In honor of
The Explosives and Weapons Forum

We present:
The Encyclopedia of Explosives and Related Items

PATR 2700, the Encyclopedia, Federoff, the Bible of Explosives, call it what you will as it has many
names. There are few enough books in existence that cover a topic such as explosives, let alone do such a
good job as to be a must have reference for anyone in the field. The Encyclopedia is the single greatest
work on explosives period. Get it, copy it, distribute it far and wide.

A special thanks goes to megalomania for creating The Forum, to NBK2000 for keeping out the kewls, and
to nhamilto40 for ripping the original of this book.

http://www.roguesci.org
All the knowledge “they” don’t want you to have

Visit The Forum at http://www.roguesci.org/theforum/index.php
Visit the Chem Lab at http://www.roguesci.org/megalomania



http://www.roguesci.org
http://www.roguesci.org/theforum/index.php
http://www.roguesci.org/megalomania

ENCYCLOPEDIA OF EXPLOSIVES
AND

RELATED ITEMS

PATR 2700
VOLUME 3

BY
BASIL T. FEDOROFF & OLIVER E. SHEFFIELD

U.S. ARMY RESEARCH AND DEVELOPMENT COMMAND
TACOM, ARDEC

WARHEADS, ENERGETICS AND COMBAT SUPPORT CENTER
PICATINNY ARSENAL
NEW JERSEY, USA
1966



Copies of the “Encyclopedia of Explosives
And Related Items’ can be obtained by requesting CD ROM
from the:

National Technical Information Service
(formerly Clearinghouse)
US Department of Commerce
Springfield, Virginia 22151

1-800-553-6847 USA only
703-605-6000
www.ntis.gov/FCPC

The contents of these volumes are UNCLASSIFIED

The distribution of these volumesis UNLIMITED

Neither the US Government nor any person acting on behalf of
the US Government assumes any liability resulting from the use or
publication of the information contained in this document or warrants
that such use or publication will be free from privately owned rights.

All rights reserved. This document, or parts thereof, may not be
reproduced in any form without written permission of the
Energetics and Warhead Division, WECAC, TACOM, ARDEC, Picatinny Arsend

Library of Congress Catalogue Card Number: 61-61759



PREFACE

-~ T o ¥I Thea

ac
MUICTS 1 X dde 11T

reader surged to obtain the previous volumes and to read both the PREFACE and
h\ H w

3
2
3
1

ay of treating the
subject matter

In the writing of the Encyclopedia, the authors have consuited freely with, and
have had the cooperation of, many individuals who have contributed their expert
knowledge. This fact is acknowledged throughout the text at the end of the sub-
ject item. A listing of many others who have been consulted or who have helped
in other ways would be impractical. Mr Earle F. Reese of the Propellants Labora-«
tory, Picatinny Arsenal, contributed significantly by collecting some references,
writing and reviewing some portions of the manuscript, and by helpful discussions
in other areas .

Mr L. H. Eriksen, Director, Feltman Research Laboratories, Picatinny Arsenal,
has authorized & approved this project, and thru his interest, encouragement &
guidance this publication is possible. This Encyclopedia was prepared by per-
sonnel assieoned to the Fxnlnelveq L ahngarnrv of FRL, Dr R. F. Walker , Chief
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manuscript in draft, checked the galley sheets, and reviewed the final copy

Although considerable effort has been made to present this information as ac-
curately as possible, mistakes & errors in transcription do occur. Therefore, the
authors welcome the readers to feel free to point out mistakes, errors & omissions
of important works, so that corrections & additions can be listed in the next vol-
ume, The interpretations of data and opinions expressed are often those of the
authors and are not necessarily those nor the responsibility of officials of Pica-
tinny Arsenal or the Department of the Army

This report has been prepared for information purposes only and neither Pica-
tinny Arsenal nor the Department of the Army shall be responsible for any events
or decisions arising from the use of the information contained herein

Note: This manuscript was Varityped and prepared in camera copy pages by The

' Bayshore AD-VISOR, Inc, Middletown, New Jersey under Service Contract
DA-28-017-AMC-1523(A). Minor corrections and/or changes & additions were
made by Miss Margaret Dee & Mrs Connie J. Hewlett of the Technical Publications
Section, Picatinny Arsenal. The reproduction of this report by photographic offset
process and binding was done by Compton Press, Inc, Morristown, New Jersey,
under Service Contract DAAA-21-67-C-0704
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Errata in Yolume 1

Page
X1, line 16 from bottom
Abbr 50-L
Abbr 58-L

Abbr 74, line 11
A123-R, line 4

A290, Table
A545-R

AS548-L, 11 & 12th lines from bottom

A548-1., 14th line from bottom

AG82-R
Index

Delete the sentence: More information....
subst (instead of subs) for substance

w/o (instead of wo) for without

Ladreda v 4 (1945) instead of v 4 (1944)
Replace “pemissible expl’’ with ‘‘safe to
handle expl’’

Insert or betw Red Charcoal and Brown Coal
Replace lines 8 & 9 from the bottom by:
about 1931 have been restricted to cry stal-
line LA which is desensitized with dextrin.
This so-called ‘‘dextrinated LA’ is now
known as “Type I LA.,’”” Its purity is usu-
ally about 92,5% although the Spec min pur-
ity is 91.5% (See Table, p A559). Since
about 1957, the *‘colloidal form of LLA,”
which is not dextrinated, has been manufd
in the US on a small scale. This is now
known as “*Type Il LA’ and its purity is
nearly 100% (See Table, p A559). There
is now also ““Type RD-1333 LA’ (originally
Brit) which is obtd by crystn from a soln
contg CMC (carboxymethylcellulose, Na
salt). The US Spec requirements of LA
RD-1333 are given in Spec MIL-L-46225B
(March 1964) and of cryst LA in Spec MIL-
L-3055A (Sept 1962)

Delete: where the soln is heated by means
of hot water coils

Change soln B to soln A

Should read: Felixdorf Factory
Ammonals (Austrian) instead of Ammionals

Errata in Volume 2

B 7-R, Ref 28
B 20-L, last line

B 33-R, Benite

B 92-L, line 20

B 128-L, lines 30 & 31

B 128-1, 4th line from bottom

Should read: 28)H.L.Dryden,

Should read: Barium Fluoride. See under
Fluorides

Should read: See under Black Powder
Modifications, p B173-R

Dinitrobenzyl Nitrate

Should read: Diallylpentaerythritol Ether
instead of Diallylpentaerythritol

Should read: 1,3-Bis(f3-aminoethanol)-
benzene instead of 1,3(3-aminoethanol)-
benzene




B 133-R, lines 8 & 9

B 147-L, line 17

B 152-R, 19th line from bottom

B 155-L, line 16

B 183-R

B 252-L
B 326-L, lines 13 & 25
B 326-L, line 14

B 364-L, Burster

C 28-R, top line
C 79-R, Ref 29

C 155-L

C 157, Table 3

C 160

C 215-L, Ref 9
C 215-R, Ref 35
C 220-R

Iv

Should read: Dibenzhydrazidhydrazid in-
stead of Dibenzhydrazidazid

Should read: Bis(hydroxymethyl)-methyl-
methane instead of Bis(hydroxymethyl)-
methane

N,N' -Bis(phenylazo)-cycio-2,3,5,6,7-
pentamethylene-1,4-diamine, instead of...
-2,3,5,7-pentamethylene-....

Should read Di(picrylthiol)-xylene instead
of Di(picrylthiol)-zylene

Should read: Blast Effects in Water (Underwater
Blast) instead of (Underground Blast)

Delete: Boron Chloride. See Boron
Trichloride

Should read: Minie Ball instead of Minnie
Ball

Should read: Capt Minié instead of Capt
Minnie

Item should appear before Bursterberger
Explosives

Insert after Recoilless Rifle, called Leaking Gun
by the British

Should read: T. Zimmerman, E. Wurzel & G.
Demitrack

Insert before CHEDDITES AND STREETITES:
Chauyaky (Jap). Castable 50/50 Cyclotol

Ref: G.C.Tibbets et al, PB Rept 50394(1946)
French Cheddite On®S should read: DNT 23 in-
stead of 2,3

Refs out of order

(1953) instead of (1949)

Zaehringer instead of Zaeringer

Cobaltous Acetylide instead of Cobaltous
Azetylide
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SUPPLEMENT TO ABBREVIATIONS, CODE NAMES AND SYMBOLS
GIVEN IN VOL 1, pp Abbr 110 65 AND INVOL 2, p IX

AMCEDHS

AMCP

AMCRD

AmmPer

AmmPic
ANFO(Explosives)
ASA

BPD

CFD

CHAPARAL

CRIPE

CTF

CTI

DAS
DBP
DDCSTI

EqgS

Army Materiel Command Engineering Design Handbook
Series, published by the (US) Army Research Office—
Durham, Box CM, Duke Station, Durham, North Carelina
27706

Army Materiel Command Pamphlet (US) Washington, DC,
20315

Army Materiel Command Research and Development
Ammonium Perchlorate

Ammonium Picrate

Ammonium Nitrate-Fuel Oil Explosives

Brit abbr for Azide-Styphnate-Aluminum. It refers to LA,
LSt & Al mixts which are used as priming compns in deto-
nators having Tetryl or PETN as the base chge [McAdam &
Westwater (1958), 52]

Bombrini Parodi-Delfino.
Colloferro, near Rome

Italian ammo plant located at

Consorzio Fabricanti Dinamiti (Ital). (Consists of BPD,
SAEPCM & SIPE)

Amer Army forward-area air-defense system using a modified
Sidewinder (an infrared guided missile), mounted on M548
self-propelled tracked vehicle

Ref: AOA Bull 302 *“The Common Defense,”” Dec 1965, p 4

Centre de Recherches Scientifiques et Techniques pour
PIndustrie des Produits Explosifs, Bruxelles, Belgium

Capitolato Tecnico Fomiture (Ital) (Technical requirements
for materials used in Army proplants)

Institute fir Chemisch-Technische Untersuchungen (Institute
for Chemical-Technical Investigations), West Germany

Deutsche Auslegeschrift (German description of patent)
Deutsches Bundes Patent (German State Patent)

Defense Documentation Center for Scientific and Technical
Information, Cameron Station, Alexandria, Virginia

Equivalent Sheathed (Explosive). An expl as safe as a
sheathed expl of the same type




InfoCirc

MD
MMRBM

NOLM

NOLR

v

-
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PAN

PANA

Percn

RARDE,GB

Reptinvest

RSIC

SAP/BC
SpAor SPA
SRAM

SSBS

TechPaper
TNAnd
TNPhIGI

X

Information Circular of US BurMines

Ministerio Difesa (Ital). (Defense Ministry)

Mobile Midrange Ballistic Missile [Ordn 48, 486(1964)]

Naval Ordnance Laboratory Memorandum, US Naval Gun
Factory, Washington 25, DC

Naval Ordnance Laboratory Report

itrite, Ital expls of BPD con-

Pentrite-Acetate di pentae tal expls of BPD con

IS8 2884

sisting of 65/35 or 75/25 mixts of PETN & PETA. These

expls are as powerful as TN T but more expensive

Pentrite-Acetato di pentaeritrite-Nitrato di ammonio., Ital
mixts of PETN, PETA & AN developed by BPD. Such a
mixe is as powerful as 80/20 Amatol but more expensive

PAN-Alumino. Ital mixts of PETN, PETA, AN & Al de-
veloped by BPD. These mixts are similar in strength to
mixts of TNT, AN & Al but more expensive

Percussion

Royal Armament Research and Development Establishment,
Great Britain (See also ARDE in Vol 1, p Abbr 5-L)

Report of Investigation of US BurMines

Redstone Scientific Information Center, US Army Missile
Command, Redstone Arsenal, Alabama

Semi-Armor Piercing Ballistic Cap
Societa per Azioni (Ital) (Stock Company or Corporation)

Short-Range Attack Missile for US Air Force version of TFX
aircraft [Ordn 48, 490(1964)]

Sol-Sol-Balistique-Strategique (Fr). An ICBM-type ground-
to-ground weapon [Ordn 48, 490(1964)] '

Technical Paper of US BurMines
Trinitroanilide

Trinitrophloroglucinol
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SUPPLEMENT TO THE

LIST OF ABBREVIATIONS FOR BOOKS AND PERIODICALS
GIVEN IN VOL 1, pp Abbr 65 to 76 AND VOL 2, pp Xl to XHl

Andreev & Belyaev(1960)

Bandurin & Rukin(1959)

Berliner, Expls(1953)

Berthmann(1960)

Carpio 1(1948)
Carpio 2(1949)

Chalon(1911)

DictUSMilTerms(1963)

FFK,Vol 1(1958)
and Vol 2(1958)

FLACS

Giorgio(1964)

JETP

Jiménez, Explosivos(1951)

Karpov(1945)

Lusar(1958)

K.K.Andreev & A.F.Belyaev, “‘Teoriya
Vzryvchatykh Veshchestv’’ (Theory of Explo-
sives), Oboronghiz, Moskva(1960)

M.K.Bandurin & L.G.Rukin, ‘‘Sbornik Zadach
po Teorii Vzryvchatykh Veshchestv’’ (Collec-
tion of Problems on the Theory of Explosives),
GoslzdatOboronProm,Moskva(1959)

J.J.Berliner & Staff, “‘Explosives,’’ Pamphlet,
NY(1953)

A.Berthmann, “‘Explosivstoffe,”” C.Hanser,
Munchen(1960)Part of Vol 4 of Winnacker-
Kuchler, “Chemische Technologie’’)

C.Carpio, *‘Corso di Esplosivi,”’ Scuola
Salesiana del Libro, Roma, Vol 1(1948) & Vol
2(1949)

P.F.Chalon, “*Explosifs Modernes,”’ C.Bétanger,
Paris(1911)

Anon, ‘A Dictionary of United States Military
Terms,”” Public Affairs Press, Washington, DC

(1963)

Dr Alfred Langhans, “FFK Feuer-Fundamental
-Klassifikation in Frieden und Krieg,’” Selbst-
verlag Dr Langhans, Bamberg, Germany, Vol
1(1958) Stoffbearbeitung and Vol 2(1958) Sach-
und Namen-Register

Joumal published by the Florida Section of
ACS

C.Giorgio, ‘'Tecnica degli Esplosivi,”” Del
Bianco, Udine(1964)

Journal of Experimental and Theoretical Physics,
English translation: Soviet Phys JETP. See
ZhEksp Teoret Fiz

].M.Jime’nez, *‘Explosivos,”” Ediciones
Ejército, Madrid(1951)

P.P.Karpov, ‘‘Sredstva Initsiirovaniya’’
(Initiating Agents), GoslzdatOboronProm,
Moskva(1945)

R.Lusar, ““Die dentschen Waffen und
Geheimwaffen des 2. Weltkrieges und ihre
Weiterentwicklung,” Lehmanns Verlag,
Minchen(1958)




McAdam & Westwater(1958)

Merriam-Webster’s(1961)

Piantanida( 1940)

Propellant Manual
SPIA/M2(1962)

Simon(1947)

Smith & Smith(1960)

StdMethodsChem Analysis 1(1962)

StdMethodsChemAnalysis 2A(1963)

StdMethodsChemAnalysis 2B(1963)

Urbariski(Vol & Year)

UspFiz
UspFizNauk

UspKhimTeknol-Polimerov,
Sbornik

Vaskovskii(1957)

ZhEksp Teoret Fiz

ZhPMTF

X11
R.McAdam & R.Westwater, ‘'‘Mining Explosives,’’
Oliver & Boyd, Edinburgh(1958)

*‘Webster’s Third New International Dictionary,”’
Merriam Co, Springfield, Mass(1961)

E.Piantanida, “*Chimica degli Esplosivi e dei
Gas di Guerra,’”’ Accademia Navale, Livorno
(1940)

*‘Propellant Manual,’’ Solid Propellants Infor-
mation Agency, JohnsHopkinsUniv, Silver
Spring, Md(1962)

L.E.Simon, “‘Geman Research in World War
11, Wiley, NY(1947)

W.H.B.Smith & J.E.Smith, '*Small Arms of the
World,”’ Stackpole, Harrisburg, Pa(1960)

N.H.Furman, Edit, ‘‘Standard Methods of Chemi-
cal Analysis,” Vol 1, VanNostrand, NY(1962)

F.J.Welcher, Edit, ‘'Standard Methods of Chemi-
cal Aanalysis,”” Vol 2, Part A, VanNostrand, NY
(1963)

F.].Welcher, Edit, ‘'Standard Methods of Chemi-
cal Analysis,” Vol 2, Part B, VanNostrand,
NY(1963)

Tadeusz Urbadski, *‘Chemi und Technologie
der Explosivstoffe,”’ Vol 1(1961) (Translated
from Czech), 389 pp; Vol 3(1964) (Translated
from Czech), 527 pp, VEB Deutscher Verlag
fiir Grundstoffindustrie. English Translation
from Polish “‘Chemistry and Technology of
Explosives,”* Vol 1(1964), Vol 2(1965), 517 pp
and Vol 3(1966, tentative), Pergamon Press,
Long Island, NY, USA

Uspekhi Fiziki(Progress in Physics) (some-
times called in CA Soviet Phys-Usp)

Uspekhi Fizicheskikh Nauk (Progress in Physi-
cal Sciences)

Uspekhi Khimii i Teknologii Polimerov, Sbomik
(Progress in Chemistry and Technology of
Polymers, Collection)

S.F.Vaskovskii, *‘Prakticheskoye Rukovodstvo
po Obrashcheniyou s Vzryvchatymi Materialami’
(Instruction for Handling Explosive Materials),

GosGeologTekhlzdat, Moskva(1957)

Zhumnal Eksperimental’noi 1 Teoreticheskoi
Fiziki. See JETP »

Zhurnal Prikladnoi Mekhaniki i Te%chnicheskoi
Fiziki (Journal of Applied Mechanics and Tech-
nical Physics)
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1) L.Vennin & G.Chesneau, ‘'Les Poudres et Explosifs. Les Mesures de
Sécurité dans les Mines de Houille,” C.Béranger, Paris(1914)

2) N.A.Shilling, “Vzryvchatyiye Veshchestva 1 Snariazheniye Boyepripassov ”’
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3) M.A.Budnikov et al, *'Vzryvchatyiye Veshchestva i Porokha *’ (Explosives
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Materialam, Moskva(1957),104pp

6) Dr A.Langhans, "'FFK Feuer-Fundamental-Klassifikation in Frieden und
Krieg,”” Selbstverlag Dr Langhans, Bamberg, Germany, Vol 1(1958) Stofferbear-
beitung and Vol 2(1958) Sach- und Namen-Register

7) R.Lusar, ‘“‘Die Deutschen Waffen und Geheimwaffen des 2. Weltkrieges und
ihre Weiterentwicklung,”” Lehmanns Verlag, Munchen(1958)
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9) D.S.Avanesov, ‘'‘Praktikum po Fizikokhimicheskim [spytaniyam VV (Practical
Manual on Physicochemical Experiments with Explosives), GoslzdatOboronProm,
Moskva(1959), 165pp

10) V.M.Buzinov & V.P.Savelov, Anglo-Russkii Artilleriy skii Slovar’,”’ (English-
Russian Artillery Dictionary), Voyenlzdat, Moskva(1959)

11) Ye.Yu.Orlova, "*Khimiya i Technologiya Brizantnykh Vzryvchatykh
Veshchestv’’ (Chemistry and Technology of High Explosives), GoslzdatOboron
-Prom, Moskva{1960), 396pp (English Translation by Technical Documentation
Liaison Office, MCLTD, WP-AFB, Ohio, MCL-844/1+2, June 1961)

12) Z.G.Pozdnyakov, *‘lzsledovanie Stabil’nosti Promyshlennykh VV*’ (Testing the
Stability of Industrial Explosives), IzdatlnstGornDela, Moskva(1961), 23pp

13) F.Weichelt, “*Handbuch der Sprengtechnik,’’ Deutscher Velag Grundstoffind,
Leipzig(1961), 547pp

14) Coll, “*Les Ondes de Détonation,”’ Colloques Internationaux du Centre National
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CHLORIDES

Chlorides. The salts of hydrochloric acid
(HCI) containing the monovalent chloride ion
(CI") are called chlorides. They are usually
a binary compd in which chlorine is the
negative constituent, They are mostly well
crystd compds, readily sol in w, readily
stable towards w; and not, as a rule, decompd
by heat. The toxicity of the chlorides varies
widely (Ref 5). They are used in some expls
& pyrotechnic mixts as cooling agents
Detection & Determination. Chlorides are
detected qualitatively in soln by the formation
of a wh ppt when AgNO; is added to the test
soln acidified with nitric acid. This ppt is
sol in dil aq ammonia, but is repptd on
acidifying with dil HNO,. A convenient
method for the detection of chlorides in the
solid state is to heat a small quantity, mixed
with manganese dioxide & concd H,SO,. If
chloride is present, chlorine gas will evolve,
Further confirmation can be obtd by mixing a
test sample with potassium dichromate &
H,SO,; on warming, red vapors of chromyl
chloride (CrOzCIZ) will evolve and condense
in blood- red drops on cooler parts of a test
tube

The reaction with silver nitrate serves to
determine the presence of chlorides both
gravimetrically & volumetrically; in the
former case, chlorine is weighed as AgCl; in
the latter, the vol of std AgNO, soln reqd
for complete pptn of the chloride present in a
known vol of soln is detd (Refs 2 & 4) (See
also Refs 2a, 6 & 7)
Refs: 1)Mellor 2(1922), 214ff 2)Mellor(1939),
505 2a)Scott & Furman(1939), 269-81
3)Hackh’s(1944), 192 4)Kirk & Othmer 3
(1949), 677 & 680 5)Sax(1957), 461
G)Vogel(1961), 313, 361, 399 & 571
7)StdMethodsChemAnalysis 1(1962), 324-49

List of Chlorides

Acetyl Chloride or Ethanoyl Chloride. See
Vol 1, p A56-R
Aluminum Chloride, AICl,; mw 133.35,
yel-wh delq hex crysts, mp 194° at 5.4 atm,
bp 183° at 752mm, d 2.44 at 25°; sol in cold
w, sl decompd by hot w; sol in eth, chlf &
CCl,; insol in benz; can be prep by passing
chlorine or HCI vapor over heated Al or by
other methods. It is a powerful desiccant and
must be handled with precaution. When

opening containers of AICl_ stored for a long
time, extra care should be taken because some
containers might explode (Ref 4), It reacts
with w with expl violence

Aluminum chloride is an important reagent
in org chem; it is used as a catalyst in many
reactions, such as the cracking of petroleum.
It is also used in pyrotechnic smoke
producing compns {Ref 8)
Refs: 1)Mellor 5(1924), 312-14 1a)Gmelin,
Syst Nr 35(1934), 163-217 2)C.A.Thomas
et al, “'Anhydrous Aluminum Chloride in
Organic Chemistry’’, Reinhold, NY(1941)
3)Hackh’s(1944), 39 4)P.V.Popov,
Zavodskayalab 13, 127(1946) & CA 4}, .
6723(1947) 5)Kirk & Othmer 1(1947), 632-34
6)Sidgwick, Chem Elems ¥ 1950), 424-25
7)Sax(1957), 261 8)].DeMent, USP
2995526(1961), p 5 9)US Spec MIL-A
-10389B (Aluminum Chloride, Anhyd,
Technical)
Aluminum Chloride - Nitrobenzene Complex,
AlICI,.C _H NO,; It yel ndls(Ref 1); grn-yel
crysts(Ref 2); mp 90°(Refs 1 & 2). Was first
prepd in 1910 by Menshutkin(Ref 1) and
recently by Grossman (Ref 2), by adding dry
purified nitrobenzene to dry AICl,. This
complex has been used as a catalyst in
some organic reactions.

In one of the fairly recent numbers of
C & EN it was reported that an expln took
place at one of the American Cyanamide
plants when this complex was contained in
an autoclave filled with gaseous olefin at
26° and 90 psi
Refs: 1)B.N.Menshutkin, JRussPhChemSoc
42, 58(1910) & CA 5, 1420(1911) 2)R.F.
Grossman, JOC 22, 581-2(1957) & 52, 1090
(1958)
Ammonium Chioride(Sal-ammoniac),
NH, CI; mw 53.50, wh crysts with sharp
saline taste, mp,vaporizes at 340-50° &
sublimes without melting; d 1.520; sol in w
or ale, It is manufd from the ammoniacal
liquor of gas works by neutralizing with
HCI; the soln is evapd until crystn occurs;
and the crude product is purified by
sublimation, The toxicity of ammonium
chloride is given in Sax (Ref 7)

It is used as a chemical reagent, in
medicines, as a filling for dry batteries, for
soldering flux, and in textile printing. It




has been used also as an ingredient of
mining expls: a)K chloride 39, K borate 18,
NH,Cl,, coke or wood charcoal 2, glycerol 2,
refined petroleum 2 parts (Ref 1); and b)
NH,Cl, KCIO,, NaCl mixt (in a 3/1/1 ratio
for any combination of the three salts )

60-80 pts, nitroglycol 5-12 pts and TNT

6-10 pts (Ref 2)

Yamamoto et al (Ref 6) detd the ignition
temp of various mixts of NaNO, & NH,Cl
and found that such mixts, when stored over
CaCl,, undergo spontaneous expln after
30-50 days
Refs: 1)(?) Golovine, FrP 353299(1905) &
CA 1, 1343(1907) 2)C.E. Bichel, FrP
356845(1905) & CA 1, 1344(1907) 3)Naotdm,
NG(1928), 405 3a)Gmelin, Syst Nr 23(1936),
150-92 4)Mellor(1939), 398 5)Hackh’s(1944),
47 6)S. Yamamoto et al, JIndExplsivesSoc-
Japan 15, 77-80(1954) & CA 49, 11282(1955)
7)Sax(1957), 276 8)US Spec 0-A-491C
[ Ammonium Chloride(Sal Ammoniac),
Technical ]

Antimony Chlorides. Two compds are of
interest: Antimony Trichloride(Butter of
Antimony), SbCl,; mw 228.13, col cryst
solid, mp 73.4°, bp 219-23°, d 3.14; sol in
concd HC! & in otg solvs; insol in w or.dil
HCl. It is prepd by the reaction of Sb on a
limited amt of Cl; or by dissolving the
sulfide in concd HCI, distilling the excess
acid, and purifying the chloride by
sublimation. The compd is very hygr and is
hydrolyzed to Antimony Oxychloride, SbOCI,
used as a smoke-producing agent

Antimony Pentachloride, SbCl; mw 299.05,
col liq, yel when impwe, fr p 2.8°, bp 140°
(sl dissociated), d 2.37. It is prepd by burning
Sb in chlorine; or by the action of excess
chlorine on the trichloride, oxide or sulfide,
It is used as a chlorine carrier in org syntheses
and as a catalyst.in some polymerizations
Refs: 1)Mellor 9(1929), 469(trichloride) &
486(pentachloride) - 2)Thorpe 1(1937), 447
(tcrichloride) 3)Mellor(1939), 754 4)Hackh’s
(1944), 65(pentachloride) & 66(trichloride)
5)Kirk & Othmer 2(1948), 61 6)Gmelin,

Syst Nr 18(1949), 408-38(trichloride) &
439-G1(pentachloride) 7)Sax(1957), 307
(pentachloride) & 309(trichloride) 8)US
Spec MIL~A-10667B(Antimony Trichloride,
Technical) 9)US Spec MIL-A-10824
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(Antimony Chloride, Reagent)

Arsenic Trichloride(Arsenious Chloride),
AsCl; mw 181.28, col oily lig, fr p -18°,

bp 130.2°, d 2.16 at 25°, vap pres 10mm

at 24°; sol in w, alc, eth or oils, It is
formed when arsenic burns in chlorine, or by
distilling a mixt of As trioxide with HCI,

or by heating As,O, with sulfur chloride in
a current of chlorines It is used in ceramics,
in the prepn of pharmaceuticals, and in the
prepn of chloro derivs of arsine (qv) or
chemical warfare agents (CWA’s)(qv). See
Vol 1, p A491

Refs: 1)Mellor 9(1929), 237 2)Thorpe 1
(1937), 479  3)Mellor(1939), 745 4)Hackh’s
(1944), 77 5)Kirk & Othmer 2(1948), 119
6)Gmelin, Syst Nr 17(1952),-367-92 7)Sax
(1957), 320 8)US Spec MIL-A-10839B
(Arsenic Trichloride, Technical)
Azidoacetyl Chlorides See Vol 1, p A57-L
Barium Chloride, BaCl,; mw 208.27,
monoclinic or cubic crysts mp 960°
(transition to cubic at 925°), bp 1560°,

d 3.856; sol in w; insol in alc; it absorbs w
avidly forming hydrate: Monobydrate,
BaCl,*H,0; mw 226.29; col plates; formed
by heatmg the dihydrate at 60-65°, or by
shaking the dihydrate with 99% MeOH, filtering
& crystallizing. Dibydrate, BaCl,*2H,0;

mw 244.31; fine wh crysts, mp (loses 2
mols H,0 at 100°), d 3.097; produced
commercially by treatment of Ba sulfide -
with HCI; the aq solas of BaCl, deposits
crysts of the dihydrate, The anhydrous salt
is obtd by drying the crysts at high temp.
Barium chloride is poisonous (Ref 6), but it
is used widely in industry in a variety of
ways,

Refs: 1Mellor 3(1923), 697ff 2)Gmelin,
Syst Nr 30(1932), 170-209 & 30(1960), 179 &
32369 3)Mellor(1939), 638 4)Hackh’s
(1944), 98 5)Kirk & Othmer 2(1948), 312-14
6)Sax(1957), 331

Boron Chloride Pentahydride. See Vol 2,

p B252-L

Cadmium Chloride, CdCl 3 mw 183.32, col
hexagonal crysts, mp 568o bp 960°, .d 4.05;
sol in - w, MeOH & alc; forms hydrates with
1, 2, 4 & 5 moles of H,0. It can be made by
dissolving the metal in aq HCIl and evapg the
soln in a stream of hydrogen chloride gas,
or by dissolving the oxide or carbonate in




HCl. It is used in a variety of ways in
industry, and in smoke producing pyrotechnic
compns (Ref 5)

Refs: 1)Gmelin, Syst Nr 33(1925), 82-91 &
33(1959), 462-512 2)Hackh’s(1944), 154
3)Kirk & Othmer 2(1948), 734 4)Sax(1957),
418 5)J. DeMent, USP 2995526(1961), p 7
Calcium Chloride, CaCl,; mw 110.99, col,
delq cubic crysts, mp 772 bp >1600°,

d 2512, ng1. 52 at 20°; sol in w or alc; forms
mono-, di-, tetra- & hexa-hydrates. This salt
is obtd as a by-product in several manufg
processes, such as the ammonia-soda process
& the production of KCl. It is used as a
drying agent in the lab, and commercially

as an antifreeze, antidust & conditioning

agent .
Refs: 1)Mellor 3(1923), 697ff 2)Mellor
(1939), 631 3)Hackh’s(1944), 157 4)Kirk

& Othmer 2(1948), 759-61 5)Gmelin, Syst
Nr 28(1956), 74-83 & 28, Teil B, Lieferung
2(1957), 431ff 6)Sax(1957), 425 7)US Spec
0-C-106A(2)(Calcium Chloride, Hydrated,
Technical Grade); US Spec MIL-C-13573A
(Calcium Chloride, Anhydrous); US Spec
0-C-104(Calcium Chloride, Anhydrous,
Technical Grade); US Spec 0-C-105A(1)
(Calcium Chloride, Dihydrate and Calcium
Chloride, Anhydrous, Technical)
Chromium Chloride(Chromic Chloride or
Trichloride), CrCl , mw 180.05; pink crysts,
mp 1150°, dec 1200—1500° d 2.75 at 15%;
insol in cold w, alc, acet & CSZ, v sl sol in
hot wwith decompn; can be prepd by passing
chlorine over mixt of chromic oxide & carbon,
Its hexabydrate, CrCl,6H,0, mw 266.48;
deliq crysts either greemsh-blk(mp 83°) or

violet(mp 95°); d 1.835 at 25/4°; very sol inw,

alc; insol in ether; can be prepd by the action
of HCI on Cr hydroxide(Refs 1, 2, 3, 5 & 6).
Toxicity of Cr chlorides is the same as
other Cr compds(Refs 3 & 4). US Military
requirements and tests for reagent grade Cr
chloride are discussed in Ref 7, Industrial
uses include chromium plating, catalyst for
polymerizing olefins, prepn of other Cr salts,
in calico printing and as a mordant for
cotton and silk,

Refs: 1)Mellor 11(1931), 3712 2)Kirk &
Othmer 3(1949), 943.4 3)Ullmann 5(1954),
592-4 4)Sax(1957), 488 5)CondChemDict
(1961), 273 G)Lange(1961), 240-1 7)US
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Military Specification MIL-C-11336(Chro-
minum chloride, reagent)

Chromyl Chloride or Chromium(Vl) Dioxy-
chloride(Chromium Oxychloride or
Chlorochromic Anhydride), CtOzClz, mw
154.92; dk-red, heavy lig resembling bromine;
fr p -96.5°, bp 117.6°, vap pressure 20mm at
20°, d 1.923 at 20°; sol w/o decompn in
ether, CCl,, CS,, MNB & tetrachloroethane;
but is rapidly hydrolyzed by w. Can be prepd
by distg a mixt of anhyd Na chromate(or
dichromate) with coned HZSO4 & NaCl(Refs
1, la, 2, 5 & 6). Its toxicity and fire hazard
are discussed by Sax(Ref 4)

Chromyl chloride is a very powerful
oxidizer and causes many combustible mat-
erials to burst into flame on contact. It has
been used(freshly prepd) in org oxidations &
chlorinations, and in prepn of Cr complexes
& dyes
Refs: 1)Mellor 11(1931), 391 la)lnorg-
Synthesis 2(1946), 205-7 2)Kirk & Othmer
3(1949), 394 3)Ullmann 5(1954) not found
4)Sax(1957), 487 5)CondChemDict(1961),
276 6)Lange(1961), 242-3
Cobalt Chlorides: Cobaltous, CoCl,; m
129.85, dk-blue crysts, mp 735°, bp 1050°
3.356; gives pink solns when dissolved in
cold w; formed from the hexahydrate by heat-
ing it to 120°,

Hexabydrate, CoCl,*6H,0; mw 237-97,
red monoclinic crysts mp 87°, d 1.924 at 25°
obtd from solns of the oxide or carbonate &
HCI; forms the Dibydrate, CoCl,*2H,0, d
2.477 at 25°, on heating to 56°, and the
Monohydrate, CoCl,*H,0, violet-colored
crysts, on heating to 100°. The anhyd

salt reverts to various hydrated forms on

ruby

exposure to moist air

Cobaltic Chloride, CoCl,; mw 165,31, blue
crysts, mp sublimes, d 2.94, is listed in Refs
2, 4 & 6. Cobalt chloride has been proposed
for use in smoke producing compns(Ref 7)
Refs: 1)Gmelin, Syst Nr 58(1932), 269-301 &
58(1961), 576-80 2)Mellor 14(1935), 611ff
(cobaltous) & 653(cobaltic) 3)Mellor(1939),
827 4)Hackh’s(1944), 208(cobaltic) & 209
(cobaltous) 5)Kirk & Othmer 4(1949), 204-05
6)Sax(1957), 493(cobaltic) & 494(cobaltous)
7)]. De Ment, USP 2995526(1961), p 8

Copper Chlorides,

Cuprous Chloride, CuZCIZ; mw 198.05, wh




cubic crysts, mp 422°, bp 1366°, d 3.53;
readily sol in HCI & NH,OH; insol in w,
H,S80,, dil HNO, & alc; 'prep,d by boiling a
soln of cupric chloride with HCI & copper,
or by reducing a CuCl, soln with sulfur
dioxide. On exposure to air & sunlight, the
moist powd changes color to yel, dirty violet
. and-finally to blue-blk. A wh vapor forms
when CuCl is heated in air, It has various
uses in the lab and in chem manuf processes;
used for the denitration of NC, and in some
pyrotechnics, smoke-producing & gas generat-
ing compns. For example the following mixt
was developed at PicArsa for blue light
rifle signal: Cu(I) chloride 10, K perchlorate
56, Cu(Il) acetoarsenite 24 & Cu(Il) resinate
10%; burning rate 2.6in/min & CP 480/sq in
(Ref 4), DeMent(Ref 8) patented some smoke
producing compns, such as: a)Cu(I) chloride
1.5, K chlorate 4.0, sulfur 2.0 & Amm acid
fluoride 2.0 parts and b)Cu(I) chloride 1.5,
K chlorate 3,0, sulfur 1,0 & monochloracetic
acid 1.0 part. Ellern(Ref 9) stated that a
mixt of Cu(I) chloride with guanidine nitrate
& vanadium pentoxide was patented in solid
gas-generating compns

US Navy Blue Light, Mark 1, Formula 1
contains: Cu(l) chloride 22.0, Ba chlorate
56.0, CuO 13.0, shellac 7.0 & stearic acid
2.0%(Ref 4a)

Cu(l) chloride absorbs acetylene to form
an explosive Cuprous Acetylide Chloride. It
was briefly discussed in Vol 1, p A74-L
Cupric Chloride, CuCl_, mw 134.48, yel-brn
delq pdr, mp 498°, bp 993°(decomp), d 3.05;
insol in ale, w or NH,Cl; can be prepd by
direct union of co