la 
added, and the crystals are repeatedly washed, by decantation, with water to renove all acidi­
ty. She product la purified, rendered white, by solution In strong annonium hydroxide, fol­
lowed by reprecipitation with JO$ acetic acid.

Mercury fulminate was first prepared by John K. von Lowenatern (16J0-1703) and In 1800 its 
preparation and properties were first described in detail by Edward Howard in a paper presented 
to the Royal 8ociety of London (Rill Trans, 204 (l800). It was 1867 before the compound was 
used as an Initiating agent, when AlfreJTfobel invented the blasting cap and used mercury ful­
minate to detonate nitroglycerin (British Detent 1345 (1867)).

Destruction by Chemical Decomposition:

Mercury fulminate is decoqposed by adding it, while stirring, to at least 10 tines its 
weight of 20$ sodium thiosulfate. Some poisonous cyanogen gas may be evolved.

References}43

(a) Ri. Jieoum - Z gea Schiess-Sprengstoffw (Munich), pp. lBl, 229, 267 (27 June 1932)*

(b) F. W. Brown, D. H. KUsler, end F. C. Gibeon, Sensitivity ofExplofclves to Initiation by 
Electrostatic Dischargee, U. S. Dept of Int, Bureau of Mines, Iff 3852, l£bo.

f o o t n o t e  1 , page 10.
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AM CP706-WMercury Fulminate

(c) Also m  the following Picatirmy Areenal Technical Report* on Mercury Fulninate:

0 2 1 4 l 6 I 8 1
230 301 132 23 144 65 266 277 28 199
480 381 452 203 294 105 366 297 78 609
510 56l 522 393 534 255 556 407 278 749
550 1651 582 *33 624 285 566 537 318 849
610 782 833 694 365 866 567 788 999
660 885 U 83 784 415 986 637 1838 1079
760 932 1393 874 425 1316 857 1389
1220 1192 2093 1104 1325 1486 1737 2179
14W 1352 1365 1556

1379 2146
1722
2032
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AMCP 706-177 tietriol Trlnltrste (MTN) Liquid (or Trime+hylolethsne Trinitrate)

Campetititn.

C 23.5 OgHO— CH2

H ^‘5 OgNO-CHg---  C —  CHj
N 16.6 /  

O.NO-CH,
0 56.1* 2 2
C/H Rotio  0.150

Molecular Weight: fC^HqN?0q) 255

Oxyge Bslestt:
CO- %  -35 
CO %  -  3

Density: gm/cc Liquid 1.1*7

Melting Point: *C .3

Pressing Point: *C

Impact Ssnoltlvlty, 2 Kg W t:
Butoou of Mines Appanrtus, cm 1*7} (l lb v t) •* 
Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in.
Sample Wt, mg 20

BeWng Paint: *C

Refractive Index, ^
n£ 1.1*752 

n>
•• ismwII

Steel Shoe Explodes 
Fiber Shoe

Vacaam StaMHty Test:
cc/40 Hrs, at 

90 'C

100’C cc/gn  ' 1.9

120’C

135”C

150*C

Rifle BeHst Impect Test: Trials 

%
Expiations

Partials

Burned

Unaffected

200 Cram lim b  Sand Tost:
Sond, gm ^-3-7

lipletise Temperature: ’C
Seco>ds, 0.1 (no cap used)

5 Ignites 235 

10 
15 

20

Sensitivity la InMeHen:
Minimum Oatonating Charge, gm 

Mercury Fulminate 

Lead Azide 

Tetryl

Ballistic Mortar, %  T N T : (a) 136

Tronsl Test, %  T N T : (b) li*0
9(t#
9 9  W 16̂ *
%  Loss in 48 Hrs Plata Dent Tost:

Method

Condition 

Confined 

Density, gm/cc 

Brisonce, %  YNT

100’ C  Heat Test:

%  Lott, 1st 48 Hrs 2.5 
%  L 'it, 2nd 48 Hrs 1.8  
Explosion n 100 Hrs None

Detonation Rata:
Confinement

Condition

Charge Diameter, in. 

Density, gm/cc 

Rate, meters/secand

Hygrascapicily: %  30°C, 9&f> RH 0.07

Volatility: 60°C, ng/cm2/hr 2k

f : 
'V-*'
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AMCP 706-177 Metrlol TTlnlt.'ate IMTB) Liquid

Preparation:

Metrlol (trimethylolmethylmethane) la obtained by the following procedure, baaed on work 
by fioaaeuc (Annalen 276, 76 (l893)s

Into a 5 liter round bottom flask in weighed 2700 gme of water. To thiR are added 267 gma 
of 3656 formaldehyde end 60 gas of propionaldehyde. The mixture la atirred for a few aeconda. 
TO the mixture la added 130 gms of calcium oxide previously slaked with 600 gma of water.
The mixture la hee.ted in boiling water for four hours, and then allowed to cool apontaneoucly 
overnight. After filtering off the insoluble calcium hydroxide, the aolutlon la heated and 
treated with a saturated aqueous solution of oxalic acid to precipitate all the calcium. Tbs 
precipitated calcium oxalate la filtered off, and the pale-yellow filtrate concentrated as 
much as possible on the steam bath to a thick lemon-yellow syrup. After dissolving in abso­
lute alcohol, the solution Is filtered and concentrated in the steam beth to about twice the 
vulva*. of the concentrated syrup. The solution is then chilled in e cold box to hasten cry­
stallization. After allowing It to warm up to just above 0°C, the mixture la filtered. The 
resulting product Is cot sufficiently pure and is recrystalllzed from absolute alcohol. The 
melting point of the product (U0.3 gm) la then about 196°C (Hoeaeua gives 199°C).

Hetricl is nitrated by cere fully mixing it with 3.5 parte of 65/35 HNOo/HoSO^ maintained 
at 20°C, stirring for 30 minutes, cooling to 5°C, and pouring the reaction mixture on ice. It 
is extracted with ether, water-washed, and adjusted to pH 7 by shaking with a sodium bicar­
bonate solution and again water-washed three times. It Is then dried with calcium chloride, 
filtered, and freed of ether by bubbling with dry air until minimal rate of loss in weight la 
attained. yield Is 8856 of the theoretical. The product has a nitrate-nitrogen content 
of l6.35$ (call tinted: 16.1*756). ite refractive index at 25°C la 1.1*752.

Origin;

MTV, according to Italian sources, was first prepared and patented by Bonbrlnl-Parodi- 
Delfino Company of Italy unuir the name "metrlolo.” A German Patent of 1927 also describes 
the preparation and gives some properties. This compound was known In Trance before World 
War II under the name of "Hltropentaglycerln" and Burlot and Thomas determined its beat of 
combustion (Ref b).

References; **

(a) A. H. Elatt, Compilation of Data on Organic Explosives. OSKD Report No. 201b,
29 February 19U. “

(b) E. Burlot and M. Thomas, Mem poudr 29, 262 (1939).

(c) Also tee the following Picatinny Arsenal Technical Reports on Metrlol Trinitrate:
I6l6 and 1817.

Z5ge e  f o o t n o t e page 10.
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Mlnol-2 AMCP 706-177
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AMCP 706477 Mlnol-2
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mnol-g AMCP 706-177

Frogatonlohoe Tost.

90 nun HI. M71 PtejesHK, Let WC-fl:
D m i l y ,  gm /cc 

Charge W t ,  lb

Tote) No. t f  Fn | ii n h :

For T N T  

For Subject H E

3 tack NS. M41A1 Piafrttils, Let KC-Si

Density, gm /cc 

Chorge 'V t ,  lb

Total No. of Frogon oN :
For T N T  

For Subjoct H E

»

•
0
1
t
%
}
t
i

Fragment Velocity: ft/soc 
A t  9 ft
A t  25V4 ft

Density, gm /cc

M a » (M e h ta  ta T N T ):

*
A ir:

f Pook Pressure 115
* Impulse 115
*

»
1

Eno*gy

A ir, Confined:

133

*

1 Impulso 90

Under Water:
> -

Psok Pressure 108
p Impulse 126
t Energy li*0

4 Underground:

( .
Paok Pressure 131
Impulse 139

* Energy ll?

Shaped Charge IH ocMoooom, T N T  =  »30> 

Glass Cones Stool Cortot

H ole Volum e 

Holo Depth

C ilir ; Gray

Priacipel Uses: Bombs and depth charge*:

Msthad at leading: Cast

Landing Density: gm /cc 1 62-1.68

Storage:

M ethod Dry

H a za rd  Class (Quantity-Distance) Class 9

Com patibility Group Group I

Exudation

Preparation:
Mlnol Is a castable mixture consisting of 

1*0 percent HIT, 1*0 percent snnonium nitrate, 
and 20 percent powdered aluminum and there­
fore can be prepared by adding the dry in­
gredients to molten TUT st 903C under agita­
tion. Minol also can be prepared by adding 
25 parts of aluminum to 100 parts of 50/50 
amatol previously prepared.



iMCP /<K-n7 Mlnol-2

Mlnola are B ritish  ternary explosives developed during World Mar I I .  There are three for­
mulations:

Composition, i: Mlnol-1 Mlnol-2 Minol-3

'BIT 48 1*0 1*2
Aamonium Nitrate 1*2 1*0 38
Aluminum 10 20 20

References; 45

(a ) L. C. Smith and E. G. Eyster, Physical Testing of Explosives, Part i n  - Miscellaneous 
Sensitivity Teats; Performance Teats. OSRD Report No. 5^46, zf December 5*

(b) Philip C. Keenan and Dorothy Pipes, Male of Military High Explosives, Second Revision, 
NAVORD Report HO. 87-46, 26 July 1946.

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, H  August 19**2.

(d) G. E. Messerly, The Rate of Detonation of Various Explosive Compounds. OSRD Report No. 
1219, 22 February 19^3-

M. D. Hurvltz, The Bate of Detonation of Various Compounds and Mixtures. OSRD Report 
NO. 5611, 15 January 1946.

(e) L. C. Smith and S. F Walton, A Consideration of RISC/Wax Mixtures as a Substitute for 
Tetryl In Boosters. NOL Memo 10,303, l5 June !«&$.

(f) Coemdttee of Dlv 2 and 8, NDfiC, Report on HEX and Trltonal. OSRD No. 5406, 31 July 191*5.

(g) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Technical Dlv Lecture,
9 April 19U).

(h) Also see the following Plcatlnny Arsenal Technical Reports on Mlnol-2: 1585 and 1635.

footnote l, page 10.



MOX-1 AMCP 706-177
'N

%  'Oxidizing agent (Aumonlum Perchlorate) 3 5 -0  
Aluminum, atomized 8 6 .2  
Cupric Oxide — - 
Magnesium, stealzed 2 6 .2  
Other Ingredient (Tetryl) 9 . 7  
Oslclum Stearate 1 -9  
Graphite, artificial 1 .0  

C / H  Ratio

M e iete ler W eigh t: L 0 .6

Oxygen Belescc:
C O , %  -W* 
C O  %  -3 7

Density: gm /cc P re s s e d  2 .0

M elting Feint: °C

Freezing Feint: "C

Im pact ScacltM ty, 2  X (  W t :
Bureau of M ines Apparatus, cm  —  

Sample W t  20 mg
Picatinny Arsenal Apparatus, in. 13 

Sample W t, m g 22

Bailing Feint: *C

Reflective Index, n »  

n »  

n >

* - t  -*■*-----M--------J  -*-------- T m A .rVlMNm V W t

Steel S loe  Detonates 
Fiber Shoe Unaffected

Veceem  Stebility Te c t:

cc/40 Hrs, at
9 0 ’ C  ---------

100’ C  0 .b 7

120*C

135’ C

150’ C

Rifle M i e  Im pact Tact: Tria ls 

%
Explosions

Portials

Burned

Unaffected

2 0 0  O rem  Bomb Send Tact:
Sand, gm  1 0 .6

Fep Incise Tim p cre ta te : *C

Seconds, 0.1 (no cap used) —  

1 —  

5 285 

10 

15 

20

Seactthrlty te la M e tie a :

M inim um  Detonating Charge, gm

M ercury Fulm inate ---------

Leod A zide  0 .2 0  

Tetryl 0 .2 5

Selliatic M atter, %  T N T :

T r e a d  Te ct, %  T N T :

7S*C Istereetlessl Heel Test:
96 Loss in 48 HrsDiscoloration, fuues, odor None

Plate P ent Test:

Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

1 0 0 'C  H eat Tact:

%  Lacs, 1st 48 Hrs 0 .1 0  

%  Loss, 2nd 48 Hrs 0 .0 1  

Explosion in 100 H rs None

Detonation Rate:

Confinement

Condition

Chorge Diameter, in. 

Density, gm /cc 

Rote, m eter,'second

Flam m ability Index:

H yp  race eplcfcy: %

VeiatiHt/:
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AMCP 706-177 MOX-1

90 m m  H I, M71 PieiectMe, Let W C-91:

Density, gm /cc 

Charge W t , lb

i w  nfi w
For T N T  

For Subject H E

}  lech HE. M42A1 ProiottHo, Let KC-5:

Density, flm/cc 

Charge W t, lb

Total No, of Frogon o ti:

For T N T  

For Subject H E

Fro gw sat Velocity: ft/sec 
A t  9  ft 
A t  25 V4 ft

Density, gm /cc

Moot Moieties to T N T ): 

A ir:
Peok Pressure

Impulse

Energy

A ir, C otfitof: 
Impulse

Under Water:
Pook Pressure

Impulse

Enorgy

Pook Pressure

Impulse

Energy

S lie fil Charge Hfset lire  ess, T N T  =  100:

Glass Cones Steel Cones

Hole Volum e 

Hole Depth

Color: Grey p̂ vder mixture

Prledpel Uses: small caliber antiaircraft
projectiles

Pressed

L a iH n j Oseolty: gm /cc

At 30,000 pei 2.0

Storage:

M ethod Dry

H azard  Class (Quantity-Distance) Class 9

Com patibility Group Group I
Bureau cf Explosives Classification Class A
Exudation

Heat of:
Combustion, cal/pm 1*087
Explosion, cal/gm 2087
Gas volume, cc/.ya 212

Performance Tests:
20 am T215E1 Projectile:
HF0C Pressure Cube 35APG Blast Cute 1*0

Activation Energy:
keal/mol IS-5
Temp, °C 33C to 38p
Time to ignition, seconds 1.78 x 10**
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M0X-2B AMCP 706-177

%  '

O x i d i z i n g  a g e n t  (A an ooiura
P e r c h lo r a t e )  35*0 

A lu a ln u a ,  e te rn iz e d  5 2 .1  
C u p r ic  O x id e  — -
Ife g n e s iu a , a t o o l  z e d  ----------
O t h e r  I n g r e d ie n t s *  9*7 
C e lc lu n  S t e a r a t e  1 .9  
O r a p h it e ,  a r t i f i c i a l  1 .0  

* 5 .8 )1  RSX a n d  3*9)6 H I T  c o a te d p g g y ^ jg g j^ g m

M eleceler V ’ ht:  42

Oxygee le le n ce :
C O , %  .1*7 
C O  %  .4 3

Density: gm /cc P re s e e d  2 .0

a e  - « . t -  _  d . t ^ >

B s a a b I a a  ftA ljA a *  0 ^r v N M |  n M v «  v

h o p e d  Seeel^hty, 2  K g  W t:
Bureau of (V !nes Apparatus, cm  —  

Sample W t  20 m g
Picotinny Arsenal Apparatus, in. 12 

Somple W t , m g 21

I t f B m  f l i r t :  - c

Befrectire Index, n S

n S

n £

M edian V ^ a .
r l N e M W  ( V i l a

Steel Shoe U n a f f e c t e d  

Fiber Shoe U n a f f e c t e d

Vncnnm  Stability T e d :

cc/40 Hrs, ot
90*C ---------

100*C 0 .2 1

120°C

I35*C

150°C

RHie Ballet Im p e d  T e d :  Tria ls  

%
Explosions 

P o fic ls  

Bur ltd 

Unaffected

2 0 0  Greta Bomb Sand T e d :

Sand, gm  1 1 .5

C x p M e n  Tte ip cra tn rs; *C

Seconds, 0.1 (n cop used) —  

1 —

5 375 

10 

15 

20

Senshhrlty te In M d ie a :

M inim um  Detonating Charge, gm

M ercury Fulm inota ----------

Lead A zide  0 .2 0  

Tetryl 0 .2 0

■eMistk M e rtn r, %  T N T :

T r a m l  T e d ,  %  T N T :

73* C  le te m d le a e l H a d  T e d :
%  Loss in 48 Hrs
D i s c o l o r a t i o n ,  fu m e s, o d o r  None

Plate D a d  T e d :

Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N Y

100‘ C  H o d  T e d :

%  Loss, 1st 48 H rs 0 .1 :7  

%  Loss, 2nd 48 Hrs 0 .17: 

Explosion in 100 H rs None

Detonation Rate:

Confinement

Condition

Charge Diometer, in. 

Density, gm /cc 

Rots, meters/second

N em am M K ly Index:

Hygraecepiclty: %

M - S - x t « U .▼ V M f I P T y  •
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AMCP 706-177 M0X-2B

T M !

VO m m  H I, M71 ProietHle, Lot W C -fl: 

Oaraity, gm /ce 

Charge W t ,  lb

Tefal No. of Fragarents:

For T N T  

For Subject H E

S ta c k  H I ,  M 4 2 A 1  Pia|ect « e, Lef K C - I :  

Density, gm /cc 

Charge W t , lb

Tefal No. ef FragoMaft:

For T N T  

For Subject H E

FragoM af Ifelscllyr ft/sec 
A t  9  ft 
A t 2 5 f c f t

D eraity, gm /cc

Meet (M o t iv e  fa T N T ) :

n Bare Charge: BW* EV*
Peak Pressure 1.02 1.3k
Impulse 1.08 l.kl
Energy
Density, gm/cc 1.96

l.W
1-5?

1.98

Air, C eaWeel :
Impulse

Case d  Charge in Air:**
Peok Prenure 1-09
Impulse 1 . 16
B tetgy ----------
Density, gm/cc

Usdergrsaad:
Peak Pressure

impulse

Energy

*EV, equivalent weight as compared to TUT; 
Ev, equivalent volume as compared to TNT.

►•Strong paper-base phenolic case.

Shaped Charge Effectiveness, T N T  =  100: 

6loss Cones Steel Cones

Hofe Volum e 

Hole Depth

Ctlir; Grey

PHadpal Uses: HE filler for smell caliber
projectiles

Pressed

Leading Peaslfy: gm/cc 2.0

OTWVJVe

Method Dry

Hazard Class (Quantity-Distance) Class 9

Compatibility Group Group I
Bureau of Explosives Class A
Exudation None

Heat of:
Combustion, cal/gm 1k 8J*
Explosion, cal/gm lkV?
Gas volume, cc/gm 22'.

Performance Tests:
So mm t615£l Projectile:
NF0C Pressure Cube 29
APG Blast Cube 30

Aviation Energy:
keal/mol 7-6
Temp, °C 3U0 to 1*TO
Time to ignition, seconds 1. 39 x 10’c

216



n

i

H0X-2B A M C P  70< 1*177

Bffr.ct of Altitude, Charge Diameter and Dupree of Confinement on Detonation Velocity*
(Reference g)

One-Inch Column Two-Inch Column
Simulated Altitude, Confined Unconflned Confined tlnconflned

Feet m/s m/a m/s i m/s
Ground i vrso j ;

30,000 ' Charge would not **530( B) | 
1

Charge would 
not props-

60,000 ' prorogate detonation. W*30 i gate detona-'
1 1 tlon.

90,000 1 1*290 |
Average W95

•Confined charge In l/b" steal tube, AISI 1013 seamless, 1" diameter 18" long, and
2" diameter 7" long. All means vere determined from seta of five value* unlesa 
otherwise Indicated by ( ). A 26 gm tetryl booster was used to Initiate each charge.

Average Fragment Velocity at Various Altitudes* (g)

| Sluileted Altitude. Feet
Explosive Charge Diameter, Ground 66,006 , 9 ,̂666 ,

! Inches — S73— m7s---j-- m/s--- j” i/s I

MDX-2B, ! 1 2012 ** | ** ■ ** i
density,
gm/cc 207 2 351̂ j : 1

3351 32U7 ** :
•Outside diameter 2.51*"; Inside diameter 2.0V'; length ?"•
••Charge would not propagate detonation.
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AMCP 706-177 M0X-3B

C lM p tlM O N !

Oxidizing agent (Potassium Nitrate) l8 
Aluminum, atomized 50 
Cupric Cxlde - ­
Magnesium, atomized —  
Other ingredients* 32 
Culclum Stearate** 2.0 
Graphite, artificial** 1.0
*29-151 REX, 0.956 vax, and 2.0* TNT. 
**Per cent ad led.

M olecular W eigh t: 1*5-6

Oxygen Balance:
CO-, %  .5 2  
C O  %  -1*3

Density: gm/cc Pressed 2.0
M elting Point: “C

Freaxing Feint: ‘ C

Im pact Saaaitivity, 2  K g  W l;
Bureau of Mines Apparatus, cm "  

Sample W t  20 mg
Picatirmy Arsena1 Apparatus, in. 17 

Sample W t, m g 2h

Boiling Faint: *C

Refractive Index,

n »

Friction M a l t a  Test:

Steel Shoe Unaffected 
Fiber Shoe Unaffected

Vacantn Stability Tost:

cc/40 Hrs, ot
9 0 'C  ---------

100’ C  0 .5 7

120"C

135*C

150*C

Rifle Balias im pact Te e l: Tria ls  

%
Expiations

Portiols

Burned

Unaffected

200 Orem  Bomb Sand Test:

Sord, gm  3 3 .2

Explosion Tem perature: *C

Seconds, 0.1 (no cop used) —  

1 —  
5 5 ^  

10 

15 

20

Sensitivity te Initiation:

M inim um  Detonating Charge, gm

M ercury Fulm inate ---------

Lead Aside 0 .2 0  

Te try l 0 .1 5

B a lU -d  M ortar, %  T N T :

Tre a x l Teat, %  T N T :

75*C Internet icnel H eat Test:
%  Lass in 48 HrsDiscoloration, fumes, odor None

Plate Dent Test:

Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T M T

1 0 0 'C  H eat Test:

%  Loss, 1st 48 Hrs 0. 35 
%  Loss, 2nd 48 H rs 0.13 
Explosion in 100 Hrs None

Da reaction Rata:

Confinement

Condition

Charge Diameter, in. 

Density, gm /cc 

Rote, meters/second

Flam m ability Index:

HygroscopicIty: %

Volatility:



MOX- AMCP 706-177

t̂r̂r̂pnŝr̂rêriî:̂: ̂rssi ,

t O  m i  H I .  M 71 PrejoeHle, Let W C - t l :

Density, gm /cc 

Charge W t , lb

Tai^ SCah KaMaaMAai 0 ^ W 9  I t v i  v v w | I I I M n « t

For T N T  

For Subject H E

3 tech H I, M42J.1 Projectile, Let KC-5:

Density, gm /cc 

Charge W t , lb

Total He. ef Fragments:

For T N T  

For Subject H E

F u j s i t s l  F e le d ty . ft/sec 
At 9 ft
At 25V4 ft
Densit/, gm /cc

Meet (Beletfas ta TNT): 

Air:
Peak Pressure

Impulse

Energy

Air, C e sM : 
Impulse

Under Water:
Peak Pressure

Impulse

Energy

Peok Pressure

Impulse

Energy

AActli#4 c f  Lssdfams P re s s e d

Losding Density: gm /cc

At 3 0 ,0 0 0  p s i a%r 2.0

Stuped Charge Effectiveness, TNT = 100: 

Gloss Cones Steel Cones

Hole Volum e 

Hole Depth

Cater: Gray powder mixture

: Small caliber antiaircraft 
projectiles

Method

H ozord Class (Quantity-Distance)

Dry

Claes 9

Compatibility G roup Group I
Bureau of Explosives Class A

Heat of:
Combustion, cal/gm 
Explosion, cal/gm 
Gas volume, cc/gm

Performance Testa:
0̂ mm T215K1 'Projectile:
IIFOC Pressure Cube 
APG Blast Cube

U331
980
232

3752
Activation Energy:

kcal/mol 
Temp, °C
Time to ignition, 
seconds

Values not included 
due to erratic ig­
nition under condi­
tions of test.
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AMCP 706-177 MOX-l»B

t i m r i i l t l i n .

Oxidizing agent (Barium Nitrate) lB 
Aluminum, atomized 50 
Cupric Oxide -­
Magnesium, atomized -­
Other 1ogredlents* 32 
Calcium Stearate** 2.0 
Graphite, artificial** 1.0
*29.1$ KDX, 0.956 v a x , and 2 .0 <  TNT. 
**Per cent added.

Mel ocular W e lg L i: LQ

Oxygen Belence;
C O , %  -5 3  
C O  %  -4 3

Density: a -/tc Pressed 2.0
Malting Paint: ‘ C

Freesiry feint: °C

Impact Sensitivity, 2 Kg Wt:
Bureou o f M ines Apparatus, cm  7 8  

Semple W t  20 mg
Picatinny Arsanal Apparatus, in. 18 

Sample W t, m g 26

BaiUn* Pe*-«t: ’ C

Refractive Index, n *

" a

nS,

fiictiia Pendulum Test:
Steel Shoe Sparks 
Fiber Shoe Unaffected

Vnetsum Cê LiligM ▼ VCQwlel mTvWKTy BV̂ Ve
cc/40 Hrs, ot

90°C ----------

100’ C  J . 6 7  
1 2 0 "C ‘

135’ C

150’ C

Rifle BoNat Impact Teet: Trials 

%
Explosions

Partials

Burned

Uneffected

200 Gram Inmb Send Test:
Send, gm  3 3 . 6

Ispleslin Tempeietate! *C

Seconds, 0.1 (no cap used) —

j

5 610 

10 

15 

20

Sensitivity to Initiation:
M in im u m  Detonating Charge, gm

M ercury Fulm inate — —  

Lead A zide  0 .2 0  

Tetryl 0 .1 5

BcWetic Matter. %  TNT:

Trees! Test, %  TNT-
75*C latermetieael Meet Test:

%  1 ■. 5$ tn 48 HrsDiscoloration, fumes, odor None
Plate Dent Test:

Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

100"C Hast Test:
%  Loss, 1 st 48 Hrs 0.22 
%  Lots, 2nd 48 Hrs 0.12 
Explosion in 100 Hrs None

Confinement

Condition

Charge Diameter, in. 

Density, gm /cc 

Rote, meters/second

Flammability .edex:

Hygreicsplclty; %

Volatility:
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AMCP 706-177 MCX-oB

Com petition:
%

O x id iz in g  a g e n t ---------
A lu m in u m , a to m iz e d  1*9.2 
C u p r ic  O x id e  19*7
M agnesium , a t . o i t e J  ---------
O’ h e r  in g r e d ie n t s *  8 9 .6  
C a lc iu m  S te a ra te  — -  
G r a p h it e ,  a r t i f i c i a l  1 .5  

* 8 6 . (%, RBX c o a t e d , C.9% wax.
C/H  Rotio

M olecular W eigh t: 1*3

Oxygen Balance:
CO - %  -50 
CO %  -1»8

Density: gm/cc

M elting Faint: °C

Freexiag /pint: *C

Im pact Sensitivity, 2 K f  W t:
Bureau of Minot Apoorotus, cm 76 
Sample Wt 20 mg

Pieotinny Arscnol Apparatus, in 19 
Sample Wt, mg 27

Bailing Feint: T.

Refractive Index, pjJ, 

n»  

n»

friction t w d u t i n  Toct:

Stool Shoo U n a f f e c t e d  

Fiber Shoe U n a if e c t e d

Vacuum  Stability Text:

Cc/40 Hrs, Of
90°C ------

100”C 0.1*3

I 20C

135”C

150’C

Riftc to ile t Im pact Test: Trials 

%
Explosions

Partiols

Burned

Unaffected
200 Gram  to m b  S i r i  T«*»:

Send, 9m 10.8

Ixpletloo Tem pc.ature: ’C
Seconds, 0.1 (no cop used) ----

1 -----
5 510 

10 
15 

20

Sensitivity to Initintien:

Minimum Detonating Charge, gm

Mercury Ful.ninate . . . .  

Lead Azide 0.20 

Tetryl 0.16

Ballistic M e rtar, %  ‘ IvT:

Tre u xl Tact, %  T N T :

7S*C i eta matronal Meet Test:
' Loss in 48 Hrs 0 .0 8 / 1 0  gm 
J i e c o l o r a t i o n , fum e s, o d o r  None

riate  Dent Test:

Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, %  TNT

I M ' C  Meet Test:

% Loss, 1st 48 Hrs 0 .0 0  

*0 Loss, 2nd 48 Hrs O .O o  

Explosion in 100 Hrs None

Detonation Beta:

Confinement

Condition

Charge Dio', inter, in. 

Density, gm/cc 

Rote, r.ieters/second

Fie amiability Index:

Hypreeceplclty: %
jO'-’C , 90% 3H, two week: 0 .7 9

Volatility:



MOX-oB AMCP 706-177

S kpe f CKorge Effecthreaoet, T N T  = 100:

N n H t ,  M71 Projectlk. le t W C-91: Glass Cones Steel Cone*

Density, gm/cc Hole Volume

Chorge Wt, lb Hole Depth

Tetel No. of Fragatsatt:
For TNT  

For Subject HE

Color: Gray powder mixture

PrJacipel Uses: Small caliber antiaircraft
3 tech HE, M42A1 Projoctik. Lot KC-5: projectiles

Density, gm/cc 

Charge Wt, lb

Total No. of Fragments:

For TNT  

For Subject HE

Method of Leading: Pressed

Loading Density: gm/cc

Fn fo e a t Velocity: ft/sec At 'jO.OOO psi ~ 2 . 0
At 9 ft 
At25V4 ft Storage:

Density, gm/cc
Method Dry

■kiit (ftektr-e *n T N T ): Hoiard Class (Quantity-Distance) Class 9

f ir . Compotibility Group Ore p I
Peak Pressure Bureau of Explosives
Impulse

Energy

Class A

A ir, Ceeflsefi
Heat of:

Impulse Combustion, cal/gm ^£93 
Explosion, cal/gm 750

Under Woter: Gas volume, cc/gm 20A
Peok Pressure

Impulse Activation Energy:
Energy keal/mol Values not included 

'emp, °C due to erratic Igr.l-
U tf e n a w f : Time to Igr.Itlor., tlor. under conditions

Peok Pressure

Impulse

Energy

seconds of test.



AMCP 706-177 MOX-1; MOX-2B; M0X-3B; MOX-bB; M0X-6B

Preparation:

The various ingredients used in the preparation of MOX explosives are coated separately as 
follows:

D1 chromated Atomized Aluminum - Seventy-five grams of chemically pure grade sodium dlchro- 
mate Is dissolved In 1500 milliliters of water at 100°C under mechanical agile*Ion. Six hun­
dred grams of the atomized aluminum povder Is added gradually (2 to 3 minutes) and stirring 
Is continued for half an hour. The dichromated metal Is filtered, washed vlth water (13 to 20 
ttmes) until the washings show only a slight cloudiness vlth silver nitrate. The water- vet 
product is then dried In an oven at 50°C. The dried material is hand-rolled to reduce any 
conglomerates, and blended before use.

Vax-Coated REX - Eighteen grams of molten Be Square Special Wax (manufacturer u 180° to 
l85v' Fahrenheit grade amber) is added to 582 grams of finely divided RDX (water precipitated 
from acetone solution) In a water slurry under mechanical agitation. n » 0temperature of the 
vex-RDX slurry Is maintained above the melting point of the wax (about yO°C). The stirring 
Is continued for half an hour. After cooling to 50°C, the wax-coated HEX Is recovered by 
filtration in a Buchner funnel and dried In air. The REX thus coated and presumed to be 3̂  
waxed REX or a 97/3 RDX/wax mixture Is hand-rolled to crush any conglomerates formed, and 
blended by hand before use.

TJTT-Coated Barium Nitrate - Thirty grams of TUT in alcohol solution Is added to 270 grama 
of barium nitrate in an alcohol slurry under agitation. The temperature of the TBT-berlum 
nitrate mixture la maintained ut 80°C and stirring is continued until most of the alcohol Is 
evaporated. The coated material Is spread in a thin layer on a tray to dry in air overnight. 
The barium nitrate thus coated with 10$ TUT is reduced to an Intimate mixture by hand-rolling 
ard blending before use.

TOT-Coeted Potassium Nitrate - The TNT-coated potassium nitrate Is prepared by the same 
procedure as is used for coating barium nitrate.

RDX/TWT-Coated Ammonium Perchlorate - The ammonium perchlew’*e Is coated by dissolving the 
appropriate weights nf REX and iiri' in hot < ’tohol. After add., j the ammonium perchlorate, 
thv '' rry Is stirred until most of the solvent ,e evaporated. The treated ammonium perchlo­
rate spread, on a tray to dry overnight. Agglomerates formed during the process are crushed 
by bend-rolling and blsnding the mixture before use.

TBT-Ooatcd REX - Sixty grams of rolten TUT are added to a water slurry of 5̂ *0 gram.** of 
finely divided REX (water precipitated from acetone solution^ under mechanical agitation.
The temperature of the TET-R3X slurry is maintained at about 90°C and stirring is continued 
for hs.li an hour. Alter cooling to about 30°C , the THT-coeted REX is recovered by filtration. 
The REX thus treated, and presumed to be 10$ coated or a 90/10 REX/lHT mixture, le further 
blended by hand after rolling to crush any aggregates formed during the process.

The MOX explosive mixtures are prepared by blending the appropriate weights oi the dry 
Ingredient^ in. a Patterson-Kelly twin-shell blender for at lent 30 minutes.

Origin:

MOX tyoe explosive mix*- tea were developed beginning in 1950 by Rational Northern, techr.l- 
col division of the National Fireworks Ordnance Corporation, West Ha.no-.er, Massachusetts.

:!b’4



MOX-l; MOX-2B: MOX-3B; M0X-!.B; MOX-63 AMCP 706-177■ s
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(a) A. 0. Mirercbi and A. T. Wilscn. Development of MOX Explosives for Improved 20 inn 
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(i) Also see the following Picatlnny Arsenal Technical Reports on MOX Explosives:
1969, 220fc. 2205.

1 9 3 5 ,



AJICP 706-177 Nitrocellulose) .5.6% .. ^NC)

Composition: T /
% } H 0
C 26.1*6 j H
H 2- S  N  h  r xN 12 .60 >l H L h 
o >8 .16 o X  A  ,
X-01J02 ^  X T  x

n

Mslccalar Weight: (272.39)n

9syge« Pxlaase:
CO- %  -35 
CO %  0.6

Density: gm/cc

Melting Point: *C Decomposes

C /H  Ratio o.23 Pressing Point: *C

Impact StMiMtr, 2 Kg Wt:
Bureau of Mince Apparatus, cm 8 

Sample Wt 20 mg
Picatinny Arsenal Appamtus, in. 3 

Sample Wt, mg 5

Boiling Point: ‘C

Refractive Index, n»

n»

n£

Friction Ph M m  Test:
Steel Shoe 

E'ter Shoe

Voennm Stability Test:
cc/40 Hrs, at

90”C 0.17 

ICO'C 1.0 

120’C 16 hours 11. + 

135’C 

150‘C

Rifle Bulk* Impact Test- Trials 

%
Explosions

Parfials

Burned

Unaffected

200 Gram Bomb Sand Test:
Sand, gm 1*5.0

Explotie* Temperature: "C
Seconds, 0.1 (no cop used)

1
5 Decomposes 170 

10 
15 

20

Sensitivity to InMetloa:
Mirimum Detonating Charge, gm 

Mercury Fulminate

Lead Aside 0.10 

Tetryl

Ballistic Mortar, %  TNT:

Traasl Test, %  TNT:
7S*C late motional Heat Test:

V  Loss in 48 Hrs Plate Dent Test:
Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, %  TNT

100°C Heet Test:
%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

Detonation Bote:
Confinement

Condition

Charge Diameter, in. 

Density, gm/cc 

Rate, meters/second

Flammability Index:

Hygroscopicity: %  30JC, 9C$ RH 3

Volatility: 60°C, m,r/cm2/hr 0.0



4s(*j

Nitrocellulose, 13-̂ 5̂  N (NC) AMCP 706-177
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AMCP 706-177 Nitrocellulose. i4.i4jt N (lie)

Ca m m s M aM'
%  'r ,
C 21*.25 
H 2.37 
N 11*. 11*
0 59-24 
X«ONOg

C /H  Rotio 0.23

c

,---
:----' i

X
 

X

■
ys

0
—

X
 O

 
CM 

I
L_____

5
____________

\

Molecular Weight: (297• 15)n

Oxygen Balance:
CO- %  -Sis
CO %  6

Density: gm/cc 1.65-1.70

M Point: *C DecotnpoeeE

Fronting Paint: *C

la ftc t  Sensitivity, 2 Kg Wt:
Bureau of Mines Apparatus, cm 8 

Sample Wt 20 mg 
Picatirmy Arsenal Apparatus, in. 3 
Sample Wt, mg 5

Boiling Point: "C

Refractive Index, n£

n»

n£

Friction Pendulum Teel:
Steel Shoe 

Fiber She-;

Varunm Stability Test:
cc/40 Hrs, of

90"C 1.46 

!00°C 14 hours 11. + 

l i V C  16 hours i l . + 

135 C 

I50"C

Rifle Ballet Impact Test: Trials 

%
Explosions

Portion

Burned

Unaffected
203 Cram Bomb Sand Test:

Sand, gm 52.3

Explosion Temperature: ’C Sanskivky to Initiation:
Seconds, 0.1 (nc cap used) Minim' irn Detonating Charge, gm

1 Mercury Fulmino*?
5 Leod Azide C.10

10 Tetryl
15

20 Ballistic Mortar, * , TNI.

75'C latarnatieaat Hoot Test:
Train! Tost, % TNT:

%  Loss in 48 Hrs Plata Dent Test-.
Method

100 C Heat Test: Condition

%  Loss. 1st 48 Hrs Confined

%  Loss, 2nd 43 Hr» Density, -m/cc

Explosion in 100 Hrs Brisonee, %  TNT

Detonation Rato:
Flammability Index: Confinement

Condition
Hygroscopic ky; %  30°c, 90* SH 1 Chorge Diameter, in

Density, gm/cc
Voiatilky: 60°C, mg/cm /hr 0.0 Rate, meters/sccond
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Nitrocellulose (NC) AMCP 706-177

Shaped Charge Iffectivaaaes, TNT = 100:

90 m m  HE. M71 Projectile. Let WC-9): Glass Cones Steel Cones

Density, gm /cc Hole Volum e

Charge W t , lb Hole Depth

Tefal No. of Fregeseats:
For T N T  

For Subject H E

Color: Vuite

Principal Um s : Pyroxylin (l2̂ b N), "blasting
3 iech HE, M42A1 Projectile, Let KC-S: explosives; pyrocellulose (12.60$ N), 

smokeless powder; guncotton (13* 35$ N
Density, gm /cc minimum), propellents
Charge W t , lb

Tefal N̂ r. r̂f îr̂ r̂ ttssents.
For T N T  

For Subject H E

AActlfa#d #tf LiMlh§!

Loedleg Peaelty: gm /cc

Fragment Velocity: ft/sec 
A t  9  ft
A t  2 5 %  ft Slwtfit
Density, gm /cc

M ethod Vet
( W  to 30* va -':r)

Most (Relative te TNT): H o ia rd  Class (Quantity-Distance) C la s s  12

Air; Com patibility Group Croup M
Peak Pressure (vet)
Impulse

Energy

Exudation None

Heat of:
2313** 2228***

Air, Ceoftac*’ 
Impulse Combustion, csl/jm 21*09* 

Explosion, csl/gm 855* 
Gas Volume, cc/gm 919* 

Fors*';ion, cal/gm 617*

* 12.Of, N 
** 13.1*5i N 
*** lk.Ik* N
Vapor Pressure:

965** 1058*** 
883** 853*** 
561** 513***

ran Mercury 
0.00

Uader W ater: 
Peak Pressure

Impulse

Energy

Uedergreaad:
Peak Pressure

Impulse

Energy

°_C

25
60 0.00
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AMCP 706-177 nitrocellulose (NC)

Solubility in Vteter, gm/100 gm, at:------------- T O T k 13.45* N 1U.051 K
25°C , Insoluble Insoluble Insoluble
60°C Insoluble Insoluble Insoluble

Solubility, pm/lOO gm, 25°C, in:
Ether Insoluble Insoluble Insoluble
Alcohol Very slight- 

lj soluble
Practiciily
insoluble

Insoluble
2:1 -Bther Alcohol Soluble Slightly

soluble
( f i f - n f l

Practically
insoluble
(1 - 56)

Acetone Soluble Soluble Soluble
21t-Hour Hydrolysis Test, 

* Hitrlc Aci_
1 .2 2 1.03

Preparation of Nitrocellulose from Cotton Llnters:
(oratory Procedure7

Nitration: Second cut cotton linters, previously dried to a moisture content of lees than 
0.5f, are nitrated by lmerslon In mixed acid under the following conditions:

Batlo of Mixed Add to cotton 55 to 1
Composition of Mixed Acid (approximate)

a. for 12.65t N: HgSOL 63.55!, HNOj 215!, 1̂ 0 15-55!
b. for 13.1$ »: HaSOj* 685!, HSO3 225!, H20 IO.O5!

Temperature of acid at the start 3̂ °C
Time of nitration 2h 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 min­
utes and then drowned rapidly with strong hand stirring in at least 50 volumes of cold vs ter. 
After the nitrocellulose has settled, most oi the water is decanted and fresh water added.
The nitrocell lose-water mixture is boiled and the acidity adjusted to O.255! to O.505! as HgSOi;. 
The sour boil is continued for at least 24 hours for pyrocellulose and at least 40 hours for 
gun-cotton. Additional boiling with changes of water are made in accordance with the govern­
ing specification (JAN-N-244).

Pulping: lhe nitrocellulose is then pulped in a laboratory Holland-type paper beater.
Enough sodium carbonate is added to keep 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 k hours with fresh water while stirring mechanically. From time to 
time a little sodivin carbonate solution is added to maintain the mixture faintly 1 Ikaline ; 
phenolphthalein. The water is decanted and the boiling continued. According to the specifi­
cation, the total boiling treatment with poechi. is as follows:

2.30



Nitrocellulose (MC) AMCP 706-177

I* hours boiling with or without sodium carbonate
2 hours boiling without sodium carbonate
1 hour boiling without sodium carbonate
1 hour boiling without sodium carbonate.

Bach 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. If a sample taken after the water washes gives a minimum test of 
35 minutes in the 65.5°C Heat Test and 30 minutes in the 13̂ -5°C Heat Test, the nitrocellulose 
is satisfactorily stabilized. Otherwise additional washes should be given.
Origin:

Cellulose occurs in nature. It is wood fiber, cell wall and the structural material of all 
plants. Cotton fiber is pure cellulose. Nitrocellulose was discovered about l8k7 by C. F. 
Schonbein at Basel id R. Bcttger at Frankfort-on-the-Main independently of each other when 
cotton was nitrated. T. J. Pelouze had nitrated paper earlier (1838) and was probably the 
first to prepare nitrocellulose.

Pyroxylin or collodion, which is soluble in a mixture of ether and ethanol, contains from 
856 to 12% nitrogen. It is used in the manufacture of celluloid and in composite blasting 
explosives.

Fyrocellulose, a type of nitrocellulose of 12.6$ nitrogen content, comp. ’y soluble in a 
mixture of 2 parts ether and one part ethanol, was developed tv Mendeleev ( ,1-1895). Ihis
material, when colloidsd, formed the first smokele-o powder for military use in the ’united 
States (1898).

Guncotton for military purposes t .,y contains a minimum of lj. 35$ nitrogen. It is only 
slightly soluble in ether-ethanol, but completely soluble in acetone. Principal use is in 
flashless powders and as flame carriers, lh.ll$ N nitrocellulose represents a theoretical 
limit.

In the manufacture 'f propellants, there is used a mixture of pyrocellulose and guncotton 
(b’’-ieri nitrocellulose) of 13.15$ to 13.25$ nitrogen content.
restruction by Chemical Decomposition:

Nitrocellulose is decomposed by adding it, with stirring, tc 5 times its weight of 10$ 
sodium hydroxide heated tc 70°C. Stirring Is continued for 15 minutes after all the nitro­
cellulose has tee.' added.
References:**7

(a) See the following pjeatinr./ Arsenal Technical Reports on Nitrocellulose:



AMCP 7 (MS-177 Nitrocellulose (HC)

0 1 2 1 1+ 2 6 I 8 1

10 1+1 72 13 1+ 125 86 167 8 19
390 101 332 33 21+ 1+75 576 327 198 29
1+20 2*1 1+02 1+3 111* 1+85 586 1+07 208 69
660 351 1+22 133 17*+ 1+95 796 717 278 169
730 551 5l+2 233 19̂ 555 916 78? 388 279
96O 831 572 253 33̂ 705 1016 987 1+08 1+99

1020 851 652 27? 37J+ 965 1026 1187 588 659
1100 971 662 6f 3 39*+ 1065 1066 1197 718 669
1150 1031 752 673 72l+ 1’ 25 1206 1267 758 709
1190 101+1 802 68* 801+ 1135 1256 1297 778 739
1̂ 10 1071 952 773 891+ 1205 1276 1327 808 779
121*0 1151 1012 793 1021+ 1265 1306 11*07 838 809
1300 1201 1032 963 1051+ 1275 1316 l>+27 e'-e 909
1320 1221 U.l+2 1023 107*+ 1365 1516 ll*l+7 1058 U19
1350 1231 121+2 12. 7 1081+ 1375 755̂ 11+87 1228 1159
11*10 1331 1282 1273 U7l+ m  5 lol6 1587 1238 12»+9
11+30 1351 1362 11+1+3 127*+ 1755 L.786 1637 121+8 1309
H 90 1391 1392 l6o3 1301+ 181+5 2056 1717 131+8 1329
1580 lltoi 161+2 1753 13lU 1905 1817 1398 13*+9
i860 11+21 1812 1813 1381+ 1915 1827 11+78 1399
1810 1501 1852 186* 139>+ 1955 181+7 1528 11+39
1830 151+1 1912 1.8' 3 11+51+ 2107 1638 lW+9
1990 1681 1992 1973 1671+ 2137 1678 1619
2210 1691 2022 175*+ 1838 1799

1731
1781

2102 lBlU
182*+

1896
1916

1809
1869

1811 211+1+ 2098 2119
1831 2208 2189
181+1
1851
1931
1961
1991
2071
2101
2181
2201



illtroglycerli: (Uiuld) AMCP 706-177



AMCP 706-177 Nitroglycerin (Liquid)

leakier SeneMrity Test:
Condition

Tetryl, gm

W ax, in. for 5 0 %  Detonation 

W a x . gm  

Density, gm /cc

Meet of:
Combustion, cal/gm 1616

Explosion, cal/gm 1600

Gas Volum e, cc/gm 715

Formation, cal/gm  ) V L00

Fusion, col/gm  ™  
Detonation, cal/gm 1L86

Ipselfh Heat: co !/g m /‘ C

Liquid 0 .3 5 6

Solid 0 .3 1 5

cm/MC

col/sec/cm /’ C

Coefficient af tupi M ie ii
Lineo-, % / * C

Volum e, % / * C

E', dynes/cm* 

E, Ib/ineW 

Density, gm /cc

Cempraeebe SlfM fHi! lb/inch’

Vaper Prestste:

Oxygen, otoms/sec 
(Z/sec)

Heat, kilocolofie/mole 
(A H , kcol/m ol) 

Tem perature Range, *C

Phase

1C1 7 ' 3 l o 1 9 ’ 2

Ll.ir 4 5 . 0

9 0 - 1 3 5 1 2 5 - 1 5 0

Liquid Liquid

Aim er Plate Impact Tart:

°C nm M e rc u ry ms M erc

20 0 .J 0 0 2 5 60 0 .0 1 8 8
30 O.OCO83 70 0 .0 L 3
L0 0 .0 0 2 L 80 0 .0 9 6
^0 O .O C73 90 0 .2 3

5 0 %  Inert, Velocity, ft/sec 

A lum inum  Fineness

500-% General Peipeee lambs:

Plote Th.'ckness, inches 

1
Hi
Hi
Hr

eel Dree Test:

17,2000-% Semi-Aimer-Piercing temb vs Ceenete:

M o x Sofe Drop, it

SOO-% General Peipeee le a k  «  Castrate:

Height, ft 

Trials 

Unaffected 

Low Order 

H igh O rder

1000-% General Purpose temb re Cenciete:

Height, ft 

Tria ls 

Unaffected 

Low O rder 

H igh Order

f
V

»



Hltroglyorin (Liquid) AMCP 706-177

Sksysd O m i»  IW h H>w w , TM T s  IW i

* 0  m m  H i .  M 71 Piejecftts, le t  W C -9 1 :

De»4.'*y, gm /cc 

Charge W t , lb

Glass C o n n  Steel C o n n

Hole Volum e 

h ole  Depth

To ta l H e . e l  Fragments:

For T N T  

For Subject H E  r

I  lack H E , M 4 3 A 1  Projectile. Let K C -S :

Density, gm /cc 

Charge W t, lb

tf̂ al mA
I W  n f t  V s  r i v p i m i i i e t

For T N T  

For Subject H E

Freges sat V elocity! ft/sec 
A t  9  ft 
A t  25V4 ft

Density, gm /cc

Meet Odettes to TW T1:

^In- Oolcrless

FHwd gel U sn : Propellent Ingredient, demoli­
tion explosive Ingredient, 
grenade burster Ingredient

L ie  ding Poerity : gm /cc

M ethod With acetone or other deeenaltlzer, 
generally not stored 

H azard  Class (Quantity-Distance) C la s s  9

Air
Peak Pressure

Impulse

Energy

A lt .  C la s s e d :
Impulse

Under W a te r:
Peek Pressure

Impulse

Energy

Pook pressure

Impulse

Energy

Com patibility Group

Extidation

Heat of Transition, cal/gm:
transition:
Liquid — * labile 5*2
labile — * stable 2 6 .0
Liquid — * stable 33*2

Hydrolysis, Acid:

10 days at 22°C < 0 .0 0 2
5 days at 6o°C 0 .0 0 5

62.1°C KI Test:

Minutes 10+
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A lt C P 706-17? Nitroglycerin (Liquid)

Oss Evolved at Atmospheric Prceiure, cc:

Seif>le Wt, go
65

1.6
Dajaexnture, °C 75
Time, hours SO 40
Volume of gas, cc nil nil

Vlecoslty: (c)

!£ Centipolses

10 69.2
20 36.0
30 21.0
hO 13.6
50 9.k
6o 6.8

Fragmentation Teat:

20 na HE, l*j-k 1, Projectile, ft>t*l No. 
of Fragments for:

Nitroglycerin 22
DetrmnltroHBthane 17

Minimum Propagating PI meter: (d)

j Vim.
£ " In

thalate Min. Propagating 
Dimeter, Inches

i Blaa
TTur'e

iter for 
Tn"

5«5*t

0 (3/16 cairns) ■y,ib
5 — 1/8

10 1/9 o/ti!- sty **•
15 1/b 3/8
20 3 A 7 ft
22.5 1 * ■ ’ ' '2
25 1-55 2

Sensitivity to Electrostatic l̂s<£uuyr.> iraulas (teat condition, upwonflned: 
no value gltien 7rr cun/tnementIP ~  >li.5

Solubility, great, of nltrogIycerln/100 ga (4) nt: '

Meter Alcohol Trichlcrethylene Carbon Tetrechloride
! £ i i f c « i

15 0.16 0 37.5 An 22 Rb 2
20 0.18 ?0 5 .̂0
50 0.25



dirt)on Disulfide
fc £

Anient 1

Soluble in all Proportions In:
Methanol Phenol
Acetone lyrldine
Ether tylene
Ethyl acetate Nitrobenzene
Asyl acetate p-Nltrotolusne
Methyl nitrate Liquid r m
Ethyl nitrate Chloroform
Nitroglycol Ethyl chloride
Tetranltrodlgly cerlne Ethyl bromide
Acetic add Tetraehloroethyler.e
Benzene 01 chloroethylene
Toluene Trlmethyleneglycol lh.nl trate

Solubility in HD. of:

Alcohol M T HIT Water

!c t °s t ?£. t % i
0 3.1* 20 35 20 30 25 0.06
20 5>1*
50 -

Preparation:

CH,—  OK } 2 0S02
CH --OH
j + BHHOj ----- » CH —  1 oho2
CHg-- CH ch2- ono2

gm/lOO en (*•}, at 2S°C In
Ether *
8:1, Ether:Alcohol >100 
Acetone “

KltroglycerJ ; (Liquid) AMCP 706-177

Glycerine 1« uau&lly nitrated at 25°C, or below, by adding It very slowly to a well agitated 
mixture of nitric and sulfuric adds, e.g., Uo/59- 5/0-5, nitric acid/sulfuric add/vater, us­
ing an add/glycerlne ratio of approximately 6. Agitation of the rear don 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 nltrator, agitation and cooling ere con­
tinued until the temperature drops to about 15°C, and the charge Is then run Into a separator 
when the HD rises to the top, and Is run off to the neutralizer. The nitroglycerin Is 
washed first vlth water, then with sodium carbonate, and finally with water. The resultant 
HD when washed with water, produces washings which do not color phenolphthalcln, and itself Is neutral to litmus paper.



AMCP 736-177 nitroglycerin t liquid)

1

Origin;

Nitroglycerin was first prepared In 1846 or 1847 by Ascanio Sobreio, an Italian chemist 
(Mas Acad Torino (2) 10, 195 (1847)). For several years after this discovery, nitroglycerin 
attracted llttxe Interest as on explosive until Alfred Nobel In 1864 patented improvements In 
its manufacture and method of Initiation (British Patent 1813)• Nobel gave the name dynamite 
to mixtures of nitroglycerin and ton-exploa.ve absorbents, such as charcoal, siliceous earth 
or Kleselguhr (British Patent 1345 (1867)) later developments led to gelatine dynamites, 
ammonia dynamites, and so called straight dynamites. The first propellants using nitrogly­
cerin vere called Balllstlte (Nobel, British Patent 1471 (1888)) and Cordite (/be1 and Sever, 
British Patents 56l4 end 11,664 (1889))*

Destruction by Chemical Decqgoaitlon;

Nitroglycerin Is decomposed by adding It slovly to 10 tinea its velght of 18$ sodium sul­
fide (Na2S*9Hgb). beat la liberated by this reaction; but this la not hazardoua If atlrring 
la maintained during the addition of nitroglycerin and continued until eolation is complete.

References; 48

(a) A. B. Blatt, Cornel?atlon of teta on Organic Explosives, OSRD Report No* 2014, 29 Feb­
ruary 1944.

(b) Ph. Naoum, 2. gee Schless-Sprengatoffw, pp. l8l, 2.59, 267 (27 June 1932)*

(c) londolt - Bernstein.- Phyalhallscb-Chemlschc Tabellen, 5th Ed. (1923)*

International Critical Tablea.

B. T. Fedoroff et el, A Manual for Explosive Laborstorles, Vol T-IV, Lefax Society, 
Inc., Philadelphia, 1943, 1946. :

(d) H. A. Strecker, Initiation, Propagation and luminosity Studies of liquid Explosives,
OSRD Report No. 5609, 3 December 194$. ~

(e) Also see the following Picatinny Arsenal Technical Reports on Nitroglycerin:

c 1 2 1 4 5L. 6 7 8 2

620 511 652 233 454 1155 1206 817 768 69
660 551 672 343 494 1235 1456 837 1348 249
800 701 792 673 1024 1955 1496 1197 1398 579

1020 891 922 903 1074 2015 1556 1297 1738 709
1150 911 1142 1023 1084 1616 1637 1918 1349
1210 1031 1232 1443 1454 1786 1817 2096 1359
1410 1041 1362 1643 1524 1816 1847 2119
1620 1151 1542 1663 1624 1896
1680 1191 1662 1863 1674 2056

1221 1692 1993 1754
l6ll 1742
1651 1752
1691 1992
1731 
1781 
1851 
1931 
2021 
2181 
2201

^8See fo o tn o te  l ,  page 10.
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AMCP /u6-177 Mltroguanldine

r m w » i i i » n  t *i i Sfcapad C ka rga Effattlsasiis , T N T  =  100:

M  mm HE. MT1 Pte}aetHa, Lot W C-91: Glass Conas Staal Canos

Density, gm/cc H ole Vohjm #

Chorga W t, tb H oi# Dapth

Y ata l N a . d  Fr#|m snH :
C # t » r  Colorless

For T N I  

For Subioct H E
Principal Uses:

1  lack  HE, M 4 1 A 1  PraJacHI#, Lat K C -S : Propellant composition ingredient,
Danslty, gm /cc 

Chorga W t ,  lb

bursting charge ingredient

Total No. of Ffogotcota:

For T N T  

For Subioct H E

M o te l of Laadbg:

Lsodtag Daaaky: gm /cc

PtagoMOt V a la d ty : ft/sac At 3300 p s l 0.95
A t  9  ft 
A t  2 S H  ft

C o m ity , gm /cc
M ethod tty

MoM ( M oMvo to TN D t Hazard C la n  (Quantity>Distanot) C la s s  9

Ain Compatibility Group Group I
Pook Prassura 

Impute#

Energy

Exudation

A ir, C m H u fi
Solubility, gm/100 gm ($), in:

_ c . ' y '
Impute# Water 25 O.W

100 9."
U iiA r Wotan 1.0 N Potassium

Pook P ro n um Hydroxide 25 l.i
10$ Sulfuric Acid 0 3.11

Impute# 25 8.0*
Energy * gm/100 cc solution 

Booster Sensitivity Test: (a )
I M i i f i m l : Condition Pressed

P#uk Prassura Tetryl, gm 100
Impute# Wbx, in. for 50$ Detonation o . 6  r
Enargy Density, gm/cc l.ll

Heat of:
Combustion, cal/go 
Explosion, cal/gm

1995
721

Gas Volume, cc/gm 
Formation, cal/gm

1077
227



Nltroguanldlnc AHCP 706-177

Preparation;

(Chemistry of Powder and Szplosivea, Davis)

\
/

\
/C —  BH Dehydration j

r

Four huni ed gas of dry guanidine nitrate Is added in snail portions to 500 cc concentrated 
sulfuric acid at 10°C, or below. As soon as all crystals have disappeared the milky solution 
Is poured Into 3 liters of ice-voter, 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$. .

Xltroguanldlne was first prepared in 1877 by Jousselln, but It was 1900 before it found 
use In propellant compositions. During World War I, nltroguanldine was used by the Germans 
as an ingredient, of bursting charge explosives.

Destruction by Chemical Decomposition:

Xltroguanldlne la decomposed by dissolving In 15 times its weight of kyf> sulfuric acid at 
room temperature and vanning the solution until gas Is evolved Heating is continued for one- 
half hour.

Reftateces;49

(a) L. C. Smith and E. 5. faster, Physical Testing of Explosives, Pa-1 III - Miscellaneous 
Sensitivity Testa; Perforates Pasta, 0SRD Keport Bo. 57^6, 27 December 19^5.

(0) Canadian Report, CE-12, 1 Hay-15 August 1941.

(c) D. P. MacDougall, Methods of Phyai cal 'fleeting, 0SRD Report Ho. 803, 11 August 1942.

(d) L. C. Stolth and S. R. Walton, A Pons1deration of RDX/War Mixtures as a Substitute for

(e) Departments of the Amy and the Air Force TM 9-1910/TO 11A-1-34, Mill tan- Explosives, 
April 19,?-

Origin;

Tetryl in Boosters, H0L Memo 10,303, lTJune 1949*

A ASet footnote l, page 10.
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AVCP 704-177 mtrogmnidlne
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(■*) tM the following Ploatinny Artemi Technic#! Report* on Hitroguanldine:
''-.AC . !

£ 1 2 1 6 I 8 2

1490 1391
2181
2201

1262
13982142

11631423
2193

1336 907
2177

758 14391749

3
J 
■ i

i
A
t

f**--
w  -

2i2 SW '



K1 tdolsobutyiftlycarol gylnltratt (KBIS) Liquid AMCP 7M-177

C *% , l , f h  *

C 1 6 .8  OgHO-CHg
H 2  * \

“  02K0-CH2 — —  c - bo£
K  1 9 .6  /

„ OJJO— CE-/
0 6 1 . 5 2 2

C / H  Ratio 0 .1 2 6

Matamriar W e ig h t: (C ^ H g S ^ O j j )  286

Oajffasi Bulsaest
C O , %  0 . 0  
C O  %  2 2

DaatMyt gm /cc 20° C  1 .6 1

M P I P ^  rW W t W

fra ttin g  Point: *C .39

l u p i r t  I f t i t i r l t y .  2  K g  W t:
Bureau o f M inas Apparatus, cm  25 

Sampls W t  2 0  m g 
Pleotinny Arsenal Apparatus, in.

Sampl* W t , m g

M t e f  n iif lti *c

RafiaaMra Index, n £

« 8  1.I896 

n &  1 . W 7 I

friction h s M s n  Test: 

Steal Shoe 

Fiber Shot

**--------  Tarii

cc/40 H rs, at 
90*C 

100*C 

1 2 0 'C  

135*C 

IS0*C

U d s  B aN rt Im p a rt Ts s t: Tria ls 

%
Explosions

Patriots

Bum sd

Unaffactad

2 0 0  O rem  I t r t  Sand Tasti

s- > l- i f f o ? i ! j r j a i a i s e t o ‘  »

Km W W  T l M i r t d M i t i  #r  H p N I W I  1 MRpVWHVVi %

Seconds, 0.1 (no cop used)

!
5 Ignites 165 

10 
15 
20

C M a lik b H  U l i ^ L a i  N r a n v w y  w  i m v n p i i
Minimum Dttonoting C hotga, gm  

M ercury Fubninota 

Land A zW a

Teiryf

B a M rtH  MatSar, %  T M T i

Tta a a l Tost, %  T M T i

75*C Irtareatieael H a rt  Tost:
%  Loss in 48 Mrs

P ta(« Oatrt Teat:

M ethod 

Condition 

Confinad 

Oansity, gm /cc 

Brisonca, %  T N T

lO Q ’ C  M a rt T a rt :

%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

DatanaMan Rata:

Confinam ant G la s s  (1  tm  v s l ! )  

Condition M g u l d  

Chorga Diomatar, In. 0 .3 9  

Oansity, gm /cc 1 .6 1  

Rota, matars/sacond 7360

—---4-«—«- - t - 4 ------rlM m lPV^nllj tIMVni

y , , ,  . . . .  nalattn 1 QL70

VtlafM tys
25°C, mg/cm̂ /21* hrs 0.127 x 10"3
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f l i t f l f o ,

AXCP7W477 Bltroieobutylglyowol Trinitrate (HUyflO Liquid

FiijaiialiHiu Tea* IbfafC Iw fi BfaafKearra. TNT — lift

W?Mf W.M71 FrejaiMta, Ut WC-»li Sleaa Conaa M Cenai
Oenaity, gm /cc * H ole Volum e

C ro rg a W t , K> Hole Depth

Talal He. *f Fmgatmlai
For TN7 
Fo. S u b le t  H E

Cetan Yellow o il

Prlarbal Uaaat Gelatinizing agent t o r

S iMk MU M4XA1 MMMta. U » KCS: nltrocelluloae

Dantity, gm /cc 

Chorga W t , lb

Tatai Me. ef FwpwH:
For T N T  

For Subject H E

Uedhg Piaiby. gm /cc

Fregmea» Veboty: ft/tec
A t  9  ft  
A t  2 5  V i ft

Density, gm /cc

SVM909S

M ctfiod L i q u i d

Moat (Kiletha teTKT): H ozord  C io n  (Q uantH y-O btanee)

Abt Com patibility Group

Pack Pratlura
Impulse

Enatgy

Exudation

Solubility:
A ir ,  CaaWiif:

Impulse Soluble in Methyl and ethyl elconole, ace­
tone, ether, ethjlenedi chloride, chloroform:

I M a r  Weter and benzene.
Paok Prassure J

Insoluble in '«ter cerbcm rti*?ulp‘iide, |
Im puba and petroleum ether. ' . f
Energy Toxicity:

Slight, decidedly lees nitroglycerin.
Pw k. Pressure Gelatinising Action: .
im ptiba

Energy
Slight or. nitrocellulose. , .

S2.2°C KI ,Teet: .
Mir .tea 2

/»~V
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Nltrolaobutylglycerol Irt nitrate (KEBUO Ltauld AMCP 706-177

Preparation;
A total of 675 gm 37% formalin la added to ISO gm nitrome thane containing 2 gm potassium 

hsmd-kydrat*, ft* first 2CC ga formalin is added slowly, keeping the teverature 
below 30°C, and then the heat of reaction la allowed to reiae the tess-ereture to 60°C, and 
the mixture then heated two houra at 90°C. She reaction mixture is then concentrated at ra­
dioed * res' 're and diluted, and this procesa repeated several times to restore forealdehyde. 
After the ~lnal concentration the cooled mixture la filtered and the crystalline product re cry­
stallised from alcohol and then several tinea from ether and dried.

The nitrated product la then obtained by nitrating SO gm nitroieobutylglycerol vith 300 gm 
mixed sold (60/36/2, sulfuric add/nltrlc add/vater) below 15°C for 1.5 hours.

Origin:

This explosive (also called Brimethylolnitrome thane Trinitrate, Hltroleobutanetrlol Trini­
trate, El trdsobutylglycarlo Mnltrate and incorrectly but widely uaed HitroJ sobutylglycerol 
Trinitrate) was first described In 1912 by HofwlBoer (z ges Schless - Sprengstoffv 7, A3 
(1912). Hofwlmssr prepared the astound by the condensation of 3 moles of formaldehyde with 
1 mole of nitromethane in the presence of petsssiua bicarbonate, the subsequent nitration of 
the pro&ict. She explosive oaa now bo produced from coke, air, and natural gas.

References:

(a) H. A .  Aaronaon, Study of Explosive, Derived fron Hitroperaffina, PITS Ho. 1125.
24 October 1941.

(b) N. Aubry, *6m poudr, 2£, 197-204 (1932-33); CA 2£, A083 (1933).

(c) A. Stettbacher, nitrocellulose £, 159-62, 181-4, 203-6 (1934); CA 2£, 1250 (1935).

(d) W. da C. Crater, U.S. Patent 2,112,749 (March 1936); CA J2, 3964 (1938).

(a) H. J. Elbshmsn, E. E. Pierson, and H. B. Baas, Ind Eng Cfcem 32, 427-9 (1940); ftA 34, 
3235 (1940).

(f) A. Stettbacher, Z ges Schless SprengatoflV jj, 62-4 (1942); CA ^6, 255 (1944).

^®See f o o t n o t e  l ,  page 10.



AMCP 706-177 l-'l trostarch Demolition Exr*o> • e 'NSX

%
Nitrostercfc (12.50£ K) 
Barium Nitrate 
Mononltronaph thalene 
Parauitroanl11ne 
Oil

C / H  Rotio

1*9
1*0

7
3
1

Malecaler Weight: 325

Oxygeo telexes:
CO, %
CO %

Density: gm/cc

S t  - » r l ----- B u l - g ,  I f
S ^ W f r  Vs

Freexiag Petal: 'C

BeiBag Petal: ‘C

Refractive Ixdex, n£

n £  . 

l £

Vaceete Stability Test:
ec/40 Hr*, ot 

C0‘C 

100’C 

120'C 

135“C 

I50‘C

11*

200 G ram  Bomb Seed Test:
. Sond gm 39-5 ‘

Sensitivity te leiHettea:
Minimum Detonating Chorge, gm 

Mercury Fulminate 

Lead Azide 

Tetryl

0.26

BeWtlfe Merter, %  T N T : (s ) 96

Treed Test, %  T N T :

Impact Sia sDIelty, 2  K g  W h
Bureou of M int* Apparatus, cm  21

Sampi* W t  20 m g
Picotinny Arsenal Apparatus, in. 8

Sample W t , mg

M crtae h ’ fc ls a  Test: 

Steal Shoe 

Fiber Shot

Crackles, snaps 
Unaffected

Rif la

Explosions

Partial*

Burned
I *-J

n wwr

Teat: 10 Tn o ls

%
90
0 
0 

10

8 Trials*
*0

13

0
67

BspM ae Temperature: 'C

Seconds, 0.1 cap »=ed) - - SW i'
1
5 Decomposes 

1C 

15 
20

195

75 "C latere it  i t e t l  Heat Test:
%  Lots in 48 Hr* 0.2

10»‘ C  Hoot Test:

%  Lass, 1st 48 Hr* 

%  Loss, 2nd 48 Hr* 

Explosion in 100 Hrs

0.3
0.3
Hone

Plata Deat Test:
M ethod 

Condition 

Confined 

Density, gm/ce 

Brito net, %  T N T

Hear inability Index:

Hygre*tepidly: % 30aC, 90̂  RH 2.1
a* - ■ -

Confinement

Condition

Charge Diameter, m 

Density, gm /cc 

Role, meters/iecond

44<i



Nltro8tarch Demolition Explosive (MSX) AMCP1Q6-177

Shaped Cberge IHsctireeess, T N T  =  100:

90 mm HE, M71 Projectile. Let W C-91:

Density, gm /cc 

Charge W t, lb

Gloss Cones

H ole Volum e 

H ole Depth

Steel Cones

TaNl H e. et FnfMnli:
For T N T  

For Subtact H E

3 inch H I, M 4 2 A 1  Projectile, Lot KC-S: 

Density, gm /cc 

Chorga W t, lb

f|||r

Principal Usee: Demolition, bursting charges, 
and priming compositions

Total Ho. of Fragments:
For T N T  

For Subtact H E

Band tapped

Leading Penalty: gm /cc

Fragment V ih city: ft/MC 
A t O f t  
A t 25V4 ft

Density, gm /ce

Apparent 0.92

M ethod » y

Moat I I M n  ta T N T ): H azard  Class (Quontlty-Distanea) Class 9

M r.

Paok Pressure

Impulse

Energy

Com patibility Group 

Exudation

Group I 

Rone

Air, Cm I M : 120°C Heat Test:
Impulse

Under Water: 
Peak Pressure

Impulse

Energy

Salmon Pink 
Red Fumes 
Explodes

Minutes
“ 75—
255
256

Underfrarmd:
Peak Pressure

impulse

Energy
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AMCP 706-177 Kltrostarch remolitlon Explogive (USX)

Preparation; (b)

The nitration of starch proceeds with the formation of hexanltro starch according to the 
following aquation:
ayi1005 ♦ 6HHO3-* Cj^i .(̂ (caiOgJg + 6% o
TSpioca starch is considered the best for nitration purposes, although other starches give 
iairly stable products- The starch, pretreated to remove oils, fats a->d water soluble ia- 
purltles, is dried and screened. Feeding of the dried starch into stainless steel nitre tors 
containing mixed acid (626-636 8MO0 and 376*366 HpSOij) is done slowly with constant agitation 
of the mixture, the heat evolved must be controlled by cooling coils. The nitrated starch 
is separated from the spent add, washed with a large amount of water and eentrl«Uged. Final 
drylig is on trays heated to 35°-l*0°C with air. This product is so sensitive even a static 
discharge might cause explosion.

Kltrostarch demolition explosives contain a high percentage of nits-ostarch, an oxidising 
agent, mineral oil, a stabiliser and/or other ingredients.

Origin:

Utrostarcfa was first prepared in lB33 by Brancaonot, who called it xylol dine (Ann chip 
phys C23 £2, 290 (1833)). T. J. Felouse studied xyloldine further and reported its explosive 
properties (Ooapt rend 7, 713 (1838). It found military use in the United States during 
World Mrs I and II as blasting explosives and as an ingredient of bursting charges and prim­
ing anvoeitions.

References; 51

(a) V. R. Tomlinson, J r . ,  Ih yalca l and Explosive Properties o f  M ilitary Explosives, PATS 
Mo. 1372, 29 Woveafcer 19^3-

(b) G. D. Clift and B. T. Fedoroff, A Manual for Explosives laboratories, Vol I, Lefax 1
Society, me., Philadelphia (19^). <s

(c) Also see the following Plcatlnny Arsenal Technical Reports on Nitrostsrch Expletives:

1 2 h I 8 2

1611 782 103k U17 838 1269
2032 8h8

k

S ee  fo o t n o t e  1 , page 10 .
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AHCP 706-177

Octol. TO/30

- i r - r r “ i - «

BMC 70 

B I T  30

C / H  Ratio

Malacaiar Weight: 265

Oaygaa Bataaaa:
C O . %  -3 S  
C O  %  - 7 . 5

Deadly: gm /cc Oaat 1 .8 0

|u^. or*

Freariag M a t: *C

Iwip ■ it tu iR M b , 2  Kg W it 
Bureau o f M inas Apporotua, cm  

Sample W t  20 m g
P eotinny A rm n o l Apparatus, in. 18 

Scmpie W t ,  m g 26

BaMag M a k  *C

Refractive la lia , n «

n £

n »

r f M H H  n M M H I  l l p i

Staei Shot Unaffected 
Fiber Shoe Unaffected

Vacaem tta H A y Tart:
cc/40 H n ,  ot

9 0 'C  ---------

100’ C  ---------

120*C O .3 7

135*C

I50*C

IM a  M e  Impact Tart: T r io  Is 

%
Explosions

Portiob

Burned

Unoffactcd

200 Oram l i a t  lead Tart:
jo n d , gm  Exploratory 50* ^

Seconds, 0.1 (no cop uted) —  

1
5 Flaaes erratically 335 

10 
15 
20

m __t-t.h bM M H irW y  W  IlIRPm w ir

M in im u m  Detonating Charge, gm  

M ercury Fulm inate — —  

_eod A zid e  0* 30 

Te try l ---------

Batted* Mortar, %  T N T :  115

Tread Tart, %  T N T :
75 C  tatorsstioaal Hast Teak

%  L a b  in 48 Hr*
Plata Dear Tart:

M ethod 

Condition 

Confined 

Density, gm /cc 

Brito nee, %  T N T

I00*C H art Tart:

%  Lo**, 1st 48 Hr* 

%  L o u , 2nd 48 Hr* 

Expiotion in 100 Hr*

Petaaotiaa Rata:
Confinement Rone 

Condition Caat 
Chorg* Diameter, i*v 1 .0  

Density, gm /cc 1 .8 0  

Rota, metars/sacond 0377

nammabMNy M a n

n j p m c v ^ c u y i  tq

V e M M y:
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AMCP 706-177 O ctol, TO/30

H M R Iv R y  9 f|f«
Condition ■ 

Tatty!, gm

W o x . in. for 5 0 %  Datonotion 

W a x , gm  

Density, gm/ec

Heat at:
Combustion, col/gm 2 7 2 2

Expiation, coi/gm 107*i

Gas Volum e, cc/gm 8 L ?

Formation, col/gm —

Fusion, col/gm

IpecIBe Heat: c ;  /gm /*C

taming Rntn:
cm/soc

Tbermel Sandacthrlty:
eol/sec/cm /’ C

CiefHrient sf ixpenslan:
Linaor, % / * C

Volum a, % / * C

AA _ J -------- SS-L.JIttMIB m am t

E', dynas/cm*

E, ib/ineh’

D tnsity, gm/cc

Cempteeelvi Straagtb: Ib/inch1 1510
See below

Vapor Prasters:
•C m m  M ercury

Conmreselve Strength: lb/inch‘ *

Average (l6 teats} 1510
High 1740
Low 1330

Oxygon, otom»/see 
(Z/sec)

Heat, kilocalorie/mole 
(AH, kcal/mol) 

Temperature Range, °C
Phase

Aim er Mete Impact Test:

60 mm Mortar Projectile:
50% Inert, Velocity, ft/sec 

Aluminum Fineness

500-fc Cea eiel Purpest Bombs:

Plate Thickness, inches 

1
l‘/i 
IV- 
1%

Drop Test:

T7 , 2000-H> SemF-Armat-Pierciag tomb vs Concrete:

Max Safe Drop, ft

500-lb General Paipose Bomb vs Concrete:

Height, ft 

T rials 

Unaffected 

Low Order 

High Order

1000-lb General Purpose lam b vs Concrete:

Height, ft 

Trials 

Unaffected 

Low Order 

High Order

(

Ultimate Deformation: i
Average (10 tests)
K lgh
Low_________________

2.26
2.58
1-9T

•Test specimen 1/2" x l / 2  ’ cylinder (approximctely 3 sm ) pressed at  3 tons (6.000 Ih) total 
load or 3 0 ,00 0 psi w:’ th a 2 minute time of dwell.
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Oetol, 70/30 AMCP 706-177'N

Ta sh

0 0  m m  H I ,  M 7 1 PrejecHI*. U r  W C -9 1 : 

Density, gm /cc

Charge W t, lb

Te ta l N * . « l  F» n » m i :

For T N T  

Far Subject H E

1  tack H I ,  M 4 2 A 1  PiejecHle, Lot K C -S : 

Density , gm /cc

Charge W t, lb

Te te l H e . e l Pregawsgj.

For T N T  

For Subject H E

I V i le city , ft/see 
A t  9  ft 
A t  2 5 f t  ft

Density, gm /cc

•In *  (Keieihre te  T H D i  

A irt
Peak Pressure

Impulse

Energy

A ir , CeeHeed: 
Im puhe

Under W ater:
Peak Pressure

Impulse

Energy

Peok Pressure

Impulse

Energy

S kepW  C harge Effecthronaes, T N T  ~  l M t

Glass Cones Steei Cones

Hole Volum e 

Hole Depth

C i h t ; Buff

M e r lg e l Uses: HE projectile end boob filler

M ethod e f Loading: Cast

keedtag Density: gm /cc 1.8 0

M ethod nry

H atorrf Class (Quontity-Distonce) Class 9

Com patibility Group Group I

Exudation

Work to Produce Rupture: ft-lb/incĥ *

Average (10 tests)
High
Low

1-55
1.87
1.10

Efflux Viscosity, Ssybolt Seconds: 5 9

*Test specimen l/2" x l/2" cylinder (approxi- 
mstely 3 gm) pressed at 3 tons (6,000 lb) 
total load or 30,000 pal with a 2 minute 
time of dwell.
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AMCP 706-177 Octol, TO/30

>

^  :

E ffect o f  A ltitu de Charge Diameter andDegrec o f  Confinement on Detonation Velocity*
(Reference b)

! One-Inch Column Two-Inch Ooluan ;
1 Explosive simulated Altitude, Confined Unconflned Confined Unconflned 1
1 Feet m/e m/e m/s .

i 70/30, KuX/TKT;
1 density, ga/cc 1.62

Ground 7900 8100
1

7660 8030

30,000 8020 ! 8120 7900(4) 7800 .

i1 60,000 8040 : 8l4o 8010 7950

. 90,000 8060 7980 8010 7710

' Average 8005 8085 7895 7873

70/30, HMX/mT; Ground 7060 7900(A) 7870 7640(4)
density, gm/cc 1.6l

8050 8060
i

30,000 7930 . 7710

60,000 8020 7930 7890 7650

90,000 7950 8000 7940 1 7650

Average : : 7995 7973 7908 7663
' 1

*70/30 Octol confined charge in l/4" steel tube, AISI 1015 seamless, 1” diameter 18" long, 
and 2” diameter 7” long* All means were determined from sets cf five values unless other­
wise Indicated by ( ). A 26 gm tetry booster was used to initiate each charge.

Average Fragment Velocities at Various Altitudes* (g)

Explosive Charge Diameter,
Simulated A ltitu de, Feet

Ground 3 0 ,0 0 0 ._ 6 0 ,0 0 0 i 9 0 ,0 0 0
Inches j m/s j  a/« m/s ; m/s

7 0 / 3 0 , r u x / u t t 1 j 3415 3672 3666 3685

2 | 4647

i
5192 ' 5236 ' 6011

7 0 / 3 0 , H M X /u rr 1
_

3366 3680 4014 3617

•Outside diameter 2.5V ;  inside diameter 2.0k”; length 7”.



Octol, 70/30 A K C P  706-177

Tensile Strength;*
Average (8 tests) 169

High 204

Low 126
♦Teat specimen as per Picatinny Arsenal sketch XL-076B, at 21°C. 
Modulus Qf Rlnstipity

Average (10 tests)
lb/inch*
73,206

High 79,300

Law 63,OC
»K s 1/8" X m w cyiisas - 

1 vith a i

Setback Sonsitl’ lty Seat: ( )

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

) Critical Pressure 92,000 psi*

| Deoslty, gm/cc 1.72
♦Pressure below which no initiation is obtained and above which an Increasing percentage of 
initiations can be expected as the setback pressure Increases.
Pit Fragmentation test:

105 t  ML HE Projectile;
Weight Oroup, grains HO. of Fragments

1/2 - 2 1297

2 - 5 66 5

5 - 10 497

10 - 25 661

25 - 50 471

50 - 75 247

75 - 150 322

150 - 750 295

750 - 2500 12
1 Total Humber 4*67
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A X C P  706-177 Octal, y/zp
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Octol, 75/25 AMCP 706-177

oWHUTIIj 1 H R
Condition 
Tetryl, gm

Won, in. for 5 0%  Oetonotion 

Won, gm 

Density, gm/cc

Hoot d i
Combustion, col/gm 2676
Explosion, col/gm 1131

Got Volume, cc/gm 830
Formation, cal/gm

Fusion, col/gm 29.4*
* Calculated far 76.9% HKX, 23.1% HIT.
Ip sriH i Keet: col/gm/*C 

-79°C „
# *
0.200

-80° to +80°C 0.240
33 to Jk°c 0.245
90° to 150°C 0.323

♦♦Determined far 76.9$ HMX, 23-1$ HIT.

Bendeg Bale:
cm/sec

Thermal Ceedectlrlty:
coi/sec/cm/'C

CssfWcIset *f Iwpeeslee;
Lineor, % / *C

Volume, % / *C

H u A M if Mohf* S c tlr

E', dynes/cm*
E, Ib/lneh*

Density, gm/cc

Cee^rseshre StreegMi: Ib/incM 1340
See below

Vapor Prassere:
•C mm Mercury

Compressive Strength; lb/lnch2 *# *
Average (10 tests) 1340
High 1560
Low 1040

Oxygen, otoms/see 
(Z / m c )

Heat, kilocalorie/mol* 
(A H , kcol/m ol) 

Tem perature Rong«, *C

Phose

Aim er P M *  Iw fM t T a t :

5 0 %  Inert. Velocity, ft/sec 

A lum in um  Finenett

Plat* Thickness, inches 

I
IVt 
1 Vt 
1%

Beeih Drop Test:

T 7 ,  M M  lb Seed  A n eer Ptew leg

M c x  Safe Drop, ft

** Ceectete:

Height, ft 

Trlota 

Unaffected 

Low Order 

H igh  Order

10004b Oeeere l Peqpee* Oeek i t  C eet rete ;

Height, ft

T r io h

Unaffected

Low Order 

H igh O rder

Ultimate Deformation: 4 
Average (10 teata) 
High 
Low

2.4

load or 30.000 psl with a 2 minute time of dwell.
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A X C P  706477 Octol, 75/85

r n ^ n M m w i i  i  von Shagal Cborgo WaiHooam, TNT =  106:

9 6  m  HI, M 7 1  PieJotMs, Lot W C -9 1 :

Density, gm /cc ' 

Cheng* W t , lb

1 Gioss Conat Siool Conoo 

Hole Volum o 

Hole Depth

Tori No. e t Frggnehi
For T N T  

For Subjoct H E

9  fatth HI, M 4 3 A 1  PrajitMs. U »  KC-S: 
Density, gm /cc 

Charge W ,  lb

M a r : Buff

Principal Uses: HE projectile a n d  book) filler

Total No. of FragaMMs:
For T N T  

For S u b le t  H E

Molhod of Leodhg: Oast

Leading O m tU ft  gm /cc 1.8l "

F ia g a n o t V e M t y :  ft/soc 
A t « f t  
/ t 2 S f t f t

OansMy, gm /cc
-  -« . n w n o o Hey

Btaet (Math* to TNT): Hazard Class (Crontity-D istonca) Class 9

Airt
Pook Pressure

Impuloo

Energy

Com patibility G roup 

Exudation

Group X

Afar, CnHilfc 
Impulse

Under Wotan ’
Pook Pressure

Impulse

Enorgy

Work to Produce Rupture: ft-lb/inch^

Average (10 teats)
High
lo w

Efflux Viscosity, Saybolt Seconds:

*

1.31
1.5?
1.07

9.0

Pook Pressure

Im pult*

Energy

♦Test specimen l/2” x l/2” cylinder (approxi­
mately 3 gm) pressed st 3 tons (6,000 lb) 
total load or 30i000 psi vith a 2 minute 
time of dwell.
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Octol, 75/25 AXCP 706-177

Fragment Velocity Teat; (»)
ME6 Band Granada:

Bnloalre
Average fragment Velocity, 
--- ft/sec over 1st 1 fSel

1 —  --------
■ Reposition B 1*9**8
• 75/85 C/clotol h<»8

75/25 Octol 5121*

Tensile Strength:*
i lb/inch*
! Average (10 teats)
! High 330
| Lav 226

Modulus of Elasticity;*
' 1 lb/inch^
' Average (10 teats) | 62,100 !

High ! 75,900
Low_________  1*5,200 1

♦That apedmen 1/2” x l/2" cylinder (app-xjxinately 3 go) pressed at 3 tone (6,000 lb) total 
lead at 30,000 pal with & 2 micute time it dwell.

Setback Sensitivity Ten; fa)
Cri tical Pressure j 76,000 > )1* ;
Penalty, ga/cc : 1.80 |

TiJrea"*-'« below which no inltiatik n 1' obtained and above which an increasing percentage of 
initiations can be expected aa the setback pressure increases.

Pit Fragmentation Jest: (a/
105 —  Ml HE Pi^Jectlle:

Group t ^t4lni Ho. of Fragments
1/2 - 2 l6ll

2 - 5 777
5 - 10 535

10 - 25 719
25 - 50 1*80
50 - 75 21*6
75 - 150 339

150 - 750 293
75c - 2500 8

Total Humber ; 5008
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AKCP 706-177 Octol, 70/30t Octol, 75/25

Preparation:

ttoter-vet BMX la added slowly to molten 3MT In a steam-Jacketed kettle at a temperature of 
100°C. file mixture la heated and atlrred until all moiature id evaporated. lhe composition 
la cooled to a satisfactory pouring temperature and caat directly into asnunltlon cosmonauts 
or prepared In the form of drips to he stored for later use* . ' '

References:52

(a) 1st Indorsement from Chief, Explosives Development Section, to Chief, Explosives 
Research Section, Picatinny Arsenal, dated 12 M y  1958- Subject: "Properties of Octols anC 
HTA-3*"

(b) A. W. O’Brien, Jr., C. W. Pluaaer, R. P. Voodbum and V. Rilllpchuk, Detonation Veloci­
ty Determinations and Ftataeent Velocity Determinations of Varied Explosive Systems and Condi­
tions. Rational northern Corporation Final Sunaary Report HWC-F-13. February 1958 (Contract 
BCTT9-020-501-ORD- ( P)-58).

15See footnote 1, psge 10.
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PB-RDX AMCP 706-177

%  '

RDX 90 

Polystyrene (unmodified) 8.5 

Dloctylphthalate 1.5

C / H  Ratio

Molecule r Weight: 2I5

Oxygen Balance:
C O , %  -6 2  
C O  %  -1 8

Density: gm/cc Unpreaoed 0.81

PMnls *C

1 VMm VP avlllar \a
Imeect S— IMvitv. 2 K e  W »: Unpressed 

Bureau of M i net Apparatus, cm  28 
Sample W t  20 m g

Picetinny Arsenal Apparatus, in. 15 
Somple W t, m g 20

Bailing Paint: *C

Rafructiea Index, p® 

n »

n i

Prictioa Pendulum Test:

S tM l Shoe UnafTected 
Fiber Shoe Unaffected

Vecmna Stability Tsat:
cc/40 Hrs, at

90*C _____

1 0 0 'C  ---------

?20*C O.ll
1 3 5 'C

I5 0 ‘ C

Rifle ReNet Impact Test: 10 Tria ls  * 

%
Explosions 10 

Partials 90 

Burned 0  

Unoffected 0
200 6 m m  0m h 0  Sm 4  T M s

Sand, gm

Iw plulls Temperature: *C

Seconds, 0.1 (no cap used) —  

1 —  
5 Smokes 275 

10 

IS  

20

R̂ l̂ĝ ll̂  lBl|lasl-ai T9
M inim um  Detonating Charge, gm  

M ercury Fulm inate 

Lead Azide 

Tetryl

Ballistic Mortar, %  T N T :

Trenxl Teat, %  T N T :
7 !‘C International Heat Teet:

%  Lots in 48 i I.-s Plate beat Teat:
Method ' .

Condition

Confined

Density, gm /cc

Brisonce, %  T N T

100'C Heat Teat:

%  Loss, 1st 48 H rs 0 .0 0  

%  Loss, 2nd 48 Hrs 0 .0 0  

Explosion in 100 Hrs None

Batonoti■h i  Rote:
Confins.nent

Condition

Charge Diometer, in. 

Density, gm /cc 

Rate, meters/second

PlemmebiHty Index:

Hygreacepicity: %

* Teat procedure described In PATH No. 2217, 
May 1956.
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AMCP 706-177 PB-RDX

fVHBWWy I
- *»*■- - wonom on

Tetryl. gm

W o k , In. for 5 0 %  Detonation 

W a x , gm  

Density, gm /cc

Heats#:
Combustion, col/gm 3027
Explosion, col/gm  

G o t Volum e, cc/gm  

Formation, col/gm  

Fusion, col/gm

983

IpocMc Heat: cal/gm /*C

laming Rata:
cm/sec

Tbirmel Csedacllilty:
col/sec/cm /*C

i i p n i i n j

Lineor, % / * C

Volum e. % / * C

Hm4n Mp MthS* Sesli:

Tmr|,i  Mŝ mIm * See below
E', dynes/tm* 

E, Ib/inch* 

Density, gm /cc

Cimpimlvt Strength: Ib/inch1 
Percent

2k03
8.9

2lk9
13-1

•C mm  M ercury

Young1« Modulus: * (a)
.2E, lb/ii ch (avg of 5)

Density, gm/cc

Temperature 
Ambient p ° C

39,953 357H31
1.60 1-57

Oxygen, otoms/«ac 
(Z/sec)

Heat, kilocolorie/mole 
(A H , kcal/m ol) 

Tem perature Range, °C

Phase

Am eer Plate Im p set T u b  

«0 m
5 0 %  Inert, Velocity, ft/sec 

A lu m in u m  Fineness

Plate Thickness, inches 

1
Hi
Hi
1*4

l e a k  Deep Te*»r

T 7 , 2 0 0 1 4  Senrt-Anaer Ptsrclag  l e e k  «e  C e ecrete:

M a x Sole Drop, ft

M 0 4  General Perpeee B e a k  *s Ceecrete:

H eight, ft 

Trio ls 

Unaffected 

Low Order 

H igh  Order

1000-lb General Perpeee Bomb n  Ceecrete:

H eight, ft 

Trio ls 

Unaffected 

Low Order 

H igh  Order

♦Pellets (Lot OAC-596-55) 0.750 Inch diameter by 0.750 Inch long, pressed at 30,000 pel with 
30-second dwell.
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PB-RPX AMCP 706-177

r

\
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»'TCP 706-177 PB-RDX

Sensitivity of PB-RDX and 98/2 RDX/Stearic Acid 
jf-eX'.etn* to Initiation fey Type II Special Blasting**Caps (a)

Gap fr>lstance From Base of Cap to Pellet), Inches
Pellets , 6.250" 0.366 ■ r a r 0.5ST l.Vb '

PB-RDX with Pellet Density 
1-55 gm/cc

Ho. of Trials 8 5 6 2 1 1
Average Depth of Plate 

Indentation, Inches ** 0.082 o.090 0.087 0.080 0.080

Ho. of T-ilurea 0 1 3 k 1 1 1

PB-RDX with Pellet De..3ity 
1.60 gm/cc

No. of Trials 3 8 9 k 3 5 2
Average Depth of Plate 

Indentation, inches ** 0.090 0.089 0.087 O.v.i- 0.087 0.075

Ho. of Failures 0 0 2 ** 2 3 . 2

98/2 FDX/Stearic Acid With 
Pallet Density I.63 gm/cc

No. of Trials 5 3 0 5 5 5

Average Depth of Plate 
Indentation, Inches ** 0.109 0.096 0.095 0.092 0.097 0.087

Ho. of Failures 0 1 0 3 1* k 5
♦ Pellets 0-92 Inch diameter, 0-375 Inch height. 
** m id eteel plate 5" x 5" x 1".
Performance of PB-RDX as Booster: (b, d)

Ten 2-75 Inch HEAT Ml Rocket Heads were unaffected in performance by storage at 71°C for 
26 days. Thus, PB-RDX vaa not desensitized by contact vith TNT-bearing explosives. Tetryl, 
similarly used, becomes desensitized vhen stored In bursting charges at elevated temperatures.

In addition, 108 modified M307A1 57 no projectiles were fired for performance against 
armor. Bach round contained a PB-RDX booster pellet. There was no evidence in these firings 
that the projectiles were Inadequately boostered.

(
\
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PB-RDX AMCP 706-177

Preparation:

lhe purchase description sheet for polystyrene-bonded RDX (X-RA-PD-1068, 25 October 1956) 
requires that the PB-RDX shall be a mixture of RDX, coated and surrounded by a homogeneous 
mixture of polystyrene and dioctylpnthalate. the specified percentage of RDX shall consist 
of a mixture of 73$ Type B, Class A RDX and 25$ Î -pe B, Class E RDX. The granulation of the 
unpressed composition shall be as follovs:

Through U. $. Standard 
■ Sieve No. Minimum $ 1 Maximum £

6 100
12 60
20 . . 2
35 -- 0

Two methods have been reported for the preparation of PB-RDX (Reference: Los Alamos Scien­
tific Laboratory, Contract W-7405-Eng 36 with U.S. Atomic Energy Commission, Report No. IA- 
1448). The earlier method employed a Baker-Ferkins type mixer to blend the components. This 
procedure gave a product vith good pressing characteristics. However, the molding composition 
was nonuniform in granulation and tended to be dusty. The slurry method of PB-RDX preparation 
gave a product which was uniform, free-flowing and dustless. In addition, PB-RDX granulated 
by the slurry method exhibited satisfactory drying, handling and pressing characteristics.

The final procedure incorporating the better features found from the study of such variables 
as solvents, solvent/plastic ratios, lacquer addition and temperature, agitation, RDX particle 
size distribution, dispersants and rosin additive, was as follows (Reference c):

Forty-two and five-tenths grains (42.5 gm) of polystyrene and 8 cc dioetylphthalate were 
dissolved in 200 cc toluene in a lacquer dissolver. Steam was Introduced into the Jacket 
until the temperature reached 65°C. The lacquer was agitated constantly until it was ready 
to be added to the granulator. This lacquer contained a 1:4 ratio of plastic-plasticizer to 
toluene.

Four hundred and fifty grams (450 gm) of RDX and 4500 grams of HgO (ratio 1:10) were added 
to the granulator. The agitator was set for 400 rpm and the temperuture was raised to 75°C 
by introducing steam into the Jacket. The ten^erature differential between the lacquer solu­
tion and the RDX/water slurry was 5° bo 10°C.

The lacquer solution vas poured through the charging funnel into the granulator. As soon 
as the lacquer was added, a solution of gelatin in water vas added, and the mixture was agi­
tated until the lacquer was well dispersed in the RDX slurry (approximately 5 minutes). Granu­
lation took place at this point. Steam was introduced again into the Jacket to distill the 
solvent until the temperature reached 98°C. Cooling water was then run into the Jacket to 
cool the batch to 40 C. The coated material from the granulator was collected on a Buchner 
funnel and dried in a tray at 70°C for 24 hours. Temperatures below 70°C did not furnish 
enough heat, but a temperature of 80°C produced stickiness and caking of PB-RDX.

Origin;
Ai: explosive consisting of RDX coated with polystyrene plasticized with diootyphthalate 

was initially developed in 1952 for the Atomic Energy Commission by Los Alamos Scientific 
Laboratory of the University of California (contract W-7405-Eng 36 with U. S. Atomic Energy



AKCP7M -177

Coanliaion, Report Ho. IA-lbb8). 9m  apaciflc ftmulatlon of 90/8.5/1*5 RUf/polyatyrene/ 
dioctylpfcthclate wi aubaaquantly ataadnrdlsad by Loo AIh m . Ihii aiploalve, originally dealgnatad HOC, boa bon rndealgnated PB-RM. 9m  detailed regal re— nta for tba preeent polyatyrena>banded Knr(PB-RKX) art given la purcbaae deaorlptlon X-EA-PD-1068, 85 October 1956.
Bofaraaoea: 53

(a) B. J. Zlotucha, T. V. Sterna and C. I. Jeoobaon, Charactarlatlca of Polya tyrene- 
Bondad RDtfPB-RIOC). BAIR Ho. 2b9T, April 1958.

fb) A. J. Baaeaalo. 9m  Suitability of a Bax* FBI Booatar Ballot la tba 2.75 Inch Ml BEAT Rocket Band. RATO Bo. 2271, Bore*er I«j.
(c) J. L. Vermilion and R. c . Dubbarly, Plaatlc-Bondad KEK, Ita Praparatlon by tba Slurry 

Hatbod. Bolaton Dafanaa Corporation, Control Ho. 20-T-lb Sarlaa k (fekd 10)1), 5 tmreh 1953-
(d) C. J. Etchinger, Report on Ckrtrldat BEAT 57 na M307A1 (Mod)wltb Modlflad Copper 

Linar, Aben'aan Freeing Ground, Deyalop— nt and Woof Sarvicaa, Blrat Baport on OC Rrojac’t 
DA3-5204, Octobar 1957*

fo o tn o te 1, page 10.



fnteerythrltol Trinitrate (PSTOIK) AMCP 706-177

C 2 2 .1

,  3 . 3  f ® " 0®

HOCHg— C —  CHgOROg 

QLOHOq
0  5 9 -1  *

C / H  Ratio 0.11*1

Meleealet Welgbti 271

C O ,  %  .8 7  
C O  %  3

Psesltyi gm /ce I . 5 L

Mefcteg Fetatt *C 26 t o  26

rflllN| r«MR V

Impost SeaeMvfty, 2 Kg W b
Bureau of M ines Apparatus, cm  

Sample W t  20 m g
Picatinny Arsenal Apparatus, In. 5 t o  10 

Sample W t , m g 38

BeUtag Fetal: *C ** m> Hg Deeoepoeee 130
leleublun _ QMVtVCneV tMUt fltt

n »

n »

rTVEVVOTi rVMHMM V We
Steel Shoe 

Fiber Shoe

Vac— m Stability Test*
cc/4 0 H rs, ot

90*C ----------

10C‘ C  2 .5 b  t o  5 .6 9

1 2 0 'C

135*C

IS O ’ C

Rifle M is t Impact Teel: Trio ls  

%
Explosions 

Portia Is 

Burned 

Unaffected

280 Orem Bomb load Test!
Sand, gm

b p M e e  Tsem nntsu *C

Seconds, 0.1 (no cap used)

1
5

10

IS

20

M M Is IrP y  W  N M IM M It

M in im u m  Detonating Charge, gm  

M ercury  Fulm inate 

Lead Azide 

Tetryl

le iletlc Mw*er %  T N T :

T re n t Test, %  T N T :
7 S 'C  letsraetlseel Meet Test:

%  Loss in 4 8  H rs Flete Seat Test:
M ethod 

Condition 

Confined 

Density, gm /ce 

Brisance, %  T N T

IM * C  Heat Test:

%  Loss, 1st 48 H rs 

%  Loss, 2nd 48 H rs  

Explosion in 100 H rs

Dstim Sirs Bale:
Confinement

Condition

Charge Diam eter, in. 

Density, gm /cc 

Rate, meters/sacond

HemmsbHIty Index:

VetatMty:



m C V  706-177 Pentaerythrltol irinitrate (PETRIN)

F r if n H H m  Tort: S h epsl Cfcerge Effectiveness, T N T  =  100:

•0 m m  H I. M71 Projectile, Lot W C-91: Glass Cones Steel Cones
Density, gm /cc Hole Volum e

C harge W t, lb Hole Depth

Total No. of F i« | i— h :

For T N T  

For Subject H E

Color: white

Priedpel Uses: Explosive, propellent or
3 lock HE. M42A1 PiejecMIe, Lot KC-S: igniter Ingredient

Density, gm /cc 

Charge W t, lb

Total No. ef F re g n e tt:

For T N T  

For Subject H E

L o o H n | Density: gm /cc

Frogmeet V e b c H y : ft/sec 
A t  9  ft
A t  25 V4 ft SlilV§9t

Density, gm /cc
M ethod Dry

•loot (KeteHro to T N T ): H azard Class (Quantity-Distance)

A in Com patibility Group

Peak Pressure

Impulse

Energy

Exudation None

PETRIN esters ere listed in reference (b)
A lt, C m . M i end most of these esters hsve been shown to

Impulse have explosive properties.

l is le  Waten
P w h  Pressure

An infrared epectraphotometric procedure
was developed for the determination of the 
acetone content of PETRIN (ref c). A 2.5 gm

Impulse

Energy

sample of PETRIN is dissolved in chloroform 
and the volume increased to 25 milliliters in
a volumetric flask. The acetone content of

Uadsigtoaed:
Peak Pressure

the PETRIN solution is determined by its infra­
red absorption et 5*82̂ * in a 0-5 mm ceil. A 
double beam method is used with e reference

Impulse cell containing chloroform and acetone-free
Energy PETRIN. The quantity of the latter must be

Absolute Viscosityr poises: carefully adjusted to give s good balance be-
Temp, 17°C lli. 8 o 

23°C b.3
tween the test sample and reference cells for 
the strong PETRIN peak at 6.02/u maximum.

23 C 3-0 
38°C 1.2 Heat of:

Explosion, cal/'rm 120b



Pentaerythritol Trinitrate (PETRIH) AMCP 706-177

Preparation:

C(CHgOH)^ + 3hho3
HgSQij
--------- a (HO^cCCHgHOj^ + 3HgO

pentaerythritol nitric sulfuric pentaerythri tol water

MW 1?6
acid 
MW 63

acid 
MW 98

trinitrate 
MW 271 MW 18

The earlier procedure used for the manufacture of PETRIS vaa that developed at Alleghany 
Ballistics laboratory. In this process) called the "A process," 80$ HHO:; and the solid pen- 
taerythrltol were charged to the reactor and 80$ HgSO^ van added slovly at a rate to permit 
control of temperature at 0° to 5°C. Ibis mixture was held for a 2-l/2-tour reaction period, 
then drowned in water and filtered to give a cake containing both the tri- and tetre-nltrates 
of pentaerythritol. The cake was dissolved in acetone and neutralized in solution with am- 
uonlu carbonate, after which the PE® «..s precipitated by the addition of water. After fil­
tration, the PETRIH was recovered from the filtrate by stripping off the solvent under vacuum. 
Yields by this process averaged about 1*0$.

An improved process, celled the "B process," used the ease primary reaction procedure but 
a different work-up procedure. After the reaction holding period, water was addpd to dilute 
the mixed acid and the batch was extracted in situ with methylene chloride. The organic 
layer was separated, neutralized with aqueous sodium bicarbonate, and stripped of methylene 
chloride under vacuum to yield the product directly. Yields by this process were about 50$ 
and quality of the product was much improved over that of the "A process."

The "C process," currently in use, involves essentially the simultaneous synthesis and 
extraction of PETRIH from the reaction nlxt’ire. Methylene chloride approximately equal to 
the xoual weight of the other components Is added to the reaction mixture before the sulfuric 
acid. After a tuitpble time following the addition of sulfuric acid, the solvent la removed 
and T'.,- aced by fresh solvent one or more times- The combined extracts are neutralized and 
concentrated. Because of their initially relatively large volume, PETN — ». ba r~-.oved by 
flltratiu. from the concentrated PETRIH solution before the final solvent la stripped. Ylelda 
by this process have been 60$ to 65$.

Origin:

The nitration products of pentaerythritol or itc derivative containing not more than three 
H02 groups were pstented for use as explosives, propellants or ignition materials in 1936 
(Genian Patents 638,1*32 and 638,1*33; CA J1, 1212 (1937))-

A process in which pentaerythritol monoecetate vas converted to pentaerythritol trinitrete 
monoacetate, which was then saponified under carefully controlled conditions to PETRIH, was 
report®! in 1951* (K. S. Marans, L. E. Elrick apd R. F. Preckel, J Am Chem Soc 7o, 1301*).
’’TTRIH was also prepared by the nitration of pentaerythritol with a mixture of""0O$ HHOa and 
80$ HoSOl in 1955 fA. !• Camp, H. S. Marans, D. E. Elrick and R. F. Preckal, J Am Chem Soc
77- 75D-
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AXCP Fantaanrthrltol Trlaltrata (man)

g r f W I D C H I } t  , ?

(a) Roin and Baaa Company, Radatona Araanal Mriaica, Procaaa for tha tanufactura »f Pantaarythrltol Prlnltrata Honoaorrlata and Patrin Acrylata frropallmrU. TTfetf-H 1̂ 46 ~
(to) I. Barlow, R. H. Barth and T. E. Snow, gia Pantaarythrltola, ACS Monograph Ho. 136, p. 65, Rtlnhold PribHehii* Corporation, Haw lark', i'$38.
(c) R. H, Pioraoo, An Infrarad apactrophotooetrlc Hathod for Da taral nation of Aoatoaa 

Cootant or Pantaanrthrltoltrlnltrâ a. b.S. Haral Ordnance iaat Station hroort (bis l&TTT’
5 tarsayike.

S^Saa footnota 1, paga 10.



• P e u t a a r y t h v i t o l  T r i n i t r o * c r y  l a t e  (P E T R IN  A c r y l a t e ) AMCP 706-177

9
f

( T r i m  t r o x y p a n t a e r y t n r i  t o !  A e r y l a t e l

\

<
%

C 2*). 5
CHgONOg

CH_ -  CTI-COpCHpC-CHpONO^ 
H 1 2 .9  | "  

CHoONOo
0  5*».2

325

b
b
*

O i y | H

C O , %  
C O  %

-5*i
-1 2

« 1 easily: gm /cr

» M s M a g  M e t :  'C 78 t o  79

*
1 C / H  Ratro 0 .2 3 9 Freesleg Peiet: ‘ C

*
I f i i t  Ssaslllelly. 2  K g  W t : BeiBag M a t :  *C

>

*
9

SeUI Qertea VI t ate* i
Sample W t  20 m g 

Picatinny Arsenal Apparatus, in. 
Sample W t . mg

Refract ire  lades, n °

n »

n »

*
f

Prictiea PeedahMn Test: 

Steel Shoe 

Fiber Shoe

V a c  n e t  Stability Test:

cc/40 Hrs, at 
9 0 ’ C  

1 0 0 'C  

I2 0 "C  

135*C 

150"C
■i
t

Rifle BaNst Im pact Test: Tria ls 

%
Explosions 

Portia Is

1- Burned

Unaffected

2 0 0  Great Beadt le a d  Test:

Sand, gm

&
»
S

4

b p leeiea  Taatpetalvrs: 0

Seconds, 0.1 (rui cop used)

1
5

10

15

20

Seaeitirity to laW etlea:

M inim um  Detonating Chorge, gm  

M ercury Fulminate 

Lead A zide 

Tetryl

*
% B e W ttk  M ortar, %  T N T :

’ T re e z l Test, %  T N T :*
7 3 ‘ C  lateraeHeael Meet Tect:

%  Loss in 48 Hrs• Plate Oeat Test:

hiethod

•

1 0 0 'C  Heat Test:

%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

Condition 

Confined 

Density, gm /cc 

Srisonce, %  T N T

P e te e c -'v i Rote:

Confinement

Condition

Chorge Diometer, in.

Fleet me WUty lades:

• Hygrecccfifity: %  N i l

1 '

Volatility:
Density, gm /cc 

Rate, meters/second
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Pentaerythrl' ji i.rlnltrot.erylate (PETRIH Acrylate) AMCP 706-177

Preparation: («)

HocH2c(ayio3)3 CHg • CHC0C1 * C6H5N(CH3)g
pentaerythrltol 

trinitrate (PETOUi)
MW 271

(OgHOCHg)jCCHgOCCH

ncrylyl dimethyl
chloride aniline
MW 90-5 MW 121

CHg + C6H5N(CH3)gHCl <--
pentaerythrltol trinitrate mono- dimethylanine
acrylate (PETRIN acrylate) hydrochloride

MW 325
The original ayntheals for PETRIH acrylate employed trifluoroacetic anhydride and glacial 

acrylic acid aa the acrylatlon agent for PETRUi. These two materials were charged to a re­
action veaael and the Initial reaction vas controlled by the alow addition of PETRIN at a 
temperature of 10° to 15°C. Following a period of one hour, the batch vaa drovned in water, 
precipitating the PuIRIH acrylate. This solid was separated by filtration, dissolved In chlo­
roform, and neutralized in solution with sodium bicarbonate. The product was then crystal­
lized during a period of 16 hours at 0°C and dried under vacuum to remove traces of solvent. 
The yield for this process vas about 60$.

A significant improvement in yield (to about 74$) and purity (approximately 90$) vas 
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 vlth water.

Because of the high cost and hygroscopic nature of trifluoroacetic anhydride, a new pro­
cess, based on dlmethylanillne ind acrylyl chloride, vas considered. This process Is cur­
rently under development In tne Rohm and Baas Chemical Processing facilities and Is not con­
sidered optimum. Fields averaged 46$ and product purities averaged 93* 5$-

PETRIH Acrylate Propellants:

PETRIH acrylate could be used as a monopropellant because it has a specific Impulse of 
214 lb-sec/lb and a burning rate of 0.2 in/sec. The addition of an oxidizer increases both 
the impulse and burning rate.

A composition which presently appears most promising Is as follows:

PETRIH acrylate ( > 9^$ purity), $ 
Triethylene glycol ■‘ri nitrate, $ 
Glycol diecrylate, $
Ammonium perchlorate, $ 
Hydroquincne, $

oeltlon HM 
(tinder)

11.8 (plasticizer)
2-9 (crosslinker)
51.0 (oxidizer)
0.014 (polymerization inhibitor)

Measured specific impulse 238 lb-sec/lb, at density of 1.3.

Reference:5'

(a) Rohm and Haas Company, Redstone Arsenal Division, Process for the Manufacture of 
Pentaerythrltol Tetranltrate Monoecrylate and Petrln Acrylate Propellants, 12 March 195b-

T̂ See footnote 1, page 10.
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AMCP 706-177 Pentollte, 50/50; 10/90

t i r a n t W T - .

P S TN  50 10 

H I T  50 90

C / H  Rotie

M atador Waigbt: 2 ^ 2

Oxypea Bala act:
C O - % -5 2  .6 8  
C O  % . 5  -2 1

Paailty: gm /cc 1 .6 5  1 .6 0

Maltiag Paiat: °C 76

Praesiag Paiat: *C

Impact rwwRM ty. 2 Kg W t: 50/50 10/90
Bura>.u of M inas Apporotus, cm  35 65 

Sompla W t 2 0  mg
Picotinny Arsanol Apparatus, in. 12 15 

Sampla W t, m g 15 l 8

BaiHag Paiat: *C

Refractive ladax, n*

n »

n »

Prlctlaa M A n  Tost:
Stool Shot Unaffected 
fiber Shot Unaffected

Vacaaat Stability Tast: 50/50 10/90 

cc/40 Hrs, ot 
9 0 “C

100*C 3 -0  3 -0  

I2 0 ”C  11+ 11+ 

I3 5 ’ C  — - -  
150’ C  — -

RMa BoNat Impact Test: 25 Tria ls , 50/50 

%
Explosions 72 

Portia is 20 

Burned 0 

Unoffectsd 8

209 Gram Beak Saad Teat:
Sand, gm  55-6 5 9 .5

I r p j n ' n  T r — piratwrt: * C  > 50/50

Seconds, 0 .) vno cap used) 290

1 266 
5 Decomposes 220
10 205 

IS  197 

20 >190

Seatltivity to laitietiea: 50/50

M inim um  Detonating Charge, gm

M ercury Fulminate 0 .1 9 *  

Lead A zide  0 .1 3 *

•Alternative initiating chareee.
ialUttic Matter, %  T N T : (a) 126
Travel Tart, %  T N T : ( b )  122

75 *C latereetioaal Heat Tast:
%  Loss in 48 Hrs

Plate Deat Tast: (c )
M ethod B 

Condition Cast 
Confined No 

Density, gm /cc 1-66 
Brisonce, %  T N T  121

100‘C Heat Test: 50/50
%  Loss, 1st 48 Hr* 0.0  
% Loss, 2nd 48 Hrs 0 . 2  

Explosion in 100 Hrs None
Peteaetioa Rota:

Confinement None 
Condition C a s t 

Charge Diometer, in. 1.0 
Density, gm /cc 1 • 66 

Rate, mefers/second 7565

Flammability Index: Hill not continue “.0 burn

Hyarascepkily: % ^ 2 °  12Z2° 
30°C, 90% RH None none

Volatility:
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Pentollte, 50/50: 10/'*) AMCP 706-177

Booster Sensitivity Teat: (d)
Condition Pressed 

Tetryl, gm 100 

Wox, in. for 50%  Oetonotion 2.36 
Wax, gm

Density, gm/cc 1.60

50/50
Cast
100

2.08

1.65

W v W I W V i l l l V t t  h ^ w i t v e t *

Oxygon, atoms/sec 
<Z 'sec)

Heat, tulocolorie/mole 
UH, keal/mol) 

Temperature Ronge, °C

Phase

Heat of:
Combustion, cal/gm 

Explosion, cal/gm 

Gas Volume, cc/gm 

Formation, col/gm 

Fusion, cal/gm

1220

Annor Mote Impact Test:

<0 mm Mortar Projectile:
50% Inert, Velocity, ft/see 

Aluminum Fineness

SCO-lb General Purpose Bombs:

50/50

170

Specific Hoot: cal/gm/°C
Plate Thickness, inches

1

Hr
I ’.n

l-l*
Bereing Rota:

cm/sec
Bomb Drop Tost:

Thsrm sl Coaductirity:
col/sec/em/’C 17, 2000-lb Somi-Armor-Piarcing Bomb vs Concrete:

CaeMiciaet of Expeas ion:
Linear, % / "C

Max Safe Drop, ft

500-lb General Purpose Bomb vs Concrete:

Volume, % / "C Height, ft

Triols

UnaffectedHardness, Mohs' Scale:

Young's Modulus:

E', dynes/cm2 

E, Ib/inch2 

Density, gm/cc

Low Order 

High Order

1000-lb General Purpose Bomb w  Concrete:

Height, ft

Trials

Unaffected

Compressive Strength: Ib/inch- 2000-2200 
Dens’ '.,/, gm/cc l . f c

Vapor Pressure:
gC nim Mercury

Low Order 

High Order



AXCP 706-177 Pentollte, 50/50; 10/90

jo/20

M mm HI, M71 Prefadiie, Ld WC-91:
Density, gm /cc 1.65
Charge W t. lb 2.11*7

Total No. of Fropmaatr:
For T N T 703
For Subject H E 963

9 lad) HI, MVOAt PrefectHe, Lat KC-5:
Density, f,m/cc 1.65
Charge W t, lb 0.872

Total No. of Fragments:
For T N T 514
For Subject H E 650

Fragment Velocity: ft/sac
A t  9  ft 2810
A t  25*4 ft 2580
Density, gm /cc 1.66

Mad (ftaiottro to TNT): (•)

Air.
Peon Pressure 105
Impulse 107
Energy --

Air, CsaHosd:
Impulse

Uodar Water:
Peok Pressure

Impulse

Enurgy

Peak Pressure

Impulse

Energy

Eutectic 7irapemture, °C: 76

gm PETW/lOO gm TNT
76°C 13-0
95°C 28.3

M e H  Charge Iffadkeowe. THT =  100:
50/50 10/90 50/50 05/75 

Gloss C o n e s (f ) Steel Cones ( g )  

Hole Volum e 157 105 149 119
Hole Depth 116 116 131 119

Celar: Yellow-white

Shaped chargee, burating 
chargea, demolition blocks

Malked of Cast

: gm/cc 50/50
1.65

10/20
1 .6 0

Method

H azard C lo u  (Quontity-Distance) 

Com patibility Group 

Exudotian

Dry

Claae 9

Group I

Compatibility with He tale:
Dry: Copper, braaa, aluminum, magnesium, 

magnesium-alumlnum alloy, mild steel coated 
with acid-proof black paint, and mild steel 
plated vi th copper, cadmium or nickel are not 
affected. Zinc plated steel is only slightly 
affected.

We*.: Stainless steel, aluminum and mild 
steeT^cor ted with acid-proof black paint are 
not aife .ted. Copper, brass, magnesium, mag­
nesium-aluminum alloy, mild steel and mild 
steel plated with copper, cadmium, zinc or 
nickel are slightly affected.
Effect of Temperature on 
Hate of Detonation:
16 hrs at, °C 
Density, gm/cc 
Bate, m/sec

0»>
20/50

-54 21
1 .6 7 1 .6 6
7l*70 7440
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Pentollte. 50/50; 10/90 AMCP 706-177

Preparation:

Pentollte la manufactured by either the elurry method or coprecipitation of PED? and DU.
Xn the elurry method PETS, in vater, ie stirred and heated above 806C. HIT le added and vhen 
molten, it coate the particles of PEDJ. Die slurry la cooled with rapid stirring and the sepa­
rated granules are collected on a filter and dried below 75°C.

In >. ̂precipitation, PEDl and DfT are dissolved separately in acetone. Die solutions are 
mixed and the explosives are precipitated simultaneously by pouring the mlxod solution into 
cold vater under vigorous agitation. Die precipitated solid Is collected on a filter and 
dried in air.

Origin;

Standardised during World War II, vlth the 50-50 PEDl/UTT mixture being the more important 
for buratlng chargee and booster-surround charges.

References; 56

(a) L. C. Saith and E. 0. Eyster, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Jests; Performance Tests, OEBD Report Ho.57ll6, 27 December 1945-

(b) Philip C. Keenan and Dorothy Pipes, Ihble of Military High Explosives, Second Revision, 
HAVORD Report Ho. 87-46, 26 July 1946.

(c) D. P. MtcDougall, Methods of Physical Testing, OSRD Report Ho. 803, 11 August 1942.

(d) L. C. Smith and 5. R. Walton, A Consideration of Rig/Wax Mixtures as a Substitute for 
Tetryl in Boosters, NOL Memo 10,303> 15 June 19*»9.

^ e )  W. R. Tsmllnson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture, 9 April

(f) Eastern laboratory, du Pont, Investig, t on of Cavity Effect. Sec i n ,  Variation of 
Cavity Effect with Bcploalve Composition, 1TOC Contract W672-0RD-5723.

(g) Eastern laboratory, du Pont, inyfegtlgatlon of Cavity Effect, Pinal Report, Contract 
W-672-0RD-5723, E. lab, du Pont, 18 September

(h) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Important Military Explo­
sives at Several Different Temperatures, PAIR Wo. 2303/ November 195b-

(l) Also see the following Picatinny Arsenal Technical Report on Pentollte;
0 1 2 1 4 2 6 7 8

1360 1291 1212 1133 1284 1325 1436 1477 1388
1420 1451 1262 1193 2004 1466 1677 1598
1570 1651 1372 1213 1796 1737 1668

1363 1838

SbSee footnote 1 , page 1 0 .
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AXCP 706-177 Pfcrti (Pentaerythrltol Tetranltrate)

Competition:

0 19.0 f °2

H 2.5 fK2 
R 1T.T o2no- ck2- c - ch2- cno2

0 60.8 1*2 
C /H  Rotio 0.13b OM02

Molecular Weight: (CjHgN̂ Ô g) 316

Oxygen Vela nee:
CO, %  .10 
CO %  15

Dmwity: gm/cc Cryeta l I .77

Melting Paint: ’ C l L l

Freezing Paint: °C
Impact Sensitivity. 2 Kg W t:

Bureou of .Minas Apporotus, cm IT  
Sompla Wt 20 mg '

Picotinny Arsenal Apporotus, in. 6 
Sample Wt, mg 16

Bailing Point: °C

Retractive Index, Da

n»

nS,

Friction Peodalem Teat:

Steel Shoe Crackles 
frS*r Shoe Unaffected

Vacuum Stability Test:
cc/40 Hrs, ot 

90“C

100“C 0.5 
I20°C 11+ 

135*C 

150'C

Rifle Snllot Impact Tatt: 5 Triols *  

%
Explosions 100

Portiols 0
Burned 0

Unaffected 0 
*4.Sb4 moisture In  samples

200 Gram Bomb Sand Test:
Sand, gm 62.7

Explosion Temperate re: °C
Seconds, 0.1 (no cop used) 272

1 2kk 
5 Decvnpoaes 225
10 211 
15 —  
20 —

Sensitivity tn Initiation:
Minimum Detonating Charge, gm 

Mercury Fulminate 0.17* 

Lead Azide 0.03*

♦Alternative initiating chances.
Ballistic Matter, %  T N T : (a) 1L5

Trauzl Test, %  T N T : (b) 173
75 *C International Heat Test:

%  Loss in 48 Hrs 0.02 Plate bent Test: (c )
Method A 

Condition Pressed 

Confined Yes 

Density, gm/cc 1.50 

Brisance, %  TNT 129

100‘C Heat Test:

%  Loss, 1st 48 Hrs 0.1 

%  Loss, 2nd 48 Hrs 0.0 

Explosion in 100 Hrs None

Detonation Rata:
Confinement None 
Condition Pressed 
Charge Dnmeter, in. 1.00 
Density, gm/cc 1.70 
Rate, meters/second 8 300

Flammability Index: W ill not continue tn turn

Hygroecopkity: %  30°C, 90?. PJ! 0.0

Volatility: o.o



PSTN (Pentaorythrltol Tetranltrate) AMCP 706-177

*--»■ —  f snnltt,,lh, Tee*,sVRWVTWy §
Condition

(c )
Pressed

Tetryl, gm

Wox, in. for 50%  Detonotion

5

Wax, gm 3
Density, gm/cc 1.6

Heot of:
Combustion, cal/gm I960
Explosion, eol/gm 1385

Gas Volume, ee/gm 790
Formation, col/gm 

Fusion, cal/gm

383

Specific Heat: col/gm /'C (D

Room Temperature 0.26

Burning Roto:
cm/sec

Thermal Conductivity:
cal/sec/em/'C

Coefficient of Expansion:
Linear, % /*C

Volume, % / "C

Hardness, Mohs' Seels: 1.9

Young's Modulus:
E', dynet/em1 

E, lb/inch1 

Density, gm/ce

Compressive Strength: Ib/inch1

Vapor PraMura:
*C mm Marcury

*. (el (el (f)
Oxygen, otoms/soc 10®®'® 10®*' ̂

(Z/MC)
Heot, kiiocok-rie/mole 1*7-0 50-9 52-3
(AH, kcal/tnol)
Temperotur. Range, °C 161-233 108-120 137-157
Phose Liquid Solid At melt'

log point
Armer Plate Impact Test:

60 mm Mortor P ro f ile :
50 %  Inert, Velocity, ft/sec 

Aluminum Fineness

500-lb General Purpose Bombs:

Plote Thickness, inches 

1
1V4

1%

Bomb Drop Test:

1 7 ,2000-fc Semi-Armor-Piercing Bomb vs Concrete:

Max Sale Drop, ft

SOO-lb General Purpose Bomb vs Concrete:

Height, ft 

Trials 

Unaffected 

Low Order 

High Order

1000-lb General Purpose Bomb vs Concrete:

Height, ft 

Trials 

Unaffected 

Low Order 

High Order
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AMCP 706-177 Pgffl (Prof rythrltol Tetr»nltr»te)



PETS (Pentaerythrltol Tetrmnltrete) AMCP 706-177

Compatibility vith Metals:

tty; Copp«i brass, aluminum, magnesium, magnesium-aluminum alloy, stainless steal, mild 
steel, mild steel coated with acid-proof black paint and olid steel plated with copper, ced­
ed ua, nickel or zinc are not affected.

Wet; Stainless steel is unaffected and aluminum only vary slightly so after prolonged 
storage. Copper, brass, magnesium, magnesium-aluminum alloy, mild steel, mild steel coated 
with acid-proof black paint and mild steel plated with cadmium, copper, nickel or zinc are 
affected.

Sensitivity of PEP! to electrostatic discharge, Joules; Through 100 Mesh; (g)

Unconfined 0.06
Confined 0.21

Solubility, grama of PETH per 100 grams (f) of; (h)

Trlchlorethyienc
~ or Alcohol Acetone Benzene Toluene

2 fc 2 !£ 2 fc 2
0 0.070 0 14-37 0 0.150 0 0.150
20 0.195 20 24.95 20 0.450 20 0.430
40 0.415 to 30.56 to 1.160 to 0.620
6o 1.20? 60 1*2.68 80 7*900 

i -Ethozy-ethyl-

60
80
100
112

2.490
5.850

15-920
30.900

Methyl acetate Ether acetate Chlorobenzene

!£ 2 °c 2 2 0£ 2
20 13 0 0.200 20 1.5 20 0.35
30 17 20 0.3to 30 4.1 30 2.8
to
50

22
31

34.7 0.450 to
50
60

7.6
11.2
14.2

to
50
60

6.1
9.2

12.2

Bthylenedlchlorlde Methanol
Carbon

Tetrachloroethane tetrachloride

!£ 2 2 2£ 2 fc 2
10 0.9 20 0.46 20 0.18 20 0.096
30 1.5 to 1.15 30 0.27 30 0.108
50 2.6 60 2.6 to o.to to 0.118

50 0.58 50 0.121
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A M C P  706-177 PEBI (Pentae.'y'.iritol Twtran* trate)
Isoproranol laobutanci Chloroform TNT

!s t °S t °Ji i
O.,

t
15 0,02 20 C 27 20 0.09 80 19.3
20 0.0* 30 0.31 85 25.0
30 0.15 40 0.39 90 32.1
40 0.36 50 0.52 95 39-5
50 0.46 1.00 48.6

108 58.2Eutetic of the system PETN-TNT is about 13J( f-ETh 110 70.0
and 87% TUT at 76"c. 115 87. c

120 115
125 161

Preparation:

(Nitroglycerin and Nitroglycerin iSxploalvea, Naoiim)

8HCB0 + CH3CHO + Ca(0fl)2 -* SCfCHgOH)^ - Ca(HCOO)2 C'CHgOK)!, + 4HN0,-* CfCHgONOg)^ + 4Hg0

1* In thla preparation 1940 gm of formaldehyde and 600 gm of aceteliehide are dissolved 
In 90 Utera of water containing 1600 gm suspended slaked lime. The reaction is complete in 
about 3 weeks if agitated several tines a day. The solution lu filtered, the calcium formate 
precipitated with oxalic acid, filtered off, and the water removed under reduced pressuie.
On cooling the mother liquor about 1200 go crude pentaer/-thritol, melting point 235°-24o°C 
are obtained. Purification Is ret.di.ly effected by stirring with a little alcohol, filtering 
anl recrystallization from water.

2. TL 1*00 cc of strong white nitrl' eld, are added 100 gm of pentaerythritol (through 
50 mesh). at 5°C or below, under good ag. itlon. After addition is complete stirring, et 
5°C, is continued for 15 minutes. The mixture is drowned in 3 liters of ice-water, fii ,ered, 
the product washed free of acid with water and than digested 1 ;,ou" in 1 liter of hot 0. %  
sodium carbonate solution. The product is filtered, and recrystallized from acetone.

PUTS waa known as an explosive in lhgk when it was proposed as an add!on to smokeless 
powders to raise their flammability and ease of combustion (German Patent 81,664 (1894).
Modern methods of preparation are described by Vignon end Gerir (Compt rend"l53~ 590 (1901) 
and German Patent 265,025 (1912) and A. Stettbacher (2 ges Schiess - SprengstttV 11, 112,
1C2 (l>l6) and 24, 259 (1929)). PETN vaa not used or a practical basis until after World War
Destruction by Chemical Decomposition:

PETTI is d -Otnpof by dissolving in 8 times its veight of technical grade acetone and burn­
ing the solution i a shallow container. If preferred, v-rm the acetone solution to 4o°C, 
stir and add 7 parts by weight, to each part of PETS, of a solution of 1 part sodium sulfide 
(Ha2S-9H„0) in 2 pails water heated to 80°C. The aq.eous solution should be added at such a 
rate that the acetone solution does not boil. After mixing io complete continue stirring for 
one-half hour.

.1jiiN**-**̂
f
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PSTK (p e n ta ery th rlto l "’e tra n ltra te ) AMCP 706-177

References^'

(a) L. C. Smith and E. G. faster, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Teetc; Peiformance Tests- OSRP Report No. 5716, 27 December 19^5-

(b, Pfc. Naoua, Z gea Schless - Sprengstoffv, pp. l5l, 229, £67 (27 June 1932).

(c) D. P. MacDo'igall, Methods of Physical Testing, OSRD Report No. 803, 11 August 19l2.

(d ) International Critical Tables.

(e) M- A. Cook and M. T. Abegg, "Isothermal Decomposition of Explosives," University of 
Utah, Ind & Eng Ohem, (June 1956), pp. 1090-1095-

(f; A. J. E. Robertson, "The Thermal Decomposition of Penoaerythritol Tetranitrate, Nitro- 
glycerl:.. Etnyienedlamir.e D ’.nitrate and Ammonium Nitrate," J Chem Ind 67 . 221 (1918).

(g) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation 
by Electrostatic Discharges, U.S. Dept of Int, Bureau of Mines, RI 3852, 1996.

(h) Various sources in the open literature.

(i) W. S. Cramer, Bulk Compressibility Dr-"a on Several High Explosives, KAVORD Report No. 
I 38O, 15 September 1956.

(j) Also see the following Picatinny Arsenal Technical Reports on PETN:

0 1 2 2 1 2 6 7 8 2

76 0 loll 772 3 1 3 90l 13 0 5 1216 107 318 1 3 7 9
1 1 7 0 1 3 1 1 922 8 63 1271 13 2 5 1276 527 6j3 1 1 2 9
12 6 0 1 3 8 1 1132 10 6 3 1281 lul5 1 3 1 6 857 1238 1 1 8 9
12 9 0 H 5 1 1192 1 1 3 3 till 1705 1376 1217 1318 1 5 5 ^
13 0 0 1 5 6 1 1212 1253 1885 1116 1517 1383 2179
13 2 0 1 6 1 1 1262 1313 2 12 5 U 56 1 6 1 7 1568
13 6 0 1 6 5 1 ! 3l2 1193 1166 1737 1598
3380 1352 1533 1556 1797 1830
13 9 0 1372 1796 2178
1 1 3 0 11*52
H 5 0
1570

♦' 1 ,  P



AkCP 706-177 Picrealde (TS k) (2,l*,6-Trlnttroanlllne)

c 31-5

H 1-8 02N " P f "  Nw0 

N 21*.5
0 1*2.2 N02 

C/H  Rotio 0.500

Molecular Weight: (CgĤ N̂ Ô -) 228
Oxygen Selene*:

CO, %  -56 
CO % -ll*

Density: gm/cc Crystal 1.76
Melting Feint: 'C  189 to 190

Freeslng Feint: “C

Impact Sensitivity, 2 Kg W t:
Bureau of Mines Apparatus, cm 
Somple Wt 20 mg

Picotinny Arsenal Aopcrotus, m. 23 
Somple Wt, mg 20

i#ithM Point- °C Decomposes before boiling 
*  * point

Refractive Index, n »

n£

nS,

Frictioa Fendulum Test: 

Sts*1 Shoe 

Fiber Shcs

Vacuum Stability Test:
:c/40 Hrs, at

90’C ------

100"C 0.9
I20°C

135’C

150’C

Rifle Ballet Impact Test: Trials

%
Explosions

Portia's

Burned

Unaffected

200 Gram Bomb Send Test:
Sard, gm 1*8. X

Explesiea Temperature: CC
Seconds, 0.1 (no cop used)

1
5

10

15
20

Sensitivity to Initiation:
Minimum Detonating Charge, gm

Mercury Fulminote ------

Lead Azide 0- 30 

Tetryl ------

Ballistic Mortar, %  T N T : 100

Treuxl Test, %  T N T : 107

7S*C letereetieeel Heet Test:
%  Loss in 48 Hrs Flat* Dent Test:

Method 

Condition 

Confined 

Density, gm/cc 

Brisance, %  TNT

I00°C Heet Test:
%  Loss, ist 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

Detonation Rate:
Confinement None 
Condition Pressed 
Charge Diameter, in 0-5 

Density, gm/cc 1-72 

Goto, meters/second 7300

Flammability Index:

Hypiescepicity: %

Volatility:



Plcramidc (TNA) (2 ,b ,6 -T r ln itro 8 n llln e ) AMCP 706-177

F ffn w m H n  Test: Steeped Charge Effectiveness, T N T  —  100:

94 m  H I. M71 Projectile, le t W C-91: Glass Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Total No. of Frogoieoti: Color: Yellow
For TNT  

For Subject HE
Principal Uses: High temperature heat

3 loch H I, M42A1 Projectile. Let KC-S: resistant explosive

Density, gm/cc 

Charge Wt, lb

Total No. of Fragments: Method of Loo ding: Pressed
For TNT  

For Subject HE

Lending Density: gm/cc

Fragment Velocity: ft/sec
At 50,000 psl 1.7&

At 9 ft 
At 25% ft Staregt:

Density, gm/cc
Method Dry

fleet (Relative to T N T c Hazard Class (Quontity-Distance) Class 9

A ir: Compatibility Group Group I
Peak Pressure

Impulse

Energy

Exudotian Hone

A ir, Coe fined: Solubility:
Impulse Insoluble in water, slightly soluble in 

alcohol and ether. Soluble in hot glacial
Under Water: acetic acid, hot ethyl acetate and in benzene

Peak Pressure and acetone.
Impulse

Energy neat of-

Combustior., cal/gci (a) 2962
Uedarg reared: Explosion, cal/gm 56b

Peak Pressure

Impulse

Energy

Formation, cal/gm (a) 131



AMCP 706-177 Picramide (lHA) (2 ,4 ,6 -IV ln ltro a n .llln e )

Preparation:

Five grama of picryl chloride were dissolved In 180 milliliters of absolute methanol.
The solution was then satur^-ed with anhydrous, gaseous ammonia. The time required vaa 
approximately 30 minutes- The amino derivative precipitated in 75$ yield (3-6 ga) melting 
at 190°C (literature MP 189°C).

Origin:

Picramide (2,1* o-trinitroaniline) was first prepared in lSjl* by Pisani who treated picryl 
chloride vlth air .onlum carbonate (CH J9> 353). The use of picramide, as a brisant explosive, 
was patended by Chemische Fabrik OriesKeim 26 May I89I* (German Patent 81*.628). Meisenheimer 
and Patzig refcted trinitrobenzene with hydroxylamine in cold alcohol solution to obtain 
picramide (Ber 39 . 253̂ *- (1906)). Witt and Witte obtained the compound by nitrating a solu­
tion of aniline' in glacial acetic acid or concentrated HoSO^ at about 5°C vith concentrated 
HNO-j (Ber Ul, ^091 (1908)). Holleoan gives details of the prep ation from p-nitroaniline 
and rrom acetanilide (Rec tra/ chim b£. 112 (1930)).

Reference:58

(a) William H. Rinkenbach, "The Heats of Combustion and Formation of Aromatic Nitro 
Compounds," J Am Chem Soc 52, 116 (1930).



? lc r s t o l .  52/Lt' AMCP 706-177

CompaeMon:
%
Explosive D 52

■ii;t  i*:

C/H  Ratio

Molecular Weifiit: 2

Oxygon Inlanca;
CO, %  -f:> 
CO %

Damity: gm/cc Cast 1.62

Malting Foint: C

Freexing Faint: C

Impact StntHivity, 2 Kg Wt:
Bureau of Mines Apparatus, cm 100+ 
Sample Wt 20 mg

Picotinny Arsenal Appa.«««... in 17 
Sample Wt, mg 19

■ ailing Foint: C

Refractive Indax,

n,°
n»

Friction i*eudelum Tost:

Steel Shoe Unaffected 

Fiber Shoe Unaffected

Vacuum Stability Test:
cc/d0 Hrs,

1 0 C

100 C 0. 3T 
120 C 0.68 

135 C —  

ISO C 0.7

Rifle Ballot Impact Teet: Trials

%
Explosions 0 

Partiols 0 

Burned ^0 
Unaffected 60

200 Grom Bomb M  Teat:
Sand, qm

Expiation Temperature: C
Seconds, 0 1 (no cop used) dpt

1 35“* 
5 Decomposes 285

10 2^5 

15 2’ 0 

20 255

SeeetlMty to loMotte^:
Min mum Defonatmg ’J.aige gm 

Mf'Cury Fulmmote

Leoa Ande 0.20 

Tetryl 0.0'

Bailittic Mortar, %  TNT: i „ ) ; v»

Trau.l Tost, %  TNT:
7 5 X  International Heat Toot:

%  Loss in 48 Hrs 0.0 Flata Dent "eet: ' )
Method ! 
Cand *mn *fl' 
Confined

Density. qm/rc i . ' ' 
Bftsunce. %  TNT it*'-

100C Hoot Tori:

%  Loss, 1st 48 Hrs 0.0 

%  Loss, 2nd 46 Hrs 0.0', 

Explosion in ICO Hrs "or e

Doteiioften Bote: .' )
Confinement <“
Condition *tt,‘
Charge Diameter, m  . . > 
Denary, gm/cc . .' ' 
Rote, meteri/tecond ' V'

Flammability Index:

Hygroosepicity: %  jO°C, X>J :di 0.02

Volatility:



AKCP 706-177 Plcratcl, 52/U8

rra p n m n w n m  ■ w « Soaped Charge EHectiveeen, T N T  =  100:

*0 m m  H I, M71 Projectile, Lot W C-91: Gloss Cones Steel Cones

Density, gm/ce 1.6l Hole Volume

Charge Wt, lb 2.075 Hole Depth

Tstol Ne. of Fragments:
Color: Brown-yellow

For TNT 703
For Subject HE 769

Principal lisas: AP, SAP projectiles and bomba
3 inch HE. M42A1 Projectile. U t  KC-S:

Density, gm/cc 1.6l

Charge Wt, lb 0.850

Tetel No. of Fragments:

511*
Method if loading: Cast

F ~ T N T

For Subject HE J*8t
Loading Deioity: gm /r.c 1.62

Progmeet Velocity: ft/sec
2590At 9 ft

At 25% ft 2320 a W iy V i

Density, gm/cc 1.62

•iest (M otive to T N T ):

Method Dry 

Hazard C.ass (Quontity-Distonce) Class 9

Air. Compatibility Group • Group I

Peak Pressure 100

Impulse 100 Exudation None at 65°C
Energy

A ir, Confined:
Preparation:

Picratol is made by heating HiT to about
Impulse 90°C in a steam-jacketed melt kettle. Explo-

Under Water:
sive D is added alowly, without preheating, 
and the mixture stirred until uniform in com-

Peak Pressure position. This slurry is cooled to about 85°C

Impulse and poured into the appropriate ammunition
Energy

component.

Origin:
UNergroesi:

Pook Pressure Developed during World War II as ar. lnsensi-
impulse

tlve, -'-it-Ioaded AP bomb end projectile filler

Energy Booster Sensitivity Test: (c)

Bomb Drop Test: Condition Cast

TT, 2000-lt Semi-Armor-Piercing
Tetryl, gm 100 
Wax, in. for 50^ Detonation 1.00

Bomb vs Concrete: Density, gm/cc I .6 3

Max Safe Drop, ft 10,000-12,000

28(i



's
a*
-l * - '  '

Plcratol, 5 S A 8 AMCP 706-177

.f*

>i

References: 39

(a) L- C. Smith and E. O. Eyster, Physical Testing of Explosives, Part III - Miscellaneous 
Sansltlvlty Tests; Performance Teats, OSRD Report No.ST^fc, 2? December ?Q45-

(h) D. P. (fccttougall, Methods of Physical testing, OSRD Report No. 803. 11 August 19̂ *2.

(c) L. C. Smith and S. R. Valton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl In Boosters. NOL Memo 10,303, 15 June 19*»9*

(d) R. W. Drake, Fragment Velocity and Panel Penetration of Several Explosives In Simu­
lated Shells, OSRD Report No. $&2£, 2 January 194&.

(e) Also see the following Picatinny Arser si Technical Reports on Plcratol:

0 1 6

iUto 1885 1U66
1796
1956

I 8 2

1737 1838 1729
1797

*
l
«

^See footnote 1 , page 1 0 ,
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AMCP 706-177 Fieric Acid

Composition:

% OH 

C 31-5 1
H 1 . 3  °2N"| T“N02 
K 1 0 .3

0 W.9 ', , “0-j
C/H Ratio 0 .6 5 6  *

M olecular W eigh t: 22 9

Oxygen Belence:
CO- %  -J'5 
C O %  -j.5

Density: gm/cc Crystal 1.J6

M elting Feint: 'C  122

Frnaxing Point: ’ C

Im pact Sensitivity, 2  K |  W t:
Bureou of Mines Apparatus, cm 35 

Sample W t 20  mg
Picotinny Arsenol Apparatus, in. 13  

Sample W t, mg 17

Boiling Feint: °C

Refractive Index, nj
n»
n°

Friction Pendulum Test:

Steel Shoe 

Fiber Shoe

Vacuum  Stability Test:

cc/40 H i, ot 
C

I00"C  0 . 2  

I2 0 ’C 0 . 5  

I3 5 ’ C 

150”C

Rifle Bullet Im pact Tact: Trials 

%
Explosions 0  

Portials 60  

Burned ko 
Unaff«cted 0

200 Gram  to m b  Sand Tost:

Sand, gm 48.5
Explosion Teaiparetm e: *C

Seconds, 0.1 (no cop used)

1
5 Decomposes 320 

10 
15 

20

Sensitivity to Initiation:

Minimum Detonating Chorge, gm

Mercury Fulminate 0 . 2 6 *  

Lead Azide 0 .2 1 *  

. Tetryl♦Alternative Initiating charges.
Ballistic M ortar, %  T N T :  ( a )  11 2

Tra u x l Test, %  T N T :  ( t ) 101
7 5 ‘ C  International Hoot Test:

% Loss in 48  Hrs 0 05 Mot* Dent T a ft : (c )
Method A 

Condition P re sse d  

Confined 1*0 

Density, gm/cc 1.50 

Brisonce, % TNT 107

100’ C  H eat Tost:

%  Loss, 1st 48  Hrs 0.03 
%  Loss, 2nd 48  Hrs 0.09 
Explosion in 100 Hrs I.'one

Detonation Rata: (d )
Confinement Unco:, fir. ed 
Condition P resse d  Cas 

Chorge D imeter, in. .0 I. £5 

Density, grr/cc L. 4 1*71 
Rote, meters/second >2r*0 ','js0

Flammability Index:

Hygroscopicity: % 30°c, 9 0 ^ :-j; o .O l

Volatility:



Fieri  »j Acid AMCP 706-177

Booster Sensitivity Tsst: ( c ) Decomposition Equation:
Condition Pressed Cast Oxygen, otoms/xec

Tttryl, gm 10 6 (Z.'sec)
Heat, kilocalorie/mole

Won, in. for 5 0 %  Detonotion (AH, keal/mol)
W ax, gm 2 0 Temperature Ronge, C

Density, gm/cc 1.6 1.7 Phase

H s t f s f :
2̂ -72 Arm or Plate Im pact Test:

Combustion, col/gm

Explosion, cal/gm 1000 60 m m  M ortar Projectile:
Gas Volume, cc/gm ‘->75 5 0 %  Inert, Velocity, ft/sec

Formotion, cal/gm 2lo Aluminum Fineness

Fusion, eol/gm f.~) 20.6
Temperature, r 122 500-lb General Purpose Bombs:

Specific Heat: col/ gm/°C ( e )
°C Plote Thickness, inches
U 0.236
30 0.253 1
60 0.282

m90 0.310
120 0,337 M s

i *i

Burning Rota:
cm/sec

Bomb Drop Test:

Th e rm a l Conductivity: (f)
col/sec/cm/ “C 6 . 2 “

- l i
x  10 17, 2000-lb  Sem i-Arm or, Piercing Bomb n  Concrete:

D e n s ity , gm/co ,.6 o 6

Coefficient af Expo ns Son:
Mox Safe Drop, ft

Lineor, % / ‘C 500-lb  General Purpose Bomb n  Cone rets:

Volume, % / ’ C Height, ft 

Trials
Hardness, M aks' Scale: 2.1

Unaffected

Young's M odulus:
Low Order 

High Order
E', dynes/cma 

E, Ib/inch* 

Density, gm/ec
1000-lb General Purpose Bomb w  Concrete:

Height, ft 

TrialsCompressive Strength: Ib/inch3

Unaffected

Vapor Pressure: Low Order
C mm Mercury

'1 >5 2

High Order



!<**t S >

AMCP 706-177 Picric Add

Test:

*0 M M  HI. M71 Preiectiie. Ut WC-tl:
Denslty, gm /cc 

Charge W t , lb

Total No. of FugmseH:
For T N T  

For Subjoct H E

> ieeb HE. M42A1 Pie|ectile. U t KC-J:
Density, gm /cc 

Charge W t, lb

Total No. of Ftogoioata:
For T N T  

For Subject H E

ftogotaot V elocity: ft/cac 
A t  9  ft 
A t  2514 ft

Density, gm /cc

Moot (Rotative to TNT): 

Air
Rook Pressure

Impulse

Energy

A ir , Confined: 
Impulse

Under Wetar:
Peok Pressure

Impulse

Energy

Peak Pressure

Impulse

Energy

Shaped C harge I f f acttvensae, T N T  =  100: 

Gloss Cones Stoei Cones

Hole Volum e 

Hole Depth

filir Yellov

PHoripnl Uses: Formerly projectile filler, 
now explosive admixture; and for the 
mauufac ire of Explosive D

Pressed

Leading D e a d ly : gm /cc pel x 103----------
3 5 10 12 15 20

l.UO 1.50 1.57 1.59 l.ol 1.64
Statege:

Methor1 Dry

H azard  Class (Quantity-Distance) C la s s  9

Com patibility Group Group I

Exudation None



l

Picric Add

jolubllltys era—  w r  100 «r— » (i) of; (g)

Vtetar Alcohol Benzene Toluene

AMCP 706-177

Ether

! c 2 ! £ * ! s 2 ! £ 2 f c 2
% 0 0 .8 5 0 k . ‘ 0 ~ 2 20 -13 20

20 1 . 1 * 20 5 .9 20 9 .6 60 ~ 3 0 3 X .7 3-96
• Xo 1 .8 8 ko lfe 0 ko 27-5
, 6o 2.9 6 60 59
! 80 k .5 3
. 100 7 . 1
; ?*rbon
• C h lo ro fo ra E t h y l 9<*»tate te ^rc c h lo rid e P y rid in e Acetone
t • ! £ 2 2 ! s i ! £ 2 ! s 2
t 20 -2 20 kz 20 • v O .O T 10 2X 20 125
t 6o 30 50 60 ~ 0 . X 30 37-5 30 137» ' uo 58 50 58 XO 16X
t 50 69 50 208

• Methanol Ia o o ro p y l a lc o h o l P ro p a n o l-1 Carbon d la u lfld e
i
« f c 2 1 ! s < ! £ 2
4 0 ik 10 6 .X 0 2 .X 20 0.12
• 20 19 30 9 .8 20 3*3 30 0.16
X Uo 31 50 15-5 Xo 5 .X

50 Xi 50 7 . X

Preparation; (Sumoary Hep, i-t of NWC, Dlv 8, Vol I)

CgHg + Hg(H03)2 ------------------

---------------------

CgHjBO + 2Hf) ____________________

CgĤ HgBOj + HHOj 
CgHjMO + B8(»03)2 

c6h5B2R03

KOo

HN0-,

CgH^HgSOj + HgO 

CgHjQH + HN03 _

CgHjHO ________
oxidation and rearrangement-

OgHCgCH + HS03 _____?jOg________
(OgHjgCgHjOH + HN03 nOo

CgH^OH + Hg + HKOj 

OgHCgH^OH + HgO 

OgNCgH^OH

(OgHjgCfiH^H + HgO 

(OgRjjOgHgOH + HgO

(1)
(2)
(3 «)

(3b)

(3 c)

(*)

(5)

(6)
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AMCP 706-177 P ic r ic  Acid

•fte tvo variables of greatest importance in this process are nitric acid concentration and 
the effective concentration of benzene (i.e., benzene dissolved in the oxynitration solution), 
lhe optimal concentration of nitric acid is in the range 1 0 .1* to 1 1 . 6  molar (or the equivalent 
of 5oi to 5r$ by weight for pure acid). The acid concentration greatly Influences the over 
all rate .-f reaction, below 1 0 . 1  molar th< rate falls off rapidly, while above 1 0 . 1  molar the 
rates i-i both the oxynitration reaction anu various side reactions, such as direct nitration, 
increase rapidly. The range mentioned above seems, in general, to give the lowest proportion 
of neutral nitro-compounds to nicro-phenols ■ ith, at the same time, an adequate rate of oxyni­
tration. The oxynitration solution must be fortified frequently, or, preferably, continuously 
with nitric acid. Strengths of nitric acid between 95$ and 96$ are best, due to the smaller 
increase in reaction volume than if weaker acid were used. The one of absolute nitric acid 
requires that it6 direct contact with liquid benzene be avoided.

ithe effective concentration of benzene i . -ofcably the most critical variable affecting 
the proportion of neutral nitro-compounds to n. t' iphencls and amount*1 of colored ly-produc.s. 
Saturation of the oxynitration solution v?t*> bertune . a undesiratl a..d thus in batch processes 
slow benzene addition is preferable to the dditior. c? it in one portion; in continue, s pro­
cesses vher? an excess of benzene is usen .he rate of agitation is important.

The comentration of mercuric nitrate catalyst does not appear to be a critical factor 
?*•* r  _ raiil" wi.de range. Concentrations of 0 .3 , to 0 - 5  mole of mercuric nitrate per liter 
of oxynitratie. solution have been found to give satisfactory results in most cases.

A continuous pi 'cess, known as the continuous novation process, works on the following 
cycle. The oxynitre lor. solution is saturated vith benzene by vigorous agitation with excess 
benzene at r^om temperature, the saturated solution is separated from excess benzene and cir­
culated thro gh  a heated coil; it is then cooled to room temperature *..a aeltat i again, with 
benzene, which extract , the organic product and resaturatos the oxynitration solution. In 
evaluating th’.c process, the rate of formation of dinitrophenol per liter of reacting solution 
in the coil *• deterr.'ved; 70 gm of dinitropheno1 per liter per hour is repr«set tative perfor­
mance. Hie dlnl w-o-. i.encl is, of courEe. nitrated to picric acid.

Origin:

Picric Acid was first prepared in j771 by Woulff vno fount the reaction of nitric acid 
and indigo yielded a dye. Hausuara isolated Picri A- i In 1 7 7 b and studied It further 
(Journal ae physique 16 5 (173*?)). The prep'ratic- was studied by many chemists but in 
18^1 Iaurent established its identity (Ann chin yhys III, i , 221 (lull)). It was used us a 
yellow dye until Hirpin, in lte.$, proposed Fieri . ■. j as a curstii,.. charge l'ur high exp 1 uive 
shell (French i’atent i'7,yl2). The British adopted . icric Acid as a military explosive ir.
-& 68 under the vase of lyddite and other nations soon began to use it es the first me] t- 
loaded nigh explosive, Mixtures of other explosive? snd Picric Acid were developed until it 
was gradually replaced by 777 about 1900. Today Pit le Acid is used for the manufacture of 
Explosive ’)■

Destruction by Chemical Iccomposltio : .1

Picric Acid *s decomposed u., dissolving ir. £y> times its weight of a solution msde from 
1 part sodium hydroxide and Pi parts s o d s u l f i d e  (iia^.l1 Wg O )  ir. 200 parts or water. Some 
hydrogen sulfide and aoroonih are evolved.



Picric AMCP 706-177

M | n n c M i M

(a) h. C. ^Ith and E. C. SyBter, Physical Testing of Explosives, Part III - Mlreellaneous 
Ssnsltlrity Rata; Periaraanc; Tests, OSRD Report Ho. 57«>, zt December 19**5-

(b) R». Naoua, 2 ge« Schiess-Sprengstoffw, pp. l8l, 229, 267 ^27 June 1932).

(c) D. P. MscDougall, Methods of Fnyalcal Jeering, OSRD Report No. 803, 11 August 19^2.

(d) o .  H. Messerly, The Rate of Detonation of Various Explosive Coapounda, OSRD Report
No. 1219, 22 February 19^7 1

M. D. Hurritz, The Rate or He tone cl on of Various Come panda and Mixtures, OSRD Report 
No. 5611, 15 January 19**6.

(e) International Critical Tables.

(f) E. Hutchinson, The Theraal Sensitiveness of Explosives. The Thermal Conductivity 
Bzploeive Materials, AC Report Ho. 2061, First !teport, August l9**&.

(g) Values taken froa various sources In the open literature.

(h) Also see'the following Picatlnny Arsenal Technical Reports on Picric Acid:

1 2 1 k l

1651 132 1383 69* 65
582 76k U25
1172 87k 1585
1352
1372

6 I 8 2
266 13^7 1118 1^9
558 1557
926
976
986
Htl*6
1556

a* Cootnote l, peg* 10.
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h*See footnote l, page 10.
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AMCP 706-177 Pluabetol

Lead N i t r a t e  TO

arc jo

Ms teenier Weight: 291

Oxypea Balance:
CO s %  -5 -fc  
C O  %  + 9 .3

Density: gm /cc

I C / H  Rotie

MelHnp Feint: *C

Fleeting Feint: *C

>— --------- - '-»  » «  • I f .  U f ef 41 e •
Bureau a? M ines Apparatus, cm —  

Sample W t  20 m g
Picatinny Arsenal Apparatus, in. 13 

Sample W t, m g 22

BeUng Feint: *C

Refractive Index, n »

n £

n£
^ —  a e.. _r m l W l  tV H O Tn m  tC n «

Steel Shoe 

Fiber Shoe

Vecnern Stability Test:
cc/40 Hrs, ot 

9 0 “C  

100*C 

120°C 

135*C 

150°C

!Ufle BaHet Impact Teet: Trials 

%
Explosions 

Pot tints 

Burned 

Unaffected

200 Grom lam b Send Test:
Sond, gm  3 2 .L

lapfcieiua Temperature: *C

Seconds, 0.1 (no cap used)

1
S Decompoees 233 

10 

15 

20

Sensitivity to Initiation:
M inim um  Detonating Charge, gm

M ercury Fulm inate »  

Lead A zide  0.20 
Te try l o.'O

Ballistic Merter, %  T N T :

Tren d Test, %  T N T :
75’ C letereetleeel Heat Teet:

%  Loss in 48 Hrs Plate Dent Test:
Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

100‘ C Heat Test:

%  Loss, 1st 48 Hrs 

%  Loss, ?nd 48 Hrs 

Explosion in 100 Hrs

Deton alien Rote: (c )
Confinement

Condition

Charge Diameter, in.

Density, gm /cc 2 .3 9  

Rote, meters/tecond L350

Flammability Index:

Hygroscepkity: %

Volatility:

29t>



Plumbatol AMCP 706-177

^̂ Sce footnote i, page 10.
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puc (UQuia) AMCP 706-177

•m M t SsasMeBp Tesh Kltroeetfasae
-  J » « - i—vOMRIQn

Te try l, gm

W a x , In. tar 5 0 %  Dttonotion 

W a x , gm  

Density, gm /cc

Ml ah ( • )
Combustion, cal/gm 2830

Explosion, cal/gm

Gas Velum *, cc/gm

Formation, cal/gm -3 4 8

Fusion, cal/gm  
V s p a r l z s t i o r ,  c s l/ g a 149

I g sslflt Mee t: c o l/ g m / 'C  ( b )

C - 0.4209 * 0.00076t + 0.000006lt2 
p far 15 C to 70°C

om/MC

— ■ - »  *  -  «  -.J -W --I R P M  V W M I lM R f i
col/«*c/cm /‘ C

CufUdnlif tajwtimt
Linear, % / * C

Volum e, % / * C

E', dynes/cm* 

E, Ib/inch* 

Density, gm /cc

5̂̂ î sî iî issfrrs Îtsŝ ŝ Ŝ̂ I • Ib/inch*

Yager P m w ir  ( c )
C m m  M ercury

70 258

85 444

Oxygen, otoms/sec 
(2/s*e>

H eat, kilocalorie/mole 
(A H , kcol/m ol) 

Tem perature Range, *C 

Phase

H a a g * *

5 6 .6

300-430
Ceeeoue

Armer Hate hepatt Teeh

MM m m  AIm m
5 0 %  Inert, Velocity, ft/ ia c 

A lum in um  Fi renew

Plate Thickness, inches

I
1%
1%
1%

M  Stag Test:

T7 , M M  lemi Aneei Hetrtag Bomb n  Ceswsts;

M a x  Safe Drop, ft

H eight, ft 

Trio l*

Unaffected 

Low Order 

H ig h  Order

lOOOdb General Purpose Bomb Y» Cieciete:

Height, ft 

Tria l*

Unoffectea 

Low O rder 

H ig h  Order
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p m ; (Llam a) AMCP 706-177

Origin?

Hitromathena ha* been known tine* 1872 (Kolb*, j praki <%gB (2) 5, k3J (1872), but was 
available only u  a laboratory product until it appeared as an ir^ue trial ohaaiwl in 19̂ 0.
A number of patent* have bean laaued for nltroaMt&ane produttsi *« a by-product of toe titra­
tion of propane (0. S. Patent 1,967,667 (193*0; Srttiah Patent *3,707 (1937); and Canadian 
Patent 371,007 (1938).

tie development of nitrone thane liquid expletives baaed ca information that nitro­
ns thane la aenaltlted to initiation and propagation of detoraitioo by the addition of various 
amines. Dlls study mads at Pice tinny Aresnaiin 19** 5 indicated that matures of oltroo* thane 
with 3$ of ethylsnodlamlne, n-butyl-amins, or morpholine ahrw®d considerable promise for ap­
plication in nine-field clearance (L. B. Erlksen and J. V'. down, WS?. Bo. 196$, 17 September 
i9*;5).

References^3 ;

(a) E. E. Holcomb and C. F. Dorsey, "thercodymciic Properties of Nitroparafftna,’* ind 
Engl Chen hi, 2788 (19^9).

(b) J. W. Williams, "A Study of the RiyslcSl Properties of Hitromethane,11 J Am Cbem Soc 
j£, 26U  (1925). .

(c) L. Medard, "Explosive Properties of Nltrometh&ne," Mem poudr 125 (1951). 1

(d) T. L. Cottrell, T. E. Graham end T. J. rieid, "The Thermal Decomposition of Nitro­
ne thanes," Transactions of the Farafay Sooiet.- ter, 58b (1951).

(e) F. Ballinger, H. B. Friedman, V. H. Bauer. J. W. Bastes and W. C. Sill, "Chemical 
Propellants: Stability of McmonitrcuttEtbene," Ind Engr Cbem te), 1320 (19**8).

(f) Also see the following Picatinny Arsenal Technical Reports on Nitronethane:

2. I  1 1 2  I  i 1

1660 1681 2113 1565 - 2016 171*7 1703 16X9
1831 ; ;

footnote 1 0 .
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i\

A3BCP7064W
g o t >  M l u »  D l n l t r o f r + n i f u r o x i n  ( K l l g f f )

C e t^e w M e e i
.£ k • /

M ile to to r W tig b t i  (K C gH jjH ^O g) 225

C  2 7 -3

H ® .k  

H  2 1 .2

» o 2

r . / °r
• S T f ™ ' "

C O  %
•60
-1 8

0  3 6 .3
L ^ w
m  n '

K
P te rlty i gm /cc 2 .2 1

X  l k .  8 -  < - M ektag Fotatt *C E x p lo d e * 2 1 0

C / H  Ratio 0 . k l 6 Fretatog Feint: *C

R r m I  l w > M i > ,  2  K g  W k
Bureau wf Mfctee Apporotue, tut 

Sample W t  2 0  m g 
Ptcotinny Arterial Apporotue, lit. 

Sam ple.W t, m g

•oNtog Fotatt ‘ C

3 ; (X  Xb v t )  6  

7

. OM IIW n lT V  VttOTHp

n S

n S

> H H i w  N e d e to a i Taut: 

Stm t Shot 

Fiber Shot

E x p lo d e *

E x p lo d e *

V e n o m  M M *  Teeta

CC/40 Hr*, at 
9 0 ‘ C  

100*C 

120*C 

135*C 

1 » * C

U D i  M g  t a n a  T m  Trio ls  

%
b g t a i m

ro m o w

tu rn e d  
- |UnO m KraO

2 0 8  S te m  S e t a  Seed T*t*i

a . ,  ** '8 * 3 -6

laptottee T m n i O m :  *C

Second*, 0.1 (no cop u M d ) - ­

1 —
5  2 5 0  

IP
14

M in im u m  Detonating O targe, gm  

M ercury Futoiinot* 0 .3 0  

Load A zide  

Tetryi

0 .2 0

0 .1 0

'■ 2 0  ' 8 e K M k  M ettee, %  T H T i

T ie a e tT e e t , %  T H T i

r r C W M M M W W a T M ;
%  L o w  in 4 8  H i t t a  & t a  T a t i  

M ethod

100*C H oot T m » i

%  Lots, i n  48 Hr* 

%  Lo m . 2nd 48 Hr* 

Expiation in 100 H r*

0 .0 3

0 .0 5

Hone

Condition .

. Confined 

Oeneity, gm /cc 

S t a n c e ,  %  T N T

r t m n M t %  t o t a l Ocwtftftifliww

30°C, 7 5 4  RH 
3 0 ° c , 9 0 4  m 0

 o

k
b

1 
__

__

u m o ifie n

Charge Diam eter, in. 

O entHy, gm /cc 

Rate, m etors/ucond
V > t o l« ty :

»

*
4
*
44

5
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Potosoluo Dlnltrdbonifurrasn (4BBg) AMCP 706-177

■ _______________ ------- r _______ T *»—
# --------vonw nn Ouygsn, ateme/sec

Totryl, gm O/sec)
Mao*, kllaaalafit/mala

W o*, In. for 30%  Dotonotlon (AH, kcoi/mot)
Wo*, gm Tomperoturs Range, *C

Om Hy.gm /K a—----PT W

H M t i i
Combustion, col/gm 2209

1}2i
Emftasktfi m |/«mo*lnf ̂prOV T25 M  * »  Mortar ftofeeSte!

6o» Volume, cc/gm 6oL <■ 5 0%  Inert, Velocity, ft/Mc
Formation, col/gm 

Fusion, col/gm

Akortfaoort Qauiioae M iranum  rm pan

IpasMc Moot: eol/gm/*C (b)
Ploto Thickness, inches

! c

-50 0*217 1
0 0*£17 U4

85 0-217
t . 50 0.217 1%

1%
tam ing talei

cm/toc
lo o k  Dreg Tortt

V1VHM VHSMRlTlVfi
cai/toe/cm/'C

» .|» |.__^   ̂ ■___ Max Sole Drop, ft

Unoor, % / ‘C 1rJfJ1

Volumo, %/*C Height, ft

! * unonaato
Low Order

Young's M oM os:
High Order

E', dynes/cm* 

E, Ib/inch* 

DoncHy, gm/cc
1 M M  Onesrsl Foipsss Bomb w f  moots:

Height, ft 

TrialsCsmpHtslis Itisegtb ib/inch*

unonicvio

V lp lf PVMMM* Low Order
\  mm Mercury High Order
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Potassium rttnltroiuenzlUrorac (KDfBF) AMCP 706-177

Reparation of Potaaalun Salt of b,6-dlnltroban»furoaan: (a)

B U ltewa, dde by the reaction of crtho-nitroanlllne alkaline sodium hypochlorite, 
vna dianolved In 6 ports of 966 sulfuric acid and nitrated at p°-20°C vlth a b to 1 sulfuric- 
nitric a d d  datura, the salt vas prepared by neutralization of the b,€-dlnltrobenzfUroMn 
vlth potaaaiun bicarbonate followed by recrystallization froa hot voter. Die product forms 
In small golden orange platea vhich explode at 21Q°C.

Ibe potaasiUD salt of b,6-dlnitrdbenzfUxa*an w  first prepared In 1899 by von P. I*ost

(a) B. J. Qaughran, J. P. Picard and J. V. R- Kaufman, "Contribution to the Chemistry of 
BsnsfUroaam  Dsrlvatlves," J Am Omm Soc j6, 2233 (199b).

(c) Also sse the following Ploatlnny Areenal Technical Reports on Potassium Dinltro-

(Ann 56 (1899))*

Ormanr— tilUc Ob m o m U s . fews Mo. SiSSb, Boveeter 195%.
fb) C. Laochlts, Tea Calorimeter Determination of Ehtbalpy and Specific Hast of Eleven

2 1

2093

6 2
2179o.x> 21b6

**fee  footnote 1, page 10.

305



AMCP 706-17T PTX-l

T l % 11

r a x  30 

T e t r y l  50 ! 

T U T  20

r  .

C / H  Rotto

ftl -» ------1----W .l.fcg  A p AM tM C rH V  W AI|W t c ) c

0 *' elenre;

' .  -1»5
- 9

Wo— ISy; gm /cc 1 .6 6

M o l t  M o l :  *C Eutectic 6 7

hoooteg Betas: *C

a  K , w ^ .
Buroou o f M ines Apparatus, cm  ** 

Sample W t  2 0  m g .•
Plcptlwny Arsenol A pp a ra tu s  In.

Sample W t ,  m g

BeMtag Betas: *C

t o l — cSfro led— , n £  

n >  

n »

R M I m Rm M p m T m H

S iw f $ h o i
ClfeiMrw m  snov

mo------------( i ^ y r t ^
t k w h  i n H B i y  i n n

cc/4 0 H it ,  o t .
90*C

100‘ C  3 -0

120*C

135*0

150*C i

BMW Batort h e p e tf TeeS: T r io h  

%
Explosions SO 
pprttoit 20 

Burned 0  

Unaffected 6 0

2 0 9  O n m i  Om h O

Sand, gm  5 L .8

E o p flllis  T i f i r o t a r e :  *C

Second^ 0.1 (n o  cap used)

1
i

10

15

2 0

a ___mi. ^  "o P H n in f  M  VMI^R^NIi
M inim um  Detonating Charge,- gm  

M ercury Fulm inote 0 .2 3 *  

Load A zid e  0 .2 2 *

♦ A l t e r a t i v e  i n i t i a t i n g  o h e rx e s .

M N r t f c  M o rta r, %  T H T ;  ( o )  132

T r e a d  T o rt . %  T N T :

7S*C M m m Mm m I  Moot Tost:
%  Lots in 4B Hr* . M ote Dent To o l: ( b )

M ethod B 

- Condition O oet 

Confined . Ho 

Density, gm /cc 1 .6 8  

Britonce, %  T N T  127

M r C  Moot Torts

%  Loot, Its  40 Hr* 

%  Lett, 2nd 4 0  H a  

Expiation tot 100 Mrs

P rtto rt ltw  Bote:
Confinem ent Hone. 

Condition Coot 
Charge Diameter, in. 1 .0  

Density, gm /cc 1 . ( k  

Rate, meters/tecond 7 ^5 5

H o r t io H H ly  M o o s

TO
30®C, 90i HE, 15 days 0 .0 0

V o M W g s
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PTX-1 AXCP 701177

rngssiaH H is Tes*

90 m m  H I, M7> Pmjsstite. La* W C -* I:

Density, gm/cc 1.64
Charge Wt, lb 2-lSO

Total No. of ftegmwstit;

For TNT 703
For Subject HE 999

t  lack H I. M42A1 Fiejsttils, U r  KC-S:

Density, grr/ce I.63
Charge Wt, lb 0.864

Total No. of Fragments:

For TNT 514
For Subject HE 685

Fraganat Vilstby: ft/soc 
At 9 ft 2690
At 25M. Ft 2460
Density, gm/ce 1*64

Meet (lelotiva *e TNT):

Ate (d)
Peak Pressure 111

Impulse 109
Energy

Impulse

IMtrWMtn
Pdoh Prassura 
Impulse 
Energy

Uadsspssemd:
Peak Pressure 

Impulse

fr— or
Booster Sensitivity Test; (e)
Condition Pressed Csst
Tetryl, 100 100
Vex, in. for 50$ Detonation 1.94 1.82
Density, gai/cc 1.6l 1.68

Shaped Charge M lssthrsesss. TNT =  lOOi

Glass Cones Steel Cones

Hole Volume 
Hole Depth

Color:

Priaelgal Uses: Land mines end demolition 
charges

Method e l Leodfcg: Oast

Uedtag Daesfty: gm/ee 1.68

Method Ik y

Hasard C lou (Quontity-Distonca) Close 9

Compatibility Group Group I

Exudation n u d e s at 65°C

Preparation^
The ternary explosive systee consisting of 

DDK, tetryl end TKT is prepared by adding the 
appropriate weight of weter-wet ROE to a tetry- 
tol (40/60) previously malted in s steee- 
jeeketed melt kettle. Heating and stirring 
sre continued until ell the water la evaporated 
and the mixture Is uniform In composition.
PTX-1 la also prepared by adding tetryl to HEX 
Composition B-
Compttlblllty with Metals:

Dry: Aluminum, mild steel not affected.

Wet: Aluminum, mild steel not affected.
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A M C P  706-177 PTX-1

Die possibility of sapleying ternary mixtures to obtain explosives h«nc« greater power 
and higher brlaance then binary nixturet wee suggested by the analysis of Russian 76 an, 
araar piercing high explosive rounds (P*TR Ho. 1311, IT July 19b 3). The Risslsn type ternary 
explosives, based on the composition and laboratory studies of such Mixtures, were Indicated 
to be effective pressed fillers. In conducting a preliminary study of castable ternary explo­
sive Mixtures suggested by the Russian fillers, a mixture consisting of Mty/te&yl/OT, desig­
nated PTX-1 was developed which had explosive and physical properties offering considerable 
advantage for Military applications (PMB So. 1350, 27 October 19^3; and 1379, 11 January 
19W0.

A PTX-3 coaposltlcn, prepared by the addition of Halelte to bO/6o tetrytol, also offered 
praalse but United to applications where the charge would not be required to withstand stor­
age at 65°C without exudation.

References;65

(a) L. C. SMJth and E. G. Oyster, Riyslcal Testing of Explosives. Part H I  - Hjacellanerau 
Sensitivity Tests; Performance Tests, OSRD Report Ho. 57^>, 27 Deceaber 19*5.

(b) D. p. MacDougall, Kathode of Physical Tasting. OSRD Report Ko. fl03» 11 Augur.,; 19^2-

(c) L. C. SBlth and S. R. Helton, A Consideration of KCXAtex Mixtures as s Substitute for 
Istnrl In Boosters. SOL Meao 10,303, 15 June 19*9-

(d) V. R. Toallnson, Jr., Blast Effects of Bead) Explosives, FI Tech Dlv lecture,
9 April 1918.

(e) Also see tbs following Plcatlmy Arsenal Technical Reports on PTX-1:

0 2 1 6 I 2
1530 1A02 1623 lk66

1506 1137 III

v>

See footnote I , page to.
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m - 2 AMCP 706*177

t i m i r n i . - !

ROC k k  -  k i  

F B D t  2 8 - 8 6  

T H T  2 8 - 3 3

C / H  Ratio

M e l.te fa r W e ig h t: 2 k k  2 k  3

0 » y g i*  W e e c t :
C O , *  - 3 3  -3 6  
C O *  -  3 -  k

> ■ * > 1  gn»/ec 1 .7 0

M * H ,|  M a t t  *C 2 u t a c t i c  75

M * * l* g  M a t t  *C

h » * * t  W M r ,  a  « •  w in
Bureau o f  M ina* Apporatus, cm  35 

Sample W t  2 0  m g 
Plcotlrmy Aieenoi Apporatus, in.

Sompio W t ,  m g

BeNtag M a t ,  *C

H i h n W r t  l a d t ,  n £

n *

n S

fM cilw i T m ^s

Steel She* C ra c k le *
B|iao H u mrMi JltW

V acaaai StakM ty Te e *

cc/40 H it ,  ot 
90*C

100*C 2 . 6  

120*C U +  

)3 5 * C  

I5 0 * C

M l *  0*N*t h a p e tt T* * l: Tria l*

Cxpknion* 6 0  

Portioh 0  

Burned 0  

Unaffected kO

2 0 0  6 ta a i t e a t  S*ad T a t

Sand, g m  5 6 .9

h p M w  Te m p e te iw e i *C

Second*, 0.1 (no cap u*ed)

1
S

10

IS

20

m _*̂» t».. ̂
M R P m i f  i v  w m anM o;

M in im u m  Detonating Charge, gm  

M ercury Fulm inate 0 .2 1  

Load A zide  0 .0 0  

Te try l 0 .0 0

O a N M c  M a t t e r .« T N T :  ( . )  136

T ia a a l Te s t, *  T N T :

W C  la**r*Nl***l H eet Toot:
%  L o w  In 4S  Hr* N o te  bo ot Test: (b)

M ethod B 
Condition C * * t 

Confined No 

Density, gm /cc 1*71 

Britonce, *  T N T  l k l

I M ' C  Meet T o *

*  Lot*, 1<t 40 H i*  

%  Lots. 2nd 48 Hr* 

Expiation in 100 Hr*

Doteoetiea Rale:

Confinement Non* 

Condition C * * t 

C harge Diameter, in. 1 .0  

Dontity, gm /cc 1 .7 0  

Rate, m ottrt/iecond 8065

n . , a . M k y  t o d « :

y P t ,  9 W  RH, 15 day* 0 .0 0

V e M t t p t
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AMCP 706-177 PTX-2

90 mm H I. M71 KetadMa. let WC-91:
Density, gm/cc 1.68
O w gaW t, ft 2.226

TeSei He. a* fragmsntii

For TNT 703
For Subject HE 1126

3 task KB, M43A1 PiejecsMs, Let KC-S:
Density, gm/cc 1.70
Otorga Wt, lb 0.897

For TNT 5lV
For Subject HE 750

Frapmamt ValsclSyi ft/sac
At 9  ft 
A t 25^4 ft 3 g
Density, gm/cc 1.70

H alt OMaMta It  Ttfflt

Abt (a)
Peok Pressure 113
Imputes 113
Energy

Air, CsaMaadt
Impulse

Peak Pressure
Impulse
Energy

Peck Pressure
impulse

Energy

Booster Seneltlvlty Test: (c)
Condition Pressed Oast
Tetryl, gm 100 100
Wax, In. for 506 Detonation 1.87 2-32
Danelty, gm/cc 1.70 1.61

Sbapsd O i m  M fest rn eme, T N T  =  100t 

d o s t  C o n t i  Stael C o n ti

H o lt  Volum e 

H o lt  Oepth

~130

(Colar:

Shaped charges 
Fragmentation chargee

Masked e l lasMap; Caet

gm/cc 1.70

Mstfiod ftry

Hoxord Class (Quantity-Distance) C lasa 9

Compatibility Group Group I

Exude (ion none a t 6$°C

Preparation: t

The ternary explosive system consisting of 
ROC, FBQI and TUT la prepared by adding the 
appropriate weight of water-wet ROC to a pen- 
toll te (30/70) previously salted in a staaa- 
Jaeketed Belt kettle. Beating and stirring 
are continued until all the water la evaporated 
and the mixture la uni fora in composition.
PTX-2 la alao prepared by adding water-wet 
PETS to RDX Composition 3.
Compatibility with Metals;

fir. Aluminum, mild ateel not affected.

Wet: Aluminum not affected.
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P9C-2 AM CP70M T7

Origin;
9m  possibility of eaploylng ternary aixturus to obtain explosives baring graatar power 

and blitter brlaanea than binary mixtures aha suggested by the analyala of Russian 76 am, araor- pleretaj high explosive round* (MW® So. 1311, IT July 1943). The Ruaalan type ternary explo- 
airaa, baaed on the câ oaltloo and laboratory atudlea of auch alxturaa, were indicated to be 
effective pressed fillers. In conducting a preliminary study of castable ternary explosive mlxb«res suggeated by the Ruaalan fillers, a mixture consisting of SEVPIB/BT, deslfinatad PTX-2 was developed which had explosive and physical properties offering considerable advan­
tage for military applications {PAIR Ho. lJfiO, » { October 19̂ 3* and 1379. U  January 19Wt).

A PTX-h composition, prepared by 9m  addition of Heleite to 30/70 Fentollte, also offered promise but because of border-line stability la accelerated stability tests, PTI-A must be 
proven by lav term storage to be acceptable far use in standurd ammunition.
References;**

(a) L, C, Mdth and B. 0. prater, Physical Testing of Explosives, Bart m  - Miscellaneous 
Sensitivity fester Performance Tests, 08BD Bsport Ho. 57*6, 2T pecsOMr 19*5.

(b) D. P, mcBongsll, Methods of Physical fasting, OSKD Report Ho. 803, U  August 19&-
(0) L. C. GMlth and 8, R. Wilton, A Consideration of RDUC/Wra Mixtures as a Substitute for 

retry 1 In Boosters, MOL Meno 10,303, 15 J o b s  19*9-
V. R. Tomlinsoc, J r ,, B lest B ffbcta of Bcab B m loslves, PA Tech M r Lecture, 9 A p ril

1

(e) Also see the following Pica tinny Arsenal Technical Reports on PTX-2:
0 2 5 k 2 £ 8

1530 lM2 1W 3 lWt 1W*5 1̂ 66 1838 1379lh29
lk&)

2

1623

Miss footnote 1, page 10.
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AMCP 706477 F7A-L

r i i i i f  n “ T-*

ROC 90 

P o l y v i n y l  A c e t a t e  8  

M b u t y l p h t h a l a t e  2

C / H  Ratio

M s ls s e ls i W eight-. 217

O s m i  le le o sa i
C O ,  %  -3 7
C O  %  -1 0

DeesAfi gm /cc P ra a s e d  1 .6 0

O T H f c C T ^ o f i j t :  ° C  9 2

Fteeslag M o t t  *C

l n * a « S e a t l l M l r ,2 K g W » :
Ru i m m  o f  M ines Apparatus, a n  39 

Sample W t  2 0  m g
Plcotinny Arsenal Apparatus, in. 9  

Sample W t ,  m g  1 3

I s M a g M o t i  *C

Retractive lades, d °

n »

1 6

f l N M I  V V M M 1  I H R

Stool Shea C ro e k le o  

Ffeor Shoe U n a f f e c t e d

cc/4 0 H rs, at 
90*C

100*C 0.1»5  

120*C 0 .8 8  

I3 5 * C  - -  

150*C 11+

Rifle OoNet hnpect Te st; 5 T rie 's  *

%
Explosions 2 0  

Portiols 0  

Burned 6 0

o t  -U 6 ° C  -  U n a f f e c t e d

2 0 0  A ra m  t e a k  Send Test:

Sand, g m  $ 8 .5

f a p M e o  T s a ^ s r s ts is : *C

Seconds, 0.1 (no cop used) ~

1 330 
5  Decacqtooee 375

10 265 

15 

20

m . *- • »- ^  O «-» -»IP B H IIf l|  W  M tH R IP K

M in im u m  Detonating Charge, gm  

M ercury Fulm inate

Leod A zid e  0 .2 2  

Tetryl

■sOlstic MerSer, %  T N T :

T re e s ! Test, %  T N T :

7$*C letsm etlseel fleet Test: 
%  L o n  in 48 H is

H a te  Deet Teat:

Method 

Condition 

Confined 

Density, grn/cc 

Brisonce, %  T N T

100’ C  fle e t Test;

%  Loss, 1st 48 h rs  0 .1 0  

%  Loss, 2nd 4 8  H rs 0 .0 6  

Explosion in 100 H is  Hone

Deteaetiee Rets:

Confinem ent Hone 

Condition C o s t 

Charge Diometer, in. 1 .0  

Density, gm /cc 1 .6 0  

Rote, meters/second 7910

H o n n e M U ty  le d ra :

V sletM ty: 5 5° C , v a c u o , 6  h r s  0 .0 3
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A1ICP 706-177 ota-4

Preparation:
feploelve OTA-4, • ee«i-plaetic eo^oeltlon of Canadian origin, conalata of 90$ BBC, S$  polyvinyl acetate and 3$ dibutylphthalate (lfip). Thie formulation was developed by Hr. Suthur- 

laad of Shewlnlgan Chat eau, Ltd. In evaluating varlona type* of polyvinyl acetate canaar- elally available in the United Statea, a typo obtained from Union Carbide and Carbon, under 
the induatrial named or dealgnatlon "AlAT tea the no'* protaing coating for HHC In the pro- portlona RK/OTA(AXAT)/lBP 98/6/2-

A practical method of preparing thla ccaqxwitlon vaa by the addition of a aolutlon of the 
floating agent to an aqoeoua BBC alurry. Baaed on the quality of the product and the pellet 
Oanaltlee obtained, a prooadure of adding an acetone aolutlon of OTA + IBP to a hot eater Blurry of SDK, under agitation, uea adopted aa atandard.
f t & S S S L 67

(a) See the following Pica tinny Areenal Technical Reporta on OTA-4: 1532 and 1634.

6^See fo o tn o te  1 , page 10.



PYH (Polyvinyl Kltrsto) AMCP 706-177

Cm w m M m *

C 87

(BgC-CH-CBOg)
X 15.6 '

0  5*

C/H Ratio 0.80J

M ils.n lsr W sIgM i (CgH jRO^ (89 )n

* c r i ,,,nt' 1 *^5
C O *  * 9

PssiHyi gm/cc

M sM sg M s l:  *C (S o ft Fb) 50

Eissslsp Point, *C

h *M » S m O M M  3 * 0 * 0 *  lV.86jtX 
B u n w a f MJhss Apparatus, cm »• 
Sampls Vtt 20 mg

PlcoUwny Arssnoi Apparatus. In. *  
SampteWl, mg

O a M n g P s is h  *C

M m iM M s s ,  n S

n»

M iM n  N i  li| sii Tw h

S M S * *  c » c k i* s  
FfcsrShos U iaflke ted

ec/40 His, at 
90*C

100*C 16 hou r* 11+ 
I20*C  l6  hours 11+ 

135*C 
150*C

K M i M M  taggd  Tn N Trials 

%

Portiok
Oumsd
■ »—  rr — .  — tunonvcxQ

2 0 0  Crara Osrafc S an d  Ta*s
Sand, gm *9 *9

Sacondi, 0.1 (no cap utad)

1
5 265 

10 

15 
20

Minimum Drtonating Chorgs, gm 

Msrcury Fubninala 
Load Arid*

Tstryl

■ ■ ■ ■ III MwSar, %  TMT:

Tfsasl Tost, %  THT,
M tJI

%  Last In 40 Hr*
PW ls D s n t Tsstt

--->fvwmuo
Condition

Cenftnsd
Density, gm/cc

Orisanea, *  TNT

1tt*C  H o s t Tosh

%  Loss, 1st 48 Krs 1.9  
%  Loss, 2nd 40 H *  2 ,1  
Explosion in 100 H n  Hone

MnNUPnini
CandWien
O s  g s  Diamttar, in. 

Dsnsity, gm/cc 
Dm , mstsrs/sscond

W .a M O tp M ra ,

HygwssspliXyi %  3»°C. 90* RH 0.62

V i Ii M i i
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PVM (Polyvinyl Hitrate) AMCP 706-177

Preparation:
Polyvinyl alcohol la elxed vlth acetic anhydride. The mixture la cooled to -5°C and the nitric add la added slowly vhlle the b b m la being atirr •d. The teaperature la controlled by the rate of add addition ao that when ell the add haj been added the teapereture doea 

not rise ahova 2Q°C.
Vhen the nitration la complete, the rrixture la drowned by allowing a fine atreaa 1 the 

syrupy liquid to flow from the nltrator and sdx'intimately with a lat-ge atreaa of water. Thla oauaea the product to precipitate in a fine atate.
The finely divided precipitate la purified by boiling In frequent changea of water.

Origin:

The firat praparetlon of polyvinyl nitrate waa reported In 1929 by solution of polyvinyl alcohol In concentrated aulfUric add and traatnent with dtratlng add at a temperature not ewer 50°C. (Oeraan patent 53T»303). Inter patents Issued relative to polyvinyl nitrate in­cluded 0. S. patent 2,llB,li87 (1936) and Qeraan patent 737.199 (19̂ 3) •
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*

t
t
i
I

l

I

*

?j?E AMCP 706-177

Fraaeuintahas Tests

90 ana H I. M N  R ^ l s t W C - t t :  

Density, gm/cc 1 ,3 $  .

O kL-j s W  «b 1 .^ 6

• Tatal Ha. a* fragments;' _

For T O T 703

For Subjact HE : ■ 592

9 iM E lM ^ M 4 U lF re iK tila ,L a tK C -S : :

Density, gm/ec T; r-.C; ■ I.k 2

O o rg t W t, tb .............  : s 0,756
Tatai Ha. of Proi— a.tjy

f  For T N T  . 514

fo r Subjoet f iE \  - 501

. •
Frapmaat Vatsdty. ft/sec

2650A t 9 ft
A t 25ft ft 8370

Density, gm/cc 1.395

Meat (Bstettva f  T H T );

A in
Peek Ptasture
Impulse

Energy

AW, Camfiaadt
Impulse

Uadsr Waters
Peak Pressure

Impulsa
Energy

Peak Pressure

Impulsa

Energy
Preparation:

RIPE Is  manufactured t.v simple 
mixing of RDX lr. oil.

mechAiii 1

testbed a > l aadlagi Rand taapod

landtag Daosftys gm/cc 1 .3 T

Method Ik y

A iH U S Iw ti lltKitHMU; TNT s  ItOi

Gloss Cones S>*»l Conn
Hole Volume
Note depth

Caters White

Prtaslgat U w :  Plastic demolition exploalve

Hazard Claes (Quantity-Distance) ClBM 9

Compatibility Group Oroup I
Kona a t 85°C In  30 bra 

Exudation Kona a t 95°C In  W  h n
Exudes a t 105°C In  48 tars

RIPE, a aw chanleal mixture of RDX and Gulf 
Croun E Oil, waa devaiepad In tha United Stataa 
during World War II,
Rafarancea^* .
(a) V  C, Smith and E. 0- Ryster, Physical 

Tasting trf iamloalvaa. Part III - Mlaaollanaoua 
BanaltTvlty Teatat Parformanca Testa, OSRD Ha- 
port Ho.*4i, 57 6*^WT5C!'.----
(t) D- P. MacDougall, Hathoda of Physical 

Tasting, OSRD Report No. 303, ll August \.9U2.
(c )  Also aa« the following Pica tin n y  A/aonal 

Technical Reports on RIPE: 1713, 1695 and 1517<

hHS e e  fo o tn o te p r l g f  i U ,
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AMCP 706-177 Silver Azide o



Silver Aside AMCP 706-177

Steeped Clrstge IHeetleer see, TNT a IMt

M  aua HI, M71 P>s|siHla. U t WC-tl: Glass Censs Steel Cones
Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth

Total Ms. al PtogaMole: Cater: Vhite to gray
For TNT
For Subject HE

Pita Hp el Ueaet Initiators
S Ineb M , MttAI PraiaeMa. U t RC4:

Density, gm/ce
Charge Wt, fc

Trtet Ha. at fiagoeesSi: Method ef LisHaai Pressed
Far TNT
For Subject HE

'•v.
IssHsg Oiaihyi gm/cc Variable

IngM H V tM gt ft/sec
A t * l
At 2544* Sts rage:
Density, gm/cc

Method Wet

Meet ClrieHri ta TWTh Haxord Close (Quantity-Distance) Class 9

Abt Compatibility Group (uoup M
Peek Pressure
Impulse Exudation None

Energy

Air, Gm Km #: Initiating Efficiency:
Impulse Grams Required to Give (c)

Complete Initiation of TNT 0.02*0.05
If-fir Water;

Peak Pressure Solubility iu 100 gm Solvent
Imputes

at Room Temperature:
Solvent GramsEnergy
Water (b) 0.006

I I -  * , y i | £ i . Asssonlum hydroxide Soluble
Nitric acid Decoevoses
Ether (b) 0.017

Imputes Eth.1 alcohol, 95* 0.006
Energy Acetone 0.015

Explosive Paver: (f) Unaffected by vater and COg. ( a )

Kilogram meters 192,000 Heat of:
* Mercury Fulminate 1.097 Explosion, cal/gm ic. a) 452

Formation, cal/gm (e) 67.8
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AMCP 706-177 Silver Azide

Preparation;

RaHj + AgMOj— * AgNg 4 + BaHOg 

Prepare the following aqueous solutions:

. a. 5$ NUI3, sodiua aside, SO ee 

b. 256 AgROg, silver nitrate, 25 ec

9 m  allver nitrete solution la placed In a 200 cc conductive rubber beaker equipped with a 
hard wood atlrrer operated by an air notor. 9 m  sodiua aside solution Is placed In a separa­
tory funnel fhsteasd In a ring stand above the beaker containing the silver nitrate. A long 
card (10 ft) Is listened to the stopcock of the separatory funnel so that the funnel can be 
etptled by reacts control. 9 m  silver nitrate solution is mar stirred very rapidly and the 
sodlia aside la slowly run into the nitrate solution. Stirring Is continued for 5 alnutes.
9 m  contents at the beaker are filtered through folded filter paper and washed free of sodiua 
aside and silver nitrate with distilled water.

Silver aside should be stored under water In a conductive rubber container. Ibis prepara­
tion will yield approximately 7 grans.

The preparation should be conducted under a hood and behind a barricade. The product ob­
tained by the above procedure has a very fine particle size, alnost colloidal. Very fine sil­
ver aside Is safer to handle and Is just as efficient and stable as the large, coarse crystal­
line aaterlal (Ref b). When a thin filn of fine silver aside Is precipitated on asreury fhl- 
alaate, tetryl, etc., these substances are as efficient weight for weight as pure silver aside 
(Ref g). White silver aside is less affected by light than asreury or lead aside (Ref h).
Long colorless crystals which explode on breaking are obtained frea aaaoolua hydroxide-

Origin;

811ver aside was first prepared In 1890-1 by T. Curtlus (Bar 2̂ , 3032; Bar 2b, 33bU-5) by 
passing hydra sole a d d  (HR.) Into neutral silver nitrate solution. Taylor and"lElnkenbech pre­
pared pure "collodlal" aggregates and showed Its sensitivity depends upon Its particle slse 
(Anqr Ordnance 5, 82b (1925). Silver azide was found In a detonator of foreign amnitlon far 
the first tins in 19b5 (Ref 1).

References;69

(s) A. R. Bitch, "Thernel Decomposition of Csrteln Inorganic Trinitrides," J An Chen Soc 
bO, 1195 (1918).

(b) C. A. Saylor and Wn. H. Rinkenbach, "Silver Azide: An Initiator of Detonation," Army
Ordnahca, Vol 5, P- 82b (1925)* —

(c) E. Da W. S. Colver, High Explosives, London and Rev York, p. 527.

(d) A. Stettbacher, Sprang u. Schlesstoffs. Rascher, Zurich, p. 97 (I9b8).

(a) A. Marshall, Explosives, 2nd Ed, Vol II, p. 767, London.

(f) A. Stettbacher, Z ges Schless-Sprengstoffw 10, pp. I93-21b (1915).

"SSISee footnote l, page 10.



Sllror Atido AXCP 706-177

(gj r. Blechta, Chla at Ind Special Mo. 981-5 (June 1933); C. A. 26, 61*6.

(h) L. Wohlar and V. Krupho, Barlohta j*6, 201*7-2050 (1913)*

(1) r. 6. Barerlak, <rf 120A5 m  HB Shall, Italian fn«il-W, PAIR lfo. 1515,
10 April 19**5-
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A.HCP 706-177 Tetracene

Malacaler Weight: (CgHgK100) 188

Osygaa Baleate:
C O .  %
C O  % 1 

1
«5
T8

Osealty: gm /cc At 3000 pel 1.05
MaMeg Pelat: °C Explodes 140-160

Fieesiag Point: *C

BeMag Pelat: *C

RafrecHre lodes, n £

■»*§
mDAn

%

c 1 2 . 8
H 4 - 3
H 7 4 . 4
0 8 . 5

KHI
C-HH-HH-H*I
NH

IH/
R-C

\ H-HH-SO

C / H  Ratio 0 .0 6 8

Inpact SaaaMafcy, 3 Kg Wh
Buraou of M inas Apparatus, cm  T

Sample W t  2 0  m g
Picotinny Arsenal Apparatus, in. 2 ;  (8  o z  v t )  8  

Sample W t, m g

Teat:

Steal Shoe 

Fiber Shoe

BMaBeNat

Emotions
ronton

Burned

Unaffected

Teat: Tria ls

%

Vecaam Stability  Teat:
cc/4 0 Hrs, at 

90*C

100*C

120*C

135*C

150*C

M O  Oran Bomb Seed Teat:

4-o
28.0

Seconds, 0.1 (no cop used) 

I 
5 

10 
15 
20

*C

160

• . —  >«t—t«— ^
M B W i m y  W  I M H O I I M li

M in im u m  Detonating Charge, gm  

M ercury Fulm inate 

Load A zide  

Tetryt

O.ltO

BeMetic Matter, %  T N T :

7S*C letsmetiaael Hoot Teat:
%  Loss in 48 H rs 0-5

I0 0 * c  Heat Teat:

%  Loss, 1st 48 Hrs 23.2
%  Loss, 2nd 4 8  Hrs 3.4
Explosion in 100 Hrs Rone

FlennibIBty ledas:

Hygroscopic by: %  30°C, 9 0 $  RH 0.77

»« «• MMIIBayl

Trouzi Teat, %  T N T : (•) 6l

Plate Oeat Teat:
Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

Confinem ent

Condition

Chorge Diometer, in. 

Density, gm /cc 

Rote, meters/second

324



w

I

1

Te traced* AMCP 706-177

325



AMCP 706-177 Tetracene

Preparation:

(Rlnkenbech and Burton, Army Ordnance 12, 120 (1931))-

Tetracene la prepared By dissolving 5 gms of emlnoguanldlne dinitrate In 30 cc of eater, 
cooling to 0°C and mixing vith a solution of 2.5 gms of sodium nitrate In 15 cc of eater. The 
temperature la maintained at about 10°C and 0.5 gm of acetic add is added, lhe tatracene 
separate* out and Is eashed vith eater, alcohol and ether. It Is then dried.

Tatracene may also be prepared by placing amlnoguanidine sulphate and sodium nitrite In a 
large beaker and adding eater her «d 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, eashed thoroughly 
and dried.

O rigin;

Tatracene eas first prepared in 1910 by Hofftaan and Roth (Ber 4̂ , 682) vho also studied Its 
chemical reactions and determined its structure (Hoffman et al, Ber 4j, 1087, 1866 (1910); Ber 
44, 2̂ 96 (19U); and Ann 380, 131 (1911)). V. H. Rlnkenbech and 0. Eurton made an extensive 
study of tetracene and described its manufacture and explosive properties (Army Ordnance 12,
120 (1931)).
Destruction by Chemical Decomposition;

Tetracene Is decomposed by adding It to boiling water and continuing boiling for some time 
to Insure complete decomposition.

R eferences:70

(a) D. P. MacDougall, Methods of Physical Testing, 0SRD Report Ho. 803, 11 August 1942.

L. C. Smith and E. G. Sytter, Physical Testing of Explosives. Partlll - Miscellaneous 
Sensitivity Tssts; Performance Tests, 0SRD Report Ho. 57^, 27 December 19^5-

(b) F. V. Brown, D. H. Knsler and F. C. Gibsoq, Sensitivity of Exploelvee to Initiation 
by Electrostatic Discharges, U. S. Dept of Int, Bureau of Mines, RI 3052, 19U6.

(c) Also see the following Picatinny Arsenal Technical Reports on Tetracene:

0 1 1 4 7 8 2
1450 11 453 1104

2164
407 318 859

2179

70See fo o t n o t e  ! ,  page 1 0 .



Tatranltrocarbazole (TMC) AMCP 706-177

%  0„N H NO

:  “  r  r V i
V  - V  J --------------------------k  >  N02

N 2 0 .0  N /  v

0  3 7 .0  

C / H  Rotio 1 .0 3 2

Molecular Weight: (C ^ g H jH g O g ) & T

Oxygen Bataaca:
C O - %  -85 
C O  %  -3 0

DaatHy: gm /cc

MaMag Paint: °C Pure 1,3,6,8-iaomer 296

Pressing Paiats *C

l iM t t  Im K M lii, 2 K g  Wfc 
Bureou of Minas Apparatus, cm  100+ 

Sam plt W t  20 m g
P katinny A rstnal Apparatus, in. 18 

Sampta W t , m g 14

BalHag Paint: *C

Itef-active Index, n£

n i

n i

Frictiea Psndalam Tast:

Staal Shoe Unaffected 
Fiber Shoa Unaffected

Vacaam SteMBty Teat:
cc/40 Hrs, ot 

9 0 ’ C

100*C 0 . 2  

I2 0 * C  0 . 2  

135*C 

150*C

Rlfla laKat Impact Test: Tria ls  

%
Explosions

Portials

Burned

Unaffected

200 Grom la n k  Sand Tast:
Sand, gm  4 l .  3

lip lille e  Tsm piretsrs: *C

Seconoc 0.1 (no cap used) - -

Z  IX composes 470 
10 
15 
20

Sensitivity to lnMatiaa:
M inim um  Detonating Charge, gm

M ercury Fulm inate —  

Lead A zide  0 .2 0  

Te try l 0 .2 5

Oeilittic Mortar, %  T N T :

Traazl Tart, %  T N T :

75’ C Interemiaasi Heat Test: 
%  Loss in 48 Hrs

Plata Deat Test:
Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

190‘C  Meat Test:

%  Loss, 1st 48 Mrs 0 .1 5  

| %  Loss, 2nd 48 H rs 0 .0 5  

| Explosion in 100 Hrs None

Confinement

Condition

Charge Diameter, in. 

Density, gm /cc 

Rote, meters/second

liTartmeblBty ladax:

Hygreecspfeity: %  30°C, go$  RH 0 .0 1

VeiatMty:



AMCP 706-177 Tetrenltrocarbazo7.e (PtC)

tapwMiNTM MO-----------A  f t  MJtC - --------------- f y f  _•iî iv v n i ^  vnvmviMiif ini «•=  IMt

M  mm HE. M71 PrcjxrHU, La* WC-fl: GIcm Conet Steel Conee
Deneity, gm/cc Hole Volume
ChorgeWt, tt> u * l *  ^  - 1non u v p v n

,

a w . » _ a  u *  -  a  
I t M i  ( W i  W  n ^ M M R

For TNT 
For Subject HE

Cetari light yellow

Miripn Umbs Coapoacnt of Ignitor and
S tack HI. M43A1 Pujrctlk, Let KC-li pyrotechnic co ôel tl oca
Deneity, gm/cc 
Chorge Wf, lb

Total No. of FfMiHi
For TNT 
For Subject HE

a — — --------- Preased

leedtag Pooibyi gm/cc
PmgaMet Vabcfty: ft/*ee 
At 9 f»At2Sftft ttarege:
Oonoity, gm/cc

Method Dry

Meat UUtatbe ta TNT): Hazord Cloet (Quontity-Dteance) Claaa 9

Alrt Compatibility Group
Peok Procure
Impube
Energy

Exudation

Afa. C.eHeel: 
Impute

Solubility In Meter, 
gm/100 go (*), et:

95°C 0.10IMer Water:
took Pvwufi
Impute

Qualitative Solubllltlea:

Energy Solvent Solubility
Nitrobenzene Very aoluble
Acetone Soluble

Peak Prets'ire Benzene Inaoluble
Impute Chlorofora Inaoluble

Carbontetrachlorlde InaolubleEnergy Ether Inaoluble
Ether, petroleua Inaoluble
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Tetranltrocerberole (mo) AMCP 706-177

Preparation:

Sulfonatlon: Fifty-six gae of carbazole is dissolved in 320 gms of H^SO^ (9fy> specific 
gravity l.bt). Ihe solution is agitated during the addition of the carbazole and the tempera­
ture maintained at 25°-35°C. After the addition of the carbazole is completed, the agitation 
is continued and solution completed by raising the temperature to 80°-85°C and maintaining 
this temperature for one hour. The sulphate is now cooled to 20°C.

Nitration: ihe sulfonate solution is slowly added to 168 gms of HHOq (Plant grade specific 
gravity 1-5^ at 15°C) maintaining the temperature at 30° to 50°C. (Time 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 raised to 85** to 90°C and held for one hour, then lowered to 
room tem>erature before drowning.

Drowning^ The nitration mixture la drowned by pouring it into 2 to 3 volumes of ice and 
water.

Filtering: The separated light yellow product is filtered on a Buchner Funnel and washed 
with wmterzwice to remove most of the acid.

Purification: The TKC is placed in hot water (95° to 100'JC) end boiled for five to ten 
minutes with rapid agitation, allowed to settle then filtered end washed once. This proce­
dure is repeated twice, making a total of three "boilings." The final wash is acid free.

Drying: Hie THC is spread in a thin layer and dried at 100° to 110°C for four hours.

Yield; 73-3*-
Melting Point of IBC as prepared: 28o°C (compares to 296°C for pure 1,3,6,8-lsomer in pre- 

cedlng data).

Origin:

Hie preparation of Tetranitrocarbacole (INC) was first reported in 1880 by C. Graebe (Ann 
202, 26 (i860)) who nitrated carbazole with 91*56 nitric acid. Similar procedures were followed 
S T r . Eacalee (Ber 2596 (190h))and P. Zierch (Ber 42, 3800 i909U However, G. L. Ciami-
cian and P. P. Sllber observed the formation of four Isomeric HlC's when acetyl carbazole was 
treated with fuming nitric acid (Gazz chim ital 12, 272 18831 In 1912 and 1913 patents were 
Issued to the dyestuff manufecturer, Case11a and Company, covering the preparation of polyni- 
trocarbazoles (German Patent 268,173 and French Patent k6k,538). m e  Cfceella process of



AMCP 706-177 Tetranltrocarbazolc (TNC)

preparing polynltrocarbazoles by dissolving carbazole in sulfuric acid and treating the solu­
tion of sulfonic adds vlth strong nitrating agents is essentially the process used today in 
the United States. Hie crude product, thus prepared, contains principally 1,3>6,8-THC (W. 
Borsche and B. G. B. Scholten Ber 50, 596 (1917) and about 10^ of the 1,2,6,8-THC isaner 
(D. B. Murphy et al J An Chem Soc 75[> 4289 (1953)* TNC was used in explosives by the Germans 
during World war II.
References:71

(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 An Chen Soc, 75, 4289-4291 (1953). ‘

(b) S. Livingston, Preparation of Tetranltrocarbazole, PA Chemical Research laboratory
Report Ho. 136,330, 11 April 1951* -

(c) D. B. Murphy et al, Long tenge Basic Technical Research Leading to the Development of
Improved Ignition Type Povders - The Chemi3try of Tetranltrocarbezole, PA Memorandum Report 
Ho. 22, 2 Septeniber 195^* .

(d) S. Livingston, Development of Improved Ignition Type Powders, PAH? Ho. 2267, July 1956.

(e) Also see the following Ficatinny Arsenal Technical Reports on Tetranltrocarbazole:

0 2 £ 4 I

2180 1802 1973 1984 1647
1937

^See footnote 1, 1C.



2,1*,2' ,l»'-Tetrar.itro-axBnllide (TOO) AMCP 706-177

*  ? ?
C 1*0.0 c ------------------------------- ^

n k  n k

^ \ n o

H 2 0 .0  | f  | 2

0  3 8 .1  L J  

C / H  Ratio 0 .7 3 5  « 0 2 N02

M olecular W e ig h t: ( C ^ K g N g O j^ )  1*20

Oxygea te laace :
C O - %  -81* 
C O  %  -3 1

Density: gm /cc

M elting Faint: °C Decomposes 313

Fteesiag Point: *C

Im pact l n l l W l t ,  2  K g  W t :
Bureau of Mines Apparatus, cm  —  

Somple W t  20 m g
Picotinny Arsenal Apparatus, in. 30 

Somple W t , m g 11

Bailing Feint: "C

Refractive Index, n »  '

n?,

« n

* » ---^ —  * -» —- ^ — »..rlsCTW i fW^INIR Ian*

Steel Shoe U n a f f e c t e d  

Fiber Shoe U n a f f e c t e d

Vncuum  Stability Test:

cc/40 H rs, ot
90*C -  

100*C —  

120’ C  0 . U  

135*C 

150*C

l l f b  Betlat Im pact Test: Tria ls 

%
Explosions

Portials

Burned

Unaffected

200 (m m  ie a ib  S w d  T u t :
Sand, gm  ^ 6 .  3

fxplotisn Tem perature: °C

Seconds, 0.1 (no cop used) —

1 —

5 392 ' "  

10 

15 

20

Sensitivity to  Initiation:

M inim um  Detonating Charge, gm  

M ercury Fulm inate

Lead Axide 0 .2 0  

Tetryl 0 .2 5

Ballistic M o rtar, %  T N T :

T r e a d  Test, %  T N T :

7 S 'C  latem atieael Meet Test:
%  Lots in 48 Hrs Plate Dent Test:

M ethod 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

1 0 0 'C  Hoot Test:

%  L o u , 1st 48 Hrs 0 .0 7  

%  L o u , 2nd 48 Hrs 0 .0 0  

Explosion in 100 Hrs None

Detonation Hate:

Confinement

Condition

Charge Diometer, in. 

Density, gm /cc 

Rate, meters/second

Flam m ability ladox:

HygroscopicIty: %  30°C, 9 0 £  HH T r a c e

VeletiHty:



AMCP 706-177 2.*»,g'.l»'-Tatranltro-oxanlllde (ISO)

PiagoM M aHea Tata: •A-— — A  ------------ » • « -  - » ----------------- _ _
m ^ ^ M I  M l ^ w l T t a H V I I |  1  1  “ 1 0 0 :

M  o n s  M l, M 71 P n ie c M a , le t  W C - t l :

C  jn tity , gm /cc 

Charge W t , ib

Gloss Cones Steel Cones

H ole Volum e 

Hole Depth

T a i l  Me. • (  F n f M M t i !

For T N T
C e U r . Light yellow

S ta c k  H I ,M 4 1 A 1  Pia|scMle, 1st K C -S i

Density, gm /cc 

Charge W t , lb

P itadpe l Usee: Coteponent of black powder type 
and pyrotechnic coqroeltions

T c la l  N o . e* F r c g n a h :

For T N T  

For Sub set H E

M ettied ef Leedtag: Pressed end extruded 
compositions

le a d in g  Demsltyt gm /cc

n V | M V  T O T M a V j t  T T / M C

A t  2 5 H  ft 

Density, gm /cc
M ethod Dry

M eta (le ta M se te  T N T ) : H azard Class (Q rantity-D istance) Class 9

A i n
Peak Pressure

Impulse

Energy

Com patibility G roup 

Exudation

A ir ,  Ceeftaod:
Impulse

Solubility, gm/lOO cc Solvent, in:

v  t

U i i n  W a te r:
Peak Pressure

Impulse

Energy

Uadssgreamd:
Peak Pressure

Impulse

Energy

water
Nitrobenzene

Qualitative Solubilities:

1 0 0  < 0 . 1 0  

1 5 0  > 1 5

Solvent
Ethyl alcohol 
Benzene 
Butyl acetate 
Qarbontetrachloride 
Ethyl ether 
Acetic acid 
Nitric acid 
Caustic potash 
Dimethyl fonasmlde

Solubility
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Soluble
Soluble
Soluble
Very soluble

:« 2



2.U.2' .k'-Bstranltro-oxanlllde (TOO) AMCP 706-177

Method of Praparatlon;

OH

0
I

-C
i
CH

HH„

♦2

0
Heat (200°C) +2HgO

t

I*
9
it
9
>
?*
*

i
r
i-
94
>

*

0
I
c

0

c
3

IfH
rair3

Plant grade 
ap cr 1.51

-»

NH

NO2

Oxanlllde:

Two parte of oxalic add are nixed vlth 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 
effervescence. The mass is cooled to room temperature, poured Into several volumes of water 
(21°-2k°C), filtered on a Bilchner funnel and washed free of oxalic add vlth water and then 
washed free of aniline vlth acetone. Hie oxanlllde is air dried to remove the acetone and 
then dried at 100°-110°C.

Tetranltro-oxanlllde (MO):

A 5 liter round bottom flask le equipped vlth a stirrer of a type which wiL1 produce a 
downward "svirl.” lhe flask is surrounded with a water Jacket for hot and cold water. Fif­
teen hundred grama (1.5 kilograms) of plant grade nitric add la placed Into the flask. 
Five hundred (500) grams of oxanlllde Is slowly added to the add under rapid agitrtlon while 
the temperature la maintained below hO°C. After the addition of the oxanlllde is completed 
(2&-j hrs), the agitation Is continued 10-15 minutes. The temperature la then ralaed to 80°C 
over a period of one hour and maintained at 80°-85°C for 3 hours. The add slurry is then 
cooled to room temperature and drowned by pouring over cracked ice. The product is filtered 
on a Buchner funnel and washed vlth water until It le almost add free. The filter cake Is 
placed In a beaker and eufflclent water added to form a "slurry." Live ateam la run Into the 
"slurry" under agitation for 10 minutes. The slurry is filtered and the residue washed. The 
latter treatment of the "slurry" Is repeated until the wash water la found to be neutral to

w
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AMCP 706-177 2,U,2‘ .V-Tstranltro-oxanlllde (TOO)

litmus paper- The TWO la vaehed vith alcohol, than acetone, air dried and finally dried at 
100o-110°C.

Yield - 90* to 97-5* of theoretical.

Origin;

A, G. Perkin In 1892 obtained tetranltro-oxanlllde directly by heating a solution of finely 
powdered oxanlllde in nitric add. He also obtained the sane compound by the action of a 
cooled mixture of nitric and aulfUric adds on oxanlllde and precipitating the product by 
pouring the solution Into water (j Chem Soc 6l, U6o (1892).

References;72

(a) S. Livingston, Development of Improved Ignition Type Powders, PATS No. 2267, July 1956.

(b) D. Dubrow and J. Krlstal, Substitution of Tetradtro Oxanlllde and Hexanltro Oxanlllde 
for Tetradtro Carbazole, PA Pyrotechnic Research laboratory Report 54-TF l-ttti, 20 December

7 5 See f o o t n o t e  1 , page 10,
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letryl AMCP 706-177

%  H . C - N — N O ,
C 2 9 -3  3 | 2

H 1 -7  0 2N N -  N02

N 2l* .4  1 \

0  k h .6  'i 
. NO 

C / H  Ratio 0 .U 2 0  2

Molacalar Weight: ( C f H ^ O g )  267

Osygea Belsact: „
C O ,  %  . -6 7  *  
C O  %  -  8

Poaalty: gm /cc C r y s t a l  1 .7 3

MaMag Point: *C 130

M------ 1----!■ a 1 •/** rNHm^ vWimi Vo

Impact Sensitivity, 2 K| W t:
Bi-reau of Mines Apparatus, cm  26 

Sample W t  20 m g
Picatirmy Arsenal Apparatus, in. 3 

Sample W t, m g 18

Bailiag Paint: *C

Refracthre lades, r ° 

n »  

n*

Friction Pee da lam Test:

Steel Shoe C ra c k le s  

Fiber Shoe U n a f f e c t e d

Vacuum Stability Test:
cc/40 Hr*, at

9 0 'C  -

io o * c  0 . 3

120“C  1 .0  

135*C —  

150*C 11+

Rifle Ballet Impact Test: Tric is  

%
Explosions 1 3  

Portials 5** 

Burned 10 

Unaffected 2 3

200 Grom Bomb Sand Test:
Sand, gm  5k . 2

t e a o isa sm A fti k A  • ® f1 VHV̂ PV̂ v̂sVswo Ve
Seconds, 0.1 (no cap used) 31*0

1 31* 
5 I g n i t e s  257

10 238

15 236 

20 23I*

Sensitivity to laitietiea:
M in im u m  Detonating Charge, gm

M ercury Fulm inate 0 .2 0 *  

Lead A zid e  0 . 10*

♦ A l t e r a t i v e  i n i t i a t i n g  c h a rg e s .

Ballistic Matter, %  T N T : ( a ) 130

Tres-sl Teat. %  T N T : ( b )  125

75°C Intenxtieeel Hoot Test:
%  Loss in 48 H rs 0 .0 1 Plate Deat Test: ( c )

M ethod A  B 

Condition P re s s e d  P re s s e d  

Confined Yes No 

Density, gm /cc 1*50 1 -5 9  1*36 

Brisonce, %  T N T  116 115 96

ICOV: Heat Test:

%  *oss, 1st 48 H rs 0 .1  

%  Less, 2nd 48 Hrs 0 .0  

Explosicn in ICO H rs None

Detonation Rota:
Confinem ent None 

Condition P re s s e d  

Chorge Diometer, in. 1 ,0  

Density, gm /cc 1 • 71 

Rote, meters/second 7650

Flammability lades: 2 U

Hygroscopicity. %  v f c ,  90%  RH 0 .0 L

Volatility: 25°C 0 .0 0
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AMCP 706-177 letryl

R U M *  RMRRIrWy 1 HR*> ( d )
Condition P re s s e d

Te try l, gm 100
W a x , in. for 5 0 %  Detonation 2.01
W a x , gm  

Density, gm /cc 1.58

Heat af:
Combustion, col/gm 8925
Explosion, col/gm 1080-1130

Gas Volum e, cc/gm  . T60
I'ormotton, col/gm -14
Fusion, col/gm  «  ( e ) 22.2
T e .s p e r a t u re , C 127

Spe^fk Heat: c o l/g m /‘ C ( e )

-100 0.182
- 50 0.200

0 0.212
50 0.223
100 0.236

laralag lata:
cm/sac

Tbanaal CaadactMty: (? ) .
a t  1.391* gm/cccol/sac/cm /’ C  5-81 x 10'j;

6.83 x  10 a t  1.528 gm/cc
CaaWitlaat af lapses lea:

Unaor, % / * C

Volum e, % / * C

Herdoass, Mats' Seals:

£', dynes/cm* 

E, Id / inch1 

Density, gm /cc

Compressive Strength; lb/inch1

Vapor Presents:
•C m m  M ercury

Dseeaspssitisa I
Oxygen, otoms/sec 

<Z/S*c)
Hoot, kilocalorie/mol* 

(A H , kcal/m ol) 
Tem perature Rang*, °C 

Phos*

!S».10

38.L

10«.9

3 M

211-260 132-l6fc 
Liquid Liquid

Amor Plat* Impact Teat:

<0 am Mortar Projectile:
50% Inert, Velocity, ft/s*c

Aluminum Fineness 

506-% Oeaeral Psrpess t  orate:

Plat* Thickness, inches 

1
IVi
U*
1%

•amt Drop Test:

T7, 2000-% Seail Amec Piercing l east  n  Caacrete:

Max Safe Drop, ft

500-% Gsasrel Purpose H ak vs Caacrete;

Height, ft 

Trials 

Unaffected 

Low Order 

High Order

1000-% General Pntpaso Beast «s Caacrats;

Height, ft 

Trials 

Unaffectea 

Low Order 

High Order
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AMCP 706-177
Tetryl

Preparation:
(ifcnufacture of Tetryl by Ittnltromonoinc thy) aniline Process, Wannamaker Chemical Cc ■, Inc.)

▼ n̂3*in2 11
c6h3(no2)2-nh-ch3 + 2HN03

\ H C-N-NO,

NO,'2
To a solution of 202.5 gm dinitrochlorbenzene in 200 cc benzene, at 75°C with good agita­

tion, In 15 to 20 minutes, add 112 gm of 30$ aqueous monomethylamine- Then add 129 gm of 31$ 
aqueous sodium hydroxide, 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°C, cooled, filtered and the precipitate washed with distilled watet until the washings 
give no test with silver nitrate, dried at 60°C (melting point 167.2°c)

The dlnitromethylaniline is nitrated to tetryl by solution of it in 88$ sulfuric acid (197 
gm nitroeniline/ll90 gm sulfuric) at 25°C, followed by addltlou of nitric add. The process 
is carried out so that the water content remains at 16$. Solution (per 197 gm nltroenlllne) 
requires 5 to 10 minutes, nitration, by addition of the sulfuric add solution to nitric add, 
about 1 hour at 30°C, plus h8 minutes at 50° to 55°C at the end. The mixture is then cooled 
to 20°C and filtered. The tetryl is dumped into 1 liter water, washed 2 or 3 times with 200 
cc cold water, and then stirred 10 to 15 minutes at 50°C with 500 cc water, filtered warm e"d 
then washed with water until the washings are neutral to methyl orange. The tetryl dried to 
constant weight at 70°C weighs about 270 gm.

Tetryl filtered from an acid containing 87$ sulfuric add (or more) -13$ water, at hO°C 
(or over) may fire in 30 minutes to 1 hour and 30 minutes, if not. drowned in water. A safe 
nitration procedure, even on plant scale involves:

1. The concentration of sulfuric in the opent acid is maintained at a low level (approx 
80/l.6/l8.2 sulfUric/nitrie/vater).

2. Nitration maximum temperature is 50°C.

3. The slurry is cooled to 35°C before filtration.

It. Filtration time prior to drowning, is minimized (15 minutes maximum).

The crude tetryl produced is recrystallized to remove impurit ; and occluded acid and to 
control its granulation.

.T18 "



A X C P  706-177

n

Tetryl

Sensitivity of tetryl electrostatic discharge, loules; through 100 mesh: (1)

Unconflned 0.007
I

Confined h.h

! Solubility of tetryl, grans in 100 grans ii) of:♦
»» Water Carbon tetrachloride Ethe.- 95* Alcohol
** !£ i 1 !£ i 2£ t

1 0 0.0050 C 0.007 0 0.188 0 0.320
» 20 0.0075 20 0.015 10 0.330 10 0.h25
V 1*0 0.0110 ho 0.058 20 0.hl8 20 0.563» 30 0.0810 60 0.15h 30 0.h93 30 0.76

100 0.l8h 50 1.72
1 75 5-33

Chloroform Carbon disulfide Ethylene dlchloride Acetone
1
> f fc t °C i °s t °c i
« 0 0.28 0 0.009 25 h.5 20 75» 20 0-39 10 0.015 75 h5 30 95
»
t

1«0 1.20 20 0.021 ho 116
60 2.65 30 0.030 50 138

>

♦
*

Tr 1chloroethylene Ethyl act. ̂ te Benzene Toluene

i fc i  f c * fc i
t 0 0.07 20 a. hO 20 7.8 20 8-5

20 0*12 30 10.0
! - ... ■ hO 0.26 hO 12.5

60 0.67 50 16.0
80 1.50

*
f

86 1.76
$
* Xylene TOT
*
* i f c *

£ 20 3.3 80 82
* 30 h.h 100 lh9

hO 5«h 120 6h5
50 6.0

Origin:

Tetryl was first described in 1879 ty Mlchler and Meyer (Ber 12, 1792), van Romturgh and 
Martens studied Its properties and proved its structure (Rec trav chirr. 2, 108 (1883)! 6, 215 
(1887); and Ber 19, 2126 (1886)). Tetryl was not used as an explosive until World War~I.



AUCP 706-177 Tetryl

Destruction by Chemical Decomposition:

Tetryl la decomposed by dissolving In 12 times Its weight of s solution prepared from 1 
part by weight of sodium sulfite (itagSOo'THgO) in 1* parts water* The sulfite solution may 
be heated to 80°C to facilitate decomposition of the Tetryl.

References:73

(a) L. C. Smith and E* G. Eyster, Physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Tests; Performance Tests, OShD Report SO. 57^6, 27 December 19**5-

(b) Ph Naoum, Z ges Schless-— Sprengstoffw, pp. l8l, 229, 267 (27 June 1932)

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report NO. 803, 11 August 19^2.

(d) L. C. Smith and S* R. Whlton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl In Boosters, HOL Memo 10,303: 15 June 19**9.

(e) C. A* Taylor and Wm. H. Rinkenbach, "The Solubility of Trinitro-Phenylmethyl-Hltramine 
(Tetryl) In Organic Solvents," J Am Chem S:c 1*£, (1923) P* 10l».

(f) E. Hutchinson, The The-mal Sensitiveness of Explosives. The Thermal Conductivity of 
"rploelve Materials, Ac 2061, First Report, August 19**2.

(g) R. J. Finkelstein and G. Gamov, Theory of the Detonation Process, HAVQRD Report Ho. 
90-1*6, 20 April 19l*7.

(h) M. A. Cook and M. T. Abegg, "Isothermal Decomposition of Explosives," University of 
Utah, Ind Eng Chem 1090-1095 (June 1956).

(i) J. W. Brown, D. H. Kualer and F. C. Gibson, Sensitivity of Explosives to Initiation 
by Electrostatic Discharges, U. S. Dept of Int, Bureau of Mines, RI 3852, 19‘*6>

(j) W. F. MeGarry and T. W. Stevens, Detonation RBtes of the More Important Military 
Explosives at Several Different Temperature's, PAIR fro. &3B3, November 1956.

(k) Also see the following Pieatinny Arsen*1 Technical Reports on Tetryl:

0 1 •£ 1 1* 2 6 I 9

30 11 132 1*53 81* 65 266 117 28 129
600 361 582 1*93 ll*l* 195 •556 197 1*38 179
770 381 832 623 291* 1*25 786 637 628 319
810 621 882 633 311* 525 986 707 708 609

1180 861 1192 863 691* 565 1086 807 738 709
1290 10i*l 1352 1113 771* 625 1126 837 838 81*9
1350 1131 1372 13T3 781* 635 1316 857 11*18 999
1360 1261 11*02 2053 871* 81*5 1376 101*7 1788 1029
ll*O0 133.1 ll*52 2163 901* 925 ll*l6 1137 1828 1209
11*50 ll*31 1592 2233 1131* 111*5 11*1*6 1287 1838 1379
1500 ll*71 I l f 1285 ll*66 1337 11*29
1510 1611 12> ll*05 1556 1367 11*89
1670 1651 1261* 15&; 1636 11*37 1819

2C2I* 1885 1956 1737 1969
220U 1935 1797

2125 1937
2125
2205

3See footnote ), ooge 10,

:u<>



T etryto1, 60/20 AMCP 706-177

C a n p u it i in .

T'etryl 80 

WT 20

C / H  Ratio

Meleceler Weight: 27I*

O iyg is  Balance:
C O , %  -5 2
C O  %  .1 1

Density: gm/cc Cest I.5 1

Melting Paint: *C 68

Freezing Paint: *C

liw yct SsmltMty. 2 Kg W t:
Bureau of M in o t Apparatus, cm 28 

Sample W t  20 mg
Pkatinny Arsenal Apparatus, in. 9 

Sample W t, m g 17

Bailing Faint: *C

Refractfra ludex, n °  

n £

n S

â r̂an̂ ĤB 1 ̂ Mne

Steel Shoe 

Fiber Shoe

Vacnnm Stability Tost:
cc/40 Hrs, of 

9 0 -C

100’ C  3 .0  

120*C 11+ 

135*C 

150*C

M Ht BeNet Impest Test: Tria ls  

%
Explosions 0  

Portiols 20 

Burned 0  

Unaffected 8 0

200 Crain Borah Sand Test:
Sand, gm  5*t.O

lepleilss TsrapzreCofe: *C

Seconds, 0.1 (n c  cap used)

1
S I g n i t e s  290 

10 

15 

20

ianiltW ty to InW -Son:
M inim um  Detonating Charge, gm

M ercury Fulm inate 0 .2 2 *  

Lead A zide  0 .1 7 *

♦ AlteTtiPt'ive in it ia tin g  charges.

Ballistic M ortar, %  T N T :

T r e e d  Test. %  T N T :
7S*C latomerioriel Neel Test:

%  Loss in 48 H rt Plate Dent Teet:
Method 

Condition 

Confined 

Density, gm /cc 

Brisance, %  T N T

)0 0 ‘C  Heel Test;

%  Loss, 1st 48 Hrs 0.1 
%  Loss, 2nd 48 Hrs 0.5 
Explosion in 100 Hrs None

Jeteeetiea Rate:
Confinement

Condition

Charge Diameter, in. 

Density, gm /cc 

Rate, meters/second

Pleraraehillty ledex: Will not continue to burn

Kygrsscepkity: %  0.02

VderiNty.



A U C P  706-177 Tfctrytol, 80/20



Te-rytol, 75/25 AMCP 706-177

CampaelHoa;%
Tetryl 75 

INT 25

C /H  Ratio

Malacalot Weight: 270

Oxypaa tala ace:
CO, % .54 
CO %  _12

Density: gm/cc Cast I .59

Making Paint: "C 68

Fraaziag Paint: *C

Impart SsniW iity. 2 Kg W t:
Buraou of Minas Apparatus, cm 28 
Sampla Wt 20 mg

Picotinny Arsanol Apparatus, in. 10 
Sompie Wt, mg 17

Bailing Paint: 'C

Refractive Index, n «

ni
F rlttin  N s M im  Tart:

Steal Shoa Crackt 
Fibar Shoe Unaffected

Vacnam Stability Tart:
cc/40 Hrs, ot 

90aC

ioo°c 3.0
120’C 11+

135“C

I50”C

Itifla Bollrt Impart Tart: Trials 

%
Explosions 0 
Partiols 30 
Bur »d 0 

Urof /acted JO
200 Gram Bomb Sand Tart:

Sand, nm 53.7

t*i iesien Temperature: “C
' ronds, 0 1 (no cop used)

1
5 Ignites 310 

10 

IS 
20

Sensitivity to Initirtien:
Minimum Detonating Charge, gm

Mercury Fulminate 0.23+ 
Leod Azide 0.19*

♦Alternative initiating charges.
Ballistic Mortar, %  T N T : (a )  122
Tranrl Tart, % T N T :

75'C  International Heat Tart:% Lott in 48 Hrs Plata Dent Tart: (b)
Method B B 
Condition Cast Cast 
Confined to Yen 

Density, gni/ce 1.C6 1.62 

Brisonce, % TNT 118 l lL

100'C Hart Tart:

%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

Detonation Rata:
Confinement hone 
Condition Cast 
Charge Diameter, in i.o  

Density, gm/ce 1.60 
Rote, meters/second 7385

Flammability ladaa: Will not continue to burr.

Hygroacopicity: %  0.03

Volatility:



AMCP 706-177 Tetrytol, 75/25
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Tetrytol, 70/30 AMCP 706-177

%
Tetryl TO 
TNT 30

C /H  Ratio

Molecular Weight: 266

Oxygen Bala ace;
CO- % -55 
CO % -13

Density: gm/ec Cast 1.60

Moiling Paint: *C 68
Fleasing Paint: *C

Impact Saisitivity, 2 K* W t:
Bureau of Mines Apparatus, cm 28 
Sample Wt 20 mg

Picatinny Arsenal Apparatus, in. 11 
Sample Wt, mg 18

Belling Paint: *C

Refractive Index,

n£
n»

Friction Pendulum Test;

Steal Shoe Unaffected 
Fiber Shoe Unaffected

Vacuum Stability Test:
cc/40 Hrs, at 

90*C

100’C 3-2 

120*C 11+ 

135*C 

150'C

Rifle BeHot lr:pect Test: Trials 

%
Explosions 0 

Portiols 55 

Burned 0 

Unaffected i+5
200 Gram Bomb Sand Tost:

Sand, gm 53>2

lipleelee Temperature: 'C
Seconds, 0.1 (no cop used) b l6

I 387 5 Ignites 320
10 302 
15 289 
20 2T5

Sensitivity ta Initiation:
Minimum Detonating Charge, gm

Mercury Fulminate 0.23* 

Lead Azide 0.22*

♦Alternative Initiating charges.
Ballistic Mortar, % T N T ; (a ) 120

Trsuxl Tost, % T N T :
7S*C latematieeal Heat Test:

%  Loss in 48 Hrs Plata Dont Test: (b )
Method B 

Condition Cast 
Confined Yes 
Density, gm/cc 1.60 

Brisonce, % TNT 117

100‘ C Heat Test:

%  Loss, 1st 48 Hrs 0.1  

% Loss, 2nd 48 Hrs 0.1  

Explosion in 100 Hrs None
Detenetien Rato:

Confinement None 
Conditicr. Cast 
Charge Dirveeter, in. 1.0 

Density, gm/cc l. 60 
Rote, meters/second 73'*0

Flammability Indox: will not continue to burn

Hygrascopicky: % 0.02

Volatility:

:t45



AMCP 706-177 Tetrytol, 70/30

Fregmeatatiea T M : Shaped Charge Iffectfreaeoe, T N T  =  100:

*0 ■ ■  H I. M71 Projectile, Lot W C-91: Glass Cones Steel Cones

Density, gm/cc 1.6o Hole Volume

Charge Wt, lb 2.090 Hole Depth

Total Ho. of Fragments:

For TNT 703
Cater; J 6ht yellov to tuff

For Subject HE 81*0
Principal Utae: Bursters, demolition blocks

3 lack H I, M42A1 Projectile, Lat KC-3:

Density, gm/cc 1.60
Cherge Wt, lb 0.842

Total No. at Fragments;

For TNT  

For Subject HE
511*
585

Method of Leading: Cast

Leading Density: gm/cc 1.60
Fragaieat Velocity; ft/sec 

At 9 ft 
At 2514 ft Storage:

Density, gm/cc
Method Dry

■last dUtaHra te T N T ): Hozord Class (Quentity-C.istance) C la ss  9

A ir:
Peak Pressure

Compatibility Group Group I

Impulse

Energy

Exudation Exudes at 63°c

Air, Coa fined: .
Impulse

Under Water:
Peak Pressure

Impulse

Energy

Underground:
Peak Pressure

Impulse

Energy

:w>



Tetrytol, 65/35 AMCP 706-177

%
i -

%

T etry l ’ 65

TNT 35 

C/H  Ratio

Molecular Weight: 26L

Oxygen Balance:
CO- %  -56
CO %  - l 1*

Density: gm/cc 1.60

Melting Paint: "C 68

Freezing Point: °C

Inspect Seasitivity, 2 K f W t:
Bureau of Mines Apparatus, cm 28 
Sample Wt 20 mg

Picotinny Arsenal Apparatus, in. 11 
Sample Wt, mg IT

Boiling Paint: ’C

Refractive Index, n£> 

n£  

nS,

Co T - *s--KaaAaaLamrflCIIW iHMVMM I v m i

Steel Shot Cracks 
Fiber Shot Unaffected

Vacuum Stability Test:
cc/40 Hrs, at 

90”C

100'C 2.8 

120°C 11+ 

I35°C 

150“C

Rifle Bullet Impact Test: Triols 

%
Explosions 0 

Partiols 10 

Burned 0 

Unaffected 90

200 Gram Bomb Sand Test:
Sand, gm 52.6

Fiplrxkie Temperature: ”C
Seconds, 0.1 (no cop used)

1
5 Ignites 325 

10 

15 
20

Sensitivity te Initiation:
Minimum Detonating Charge, gm

Mercury Fulminote 0.23* 

Lead Azide 0.23*

*Alte!i*??K!ive Initiating charges.
Ballistic Mortar, %  T N T :

Truusl Test, %  T N T :
75*C International Heat Test:

%  Loss in 48 Hrs Plate Dent Test:
Method 

Condition 

Confined 

Density, gm/cc 

Brisonce, %  TNT

100*C Heat Test:

%  Loss, 1st 48 Hrs 

%  Loss, 2nd 48 Hrs 

Explosion in 100 Hrs

PttoM ti—  Rate:
Confinement I’one 
Condition Cast 
Chorge Diometer, in. 1.0 
Density gm/cc 1.60 
Rote, mtters/second 73*0

Flammability ladex: W ill not continue to turn

Hygreeceplclty: %  0.02

Volatility:

:M7



AMCP 706-177 Tetrytol, 65/35

FragSSSOSOtioO Test:

M Mm HI, M71 Projectile, Let WC-91:
Density, gm/ee 1 .6 l

Charge Wt, lb 2.010

Tetel No. e( Frepmsnti;
For TNT  

For Subject HE

T03
856

3 tech HI, M42A1 Projectile, Let KC-3:
Density, gm/cc 1.60
ChorgeWt, lb 0.845

Tetei Ne. of Fragments:

For TNT  

For Subject HE

5Xls
585

Fragment If cloddy. ft/sec 
At 9 ft
At 25% ft

Density, gm/cc

Meat (Motive to T N T ): 

Ain
Peak Pressure

Impulse

Energy

Air, C o r f M :  
Impulse

Under Water:
Peak Pressure

Impulse

Energy

Peak Pressure

Impulse

Energy

Shaped Cherpr Effectiveness, T N T  =  100:

(d) (e)
Glass Cones Steel Cones 

Hole Volume 133 126

Hole Depth 120 119

Colon light yellow to buff

Principe! Uses: Bursters, demolltlor blocks

off IdOodlof! O '* .

Lending Density: gm/cc 1.60

Storage:

Method Dry

Hozard Class (Quantity-Distance) Class 9

Compatibility Group Group I

Exudation Exudes et 65°C

348 Ntwnr*''



Tetrytol, 80/20, 75/25, T0/30, 65/35
AMCP 706-177

Compatibility with Metals:
Dry- Copper, brass, aluminum, magnesium, stainless steel, mild steel, mild steel coated 

vitEacid proof black paint and mild steel plated vith copper, cadmium, zinc or nickel are 
unaffected. Magnesium-aluminum alloy is slightly affected.

Wet: Stainless steel and mild steel coated with scid-proof black paint are unaffected. 
Copper, brass, aluminum, magnesium, magnesium-aluminum alloy, mild steel and mild steel plated 
with cadmium, copper, zinc or nickel are slightly affected.
Preparation:

Tetiytole a-e manufactured by heating TNT in a melting kettle, equipped with a stirrer, 
until all the TNT is melted. Hie necessary amount oftetryl is added and heating and stirring 
are continued. Hie temperature is allowed to drop from 100°C until the mixture is of maximum 
viscosity suitable for pouring. Part of the tetryl dissolves iu HJT forming a eutectic mix­
ture which contains 55 percent tetryl. This mixture freezes at 67.5°C.
Origin:

Tetrytols were developed during World War II. Hie 70/30 tetryl/TNT castable mixture is 
the most important in military applications.
References:7&

(a) L. C. Smith ar._ £. G. Eyster, Physical Testing of Explosives, Part III, Miscellaneous 
Sensitivity Tests, Performance Tests, OSRD Report No. 57**6, 27 December 19̂ 5-

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 503, H  August 19-2.
(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 19̂ 9.
(d) Eastern Laboratory, du Pont, Investigation of Cavity Effect. Sec III, Variation of 

Cavity Effect with Explosive Composition, NDRC Contract w6y -̂ORD-5723.
(e) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, Eastern 

Lab, du Pont, 16 September 19̂ 3, NDRC Contract W-672-0RD-5723-
(f) Also see the following Picatinny Arsenal Technical Reports on Tetr>tol:

0 1 2 1 1 6 7 8 9
1260 1291 1372 1193 1235 1376 il*77 1158 1379
1360 1311 1213 1325 11*36 1737 1388
ll*20 Ilf 51 1363 1885 ll*66 1757 1838
1500 1651 11*93 2125 1506
1530 1951

^See footnote l, page 10.
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AMCP 706-177 TNT (Trinitrotoluene)

Compoeitioa:
%
C 37.0 c«3

H 2*2 0, N - r / V 1- N 0

N 13.5 " 1  I " 

0 1*2.3
NO

C/H  Rotio 0 . 5̂ 9 2

Molecalar Weight: (CjĤ N̂ g) 227
Oxygen Balance:

CO- %  -71* 
CO %  -25

Density: gm/cc Crystal 1.65
Maltieg Point: °C 9 l

Fraaxing Paint: °C

Impact Sensitivity, 2 Kg W t:
Bureou of Minas Apparatus, cm 95-190+- 
cample Wt 20 mg

Picotinny Arsenal Apparatus, in. 1**-15 
Sample Wt, mg 17

Bailing Poiat: *C

Refractive Index, n£  a i . 51*30
6 1.67̂ 2 
T 1-717

Friction P w M im  Test:

Steel Shoe Unaffected 
Fiber Shoe Unaffected

Vocuum Stability Test:
cc/40 Hrs, ot 

90“C

100°C 0.10 

I20°C 0.23 

135°C 0 . U  

150’C 0.65

Rifle Ballet Impact Test: Trials 

%
Explosions  ̂

Portiols 0 

Burned 0 

Unaffected 6

200 Groan Bomb Sand Tost:
Sand, gm U8.0 ^ j

Expletiea Temperature: °C
Seconds, 0.1 (no cop used) 570

1 520 
5 Decomposes 475

10 1+65
15

20

Sensitivity to Initiation:
Minimum Detonating Charge, gm

Mercury Fulminate 0 .2k* 

Lead Azide 0.27*

♦Alternative initiating charges.
Bellistic Mortar, %  T N T : Std-100
Troaxl Test, %  T N T : Std-100

75 °C lateraatieaal Heat Test:
%  Loss in 48 Hrs 0.0L Plata Dant Tost: (a)

Method A A B 
Condition Cast Pi seed Cast 
Confined Yes Yes No 
Density, gm/cc 1.6l 1-50 1.6l 
Brisonce, %  TNT 100 100 100

100*C Heat Test:

%  Loss, 1st 48 Hrs 0.2 
%  Loss, 2nd 48 Hrs 0.2 
Explosion in 100 Hrs None

Detonation Rate:
Confinement Unconfined Unconfine: 
Condition Pressed Cast 
Charge Diameter, in 1.0 1.0 
Density, gm/cc I.5 6 1.56 
Rote, meters/second 6825 66L0

Flammability Index: ( t )  100

Hygroscopicity: %  30°C, 90$ RH 0.03

Volatility: 30°C Nil



TNT (Trinitrotoluene) AMCP 706-177

l m > « t  Sensitivity Tost: (c)
Condition Pressed C a s t

Ts try l, gm 100 100

W o x, in. for 5 0 %  Detonotion 1 -6 8 0.82
W ax, gm

Density, g.n/cc 1 .5 5 1.S0

H oot*#: f a )
Combustion, col/gm 3620

Explosion, col/gm 1080

Gas Voium e, cc/gm 7 3 0

Formation, cal/gm 7 8 .5

Fusion, cal/gm  „ 22.31*Temperature, C 79

S p e d fk  H m » ;  c o l/ g m / 'C
c

“ o 0 .3 0 9
20 0 .3 2 8
50 0 .3 5 3
8 o 0 .3 7 1

Burning Rate:
cm/sec

T h s im n l Cenductivlty:
col/sec/cm /'C See next page.

Coefficient at Expnwsien: f t )
Lineor, % / ' C  -1*0° t o  6C°C 5 - 1* x 10*5 ( b )

-1*0° t o  6o ° c  6 .7 x 10*'
Volume, % / ‘ C  27° t o  80°C 16 x H-* O 1 VJ0 C?

16° t o  70°C 2 6 .3 x 10*5 (fl}
Metdeess, M ohs' Scale: ( e ) 1.1*

Y e a * '' Msdules: (b)
E', uynes/cm2 5.1*5 x 1010
E, Ib/inch2 0 .7 9  x 106

Density, gm /cc 161

Compressive Strength: Ib/incM  13300-11.000
Density, gm/cc 1.62

Vapor Pressure: { f }
‘ C  m m  M ercury
So 0.0l2
65 0-033
90 0.067
95 0.085

100 0.106

Decomposition IqM tiei.:
Oxygen, atoms/sec 
(Z/sec)

Heat, kilocolorie/mole 
(AH, kcal/mol) 

Temperature Range, °C 

Phose

3 -

31+.U

275-310

Liquid

1*3.1*

236-277

Liquid

Armor Plate Impact Test:

60 mm Matter Projectile: ( J )
50% Inert, Velocity, ft/sec >1100
Aluminum Fineness

500-lb General Purpose Bombs: ( J )

Plate Thickness, inches Trials % Inert

1 0
1*4 0
Hj 1* 100
1**4 1* 50

Bomb Drop Test:

T7 , 2BOB-lb Semi-Armor-Piercing Bomb vs Cencrate:

Max Sofe Drop, ft 5000-6000

500-lb General Purpose Bomb vs Concrete:
No Seal Seal

Height, ft 1*,000 1*-5,000

Trials 26 20
Unaffected 2l* 20
Low Order 2 0
High Order 0 0

1000-lb General Purpose Bomb vs Cencrate:
No Seal Seal

Height, ft 5,000 5,000
Trials 21 26
Unaffected 16 22

Low 0>Ler 0 0

High Order 3 1*



TUT (Trinitrotoluene)AMCP 706-177

Fregmeetatie* T « h  SIm H  C**e»*e IHscthrsasas, TNT =  100:

*0 m m  HE, M71 Frejecttb, Lat WC-*1: GSc-l Cones Steel Cones
Density, gm/cc i.6o H< » Volume 1CX, 100

Oir;e Wt, lb 2.10k Hole Depth 100 100

Total No. of PufimoN:
703

Color: Light yellowFor TNT
tor Subjetr HE 763 Principal Uees: OP bombs, t*E projectiles,

3 loco M41A1 Fieiectil*, Lot KC-5:
1.6 0

demolition chergis 
grenades, propelia

, depth charges, 
.t compositions

Density; gm/cc
Charge Wf, lb O.BkS

Total No. of Frofmod: Method of t*edhg: 1. Cast
For TNT 51k- 2. Pressed
£or Subject HE . ‘?ik

teedlef Daeetty: gm/cc See belov
Fragment Velocity: ft/soc 0 0At 9 ft 8600A» 25̂ 4 ft 2 ^ 0 JSSffÔJSe
■Tansity, gm/cc

-
1 : ■ . . ;

1 .5 8
Method Dry

I Most (Kolotiro ta TNT); Hozord Closs , .uontity-Distonce) Class 9

A1fi Compatibility Group Group I
Peak Pressure 100

Kone at 65°C- Impulse 100 Exudation
Energy 100

Air, Coofio*«. Loading Density: gm/cc
Impulse 100 1. Cast 1.58-1.59 2. *Pressed psi x lCr

Under WiNr: 3 5 10 15 20 30 50
Peak Pressure 100 1.35 1 -kO l.k5 1.52 1.55 1-59 1.6
Impulse 100 Thermal Conductivity:
Energy 100 csi/sec/cm/0C

Uooorgroood:
Peok Pressure luO

Density 1.19 gm/cc fg) 
1.51 gm/cc (g) 
1.5k gm/cc (b)

5.28 x 10*!* 
7.12 x 10*7 
5 .6 x 1 0 7

trope’:;* 10C 1.67 gm/cc (g) 12 .2 1 x 10'*
Energy lOu Viscosity, poices:i Tern*, 8'5°C 0.139

ITO0'! 0.095
Bulk Mcd,S .8 st loom
Temperst,re (2̂ 0,-̂ °Cj1  
Dynes/ cm* x 10*xo

vB)
2.92

Densl gm/cc 1-56



«
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TUT (Trinitrotoluene)

U)

’CUperotwre of Charge, °C -5b 21 60 60

Sours at tavorature 16 16 2b 72

Density, gs/cc 1.63 1.62 i.6b 1.6b

Pits, as tars/second 6700 6820 6770 6510

A M C P  706-177

3»mKI*1v1m  tc Electrostatic Discharge, Joules; Through 100 Mesh:
n w s f l w t
Oontined

0.06
b.b

lapse! aacsltirlt,- rtmi Pay rature:
Pioatiirv Arsenal Apparatus, 2 sg wt, inch«8:

-bl
Boot

80
90105-110

inches

IT 
lb 
7 
32 ($ ezpl in 20 trials)

****** flsasltlTlty Tarsus landing ththod, large inpact Apparatus, laches: 

Pressed at 1.60 ga/ce TO
^ — N . Out at ~ii60 gn/c** 26 . ■ ■
i . v  ■ - ■ •
V . /  Bifle T-ull«t flrjaet asnsltlTitr w n c s  teap&ftare, OonflnsasBti

e«-

-jtangara Iran Bosh;
So Air Space 
frills 
l^pXPViOQS

Air Qpeee Trials Explosions
Tin or QuOboatd Boefts:
With or Without Air Space frlals T lesions

RoomTenner* tcro 

10
1 ewy low order'

iO
0

10
0

105° to U0°C

10
7

10
0

10
0
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A XCP 706-177 MIT fTrinitrotoluene)

HaloaioB Ttaparaturs aaraua BP Inltla'
nrr ftoaratura. Initial Baploaion Pinra.ture, °C

Rooa
105°-i00°C

Explosion ttaanaxatura versus Coofinanent, °C;

470 (Oeccnposes) 
480 (Decô ossa)

Unconfinad Dtoospoaaa 470Saalad in glua capillary Bcplodaa 320-335

Viscosity at 8o.5°Ci
Viscosity, X, cp lag X > “ OW S + 1.26 S ■ % solid in slurry Particle alas effect, aaall

Denaity, an/cct
!S Stats O L S£
27 to .70 Flaled 1.65
80 f Piakad 1.64
82 Liquid 1.48
37 Liquid 1.48
95 Liquid 1.47

Solubility of gR. WlOO tm fO. ins (f)
Water Aeatona denaana Toluol

2s u i !s i fc t fc *
0 0.0100 0 57 0 13 0 28 ̂00 40 0*0X30

0o<sa85
2040 109228 30

4o 67
180

204c 55130
*9 0.0675 60 600 6e 478 60 367

80 >0000 80 >1700
Carbon

tetr53Iort.de Ether Chloroform trichloro-
ethylene

1 fc i v 4 a*..1 . i
0 o,no 0 1.73 0 6 2s; 3-50 0.05 £0 3.29 20 19 55 6040 1.75 66

60 6.90 60 30270 17-34
75 v  24.35
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AMCF 704-177

m  (Trinitrotoluene)

IjfrillM Methyl acetate
Ethylene di chloride /-TchoB 

ethyl-« celate
!£ i !s i fc i

20 lho 20 73 20 3h CO 29.5
do aso 
Go 6ho

hO 135 hO 123 hO h9
50 280 60 h6o 50 96

70 1250

letrachloro-ethane Aniline
leorrapylelcoaol Ethanol

!c t °_C * !c i t

20 18 10 6.1 20 0.76 0 0.62
ho 50 30 11.5 hO 1.96 20 1.25
50 M O 50 29 50 2.95 hO 2.85

70 7h 60 8.h
80 130 70 15

Isobutyl alcohol Carbon disulfide Chlorobensene
°C i !s i fc 1

0 0.20 0 O.lh 20 3520 0.61 20 O.hh 3L 51
hO l.hl kO l.h ho 79
50 2-55 50 Il6

Prer̂ ratloc.
(AC 7258, T??9, 7260 - Sitratlon Kinetic*) (Chaalstry of Powder and Buploelves, Davis)

In elder procerses trinitrotoluene (1ST) w i  slowly and laboriously nitrated lr. three 
stages using successively stronger acids. Today, however, a single stage nitration Is pos­
sible, In a short, tine (less than one hour) producing BIT at a cost of a little less than 

' 6^/io. In England, a two stage continuous process was developed during World War II; in the
first ©sinter current sts&e, to' ’aa was nitrated to the nono stage aononltrotoluene (MET); 
In fhe second etsge, also count currant, MSB was nitrated to BIT.

w

I
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AXCP 706-177 HIT ( Trltl trotoluene 1

It was the British vork, on the kinetics of nitration of toluene to TUT, that first pointed 
out the basic importance to nitration processes of the nltroxyl Ion (N0g+), on the one hand, 
and the role of the bisulfhte ion (HSO^-) and unionised eulfhrlc add on the other. These 
concepts were successful la explaining the maximum In nitration rate occurring at a sulfuric 
add content of 9S$- This vork, for Instance, leads to the follcMng equation for the rate of 
formation of HIT from BUT:

stage Process; Toluene (100 gm) is ni orated to the mono derivative by slowly eddi Tg 
a mixture o f 2^4 gm sulfuric acid (sp gr 1.84) and 147 gm nitric acid (sp gr 1.42) to it at 
30°_4o®C, with good agitation. Acid addition requires 1-1-5 hour, and stirring at 30 -40 C 
Is continued 30 nlnutee longer. Hie mixture Is cooled and the lower layer of spent add 
drawn off.

Half the crude mono Is dissolved In 109 gn sulfuric acid (sp gr 1.84) with cooling, the 
solution heated to 50°C and a mixture of 54-5 gn nitric acid (sp gr 1-50) and 54.5 gn sul­
furic acid (Sp gr 1.84) added, under agitation, at such a rate that the temperature is nain- 
talned between 90° and 100°C. Add addition requires 1 hour, and stirring at 90°-100°C is 
coot! ued 2 more hours.

While the dinitration mixture is still at 90°C, 145 gm fuming sulfuric add (oleum con­taining 15£ free S0-) la added slowly. A mixed add of 92*5 gm each nitric add (sp gr 1.50) 
and 15£ oleum Is sltvly added, under good agitation at 100°-11 ' over lf~2 hours. The mix­
ture Is stirred at 100 -115°C for 2 mar- hours, cooled, filtered, and the HIT cake broken up 
and washed with water. The HIT is washed times with hot water (85°-95°C) with good agi­
tation. The pro( ict can be purified either by recrystallization from alcohol or by washing 
It with 5 times Its weight of sodium bisulfite solution at 90°C for J hour with vigorous
stirring, washing with hot water until the washings are colorless, and cooling slowly with 
stirring to granulate the product.

HIT was first prepared in 1863 by Wllbrand (Ann 128, 1/8), later by tdlstein and KUhlberg 
(Bar %  202 (1870) end also Tiemann (Ber 217 *l875T, each using different methods of suit­
ing materials. It was nearly 30 years later when Haussrm»r,n undertook its manufacture on an 
Industrial scale ( z  angew Chen, 1&91, p. 508; J Chan in.*, 1891, p* 1028). After 1901 TUT 
began to be used extensively as a military explosive an if Germany became the firat nation to 
adopt it as a standard shell filler (1902-1904). Curing World War 1 all the major powers of 
the world were using HIT, with the quantity used limited only by the available supply of 
toluene. Prior to World War II the development of synthetic toluene from petroleum made 
available In the United States, an almost unlimited suvyly of this raw material. Because of 
the general suitability of TST for melt-loading and its extensive use in binary and ternary 
explosive mixtures, HIT is considered the mo.it ieportant military exploeive known today.

Destruction by Chemical Decomposition:

HIT lc decomposed by addieg it slowly, while stirring, to 30 times its veight of a solution 
prepared by dissolving 1 part of sodium sulfide (BSgS'9HgO) ic 6 parts of water.

References:7*

(s) D. P. MacDougall, Methods of Physical Testing, DSHD Report Mo. 803, 11 August 194?.

7*See fo o t n o t e  l ,  page 10.

ii2Ei - K (H0g+) [K* (HSOfc-) + K" (HaSOĵlI (HIT)
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TUT (Trinitrotoluene) A M C P  706*177r
(b) A l U p  C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revi­

sion, HAVQRD Report Mo. 87-46, 26 July 1946.

(e) L. c. Salth and 3. H. ifclton, A Consideration of RBX/Wax Mixtures as a Substitute for 
Tatryl In Boosters, MOL Msno 10,303, 15 June 19^*

. (d) L. C. Shdth »od X. H. Xyster, Physical Testing or Explosives, Pert IE. Mlacaiiaaeoua
Seneitlvlty Pasts. Pn.̂ fo~sance Tests. OSRD Report Bo.5746, 27 December 1945.

(e) Report AC-2587.

(f) International Critical Bibles and various other sources la the open literature.

(g) E. Hutchinson, The Thereal Senaltlvenees of Explosives. The Therm] Conductivity of 
Explosive Materials, AC-ZBoi, first Report, August 19tz.

(h) A. J. B. RoberUon, Trans Fared Society, 44r 977 (1948).

(l) M. A. Oook end M. T. Abegg,"Isothermal Decomposition of Explosives," University of 
Utah, Ind Qua (June 1956), pp. 1090*1095*

(j) CoiKlttee of U v  2 sad 8, RISC, Report on HH1 and Tritonal, OSRD Bo. 5406, 31 July 
19*5*

(k) R. W. Treks, Frsgeent Velocity and Panel Penetration of Several Explosives la 31mu- 
lsted Shells. OSRD Report So. Jitefe, 2 January 1946.

(l) W. I . MeOarzy and ?. V. Stevens, Detonation Rates of the More Important Military
^Plosives *t Several Different Pescaratures■ RATS So. koveaber 1956.

(■) 8* Crasser, ^ilk Caapresslblllty Data on Several High Explosives, SAVORD Report Bo.
I ) 4380, 15 Ssptanker 19?6.

. ,
(n) Kintrov, Journal of Chemical Industy (Russia) 6, 1929, pp. 1686-1688.

(o) Also see the following Plcatlnny Arsenal Technical Reports on HIT:

0 1 2 1 4 C 6 7 8 2
10 291 132 ^3 364 65 86 47 118 99
30 551 582 83 694 195 266 87 288 249

240 731 782 133 874 425 556 507 638 269
350 861 892 273 904 555 666 527 738 319
630 891 972 513 1094 695 956 597 768 389
760 901 1072 643 1104 735 986 707 838 499
810 971 1182 673 1124 805 1046 G07 1088 709
1120 104l 1192 743 1224 975 1146 817 1098 739
1140 1121 1272 853 1284 1145 1276 537 1126 779
U70 1311 1292 863 1294 1155 1376 1107 1148 799
1260 1391 1342 1063 1304 1225 1446 1147 1158 889
1270 1431 1352 U23 1314 1285 1466 1217 1188 929
1360 1451 1372 1133 1344 1305 1476 1247 1198 939
l4C0 1491 i4o£ 1193 14\4 1315 1556 1307 1228 1099
1460 1651 1452 1243 1444 13S5 1636 1417 1258 1109
1500 1821 1472 1323 1454 1425 1756 142? 1308 1129

S*s>



AMCP70*»m nrr (Trial•U'otoiu*: ̂)

0 2 1 1* l 6 I 8

1530 1192 1373 1521* 11*35 1956 11*37 1318
151*0 1562 1193 15l*l* ll*l*5 22; 6 11*57 1336
1550 1582 1553 1*561* 11*95 11*97 1388
1730 1712 1633 16C’* 1515 1537 ll*l8
2010 1862 1693 1671* 1535 151*7 ll*28
2100 1823 1Y51* 1585 1557 1578
2160 2063 1921* 1.605 1577 1618

2163 2061* 1635 1597 1688
2211* 1665 1677 1728

1865 1737 1826
1965 1797 1838
1715 1827 1858
1885 181*7 2008
2125 2007 2136
2175 2ll*7 2168

2167

1139
1179
1199
1259
1289
1339
1369
1379
ll*19
11*59
11*69
1M 9
1529
15*9
1629
1689
1709
1729
171*9
1809
1819
1879
19l*9
2159
2179

9
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AMCP 706-177 Torpex

•setter SeeeM rby Te c h
Condition

( c )
P re s s e d O esc

Te try l, gm 10 5

W o k , In. for 5 0 %  Detonation

W a x , gm 2 0

Density, gm /cc 1 .6 1 1 .8 1

Hoe* eft
Com buition , col/gm

( • )
3710

Exploeion, col/gm  

Go* Volum e, ce/gm  

Formation, col/gm  

Fusion, ca!/gm

1800

Specific Heeft col/gm /*C 

A t  -5 ° C

0 > )
0 .2 2

D e n s it y ,  gm /cc 1 .8 2

A t  15°C 0 .2 1

t o n i n g  Rater
cm /iec

Th e rm a l Ceedectirlty:
col/*ec/em/*C 
D e n s it y ,  gm /cc

0 0
9 .7  x  10*1* 

1 .8 2

Lineor, % / * C  - 7 3  t o  75 C  1 . 7  x  10 5 ( b )  

Volum e, % / * C

H n f a  t '  IlfaM  M b :

E', dynet/cm* 

E, Ib/in ctf 

Density, gm /cc

(b)
9 -5 3  x  10, 

1 .3 8  x  10* 

1 .7 7

.10

DoceaspesMen Sonatina:
Oxygen, atcms/sec 

(Z / ie c )
Heat, kilocolor<e/mole 

(A H , kcol/m cl) 
Tem perature Range, *C

Phase

Am eer Plate Inspect Tee t:

SO nun M e ite i Pm|ertBet ( • )
5 0 %  Inert, Velocity, ft/tec 

A lum in um  Fineness

185

S t b b  Genem l Per .sett Bensbet

Plate Tbickne**, incha* 

1

l'/4

1 %

1 %

Cempteeifr* Strength: Ib/inch* ( b ) 2 1 0 0 -2 3 0 0

D e n s it y ,  gm /cc 1 -7 7

V sp e r P rone re:
"C  mm  M ercury

Drop Toot:

17,2000-lb 8m I M urHudm Bomb n Cesser ' 5: 

M o x Soft Drop, ft

MO-fb Om n i  h u ytM  Bomb n  Ci i w b i

Height, ft 

Tria l*

Unaffected 

Low O rder 

H igh Order

1000-lb General Purpose Bemb n  t  secrete:

Height, ft 

Tria l*

Unoffected 

Low Order 

H igh  Order
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AMCP 706-177 Torpex

Preparation:

IVjrpex la manufactured by heating TUT to approrimBti ly 100°C In a steam-jacketed kettle 
equipped vlth a atlrrer. Miter wet RDX la added alowly to the molten TNT, while nixing and 
heating, until all the water la evaporated. Aluminum is added and the mixture la stirred 
until uniform. The mixture la cooled, with continued stirring, until it la suitable for 
pouring, Torpex can also bu aad-j by adding the calculated amount of TUT to Coaqpoeltlon B 
to maintain the desired proportion of RDX/TMT, heating and stirring, and adding 18 percent 
of aluminum to complete the mixture.

Origin^

Tbrpex, a castable high explosive, wes developed in England during World Whr 11 for usu 
as a filler In warheads, mines and depth bombs. Several variations in the composition of 
torpex h'.ve been evaluated but the following are those used in ' rvice munitions:

Torpex 2 ’'Vwpex 2
unwaxed waxed *l*r, sj

00 00 (=)

RISC, % 42 bl.6 bl.b
TNT, $ 40 39.7 39-5
Aluminum, $ 16 18.0 17.9
Wax. $ 0.7 0.7
Calcium chloride, $ 0.5

(a) Made from Composition B-2 or 60/bO cycletel.

(b) Made by the addition of aluminum to Composition B.

(c) Made by the addition of calcium chloride to Torpex 2.

Wax baa the undesirable effect of (1) tending tc coagulate the aluminum, thus giving a leas 
homogeneous and more viscous product, (2) lowering the density of the cast explosive from 
1,72-1.75 to 1,66-1.70 for waxed torpex, and (3) lowering the compressive strength from 3700 
psl to 1970 pal for waxed torper.. However, wax Is used in service torpex for reasons of 
safety, since there la evidence that Its presence lowers the sensitivity of the explosive to 
iopact as measured by laboratory drop test* and bullet sensitivity tests of small charges 
(Bureau of Ord Res Memo Rpt No. 2b, January 1945).

References:76

(s) Committee of Div 2 and 8, NDRC, Repor.' on HBX and Tritonal, OSRD No. 5b06, 31 July 
19b5- "

(b) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives, Second Revi­
sion, NAVORD Report No. Bj-bf, 26 July 19b6.

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 19b2.
L. C. Smith and E. H. Oyster, fhyslcal Testing of Explosives, Part III, Miscellaneous 

Sensitivity Tests, Performance Tests, OSRD Report No. 57^, 27 December 19̂ *5-

76See footnote 1, page 10.
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AMCP 706-177 1.3.!?~Tri>mi.no-2,4,6-Tarlnitrob«n»n» (OITWB)



1.3.5.Trtoalno-g,fr,6-?ik.ltrot>enxono (lATOB) AKCP T tt-lti

?*A".v *-■%

p;'#*
m:

31?'.

w

1 THT = IWt

W e w «M »n  heJwUKUfW Ctl: GlmiGanm Steel Conee
Dmfty.«K/w Hole Volume
ChmgoWt,* n-»- ■*- - -»non Mpm

For TNT 
For Subject HE

Color: Yellow

M m ^bI Un k
S M M , MOA1 let KC4:

Comity, gm/cc 
Charge Vft,fc

For TNT 
For Subject HE

Method el M h y Preeeod

leedtag DomCyi gm/cc
if/

At 9 ft 
A »* # lt

At 50,000 pel 1.80
fteroge:

Omolty, gm/cc «t-»* *mvnoo ay
Mmt flN M o lo-TNDt Hooted Claot (QuontUy-DManco)

Airt
Nok F im it

Compatibility Group

lenpuhe
Energy

Exudation

M,Ch M Detonation Velocity: (•, b. c)
bnpulm Deoilty, em/cc Hetere/eec

IW o W M r 
Aook Fimura
inv̂ wSe
Energy

1.290
l-3*»5
1.675
1.575
1.882
1.635

5300 
5626 
6550 . 
6575 
7035 
7220

Peak Prewure Heat of:
Imputio
Energy Exploeloo, cel/gm 2831
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A X C P 706-177 1.3.5-Tri*nlao-2,b,6-Trlnltrcbsnzsnt (9190)

.Prwosrstloc: (a) —
Absolute alcohol (200 milliliters) mls saturated vith svmnnl* end tbsn 12.5 g» (0.088 sol) 'of 1,3,5-trihrono-SA,6-tri nitrobenzene, prepared according tc Hill (SAVORS Report Ho. 3709,

8 February 1953) , wi added. 9m  flask wee stoppered end allowed to stand at rooa takersture *fcr a day. AiUltloual enaonla was bubbled into tbs mixture, which vaa then hasted under reflux 
for thirty einutee, filtered hot, and the Insoluble product collected on a BucfeiK • funnel.
9m  product Mte washed ulth Miter, alcohol, and dried. The b.T ga of aeterlal recofered use 'recrpetalllaed fTcm nltrObenscne.

A disadvantage of the above sethod m is  that it could not be used for the preparation of large quantities of MSB. Since it did not aeea feasible to develop a net Method of prepara • tlon, an Investigation ess nada of the reported aminecion reaction* (tee Orlxla below). An 
attaint m u  made (Ref f) to find a modification which vculd produea high yields of a para pro­
duct. 9 m  prooasa which evolved from this study mvy he euamerltad as followa (Ref ' ) :  1,3,5- -trlchlorobenzene was nitrated "In one step" to l,3,5-irlcbloro-2,b,6-trlnltrdbensene in $ft 
yield. Ihe crude nitration product was aninated In benzene with aamoula gee so 9.T3B, In 
yields of at least
Origin^ ■

9190 was prepared for the first tine In 1888 by C. L. Jackson and J. F. VIng, who t u.d 
the impound Insoluble in alcohol, ether, chlorofora, benzene, and g’ adal acetic add; and soluble in nitrobenzene and aniline (Anar Cbam Journal 10, 262 (lodo' ). B. Plurachela and
K. L. Holmee prepared 9190 from benzene free pentanl troenillne by gradually adding it to 10)( aqueous amnia (J Ohaa Soc, Pt 2,3tA5 (igfi6)). After boiling, an orange-yellow powder met­
ing above 30O°C was Obtained. 9ric product corresponded to that described by Jac>,«cn and Bing.9wae authors, as well as Palmar (Anar Chan Journal lb, 378 (1892 ), attested to reduce 9190 to haxa-amlndbsnxeae Either deccaposltlon occurred or a hydros lariCj c * psnta-amlnobenzene 
waa formed. Flursch- * and Holmes succeeded In reducing SA9D with puvLylty.iraxlne by beating 
them together up to 200°C (j Cbam Soc, Pt 1,33b (1929)) (Bell 1̂ , 301 KTT, lb?)-
References;77 •

(a) F. TBylor, Jr., Synthesis Of Btv High Explosive* II, Derivative* of 1.3.5-Trlbromo-
2,b.6-9rlnltrobenzutte, BAVORD Report Bo. bb05, 1 Hovesiber i$§6. ,

(b) Ib D. Hszpton, ana 1 1  Scale Detonctlon Velocity Measurements from May 1951 to May 195b,
nyORD Report Bo. 3731* ^une 195b. -  ̂ ^

E* N. Fisher and E. A. Christian, Explosion Effects Bata '’heats, KAVORD Report Bo. 
lb June 1955. '

T 7See footnote 1, pegs 10.
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A M C P  706-177 Trlethylcna Glycol Dlnltrats (TB3H) Llama

t
pa.---- »•*- »*--------- f u r  _•IM̂ OT wNIfa •ItWITWMflt V 111 •“ 100:

M  mm  HE, M71 PraJecMa. le t WC-91: Gloss Cones Steal Cones
Density, gm/ec Hole Volume
ChorgjWt,tt> Hole Depth

Total Nk af h a y ia li;
For TNT 
For Subjoct HE

Cater:

Piiaeiaal liaes: Ingredient of rocket and double
3 lasfc Mi. M41AI Pss|actlla. le t KC-it base propelienta

Density, gm/cc 
Charge Wt, lb

Talel Me. at f a p u b :
For TNT 
For Subject HE

Method at haadtag:

Le«dla| Deaaity: gm/cc
£* —vIVpilMRi Tv/WC

At 9 ft
Itiray rAt 2SVi ft

Density, gm/cc
Method Liquid

M flU M o k lN D i Hazard Class (Quantity-Distancs)

Mr. Compatibility Group
Peak PiMMjrt
ImpulM
Energy

Exudation

Solubility in Veter,
Air, Ceafiaed: gm/166 gm, ett

ImpulM 25®C 0.55
60°C 0.68

IM rW ib n  
Peok Pressure

Solubility, gm/100 ga, 
at 25°C, in:

ImpulM Ether -
Energy Alcohol m

2:1 Ether:Alcohol ee

If-lirg -n n ii Acetone «a

Peak Pressure Viscosity, cer.tipoises:
Impuho Temp, 20°C 13-2
Energy Hydrolysis, $ Acid:

Heat of: 10 days at 22^C 
5 days at 6o°C o

 o
 

o
 o

Combustion, cal/gu 31*28 Vapor Pressure:
- S u e --------Explosion, cal/gm 357 ns Mercury

Gas Volume, ce/gm 851 25 <0.001
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iriethylene glycol El nitrate ClBOH) Liquid AMCP 706-177

Ortwin:

Lourenco prepared triethylene glycol In 1863 by beating glycol with ethylene bromide In • 
sealed uibe at 115°-120°C (Ann (3) (ft, 275). latsr in the same year Vurtz prepared triethy­
lene glycol by heating ethylene cad® with glycc' at 100°C. By ectian of nitric aciJ triethy­
lene glycol was oxidized to (HgOOC,CH2,°'cn2)2 (3) §2.’ 331. 35l)*

3 m  Germane and Italian* were the first to prepare and use TBGB during World Var II aa an 
ingredient of rocket and propellant powders. The conaerclal production of TBGK In quantity 
la still difficult and lte ur.e u  a plasticizer for nitrocellulose Is being replaced by other 
liquid nitrates.

Preparation;

Triethylene glycol is purified by fractional distillation under vacuum in an 18-inch VI- 
geaux fractioning colunn. The assembly as a whole Is equivalent to 4.5 theoretical plates.
The distillation is conducted using a 5 to 1 reflux ratio, at a pot teiqperature of approxi­
mately l80°C, and a take-off temperature of approximately 120°C.

The purilled triethylene glycol (TEG) le nitrated by carefully stirring it in*' 2.5 parte 
of 65/30/5 nitric acid/sulphuric add/water maintained at 0 1 5°C. The rate of cooling is 
sufficient that 300 gm of TEG can be added vithin kO minutes. The mixture Is stirred and 
held at 0 + 5°C, far 30 additional minutes. It is then drowned by pouring ont., a large quan­
tity of *e» and extracted three times with ether. The combined extract It water-washed to a 
pH of shout fc, shaken with an excess of sodium bicarbonate solution, and fu-ther tmsbed with 
1$ sodium bicarbonate solution until the washings are colorless. The ether .sal solution is 
water-washed until it has the same pH value as distilled water. It le careful.. separated 
froa excess water, treated with chemically pure calcium chloride to remove dissolved water, 
and filtered. The ether is removed by bubbling with dry air until a minimal rate of loes In 
weight is attained. The yield is 1.3l gm per gm TEG (8i$ of theoretical) and the nitrogen 
content of different hatches range from 11.b0 to 11.69$ by the nitrometer method (calculated 
11.67$).

References;78

(t) See the following Picatlnny Arsenal Technical Deports on TECH:

1 1 6 I 8

1953 17^5 1786 1767 1638
2193 2056 1817

78See f o o t n o t e  l ,  page 10.
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Trlmonlte AMCP 706-177

!n 7W;

90 m m  H I. M71 F.sjscttts, Let W C-91:

Density, gm/ee 

C h o r g e W :,lb

TM l No. ef fn(nM h;
For T N T  

For Subject H E

1 tech HE, M 42AI Projectile, U t  KC-S:

Density, gm /cc 

Charge W t, lb

Terel No. of FregneaN:

For T N T  

For Subject HE

FMfMeat Velocity: ft/sec 
A t  9  ft 
A t  2 5 %  ft

Ooncity, gm /cc

(M o t iv e  te T N T ) :

Airt
Feok Frenure

Im p u te

Energy

A ir, C ssWaadi 
Im pulte

(Mat Water: 
Feok Preeture 

Im p u te  

Energy

Feok Pressure

Im p u te

Energy

Sh aped O iei y  I ff asth s aoie, T N T  —  1 M s  

Gloss Cones Steel Cones

H ole Volum e 

H ole Depth

Cete:

Principal Uaast TNT substitute In projectiles 
and bombs

Method of Leedtaf: Cast

Leadiai Deadly: gm/cc 1.60

Slofogo:

M ethod IVy

H azard  Class (Quantity-Distance) Class 9

Com patibility Group Group I

Exudation Exudes at 50°C

Preparation:

Picric a dd and alpha-mononitronaphthalan# 
are aelted together In an aluminum or tin steam 
Jacketed melt kettle equipped vlth a stirrer. 
Although picric add alone requires a high tem­
perature for its melt loading (12Q°C), the 
mixture forms a eutectic melting at 19°C- Care 
must he taken to prevent the formation of dan­
gerous metallic picrates. Trlmonlts Is of 
Interest as an emergency substitute for HIT.
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AXCP 706-177 Trlmonlte

Origin:

Trlmonlte, a castable mixture of picric add/monodtrohaphthalene vai developed by the 
British during World War II av an inprovement over trldlte which is a mixture of 80/20 picric 
add/dinltrophenol. Both mixtures are suitable for aelt-loadlng below 100°C and therefore 
represent an improvement over melt-loading picric add alone (melting point 122°C). However, 
trldlte Is slightly Inferior to picric a dd as an explosive and dldtrophenol Is objection­
able because of Its toxicity. Trlmonlte is also slightly Inferior to picric acid and 1ST as 
an explosive. Because of the low eutectic temperature of the picric a cld-mcnonl tronephthalene 
mixture (h9°C), Trldlte exudes when stored at elevated temperatures. It does not possess the 
dlsadvantsges of picric add (corrosive action on metals, ease of decomposition, etc.) and Is 
a comparatively inexpensive substitute for HR.

References:79

(a) See the following Picatinny Arsenal Technical Reports on Trlmonlte:
2 1 6 8

1352 1325 926 1098
1372 976 1836

79See footnote l, page 10.



V T

2,2.2-'i’rinltroethyl-1».4.l»-,ft,lnlti-ou ityrete (HIETB) A JfC P 706-177

%

C 1 8 .6

H 1 . 6  •
O - C H C ( N O ) ,  

3  2 1 .8  /  2 2  J  
C -  0

0  5 8 .0  \  

O H M . 0 . W  X « W ( » 2 ) j

M eter j la r  Welpfct: (C g H g N g O ^ )  386

Oxygen Beleace:
C O , %  - b . 2  
C O %  2 0 .8

P sa tlty: gm /cc Form I 1-78

M tlH a p  M a t :  *C 9 3

f a t r i i |  M a t :  *C

■ ~ - --  % if a  yfft<IP M n r W y i M R f  W fJ
Bureou of M in o t Apparatus, cm  

Sample W t  20 m g
. P kotin ny Arsenal Apparatus, in.

Somplo W t ,  m g
30fC p o i n t ,  an (a) 2o

BeiBag M a t :  *C

ReftacHve laden, n »  Form I ( a )

Crystal Axle a i . m A  

fi 1 .5 2 7  
T  1 .5 * 6

FHcMee N a M a i  Toot: 

Stool Shoo 

Fiber Shot

Vecaom  Stability Test:

cc/40 H rt, ot
9 0 ’ C  ---------

100’ C  *8 h r s  0 .6 0

120 C

135*C

150*C

Rifle In H o t hapect Ta M : Trials

%
Explosions

Portlols

Burned

Unaffected

200 C ra m  B o u t  Seed T o tt :

Sond, gm

i» t> e t l—  T o u p s ro h irs : °C 

Seconds, 0.1 (no cap used) —  

1 —  
5 50jt point (Alhot bar) (a) 225

10

15

20

* --------»- « ^  R —tat _ at---------aPPUflrlVj IP BWIIPIIPRb

M inim um  Detonating Charge, gm  

M ercury Fulm inate 

Lead Aside 

Tetryl

BeW ttic M a tter, %  T N T :  ( b )  136

T r a w l  Tset, %  T N T .

75* C  tatetaaNeael Meat T o t h
%  L o tt in 48 H it N a te  Peat To s h

Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

1 0 0 'C  H eat Test:

%  L o u , 1st 48 Hr* 

%  L o u , 2nd 48 Hr* 

Explot ion In 100 H rs

P stta e tlta  Rote:

Confinement

Condition

Charge Diameter, in.

Density, gm /cc ] .  60  1 .7 6  

Rote, metert/seeond 7 7 ^0  8290

MeuuebWy fade*:

H y p r u t ip l t lt y :  %  3 0 ° C , 9 0 *  HH 0 .0 0
75 C, 5 months N i l  fa)

V eiotM ty:
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A M C P  706-177 2,?,£-Trlnltroet.hyl-k,l>,k-Trliii trobutyrete (TNETB)
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2,2,2-Trinltroeth.yI-4, V,4-Trlnitrpbutyrata (TNBTB) AMCP 706-177

■ l l ^ R f R > W V  1 • . - Sheeed Charge Effect! reoaes, T N T  = 100:

f©  a m  M l ,  M 71 Prajactile. le t  W C - r i :  

■'"'ensity, gm /cc 

Chorge W t, lb

Gloss Cones Steel Cones

H ole Volum e 

Hole Depth

Tn tn l No. o f Fragments:

For T N T  

For Subject H E

3 lock H I .  M 4 3 A 1  Projectile, Let K C -S :

Density, gm /cc 

Charge Wt, ib

C o lo r le s s

r'-iacipal Uses:

To ta l N o . of Fragments;

For T N T  

For Subject HE

Landing Density: gm /cc Fo rm  I 1.783
1.677
1-551Fragm ent Velocity: ft/sec 

’ A t 9  ft
A t  25 Vi ft

Density, gm /cc

Fo rm  I I  
L i q u i d ,  99°C.

Storage:

M ethod wet

l ie s }(R e la tiv e to  H-6*: Sphere Cylinder (h) H oznrd Class (Quantity-Distance)

A ir :  1-lb Charge: EW» EV*
Peak Pressure 0.91 0.6V 0.8l 
Impulse 0.73 0.6j 0 .7 V 
Energy

E l
0.75
0.69

Com patibility Group 

Exudation

A ir , C so  flood:
impulse

Under W a te r: 
Peok Pressure 

Impulse 

Energy

Bruceton Safety Teat Reaulta: (a.)

Mean and atandard deviation of lengths o f  
0.300 diameter cylinder across which Initia­
tion la possible for 50$ certainty:

TOT 0 .3 9 1  + O.OVO 
KPX Comp B O .3 8 I  + 0 .0 V 2  
TE.’BTB 0 .9 2 0  + 0 .0 5 9

Undergroend: Absolute Viscoaity, poises: («)
Peak Pressure

Impulse

Energy
*EW, equivalent weight of H-6 foi a unit weight 
of test mixture for equal performance at the 
same test distance; 2V, equivalent volume of 
H-6 for a unit volume of test mixture for equal 
performance at the same test distance.

Temp, 98.9°C 
106,5°C

0.173
0.138

_________ 1



HY. fx

AMCP 706*177 g.B.g-lTinltroethyl-fr.^-Irtnltrobutyrste (1BBTB)

Solubility (Room TWerature): (•)

Solvent Solubility

| Utter 
j tuBumne
j CSTbon tetrachloride
! Ethamd
! Chloroform 
| Bensons 

31 trees thane 
Olaeial acetic acid 
Ethyl acetate

' Insoluble 
i Insoluble 
' Insoluble 
' 5 gm/J.90 gm solvent 

5 ga/100 ga solvent 
10 ga/100 gm solvent 
Very soluble 
Very soluble 
Very soluble

r

I

11

1

TKETB Forms Eutectics With the Following Compounds: (a)

H T ------------------------  57
B m s  (bls(trlnltrosthyl) succinite) 80?
B O O  (bis(trialtroethyl) nltramine) 68.5 

j THB (trinitrober.zens) ; 65 ' 
; Compound A formed by ! ' 
' condensation ofljl-dinitroe thane) 77 • 

Trialtroethyl trinitrobensoate (27$) 80.5 (f)

Crystallographic Pitt: (a)

Three polymorphic crystalline forms have been observed. Low temperature Form I goes through 
a solid-solid transition at 89°C giving Form II. Form II has a melting pol... of 92.5° bo 93f*C. 
On cooling, Fora II does not transform reversibly to Form I vheu 89°C Is reacted. However,
Font II will transform to Form I at roost temperature, usually taking a few hours to do so.
Font III was observed, wUch appeared to be stable over a vary narrow temperature range on 
the order of 0.2° to 0.3°C near 92.5°C.

f
\.

Preparation: (d)

(HOgJjCCHgC^OOa + (^OpJgCHgOH HgSO^

trinitrobutyryl chloride trialtroethanoi sulfuric
acid

(bo2)3ccb2ch2cooc^ c(ho2)3 + HC1 <■------------
2,2,2-trinitroethyl-l,l»,l-trinitro- hydrochloric 

butyrate acid

laboratory experiments indicate that the present slow step Involving overnight treatment 
of 1,4,1-trinitrobutyryl chloride vith 2,2,2-trirlltroethanol and aluminum chloride can be 
replaced by e fast and simple esterification In sulfuric acid. Using 100/ sulfuric add un­
fortified HoSOj,, the ester can be prepared in yields p f 95$ to 93$ in 2k hours st 25°C, in 
5 hours at 50°C, or in 3 hours at 65°C. Above 65°C the reaction tin* is less, but the yield 
fall? off and a less pure product Is obtained. The crude white crystalline product on recryr* 
tall!action from dilute methanol gives a material limiting at 92° to 93°C.
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A XCPIW -O T2,2,2-Prlnlt?o.thyl-i.l».b-Trlnltrobutyrato (Mgn)

Qrtalat (•)
BBS belongs to a wr dim of eiploelvee characterised by trinl tram tty 1 groups,-Cfcfe).. 9 m  ebmdstr) of this cle.ii a t ocaRaundi ma studied in Gerwaay by Dm. Scbenck and rffETmalenlMldt, who dtccnrerad in 19̂ 2-19̂ 3 at trlnltrome thane or nitnfbra, HC(B0b)v <M the aouroe a t naw explosive derivatives. Sr. Set-sack prepared tha stable solid alcohol?2,2,2-trlnltroethanol, fron nltrofora and fomaldehyde. Sr. Schlamelacbnldt reacted nltrofora tete UMatumtad organic camounde, such aa acrylic acid, and predicted In 19*3 that the attar of*,A,A-trlnitrobutyrlc add with trlnltroetbenol would be an interesting asplosive.
It 19*7 tha U.S. Mary began a pragma to aaplora them caapc ’a. 9m initial teak of ln- waatlgatlng tha chemistry of trinitroathanol waa undartakan by v a Harculea Fomdar cû any (lay Oontraet Krd-5925). 9m U.S. Rubber Ooaptny atudieu tha chemistry of nltrofora (levy Ooatcaet Krd-H>, 129). After preparation of tha flrat laboratory seaples of 9USB, coneldar- tUa tntaraat waa aroused. m  early 1950 the Haugatuck Chemical Blviaion of U.8. Bubbar Com­pany waa aaalgnad to prapera 100 pounds of 9BO. 9m Bureau of Orteanco In July 1953 ralaad tha protection to 800 pounda with the aaalatance of tha Harculea Powder Company In augt iî tea protection nt Ehagatuck (tery Contract POrd-11,260). 9E1S la a high oxygen eontai explosive.

Paftranoaaî
fa) J. N. Rseen, Propertlea of Trim treethyl Irlnltrobutyrate 9BEIB, HAVOED Report Bo.1758, XT Deemdber 1 9 -----------  --------- -------
(b) teraau of Nines Report BO. 3107, Part IX, Ballistic Mortar Mate on Trinitronthyl Trlnltrabutarate. 5 April 4950. ------ :------ “ T ------
(e) L. 0. Haâ too and 0. teadbbe, Evaluation of 2.2.2-Trit1 troethyl-*, *, *-TrlnltrobuJ -eta 

«c > Conetltoant of Oaatabla Erploaivaa. AVoab Report Ho. gST. . to aep+ « . w  1955*

(d) U.S. Bubbar Comany Quarterly Progress Report Bo. 23, °/ntb»sis o f  Bav Prooellan—  
and Explosives, Bevy Contraeta B0rd-10-129 and -12,663, 19 AuguaTT fiT - -----

(a) N. S. Hill, 0. B. Jobneon, J. M. Rosen, D. V. Slcknan and F. my lor, Jr., Preparation 
and Propertlea of 9BTB, a Hew Oaatabla High Explosive, HA.T0KD Report to. 3685, 2T“35nuary 1̂ 55-

(f) M. E. Hill, qynthaala of Eew High Explosives. HAVORD Report Ho. 2965 1 April 1953.
(g) Jacob SeT itt, A SenaitiT ity te s t  for Caatable Uould Exploaivee, Including Reaulta for Som Baw tetarlala m gcM) Report ho. f r t a \ { * i .----- 1------ 35------
(h) B. W. Oipaoo, Senaitlrlty of Explosives.________

Pam High Explosives, AVofiD Report HO/blSO', 18 June 1958.
IX; Selected Phyalco-Cbealcal Data of ten

M s . .  footnote 1, page 10.
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A XCP 706477 Trialtro Trisiiiobeateue

%
8 0 „

c  a ? ..k

K  5 0 .0  > 3  " j  83 

0  2 8 .6  '  °2H J s‘ v Y / L  BOj> '  

» 3 . -
C / H R o t io

MelecalerWeW!- ( C 6 0 6N1 2 )  336

Oxygen R o le tte :
C O ,  %  .2 9
C O  %  0 . 0

Itaotaty: gm /cc C ry o to X  1 . 8 l

. MoMog MM: 'C  Decaapooeo 131

r i M I R ^  s n ^ s  v

ta tp a o » S a a s f tM y .* K g W » :
Bureau of M inos Apporotus, cm  ( 0 )  6  25 

Sample W t  20 m g - - 
PkaNftny Arsenal Apparatus, in.

SampW W t ,  m g . '  .

h | ,8 -  •£*

>— 4---- _, Biw v iv cn * « n^Wnt P n

n £  ' 

" £

* » »■ -  ----7 H P W I svM M rVM  I H R
-t Cknn) W I  9nQ| _ .

F ib trS fw o

Votnoos SsiUHty Tost:
cc/4 0 H rs, at 

90*C

ioo-c .
120*C . 

135*C

150*C '

B M o  Baftst hnpect Tort: Tria ls  

%
Explosions 

Portia Is

B um od ' 

Unaffoctod .

200 G ro m  Bomb Sand Tost:
Sand, gm

Seconds, 0.1 (no cap used! - ­

1 —
5 150 

>0 , 

15 .

20

■ - - •-« s. *~'»-» -»  -  OOWsITVfj IV  IIM IIH W it

M inim um  Dotonating Charge, gm  

M ercury Fulminate 

Lead A zid e  

Te try l

OoMsMc Mortor, %  TNT:

Tfoasi Tost, %  P F T S : 90
» - « ------------------O9 J  VP 0 ̂ ^̂ Ve

%  Loss in 4 8 -H rt
Mato D e M  Tost:

Method 

Condition 

Confined 

Density, gm /cc 

Brisonce, %  T N T

I00*C Meta Tom
%  Lass, 1st 48 H rs 

%  Loss, 2nd 48 H is  

Explosion in 100 H rs  '

Ostsootiso Rata: '
Confinem ent

Condition

C harge Diameter, in. 

Density, gm /cc 

Rate, meters/second

M n :

Hyproosoplsltyt % 30°C, 9 0 *  W  0 .0 0

VeMiUty:



Trialtro Trtsziaobensena AMCP 706-177

Tesh

N m M , M 71 Prejectha, U » WC-91: 

Density, gm/cc 
Chorgt Wt, tb

Tatai Me. ef F.apSaaats:

For TNT 
For Sublet HE

3iechH «.M 42A l Piejec«le.UtKC-S:

Density, gm/cc 
Charge Wt, lb

Txhrf Ho. at Fragaasats:

For TNT 
For Subject HE

riapeaas Vatadty: ft/sac 
A t9 ft  
At 25V4 ft
Damity, gm/cc

Blaat IIUIaHva to TNT):

Air.
Paok Pressure

Impulse

Energy

Air. I
ImpulM

(M a r Water; 
Paok Pressure 

Impulse 
Energy

Paok Pressure

Impulse
Energy

Shaped Charge IH ssthsasss. TMT a  IFT:

Gloss Cones Steel Cones

Hole Volume 

Hole Depth

Celer: Greenl sh-yellov

Prlatlptt Usee: (c) Ingredient of prleer mix

c l Ln A s |» Pressed
Deed presses at about UP,000 psi

leedtog D ashy: gm/cc
At 1*8,000 psi 1-T5

Mstege:

Method

Hozo*d Class (Quontity-Distonce)

Compatibility Group

Exudation Rone

Qualitative Solubilities 
at Room yewoerature:

Solvent Solubility
Acetone Headlly soluble
Chloroform Moderetoly soluble
Alcohol Sparingly soluble
Water Insoluble

Compatibility vlth .Metals:
Wet: Does not attack iron, steel, copper

or or SB*
Heat of:

Combustion, cal/gm (e) 255I*

Burning Hate: 0>)
cm/sec 0.65
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AMCP 706-1T7 Trinltro Triatldobcotcue V's-
/ T NK. :

Aniline It chlorinated to fora trichloi w illing. The amino group is ellainated by the - 
diezo reaction. The resulting fya-trichlorobenzene is nitrated. This nitration la carried 
out by dissolving the materiel in rare 32J( oleum, adding atrong nitric add, and banting to c 
lk0®-150°C until no trinltro trichicrobenzone {melting notnt l87°C) precipitate* (Bef f).
The chlorine groups are then replaced by azo groups. This la accomplished by adding a: ace­
tone solution of the trinltro trlchlorobenzene, or better, end pc-dered substance alone, to 
an actively stirred solution of sodium azide in alcdhol. The precipitated trinltro trisrido- ^  
benzene la collected on a filter, seabed With alcohol, eater and dried. It any be purified /  \
by dissolving In bhlofroi e ra , allowing the oclutlcn to cool, and collecting the greenish yellcer 
crystal* {melting point I31°C with deco^poaitloa).

Origin:

This Initiating explosive was first prepared in 1923 by Turek who also perfected its aanu- 
fheture. ,

References:81 . ’

(e) S. Self, Theta of Explosive Compound* Submitted by Arthur D. Little, Inc., BATR 1750, 
2k October 19k9*

;  -  S.

(b) A. x. Belyaeva and A. E. Belyaeva CR a.s. USSR 52, 503-505 (I9h6) Chemical Abstrectc 
ki, 4310.

A. E. Belyaeva and A. 7. Belyaeva, Doklady Aknd Sauk. USSR £6, k91-k9k (I9k7).

(c) French Patent 893,9*11, lk Bcnrember 19kk (Chemical Abstract* kj, 837k).

(d) A. D. toffs, "Thermal Decomposition and Explosion of Azides," Froc. Roy Soc A208, 
188-199 (1951)*

(e) T. L. Davis, The Chemistry of Fowder and Explosives. John Wiley and Sons, Ini.,
Sew York (19k3), p. kjS.

it) 0. Turek, Chim et Ind 26, 781 (1931); German Patent **98,050; British Patent 298,981.

ITSee footnote 1, page 10.
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AMCP 706-177la-lpent»«rythr 1 tol Qctenltrete (TPBOB)

: C  S k .6  ,

*  3 . 3  e '' ■ ■ '
• *  , * S - I  ■ ' <■ . - 

0  ' 5 6 .8

O jK x ^ a ^ o c H g p a g C J c a g C O H g O B O g

r " *  — ,

M elew der W eigktt 732

.3 5
C O  %  -2 7 2

Deaefcy: gm /cc C ry *  t e l  1 .5 6

M a M a g  M a t :  *C 8 2  t o  8k

Fieeefaa M e *  *C

! ■ »  >i«I j e w B M f r ) * « g  W h  .
V  Bureau of M ineeApporotu*. o n  
; Sample W t  29 m g

PtceMhny Arsenol A fo o ro h a , in. 9  
S o m p te W r.m g  -  24

*  - — ----| u ^ .  */•k*

B a fn crtr*  hides, n £  

n «  

n £

. eeMMM* HBBIMWMi fl̂ N-e*

Steel S hot U n a f f e c t e d  

R b a r Shot U n a f f e c t e d

V w w  S t.H M ty  Tee h

cc/4 0 H is, ot
90*C ---------

100’ C  P u re  2 .k 5  

120*C S p e c i a l l y  p u r i f i e d  1 .9 k  

135*C 

150*C

H h  M h t  Im p e d  T e d :  Tria l*

r ■' ;  %  
6*>to*ion*

Ptntkilt ’ . ,

'  " Burned '

Unoffected

2 0 0  G n e  l a s *  le a d  T e d :

Sand, gm  5 8 .9

la p M * *  Tsm peRstete: C

Second*, 0.1 (n c  cap u*ed) —  

1 —  
5  225 

-  10 

15 

20

e «-» »- a *.« ■-» _ .• B H n T w j  w  O T n m v p «

M in im u m  Detonating Charge, gm

M ercury Fulm inate — —  

Lead A zid e  0 .3 0  

Tefryl ---------

le W e tir  M e rte r, %  T N T :

T r e a d  Test, %  T N T :

7 S ’ C  le tireeH eael H eet Tee h
%  Lae* in 4B H r : Mete Deat Te e *

M ethod

Condition

Confined

Density, gm /cc ^ 

Brisance, %  T N T

M B * C  Meet Te e h

%  Lae*, 1*» 48 H i*  1 .1 5  

%  Lact, 2nd 48 Hr* 0 .7 5  

Explosion in  100 H r* None

Detoaatien Rate:

Confinem ent None 

Condition P re se e d  

Charge Diameter, in. 0 .5  

Density, gm /cc 1 .5 6  

Rots, meters/second 7650

D e m m e! W l| lades:

V e M M jrs
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AMCpro6-m Trlpontaorythrltol Octanttrate (TPEOW)

Reotlar SaatRMf Torts
Condition 

Tarry), gm

W a x, In. (or 9 0 %  Pttonotlon 

W o n , gm  

Oontity, gm /cc

% Oxygon, otomt/aoe 
(Z/ooc)

Hoot, kileeolorle/mole 
(A H . keol/m ol) 

Tem peroturo Range, *C 

Phot*

2 3 .1

215 t o  250  

L i q u i d

Moot 0(1
Cofcibutticn, co!/gm  

Explotion, coi/gm 
G ot  Volum e, cc/gm  

Formation, eol/gm  

Fm ian, co(/gm

2632

1085

7 6 8

Amtor Plate hapart Tarts

R A -------A i a ^ a  HMlaoaJUi^̂ Rg ■■■
5 0 %  Inert, Velocity, ft/soc 

A lum in um  Finanatt

Spottfe Hoot; col/gm /*C 

S p e c i f i c  lo p u lo e :  

l b -a e c / l b  ( c a l c u l a t e d ) 2U0

Plot* Th ic k n e ti, Inchot

1

IV4

H 4

H e
to rn la g  Ratos

cm /iec
lamb Drop Tarts

Thermal CoadetHr'ity:
col/*oe/cm /"C T7,20004b laoil Armor Ptarrlag lent vt Concrete:

§1 i i ^ i i i i i i }
Unaor. % r c

M o x  Sofa Drop, ft 

M t-b Soaorol Porgma laaib vt Concrete;

Volum e, % / * C H aight, ft

T r io lt

Unoffacted
midMNg Mata* I t t l t :

Yeeog't M o M o a s

E ', dynet/cm* 

E, Ib/ineh* 

Danaity, gm/ce

lo w  Order 

H igh  O rder

1000-lb General Purge** lamb *1 Ctacrato:

Cimpranhn Itraagtli; Ib/ineh’ Tr io lt

Unoffacted

Vogor Praetor*;
*C m m  M ercury

Low O rder 

H igh  O rder
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Trlpsatasrythrl tol Qctanltnv; (TPSON) AMCP 706-177

h i y W l H  Test* Shaped Cberge tffssthrneess, TNT =  1M:

M  h u m  HI, MTI PtoiscMa. le t W C-fl; Glass Cones Steel Cones
Density, gm/cc Hols Volume
ChorgeWt, lb Hole Depth

Tih l He. of h tfM rtc
For TNT 
For Subject HE

Celert White

Ftkidgei Ikw  High explosive end es p ossible
S hMk HI, M41A1 MocMh. U » KCS: plasticiser for nitrocellulose

Density, gm/ec 
Charge Wt, lb

■ OTW rWi OT rlV|Mlin{
For TNT 
For Subject HE

i f  fcMdtaf: Cast or pressed

Leedtag Deerby: gm/cc 
Prossed a t 60,000 pal 1.565

• v ® H C W jr» TT/ S 9 C

A »9ft
A tJSV ift SNd|it
Density, gm/cc

Method Dry

•b* Oslstlr. to TNT): Hazard Close (Quantity-Distance)

Air: Compatibility Gtoup
Peok Pressure
Impulse
Energy

Air, C u fa iii

Exudation None

Hydroscoolcity, Gain or Loss In Wt, <:

Impulse Time, Brs < RH at 30°C

IM tr WaNr: ko J S -  _22_
Peak PiOHure
Impulse 21* -0-003 +0.01 +0.01

1*3 -0.02 -0.01 to.02
Energy ll*l* -o.oi* -0.03 -0.02

192 -0.01* -0.02 ....
216 -0.00k -0.01 +0.03

Peak Pressure 
Impulse Solubility:
Energy Solvent Solubility

Ueter Insoluble
Alcohol Soluble
Chloroform Soluble
Acetone, hot Very soluble
Benzene, hot Very soluble
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A M C P  706-177 Trlpentaerythrltol Octsnltrate (TPEON)

Coroatlbllity With Other High Explosives:

100°C Vacuum Stability Scat:

NTH PETR . RISC TPEON

ml gaa/itO hrs, 5 gm sample O.lU 2.15 ! 0.39 2.45

ml gas/fcO hrs, 5 gm sample 
of 50/50, tpbqk/he 1.89 1.71

!
?.32

Dlpentaarythrltol Hexanitrate (lyEfflO-TTBOH Fusions;

! $ TPEON $ UPBDI . Solidification Time, Days MP, °C

1 100 0 l 83

! 95 5 1 3 68

90 10 ! 3 69

: 80 20 5 73

! 50 50 30 60 (Eutectic)

20 80 5 63

10 90 3 69

0 100 — 73

Twenty gratis (0.05^ mol) of nitration grade trlpentaerythrltol (TPE) (99%) minima purity) 
were * lowly added, with etlrrlng, to 160 gm (2.55 mol) of 99$ nitric a d d  at a temperature of 
-25° to 0°C. On equivalent weight heals, this quantity of 99$ nitric add corresponds to an 
excess of 6.3 tines the TPE used- After addition of the TPE, t‘„  reaction mixture was stirred 
for about one hour at 0° to 5°» end poured Into eight times its 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$ 
asmtonlum carbonate solution, stirred for several hours, filtered and washed with water until 
the final washings were neutral to litrns. The final product was washed successively with 
50 cu -ach of ethanol and ether. The material dried In air weighed 37-8 gm or 98$ of theory 
based on TPE. It bad a Belting range of 71° to Jk°C. Crystallization cf the crude TPEON frou 
chloroform was found to be the most suitable method of obtaining pure TFBOK.

Origin:

TPEON prepared by the reaction of trlpentaerythrltol and 99$ nitric acid at 0° to 10°C was 
reported by Wyler In 19^5 (J. A. Wyler to Trojan Powder Company: U.S. Patent 2,389, 228,
20 November 19**5)«
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Trlpontaarythrltol Octanltmte (TP E Q K ) AMCP 706-177

R t t o n a w iM

(*) J. J. UMonta, H. J. Jackaon, S. LiYlngatou, L. B. Stlbaisan and M. M. Jooaa, The Preparation and Zscloalve Propartlaa of Trtnantaarythrltol Octanltrata. BMH Ho. 2l»90, t?58.
(b) JC. Baaba, j. Yaiahlta and S. Tanaka, "Pantaerythrltol lfctranitrete," J Ind Kxploalvaa 

See (Japan) 1£, 282-9 (195*); (* »£, U283 (1955).
(a) S. D. Braver and H. Hankln, The Stability of B H  and Pantollta. 08RD Report Ho.
(d) Z. Berlov, R. H. Barth and J. £. Boon, The Pantaarythrltola, ACS Monograph Ho. 136, Rainbold Publlahlng Corporation, Haw Tork, 1958.

•c footnote 1, page 10.
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AMCP 706-177 Tritonsl. 60/20

fs m p n ttf iT i:

HIT 80 

AXuainuB 20

C / H  (lotto

Msltsnlst Weight: 8 l

Oxygea Bsloese:
C O , %  .7 7
C O  %  -3 8

Density: gm /cc Osst 1 .7 2

MeMag reiat: *C

k ------- 1----■* « - -  t ^rlO TH lip  FgDrtJ v

l i f  «t SanoitMty, 2 K g  W»:
B u rtc u  of M inos Apporotus, cm  85 

Sample W t  20 m g
Pieotinny Arsenol A pporotui, in. 13 

Sample W t, m g 16

BeKag Point: *C

Refrectfrs Index, n£ 

n£ 
i»5

Prictien Peadahun Test:
Stool Shoo Unaffected 
Fiber Shoo Unoffoctod

Vocawn Stability Toot:
cc/40 hrs, of 

9 0 'C

100*C 0 .1  

I2 0 * C  0 . 2  

135*C - -  

150*C 0 . 8

Uflo BoNot Import Toot: Tria ls 

%
Explosions 6 0  

Portia Is o  

Burned 0  

Unaffected 40

200 Dram Berth Send Test:
Sand, gm

IxpMea Tomporetnrs: *C

Seconds, 0.1 (no cap used) 610 

1 520 
5  Decomposes 470

10 465 

15 

20

f  tjoL,|fc| |s ltlA Sl--.M R p n n i/  iv  r a m w i i t

M inim um  Detonating Charge, gm  

M ercury Fulm inate

Lead A side 0 .2 0  

Tetryl 0 .1 0

Bekiotk Mertnr, %  TNT: ( • )  124

Tinaxi Test. %  THT: ( b )  125

7I*C IrteteeHeeel Meet Test!
%  lo ts  In 46 Hrs Plate Dent Toot: ( c )

M ethod B 

Condition Cost 
Confined Ho 

Density, gm /cc 1 .7 5  

Brisonce, %  T N T  9 3

100'C Meet Toot:
%  Lott, 1st 48 Hrs 

%  L o u , 2nd 48 Hrs 

Explosion in 100 H rs

PtCsnotlon Into:
Confinem ent None None 

Condition Cast P re s s e d  

Charge Diameter, in. 1 .0  1 .0  

Density, gm /cc 1 .7 1  1 .7 2  

Roto, maters/sacond 6475 6700

FlertrtsUBty lodot: 100

Hygroscopic ity: %  30o C, 9056 RH 0 .0 0

VeietUily:



AMCP 706-177Trltonal, 80/20

(a) Oast
■>-— y------y - —

vo n o rto n Q xyQ in , otoms/soc

Tetryl, gm 100

0 .5 8

(Z/sac)
Hoot, kilocalorie/mole

W o k* In. for * 3 %  Dftonotten (A H , kcoi/m ol)
W on , gm Tem perature Range, *C

Density gm/ce 1 .7 5 Photo

Haas aft
Combustion, eol/gm

(c)
W*8o Aruser Plate lesgect Teet: (e)

Explosion, col/gm 1770 A*--*0- -- •M iM a^aOf HHH MaVTCP 79W|WhsK<
Goo Volum e, cc/gm 9 C %  Inert, Velocity, ft/see 509 > 1 1 0 0

Formotien, col/gm A lum in um  Fineness 100 12
Fusion, col/gm

S004b Gsaeral Pargets Isnht*
EpasIBs Hoot; col/gm /*C 0>) Trials 6 Inerto

0 .2 3
Plots Thickness, inches

A t  - 5  C

Density, gm/cc 1.7^ 1 0
1V4 *6 100

At 20°C 0 .3 1 »V4 6 33

lVs 0
Baraiag late:

cm/ssc
(e)Scrub Drag Test;

Tbsnayi CsadoctMty;
col/iae/cm /*C 0>)

Jl
11 x  10 T7,26004b Isail Ira i -Piercing lank n  Ceatroto:

Density, gn/cc 1 .7 3

CoofAdoof of fapoodoo! M a x  Safe Drop, ft

U n eor, % / ‘ C S064b Coastal Purpose loath n  Ctacrsto:
Seal Seal

Volum e, % / * C H eight, ft 

Trin ls

5735b
&

57350
lit

Unoffectad 32 ll*

0>)
Lour Order 0 0

Yaaag's Modulus:
E ', dynes/cm1 6 .6 7  x  1010

H igh  O rder 2 0

E, Ib/inch* 0 .9 7  x  10e 10004b Csasrel Purgeee Oaat «s Concretes
Density, gm /cc 1 .7 2 Seal

H eight, ft 

Tria ls

5733b
Camgeesetse Itrsegrtu lb/tnch» (b) 231*0 21*
Density, gm/cc 1 .7 5

Unoffected 23

Vapor Pressures Low O rder 0
•C m m  M ercury H igh  Order 1
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Trltonal, 80/20 AMCP 7M -m

Origin;

The Addition cf aluminum to Increase the power of explosives wss proposed by Baeales in 
1899 end patented by Roth In 1900 (Gernen Patent 172,327)- Some recent studies, directed 
towards establishment of the optima amount of alualnua In the m/Alualnua system, have shown 
that (l) the blast effect Increases to a maxima when the alualnua content Is 30# (Ref g); 
the brisance, as measured by the Sand Test, passes through a maximum at about 17# aluminum 
(Ref h); In Fragmentation Tests, no maximum is observed, additions of alualnua eeualng a de­
crease In efficiency over the entire range from 0# to 70# aluminum (Ref l); and (4) the rate 
of detonation of east charges Is continuously decrease.’ 'by addltlocs of aluminum up to 40#
(Ref j ) .  For all practical purposes -t is concluded that the addition of 18# to SO# aluminum 
to TIT lBg>roves Its performance to a maxi mm- This conclusion Is in agreement with that of 
British workers who measured performance of aluminized TWT-mlxturee based on extensive Lead 
Block Test data (Ref k).

Tritonal, consisting of 80# TNT and 20# aluminum, was developed and standardized In the 
United States during World War jj for use in boohs.

References;83

(a) L* C. Salth and B. H. tyster, Physical Testing of Explosives, Part III. Miscellaneous 
Sensitivity Tests, Performance Tests, OSRD Report Ho. 57<rt>, 2*7 December 19A5*

(b) Philip C. Kbenan and Dorothy Pipes, Table of Military High Explosives, Second Revi­
sion, KATORD Report Ho. 87-46, 26 July 1946.

(c) D. P. NacDougall, Methods of Physical Testing, OSRD Report Ho. 803, 11 August 1942.

(d) L. C. Smith and S. R. Walton, A Consideration of RDK/Wax Mixtures as a Substitute for 
Tetryl in Boosters, HOL Memo 10,303, 15 June 19^9*

(e) Com alttee of Dlv 2 and 8, HERC, Report on HBI and Trltonal, OSRD Fo. 5406, 31 July 1945-

^f) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives. IA Tech Dlv Lecture, 9 April

(g) V. B. Kennedy, R« F. Arentzen and C. W. Telt, Survey of the Performance of TIT/Al on 
the Baals of Air-Blast Pressure and Impulse, OSRD Report Ho. A6A9, Division 2, Monthly Report 
io. Aks-6, 25 January 19^5*

(h) W. R. Tomlinson, Jr., Develop Hew RU:h Explosive Filler for AP Shot, PATH Ho. 1290,
First Progress Report, 19 May 19*»3-

(i) W. It Tomlinson, Jr., Develop Hew High Explosive Filler for AP Shot, PAIR Ho. 1380, 
Second Progress Report, 12 January 1§M.

(J) L. S. Wise, Effect of Aluminum on the Bate of Detonation of TIT, PATS Ho. 1550,
26 July 19*̂ 5 •

(k) Armament Research Dept, The Effect of Alumlnu on the Power of Explosives, British 
Report AC-61* 37, May 1944 (Explosives Report

* 3 s S *  f o o t n o t e  1 , page 10.



AMCP 706-177 Tritonal, 80/80

(l) Al»o see tha following Pica tinny Arsenal Technical Reports on Tri tonal:

1530 1693 l W
15» 2353
2010

1

1635

6 I 8

1956 1737 2138
2127

f
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Veltex Mo. W » A M C P  706-177

* See footnote c.. fo lic v l ng pagt.
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AMCP 706-177 V el tax MO. W *

M i M v  v M H n f w f  I H R

CondW on

Te try l, 9m  . 

W a x , in. far 3 0 %  Detonation 

W a x . gm  

Oanaity, gm /cc

Oxygen, otoms/sec 
(Z/asc)

H eat, ki loco lor ie/mole 
(A H , kcal/m ol) 

Tem perature Range, X  

Phase

H eat eft
Combustion, cal/gm  

Expioelon, col/gm  

Go* Volum e, cc/gm

Fom ation, co l/gm  

Fusion, cal/gm

2359
1226

A H M <  m H v  W ^ m C I T C P »

e g  _ _
O T  H M I M ^ f m e  r V t ^ W m t l

3 0 %  Inert, Velocity, ft/tec 

A lum in um  Fineness

Coemreesion a t Run tare: < 8.26 Plate Thickness, inches

Work to  Produce Rupture: 

ft-lb / ln cb 3 9-62
1

IV4

1V4

1%

ta m in g  Role:
cm /m c

A e ^  T a b #* mmoaom w m ^  g mam •

1 M I M V I  M M K n V I l f S

cal/M c/cm /* C T / ,  M O O -k  Ssml A im e r H e rrin g  l e a k  vs Concrete:

Linear, % / ’ C

Max Safe Drop, ft

M X M b  fisnem l Pnrpooo to m b  vs Concrete:

Volum e, % / * C Height, ft 

Trials

Unaffected
H d ^ M i  M a te *  fp tftr

E ', dyn**/cm* 

E, Ib/inch1 

O entity, gm /cc

0.2U x 1010 
C. 35 x 105

Low Order 

H igh  O rder

I 0 4 0 A  General Pnrpeoe I r i k  vs Concrete:

Height, ft

Trials

Unaffected

-  C e s ig n ii lv i  Strength: Ib/inch1 2720

V eger f i m i n :
*C m m  M ercury

Low Order 

H igh  Order

•Bene assigned by Dr. Her M. Jones, formerly 
o f PA; based on origin al development by 
James H. Veltman.



Velt«x Wo. W AMCP 706-177

“ruminir*—  *— ftryW Ctetgo EffsttHiscis. T N T  =  l i f t

N m NI, M7J PreiMtUe, lot WC-91:
Density, gm /cc 

C harge W t , £

G lam  C o nm  Stool Cone*

Hot* Volum e 

' Hoio Depth

Td ll M*
For TNT 
For Subject H E

1  lack  H I ,  M42A1 Projectile, Lot K C -9 : 

Density, gm /ce 

C harge W t , lb

Color: Orange

Mo tip *1 Urn: High Bechsnletl strength 
oechineble explosive

Votol Mo, of Frsgssocte: .
For T N T  

For S u b le t  H E

Method of Isodhsg: Pressed

LcsOieg Poorltyi gm /cc

FregeMet Velocity: ft/sec 
A t  9  ft 
A t  2 5 f t  ft

Density, gm/ce

At 6,700 pel 1.78

M ethod Dry

Most (Motte Oe TNT): H azard  C last (Quantity-Distance)

Air:
Rook Pressure

Im p u te

Energy

Com patibility G roup

Exudation
Ms chinobility

None
Excellent

Air, Ceefieed: 
Im p u te —

IM u W te :
Peok Pressure

Im p u te

Enoigy

Uŝ oryvwNî s
Peak Pressure

Im p u te

Energy



AMCP 706-177 Veltex So. W

Preparation:
the preparation of this class of explosive compositions is illustrated by the raeiaod used 

far Veltex Ho. V*8: Place 675 ec of water In a slurry kevtle equipped with an agitato-. Add 
5.85 gm of 2-nitrodiphenylamir.e 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. P-ise the 
temperature to J*8°C and maintain this temperature, but continue the agitation. A mixture of 
1*8.2 gm of nitroglycerin and 13>5 gm of triacetin is added over a 5-minuto period, with the 
mixing continuing for an additional 10 minutes at 1*8°C. The IMC (350 gn) i.- udded over a 
5-minute period with agitation continued for 30 minutes at 1*8°C The slurry i3 cooled to 
room temperature and filtered. The filter cake is dried to a moretare content between 8$ and 
126- The incorporation of this mix is completed ’ rolling pO gm portions at a temperature 
of approximately 90°C. The finished coll d is then preheated on a heat table at 66°C. In­
crements of 25 gm eech are pressed at 670c psi for four minutes st 71°C. A cylinder is then 
built up by pressing together four 25 gn. increments for s dwell time of 15 minutes.

Origin:

Veltex is the name given to a aeries of closely related nitrocellulose compositions pre­
pared in 1957 at Picatinny Arsenal by the solventless process used for propellants. These 
compositions all contain a high percentage of solid high explosive. They were investigated 
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 a). Com­
positions similar to Veltex Ho. V*8 and containing 606 to 806 HMX, with either nitroglycerin 
or triethyleneglycol dinitrate as colloiding agent for nitrocellulose, have also been prepared. 
In general these compositions showed lower heat stability than that of conventional high ex­
plosive compositions.

Reference:
(a) U.S. Air Intelligence Information Report IR-269-55, Holtex--Hispano Suiza Explosive, 

I* May 1955-

^*See footnote l ,  page 10.
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ENGINEERING DESIGN HANDBOOKS
lifte d  below Art the Handbooks which have been published or ere currently under preparation. Handbooks with publication 
dotes p rio r to 1 August 191? wart published os ?0-»erfes Ordnance Corps Pamphlets. AMC C ircular 310-38, 19 July 1863, 
•designated those publications as 706-series Amc Panphlots (t .g .. O W  20-13B was redesignated AMCP 706-lJB). AM new, 

reprinted, or revised Handbooks are being published as 706-seHes AMC Reaphlets.

1 0 0  • D e s i g n  G u i d a n c e  f o r  P r o d u c i b t l t t y
1 0 4  ‘ V a l u e  E n g i n e e r i n g  '
1 0 6  E l e m e n t s  o f  A n a s e e n t  E n g i n e e r i n g ,  P a r t  O n e ,

S o u r c e s  o f  E n e r g y
1 0 7  E l e m e n t s  o f  A r m a m e n t  E n g i n e e r i n g ,  P a r t  T w o ,

B a l l i s t l c s
1 0 $  E l e m e n t s  o f  A r m a m e n t  E n g i n e e r i n g ,  P a r t  T h r e e ,

W e a p o n  S y s t w m s  a n d  C o m p o n e n t s
1 0 9  * T a o l e s  o f  t h e  C u m u l a t i v e  B i n o m i a l  P r o b a b i l i t i e s
1 1 0  E x p e r i m e n t a l  S t a t i s t i c s ,  S e c t i o n  1, B a s * '  C o n ­

c e p t s  a n d  A n a l y s i s  o f  N r * - u r e m e « t  O a U
1 11  E x p e r i m e n t a l  S t a t i s t i c s ,  S t U l o n  2 ,  A n a l y s i s  u.

E h u m * n a t i v e  a n d  C l a s s i f i c a t o r y  D a t a
1 1 2  E x p e r i m e n t a l  S t a t i s t i c s .  S e c t i o n  3, P l a n n i n g

a n d  A n a l y s i s  o f  C o m p a r a t i v e  E x p e r i m e n t s
1 1 3  E x p e r i m e n t a l  S t a t i s t i c s ,  S e c t i o n  4. S p e c i a l

T o p i c s
1 1 4  E x p e r i m e n t a l  S t a t i s t i c s .  S e c t i o n  C .  T a b l e s
1 1 5  E n v i r o n m e n t a l  S e n e s ,  P a r t  O n e ,  B a s i c  E n v i r o n ­

m e n t a l  C o n c e p t s
1 1 6  ‘ E n v i r o n m e n t a l  S e n e s ,  P a r t  T w o ,  B a s i c  E n v i r o n ­

m e n t a l  F a c t o r s
1 2 0  ‘ C r i t e r i a  f o r  E n v i r o n m e n t a l  C o n t r o l  o f  N o b i l e

S y s t e m s
121 “ P a c k a g i n g  a n d  P e c k  E n g i n e e r i n g
1 2 3  ‘ H y d r a u l i c  F l u i d s
1 2 S  E l e c t r i c a l  w i r e  a n d  C e d e
1 2 7  ‘ I n f r a r e d  N l M i a r y  S y s t e m s ,  P a r t  O n e
1 2 8 ( $ )  ‘ I n f r a r e d  M i l i t a r y  S y s t e m s .  P a r t  %**• <u)
1 3 0  D e s i g n  f o r  A i r  t r a n s p o r t  « n d  A. d r o j  o f

M a t e r i e l
1 3 3  ‘ M a 1 r , * » n # b 1  l U y  l r s ’ - " e r i  tg T * e o r y  a n d  P r a c t i c e
134 Mr ntaln*v4H ty  Guide f^r D*>».gn
1 3 5  l n « , ^ t i o n s ,  P a t e m . ) ,  « n d  R e l a t e d  M a t t e r s
1 3 6  S e r  - M e c h a n i s m s .  S e c t i o n  1, T h e o r y
1 3 7  S e r v o m e c h a n i s m s ,  S e c t i o n  2, M e a s u r e m e n t  a n d

S i g n a l  C o n v e r t e r s
1 3 $  S e r v o m e c h a n i s m s ,  S e c t i o n  3. A m p l i f i c a t i o n
1 3 9  S e r v o m e c h a n i s m s ,  S e c t i o n  4, P o « e r E l e m e n t s  a n d

S y s t e m  D e s i g n
1 4 0  T r a j e c t o r i e s ,  D i f f e r e n t i a l  f t f e c t s ,  a n d  D a t a

f o r  P r o j e c t i l e s
1 4 5  ‘ D y n a m i c s  o f  a T r a c k i n g  G t « t e !  S y s t e m
I S O  I n t e r i o r  B a l l i s t i c s  o f  G u n s
! 6 Q ( $ )  E le at e rt s  o f  T e r m i n a l  B a l l i s t i c s ,  P a r t  O n * ,  kill 

M c c n a n i s m s  a n d  V u l n e r a b i l i t y  (U!
1 b l ( S )  E l e m e n t s  o f  T e r m i n a l  B a l l i s t i c s .  P a r t  T w o ,  

C o l l e c t i o n  a n d  A n a l ; * v s  o f  D a t a  C o n c e r n i n g  
T a r g e t s  (u)

I 6 2 I S R D )  E l e m e n t s  o f  T e r m i n a l  S a M i i t i c s ,  * a r t  T h r e e ,  
A p p l i c a t i o n  t o  M i s s i l e  a n d  S p a c e  T a r g e t s  -u)
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