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PREFACE

This volume is a continuation of efforts to cover comprehensively the subject
matter, in the same manner & format, as in Vol I. The user is urged to read both
the PREFACE and INTRODUCTION in Vol I to understand the authors’ way of
treating the subject matter

In compiling this Encyclopedia, the authors have consulted freely with, and had
the cooperation of many individuals. Throughout this work, information received
from individuals is acknowledged in the text. A listing of others who have been
consulted or who have helped in other ways would be impractical. Mr Henry A,
Aaronson who retired from Picatinny Arsenal in 1957, after 35 years of service in
the field of propellants & explosives, contributed significantly by collecting some
references, reviewing some portions of the preliminary manuscript, and by helpful
discussions in other areas. Mr George D. Clift, formerly of Picatinny & of the
Army Chemical Center, Edgewood, Md reviewed the pencil copy, made some sug-
gestions for revision, and typed the complete copy of this manuscript. It is with
deep sorrow & sad regret that we record here the death of George D. Clift on
13 August 1962, after 45 years of experience in the field of propellants & explo-
sives
Mr L.. H. Eriksen, Chief of Exploswes & Propellants Laboratory, Picatinny
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other e;ﬁcaw‘.s (both mxlitazy and civilian) of Picatinny Arsenal fo: approving this
work and for obtaining its financial support. Picatinny Arsenal reference works
were made available thru the coopemrzon of all Technical L__o mation (L ih:a:y)
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personnel, Mr
Although cgnqnde_rabl, effort has be n made to present thlS mformatmn as
accurately as possible, mistakes & errors in transcription do occur. The authors
welcome the reader of this Encyclopedia to feel free to point out mistakes &
errors, so that corrections can be listed in the next volume. The interpretations
of data & opinions expressed are the responsibility of the authors and are not nec-
essarily those of Picatinny Arsenal or of the Department of the Army. This report
has been prepared for information purposes only and the Department of the Army
or Picatinny Arsenal shall not be responsible for any events or decisions arising
from the use of this information
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Bayshore AD-VISOR, Inc, Port Monmouth, New Jersey under Service Contract
DA-28-017-AMC-83(A). Final corrections and/or changes i
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made by Miss Margaret Dee thru the cooperation of Mr John P. Noonan of the
Technical Publications Unit, Picatinny Arsenal. Reproduction by photographic

offset process & binding were made by Compton Press, Inc, Morristown, New
Jersey under Service Contract DA-28-017-AMC-235(A)
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Abbr 9-L
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Abbr 46-L
Abbr 52-R
Abbr 52-R

Abbr 65-R
Abbr 72, 5th line from
the bottom
Abbr 73, 10th line from
the bottom

" Abbr 74, 2nd line
Abbr 75, 12th line from
the bottom
AlGL

A83-R, line 9

A98-L, two bottom lines

Al78L, lines 5 & 6

Al91-R

A215-R, lines 15,16 & 17

A224-L, lines 8 & 9
A224-L., line 10
A224-L, line 12
A225-L, line 10

A253-L, lines 5,6,7 & 8
from the bottom

111

Errata in Vol 1

Bzl =Benzyl, C¢H;-CH,~ instead of C¢Hy -CH~
Add: propln = propulsion

propn (s) = proportion (s) instead of propulsion
Delete ps = parts per second

SC = Solventless Cordite instead of solventless, carbamite
TNBACc instead of TNBA for Trinitrobenzoic Acid
TNB2zN = Trinitrobenzoyl Nitrate instead of Trinitro-
benzyl Nitrate

Delete WAAC = Woolwich Arsenal

RevScinst instead of RevChimInd
Thorpe(1940) instead of Thorpe(1949)

Ullmann, vol 4(1929) instead of vol 4(1926)
Esplosivi instead of Explosivi

Delete DNN = Dinitronaphthol

Formula should read: C,Hs O,(CH,COXC,, H,;CO), instead
of CyH; O;(CH,COXC,,H,0),

Replace with Action of Gas Explosions on Solid Ex-
plosives

Formula of Tricrotonylidenetriperoxide-tetramine should
read: H,N-R-NH:CH-R:NH-R:NH,, where R is
MeCH:CH-0,-CH =

Insert at the bottom of the page the following:

Note: M.H.Werther, Rec 52, 657-77(1933) & CA 27,
5069-70(1933) describes o~ and p-biphenyls as 2- and
4-xenylamines. He also describes prepn and props of
3,5,4' -trinitro-2-xenylamine (mp 227%; 3,5,4' -trinitro
-4-xenylamine (mp 280°) and 3,5,2',4'-tetranitro-4
-xenylamine (mp 253°). Their expl props were not in-
vestigated

Delete the sentence beginning with: Aminoguanylnitro-
saminoguanyl-tetrazene, designated......

Delete: Benzodiazole or Benzopyrazoles from the title
Make: [59] instead of 59 and [308] instead of 308
Indazolonimides instead of Indazolonimide

Name should read: 1' - Amino-mesitylene; 1'-Amino-1,3,5
-trimethyl-benzene; 3,5-Dimethylbenzylamine or
Mesitylamine,

Replace with: Nitroaminopropanol Nitrate, C;H,N;O5 and
Dinitroaminopropanol, C;H,N;0O,- not found in Beil or

CA thru 1956




AGO3-R, line 14
AG30-L., lines 5,6 & 7
from the bottom

AG43-L, line 21
AG76-L, Ref 21
AG76-L, Ref 31

AG76-R, Ref 38
AG78-R, lst line
AG78R, lines 18 & 19

AG92-R, line 3

1v

The last 4 lines should read: is called APC (armorpiercing
capped) and the cap is known as ballistic cap., This cap

is covered with a conical cup called windshield or false
ogive, the purpose of which is..........

Barium Diazide, mw 221.41, N 37.96%; instead of mw 243.43,
N 51.79%;

Replace C,H; ONO with C,Hs ONO,

Delete the sentence beginning with: Azidobenzenediammo-
niumhydroxide. See....... and replace it with: Azide-
benzenediazonium Hydroxide. See under Benzenediazonium
Hydroxide and Derivatives

Delete: Azidotrinitromethane. See under Methane

Delete: dash (~) between Pepin Lehalleur

A. Pérez Ara instead of A, Perez Ara

Delete: comma(,) after Buenos

Change to read: Ballistic Cap and Windshield A483-L
Delete: Benzodiazole,Benzopyrazole or Aminoindazole
A224-L

Change to read: Ballistic Cap and Windshield A483-L
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ENCYCLOPEDIA of EXPLOSIVES and RELATED ITEMS

B(Explosif) An expl manufd for some time by
Bergés, Corbin & Co, near Grenoble, France:
Amm perchlorate 89 & NG 11%

Ref: Commission des Substances Explosives,
MP 12, 18(1903-1904)

B(Poudre), also called Poudre blancke or
Poudre a solvant (Formerly called Poudre V).
A smokeless NC propellant (poudre sans
fumée) developed ca 1884 by Paul Vieille and
named after the first letter of Boulanger, who
was General and Minister of War at that time.
As the proplnt proved to be very suitable for
rifled firearms, it was adopted by the French
Govt for use in the Lebel rifle. It was also
adopted for use in field guns. Slightly earlier
and independently of Vieille, a similar proplnt
was developed in Germany by Max von
Duttenhofer and designated RCP (Rottweiler
Cellulose Pulver) (Refs 1,2,3,10,11,13,14,16
& 17)

The original poudre B consisted of small, flat
squares, pale yel or brownish in col, and having
an odor of ethyl acetate, which was used as

a solvent for NC. Its approx compn was CP,

(coton-poudre n°1) (NC with 12.9 to 13.4%N;
insol in eth+alc) 68.2, CP,(coton-poudre n°2)
(NC with 11.7 to 12.2%N; sol in eth-alc) 29.8
& paraffin 2% (Refs 1 & 2). The above form-
ulation was modified several times and the
resulting proplnts were known as poudres BN
where N stands for 'nouvelle’, meaning new
(Ref 2). One such proplat contained CP, 40,
CP,, 30, Ba nitrate 18, K nitrate 8, Na carbon-
ate (or tannin) 2, residual solvent 1 & moist

1% (Refs 7 & 9)

In about 1890 all the ingredients, except NC
and a solvent, were discarded and then.later
(in 1896-7) some amy! alcohol was incorporated
to serve as a stabilizer. These proplnts were
designated as B(AM) or BAm (see Vol 1 of this
Encyclopedia p A395-L). As amyl alc proved to
be unsatisfactory it was replaced with a small
amt(0.5-2%) of DPhA. This is a satisfactory
stabilizer which is still ini use(Ref 2 & Ref 14,
p249)

Poudres B existed in the following varieties:
a)B(Am). See above

Yolume 2

b)B(QPoudre B a canon de canpagne). Powder

B for a field gun(Ref 6, p601 & Ref 7). It is no
longer in use

c)BCNL(Poudre B i canon, nitratée, lavée }(Pow-
der B for cannon, with nitrate, leached). It

was prepd by mixing 80 parts of NC gel with

20 ps of powdered X nitrate, followed by grain-
ing and drying. Then most K nitrate was leach-
ed with water. This treatment gave(after drying)
a porous proplnt which was fast burning. It was
used for short range mountain cannons and for
blank fire(Ref 4,p228)

d)BD(Poudre B adiphénylamine). Powder B
contg DPhA as stabilizer (Ref 2 & Ref 10,p308)
e)BF(Poudre B 2 fusil). Powder B for rifle.
According to Vieille, this proplnt was less e-
rosive than either Cordite or Ballistite (Ref 2,
p295 & Ref 10,p388)

f)BFNL(Poudre B 2 fusil, nitratée lavée). Pow-
der B for rifle with nitrate, leached. A porous,
rapid-burning proplnt prepd in the same man-

ner as BCNL(see item bXRef 4,p228)
g)BFP(Poudre B en pailletes pour fusil de
guerre). Designation for a rifle proplnt in the
form of leaflets, contg camphor and centralite
(Ref 5,p282)

h)BFP  (Poudre B en paillettes pour fusil de
guerre). Powder B in the form of leaflets for
use in military rifles. It contained some cam-
phor(Ref 5,p282)

i)BG(Poudre B de guerre destinée a I’armée de
terre). Powder B, military, destined for the
Army. This proplat was designated BG,, BG,,
BG,, BG, etc depending on the caliber of the
gun in which it was used. For instance, BG,
was used in the 120mm gun. It was made in

the form of strips, 1.45mm thick and 18mm wide
(Ref 6,p601). The higher the index, the slower
is the propellant(Ref 15,p458)

j)BGC(Poudre B de guerre pour gros calibre).
Powder B for use in large caliber guns(Ref 2,
p297)

k)BM(Poudre B de marine). Powder B, Navy.
This proplnt has been designated as BM,,
BM,....... to BM,,, where the indices indicate
the approx caliber of the gun for which the pro-
pellant is intended. For instance, the BM, was
intended for use in the caliber 7 gun, such as




155mm(Ref 6, & Ref 10,326)

1)BN(Poudre B nouvelle). See above
m)BNF(Poudre B nouvelle, pour fusil). Powder
B, new, for rifle(Ref 7)

n)BN3F(Poudre B a fusil nitratée, pour expor-
tation). Powder B for rifle, nitrate treated, for
export(Ref 4,p226)

0)BN 3F. A current proplnt designed for use

in smooth-bore hand weapons(Ref 14,p252)
p)BNLM. One of the older poudres B for small
arms. It was quick-burning(Ref 5,p294)

q)BRU. Older poudres B stabilized with urea
(Ref 5,p296)

r)BS(Poudre B succédannée de la poudre noire
SP pour le canon de siége et de place). Pow-
der B replacing black powder SP, for use in
siege and fortress guns. It was also used during
WW1 in 75mm guns(Refs 2a & 6)

t)BW. According to Mangini(Ref 11a), poudre

BW consisted of CP, 40, CP, 30, K and Ba
nitrates 26, Na carbonate 2 & volatiles 2%
Mangini(Ref 11a) also gives the compn of poudre
B as follows: CP, 50-75, CP, 50-25 & DPhA
(added) 0.5%. A mixt of ether & alcohol is used
as a gelatinizer

Stettbacher(Ref 12) gives for the current poudre
B: NC(13 to 13.4%N) 80 & NC(11.7 to 12.2%N)
20% with 1.5 to 2% of DPhA added, all blended
with eth-alc as a gelatinizer

Method of manufg poudre B as practiced before
WWil is described in: Ref 4,pp228-233; Ref 6,

pp 580-601; Ref 9, pp 292-310 & Ref 15,p 458
Refs: 1)Daniel(1902), 50 2)Marshall1(1917),294-7
Za)Chevereau,MP 19,168(1922) 3)Brunswig,
Prof(1926),7 & 134 4)Pascal(1930),226 & 228-36
5)Desmaroux,MP24,282 & 294-6(1930-1931)
G)Vennin, Burlot & L écorché(1932),578-602)
7Marshall 3(1932),85 8)Stettbacher(1933),190 &
197 9)Pepin Lehalleur(1935),289-90 9a) P.
Vieille MP27,7-10(1937)(History of'poudre V',
now known as ‘poudre B’), 10)Davis(1943),258,
292-4,308,326 & 388 11)Perez Ara(1945),438-9
&441 l1la)Mangini,Explosive(1947),235 12)Stett-
bacter(1948),41 13)Vivas,Feigenspan & Ladreda
3(1948),96 14)P.Tavernier,MP 32,244 & 250(195G)

:5}].Fauveau,MP 33,458 & 463(1951) 16)Stettbacher,

£éivoras(1952),51 17)C.Belgrano,'Gli Explosivi’,
Hoepli,Milano(1952),109-10

B(Value). See Brisance Value of K ast

B,. A Ger vehicle contg a demolition charge.

It was used during WWII for destruction of
enemy targets, such as bridges, pillboxes, etc.

For more info, see PATR 2510(1958),p Ger 11
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B4 or Type 2 Explosives. Lt grey powdery

mixts of TNAns 60 or 70 with Al 40 or 30%
used in Japanese incendiary submarine gun

shells. The props of the 60/40 mixt were:d1.90
(cast), power by ballistic pendulum 64%(P A=

100%), brzsam:e by copper cylinder crusher 82%
(PA=100%), explosion point 300 to 505°, impact
sensitivity with 5-kg wt 17cm(max for no explns)
and friction sensitivity 60kg(max pressure be-
tween two rubbing surfaces)

Ref: R. A. Cooley et al, ‘Japanese Explosives’,
PB Rept 53,048(1945)

B77. A kind of black powder used in the Rus-
sian artillery from 1877 up to the adoption of
smokeless propellant Pyrocollodion(N=12.44%)
developed by Mendeléev ca 1891

Ref: Dr M.M.Kostevitch, Bueénos Aires, Argen-
tina; private communication(1955)

BA-107. Polybutadiene-Acrylic Acid Com posite
Propellant for Rocket Motors developed by
Thiokol Chemical Corp. Its compn and props
are given in conf ‘Propellant M annal’,SPIA/M2
(1959), Unit No 572 B(AM) or BAm(poudre).

See Vol 1,pA395-L

Bachmann,Werner E (1901-1951). An Amer chem-
ist specializing in org synthesis. During WWII
he developed for OSRD a new, efficient pro-
cess for manufg cyclonite(RDX)

Ref: A.L.Wilds, JOC 19,129-30(1954 X Obituary)

Backblast. Rearward blast of gases to the rear
of recoilless weapons, rocket launchers and
rocket-assisted takeoff units

Ref: Glossary of Ord(1959),28

Backbreake When blasting hard rocks by sev-
eral charges placed in boreholes, it is very
important that the charges are fired in rotation,
in pairs, in the proper sequence. If this order
is not followed, poor breakage will result. Such
improperly fired charges cause what is known
as backbreak. In order to ackieve the proper
rotational firing, delay caps are usually em-
ployed. More precise timing is obtained by
using the so-called DuwPont Blasting Timer
Refs: 1)Blaster’s Hdb(1949),15 & 99 2)Blaster’s
Hdb(1952),111 & 241

Backflash, or (Backfire, Breechflash or Flares
back). The flash produced at the breech of a
gun when the breech is opened after firing a
round. This is caused by the ignition (and




expln) of CO and hydrogen of combustion

gases at the moment of their contact with
oxygen of the air. If the temp of the gases is
not sufficiently high to produce self-ignition,
the back-flash may be caused by a piece of
smoldering or burning resi due of proplnt or! bag
left in the gun barrel after firing.

The presence of CO and hydrogen is ex-
plained by the incomplete combustion of the
proplnt which is required in order to keep the
temp in the barrel sufficiently low to avoid ex-
cessive barrel erosion. This is achieved by not
allowing sufficient oxygen for complete com-
bustion(to produce CO, and H,0) in the form-
ulation of the proplnt and by incorporating in
the proplnt some cooling(flash-reducing) agents

Precautions must be taken to prevent the
flareback from reaching the new proplnt charge,
as well as to prevent burns to the gun person-
el. Certain guns are equipped with com pressed
air gas ejectors which expel the gases in the
bore before the breech opene d. Even when so e-

quipped, itis essential that the bore be inspect-

ed for burn ing residue before the next round is
inserted. If the gun is not equipped with a gas
ejector, the new propelling charge must not
be brought near the breech until a wet chamber
swab has been used. Guns with muzzle brakes
and semi-automatic closures tend strongly to-
wards breech-flashing

Back-flash is practically negligible with
small caliber guns (with fixed ammo) but can
be very serious with large guns. (See also
‘Muzzle Flash’) Note: According to Stickland
(Ref 4), the only reliable means of fighting the
breech (and muzzle) flash is the use of a cool
proplat, such as Gudol, described in PATR
2510¢1958),Ger 81
R efs: 1)Marshall 1(1917), 318 2)Marshall 3
(1932),93 3)Hayes(1938),35-6 4)0.W.Stickland
PB Rept 925(1945),83 5)Glossary of Ord(1959),
28,49 & 119

Bacon,Roger (1214?-1292). An English alche-
mist, considered to be one of the inventors of

a compn similar to black powder, Made numerous
other contributions in various branches of
science

Ref: F.J.Moote, ‘A History of Chemistry’,
McGraw-Hill,NY(1939),25

Bacteria and Mold Action on Nitric Esters and
on Smokeless Propellants. Influence of micro-
organisms upon stability of NC was studied as
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early as 1896, when Bokorny(Ref 1) stated

that NC is utilized by both bacteria and fungi
(such as encountered in contaminated water) as
a source of carbohydrates and nitrogen. In his
experiments a highly esterified NC was broken

down in water contg bacteria & fungi together

with small quantities of mineral substances
needed by micro-organism. No decompn of NC
took place, however, when experiments were
conducted in distilled w. Malenkovic(Refs 2 &
3) stated that neither NC nor NG is directly
decompd by mold but if one or both of them are
stored incontact with substances attacked by
mold(such as paper), they are also decompd.
The same investigator claimed that NG alone is
definitely a mold poison, but he was not sure
about NC. Jacque(Ref 4) stated that water used
for washing NC is the principal source of bac-
teria which causes deterioration of NC. He
found that micro-organisms do not live in dry
NC but thrive in moist material. One of his
findings was that compressed guncotton with
15% moisture was infected with reddish or
greenish bacteria without, however, appreciable
changes of NC in weight, N content, or stability,
NG and NG-expls(such as dynamites) did not
support org life and attempts to innoculate such
media failed. Some algae and aquatic plants
yielded decompn products(such as oxalic acid,
etc) which caused decompn in nitric esters
under the action of heat. Fabel(Ref 5) also
pointed out that NC can serve as a source of
nourishment for bacteria. Kaye(Ref 6) studied
at PicArsn, by means of an electron micro-
scope, the action of micro-organisms on grains
of the propellant M8, stored for some time in a
magazine. The compn of M8 was: NC(N=13.25%)
52.15:1.50, NG 43.00+1.50, DEPh 3.00:0.50,
K nitrate 1.25:0.25 & Et Centr 0.60:0.20%.

It was found that surfaces of grains of proplnt
exhibited contamination by micro-organisms
which ranged in shape from spheres and cylin-
ders to rods and squares. Penetration of these
bacteria beyond the surface was also apparent.
The contamination probably resulted from bac-
teria encountered in water used during manuf

of M8 by the slurry method

Refs: 1)T.Bokorny, ChemZtg 20,985-6(1896)
2)B.Malenkovic,MitteilGegenstande-Artil-Genie-
wesen 1907,599-615 & CA 1,2411(1907) 3)B.
Malenkovic,Revue d’Artillerie 1908,261(1908) &
CA 3,248(1909) 4)M.Jacqué, SS5,81-2(1910) & CA
4,1546(1910) S)K.Fabel,**Nitrocellulose”?,F.Enke
Verlag,Stuttgart(1950),pp 115-6(Verhalten gegen




Bakteria und Pilze) 6)S.M.Kaye,PATR 2210(1955)
(An electron Microscope Examination of the Sur-
faces of M8 Propellant)

Bacteriological or Biological Warfare. See under
Chemical, Biological and Radiological (CBR)
Warfare

Badische Aniline-und Sodafabrik(BASF). A Ger-
man concern, one of the biggest in the world.

It formerly manufd various chemicals, includ-
ing some explosives. Its history is described

in the booklet entitled: ‘BASF schreibt Ges-
chichte’,Ludwigshaven(1952),29p

Baelinites. Mining expls contg AN 85-95 &
TNT 15-5%(Refs 1 & 2). According to Ref 3, the
baelinite contg AN 93 & TNT 7% was safe a-
gainst firedamp

Refs: 1)Gody(1907),712 2)Colver(1918),249
3)Pepin Lehalleur(1935),352

Bagasse is the dried crushed sugar cane resi-
due from which the sweet juice has been ex-
tracted. When obtained from sugar cane the crude
bagasse contains ca 88% water. The dried ma-
terial consists of ca 50% cellulose, 25% lignin
and 25% of pentosans, hemicellulose, gums and
non-sugars. The cellulosic portion is principally
alpha-cellulose with a fiber length of ca 3.5mm
and is readily isolated by the alkali or sulfate
processes used for manufg woodpulp. Bagasse
represents an excellent source of readily avail-
able cellulose for chemical processing and can
be used in the manuf of cellulose derivs in-
cluding NC. In the powdered form it can be used
as a fuel and absorbent in dynamites

Dry distn of bagasse produces acetic acid
and methanol, leaving charcoal as a residue
Refs: 1)L..W.Babcock, USP 1741146(1929) &
CA 24,1220(1930) (Bagasse together with NG &
AN in dynamites) 2)E.I.duPont de Nemours,Brit-
P 375824(1930) & CA 27,3335(1933)(Bagasse
for use as an absorbent for NG or similar liq
expls) 3)J.de la Roza,Sr,Mem 14th ConfAnual,
AsocTecAzucar,Cuba 1940,331-2 & CA 35,
5317(1941)(Prepn of product contg 99% of alpha-
cellulose by special treatment of sugar bagasse;
this cellulose is more easily nitrated, washed
and dehydrated that linters) 4)Kirk & Othmer
2,(1948),271-3(Bagasse) S)L.F.Wiggins,Chem &
Ind 1949,555-6(Bagasse as a raw material for
chemical industry) 6)C.J.West, ‘The Utilization
of Sugar Cane Bagasse for Paper,Board,Plas-
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tics and Chemicals’, Technological Rept Series
No 8,Sugar Research Foundation,Inc,NY(1952),
202pp

Bagasse Pith is the loose spongy tissue occu-
pying the center of the sugar cane. It has been
used in expls(Ref 2). Chapman(Ref 1) patented
its use with NC-NG mixts to make low density

gelatin-dynamites ‘

Refs: 1)F.F.Chapman,USP 1992189(1935) & CA
29,2745(1935) 2)Bebie(1943),30

Bags for Propelling Charges. See Cartridge
Bags

Baka(Suicide) Bomb or Kamikaze(The name Baka,
meaning stupid, was given by Americans), It
was a piloted rocket-propelled bomb used by
the Japanese Navy during WWIL. It could be
launched from any twin-engined plane at a dis-
tance of 20-30 miles from the target. Its over-all
length was 19°10%, wing spread of 16'5%, wt
4000, inclusive of a 2645-1b warhead in the
nose. It had a down-speed of around 550 mph.
Its warhead was filled with 1135 1b of TNAns
{Type 91 Explosive). The proplnt (6 sticks)
consisted of: NC 59.9, NG 26.9, MNN 6.1, Et
centr 2,9 & volatiles 1.3%

Refs: 1)Anon,Army Ordn 29,382(1945) & CA 30,
116(1946) 2)Anon, ‘Japanese Explosive QOrd-
nance’, TM 9+1985-4 ,Washington,DC(1953),116-
18 3)Meriam-Webster's (1961),1231

Baked Powder(Anhydrous Powder) was prepd ca
1873 by the Russian Colonel Wiener by press-
ing the ingredients of black powder at 120°.

By this method a more homogenous and compact
mass was obtained than in ordinary BkPdr be-
cause the sulfur melted and was distributed
more uniformly betw the X nitrate and charcoal.
As this method of manuf was dangerous it was
abandoned in 1878

Ref:Daniel(1902),808

Bakelite. A synthetic resin obtained by the
condensation of formaldehyde with phenols.
Used as a plastic in many industries(Ref 2).
Was patented by the Italian Co for making
bodies of projectile :fuzes(Ref 1)

Refs: 1)SocltalPolveriEsplodenti,BritP 298948
(1927) & CA 23,3102(1929) 2)Kirk & Othmer 10
(1953),801

Bakewell & Hurst patented in 1896 & 1897 a




method of loading projectiles with NG and then
freezing it in order to render it insensitive during
transportation and firing. Inside such project
~ was placed a special device which melted the
NG during the flight thus rendering it again sen-
sitive just before bursting. These projects were
dangerous to handle because NG som etimes ex-
ploded from shock or friction
Ref:Daniel(1902),50-1

Bakufun(Exploding Powder). A Jap mixt of MF, ™

K chlorate & Sb sulfide used during WWII 1n
some initiators

Ref: OpNav 30-3M(1945),25

Bakuhatsu-sei(jap). Blasting Gelatin
Balanced Dope. See under Dope
Balistita (Span), Ballistite

Balistite (Fr & Ital). Ballistite

Ball and Disk Machine. See under Impact
Tests

Ball Drop Test. See Vol 1,pA573-L
Balle (Fr). Bullet; ball

Balle de fusil (Fr). Rifle bullet
Bn"‘e perforante (Fr). AP bullet
Balle traceuse (Fr). Tracer bullet
Ball Grain Powder. See Ball Powder

Ballista or Balista: A device first used by the
Romans and then by the Greeks, as early as the
1st century AD, for hurling very heavy missiles
(Such as stones, beams, etc) against fortifica-
tions, buildings, etc. The motive power was
supplied by tightly twisted hemp, sinews of
animals or raw hide. There were two types of
ballistas: one throwing missiles at high tra-
jectories from the end of a rotating arm (See
illustration in Ref- 1, p8), the other working on
the same principle as a large catapult (See Fig
1 in Ref 3)

Refs:1)Greener(1881),8 2)Farrow’s Milit Encycl
1(1895),12g 3)EncyclBrtitannica 5(1952),24(under
Catapult) & 8)(1952),453(under Engines of War)
4)Macmillan’sEncycl 19593717
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Ballistic Cap. A forged steel cap used on armor
-piercing projectiles to protect the point from
shattering upon impact with target, such as
steel plate, By creating an initial stress in the
plate at impact and having a greater bite at
angles of obliquity, it lessens possible ricochet
and permits better complete penetration by the
projectile(Ref 2), Various types of ballistic
caps used in US artillery are shown on Figs 1,
2,6,etc of Ref 1. The ballistic cap is usually
covered with a windshield(qv) (See also Vol 1,
pA483-L under Armor-Piercing Projectile)

Refs: Anon, ‘Artillery Ammunition’, T™M 9-1901
(1950),5,8 & 12 2)A.B.Schilling, PicArsn; pri~
vate communication(1960)

Ballistic Homogeneity of Poudres B was dis-
cussed by J.Fauveau,MP 33,461-2(1951). If
samples of proplnt taken from any part of a
lot possess identical ballistic properties, the
ballistic homogeneity is considered to be
satisfactory

Ballistic Measuring Methods and Ballistic
Testse In order to determ ine the suitability for
military purposes of propellants, explosives,
projectiles, weapons, etc, it is required that
tests be conducted, using appropriate devices,
As a final test, firings are conducted on a full
scale at proving grounds

For instance, a proplnt to be ballistically
suited for a certain weapon, must provide a
prescribed muc<zle velocity(qv) at a pres-
sure below a prescribed maximum, which has
been previously detd as safe for the weapon in
question. In order to test the suitability of 2
proplnt, a series of rounds is fired beginning
with small proplnt chges. These are increased
graduzlly until a muzzie velocity is reached
which is equal to or sl higher than that desired,
or until the max press is exceeded. During the
test, samples of ‘Standard’ proplnt are also
fired alternately with the test proplat for the
purpose of calibration. Pressures and muzzle
velocities for the test proplnt are plotted as
functions of the wt of the chge. The chge
(optimum charge weight) which will give the
desired muzzle velocity is detd from the result-
ant curve. A series of uniformity tests, using the
optimum charge weight, is then run during which
the variations of velocity and mean pressure
must fall within narrow prescribed limits if the
propint is to be accepted(Ref 2)See also under
Muzzle Velocity Determination: Pressure Meas-




urements, and Terminal Velocity Determinations)

These tests, when conducted in different
weapons, may also serve as ballistic tests of
the weapons

As examples of ballistic tests for explosives
may be cited brisance, power, velocity of det-
onation tests, etc. Some of these tests are
briefly described under Physical Tests, Vol 1,
p VIiff, of this Encyclopedia, others wiil be
described later, Ballistic tests for shells,
bombs, rockets, gu—:uauca, €tC may include Lrag'
mentation characteristics, penetration in armor
(or concrete), etc

Following are some refs on ballistic meas-

g and .
S ana tests:

1)C.J.Cranz, ‘Lehrbuch der Ballistik’, Springer,
Berlin,vol 3(1927) and Ergd nzungsband(1936)

2)T.Hayes, ‘Elements of Ordnance’,Wiley, NY
(1938) 3)M.Mever, ‘The Science of Explosives?’,
Crowell,NY(1943) 4)Anon, ‘Ordnance Ptoof Man—
ual’ ORD-M608-PM(1946) (Ballistic tests used
by the US Ordnance Installations are described
in detail) S).Cohen, ‘Ballistic Testing of
Rockets’, Lecture delivered at PicArsn,14 March
1947 6)W.D.Chesterman, ‘Photographic Study of
Rapid Events’, Clarendon Press,Oxford(1951) 7)
H.Stadler et al, Explosivst 1954,144-8 & 1955,
1-6 (Measurements in internal ballistics) 8)P.
Naslin & J.Vivié, '‘Photographie et Cinémato-
graphie Ultra-Rapides’,Dunod,Paris(1956) 9)
J.F.Roth, Explosivst 1957,161-76(25 refs)
(Ballistic measuring methods)

Ballistic Missile, Any missile that is guided
during powered flight in the upward part of its
trajectory ard becomes a free-falling body in the
latter stages of its flight toward its target. It
contains guided mechanisms, but is distinguish-
ed from a guided missile in that it becones a
free falling body, subject to the laws of bal-~
listics, as it descends through the atmosphere.
The missile is designed to travel in the outer
atmosphere or beyond it before plunging towards
its target. The German WWII missile V-2 and
US Polaris, Pershing and Thor are examples of

ballistic missiles (Refs 3,10 & 14)

Refs: 1)U.D.Rose, Die unheimlichen Waffen,

?
Atomraketen tiber Uns’,Schild Verlag,Miinchen

-Lochhausen(1957) 2)A.F.E:son Scholander,

‘Robotvapen’, Folkvorsvaret Forlags AB

[gootvapen , I [+]8.4"

(Sweden)(1958) 3)Interim Glossary Aero-Space
Terms, Air University,Maxwell Air Force Base,

Alabama(1958),5 4)K.F.Ganz,Edit,"The United
States Air Force Report on the Ballistic Mis-
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sile’, Doubleday,Garden City,NY(1958) 5)H.E.
Newell,'Guide to Rockets,Missiles and Sat-

ellites’,Whittlesey House,NY(1958) G6)R.B.Dow,

‘Fundamentals of Advanced Missiles’,Wiley NY
(1958) 7)].W.Herrick,Ed,'Rocket Encyclopedia
Illustrated’,Aero Publishers,Inc,Los Angeles

. m SN~

26, Calif(1959) 8)C.E.Davis, ‘The Book of Mis-

siles’,Dodd,Mead & Co,NY(1959) 9)Editors of
Air Force Magazine, ‘Space Weapons; A Hand-
book of Military Astronautics’,Praeger, NY(1959)

LW a\Yrh | £ 171080\ 2an 1IN\ F

iUpriossary or Uraliboh),5U LL)A.T uanz, JNu‘

clear leght Duell,Sloan & Pearce,NY(1960)

ay & Wl £

o))
12)F .x.uxuway

Missile and Spacecraft Guide’ McGraw-Hill,NY

71060 123A Rall *Ralliceis and Guided Miasilag?

\L1x0V) 15 )40.081, oanistic and Uuideda Missiies),

F .Miiller,London(1960) 14)U.S.Military Standard
‘lL-STD-4A/‘ '\Tnmnnh]arnrn and Definition in

enciature ang l'ennition

the Ammunition Area(1961),pp8-9 15)E.Burgess,
‘I.on Rangp Ballistic Missiles’,Chapman &

Dallis MISS —11apINal n

Hall,London(1961)

I\.b. waKe lUIU, 1llLCIudLIUlldl

Ballistic Modifiers for Cast Rocket Propellants
are discussed in the National! Lead Co Repts
for Project TU-2,Contract DA 30-069-501-ORD-
2005(Conf)

Ballistic Mortar Test. A brief description is
given under Physical Tests,pVII in Vol 1 of
this Encyclopedia. See also J.Taylor & J.H.
Cook, J.Scilnstruments 26,266-8(1949) (Improved
operation of the ballistic mortar for detg the
‘power’ of HE’s)

Ballistic Pendulum Test is briefly described.
under Physical Tests, pp VII-VIII  in Vol 1(See
also A.Schmidt,Explosivst1962,23-34)

Ballistic Penduium Chronographs(Ballistis-
chependel-Chronographe in Ger) are devices

in which projectiles of a certain weight strike
the lower part of a pendulum causing it to swing.
The greater the swing, the greater is the veloc-
ity of the projectile. The theory in the design

of these devices is based on the idea of Cassini

(1707), but 1t was Robins(1740), and Hutton

A p—- - Py - - ~ -
(1775) who const ucted the first appaLat‘ua

Considerable work on the improvement
dane Fran The tesult‘

o o ey s » re
as aond in srance., 14af

apparat

us w
device of Didion-Morin-Piombert was used suc-
he

(r:

ecinning in 1834, for many years.

cessfu beginning in 1836, for

Another apparatus of this kind was that of

Cheval-Minarelli-Fitzgerald, invented in 1901
Ballistic pendulum chronographs are not the

same as Pendulum Chronographs(qv)

cessfully,

years




Ref:Cranz 3(1927),39-51

BALLISTICS(Balistique, in Fr;Ballistik, in Ger)
Ballistics is the science that treats of the
motion of projectiles and is a particular branch
of Applied Mechanics

Ballistics has two major divisions:
A.Interior or Internal Ballistics- the study of
Motion of the projectile while still in the bore
of the gun. This includes the consideration of
the mode of combustion of the propeliant, the
pressure developed in the chamber, the velocity
of the projectile along the bore, etc
B. Exterior or External Ballistics- the study of
the motion of the projectile after it leaves the
muzzle of the weapon

The branch of ballistics called
listics is concerned with the forces operating

at the end of the projectile trajectory, that is,

at the target. This is really a part of external

T omeresan 2] R o1
L eTminidi Ddi~

s sometimes

ballistics, al:hgmoh this branch i
referred to as a division (Ref 37)
Following is a selected list of b
pers on ballistics:
1)A,Brynk, “Interior Ballistics’, translated from
Rus by J.B.Bernadou, USGovt Printing Off,Wash-
ington,DC(1904) 1a)G.Schweikert, ‘Innere-Bal-
listik’,Leipzig(1923) 2)C.J.Cranz, Lehrbuch der
Ballistik’,Springer,Berlin,vols 1-3(1925-1927)
and Erganzungen(l936), Enghsh translation by
the division of Armor and Ordnance, NDRC(1944-
1945) (Mimeographed) 3)Gen P.Charbonnier,
‘History of Ballistics’,MAF 7,1227(1927)
4)G.Bruno, *Corso Teorico-pratico di Bal-
istica Esterna’ Arti Grafiche Castello, Torino
(1934) 5)].N.Bingen, 'La Technique de
I’Artillerie’, L’Ecole Royale Militaire de
Belgique,Bruxeiles,Vol 1, ‘Balistique Intér-
ieure’(1935) and Vol II, ‘Balistique Extérieure’
(1936) 6)T.Hayes, ‘Elements of Ordnance’,
Wiley,NY(1938),65,96 & 397-468 7)H.Schardin,
‘Beitrdge zur Ballistik und technischen Physik’,
Barth,L.eipzig(1938) 8)R. Winter, MAF 18,775-862
(1939); 19,3-75 & 199-270(1940); 20,163-214
(1946) (Interior Ballistics) 9)H.Athen, ‘Bal-
iistik, Quelie & Meyer,Leipzig(1941) i0G)T.
Vahlen, ‘Ballistik’,W.de Gruyeter,Berlin(1942),
reprinted by Edwards Bros,Ann Arbor,Michigan
(1945) 11)] M ] Kooy & ] W H Uytenbogaart,

ooks and pa-

o ’ M Dk (T Hanel ae
Rocket Weapons ,Techmcal £uo \.-U,xlaau.cul

(1947) 12)M.E.Serebryakov, ‘Interior Ballistics’,

QOboronizdat. Moscow(1040) rranslated I\" De. V.

SoSCICNIZG COWN L Ja) /e fa0818084
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Nekrassoff, Contract NOrd 10260(1954), Wash=
ington, DC,p22  13)Anon,'Exterior Ballistics’,
USMilAcad,West Point,NY(1949) (P amphlet)
14)R.N.Wimpress,'Interior Ballistics of Solid
Fuel Rockets’,McGraw-Hill,NY(1950) 15)7.
Corner, ‘Theory of Internal Ballistics of Guas’,
Wiley,NY(1950) 16)H.P.Hitchcock, Handbook
of Ballistic and Engineering Data for Ammu-
nition’, Ballistic Research Lab,Aberdeen,Md,
vols 1 to 4(1950) 17)F.R.Hunt,'Internal Bal-
listics’,Philosophical Library,NY(1951) 18)Anon
‘Interior Ballistics’,USMilAcad West Point,NY
{(1951) ( u-'ampme:) 1/)Anon, Terminal Balbistics’ 'y
USMilAcad,West Point,NY(1951) (P amphlet)
20)SACMS(Scientific Advisory Council,Min-

istry of Supply) ‘Internal Ballistics’, Philos-

ophical Library, NY(1951) 21)Anon,'Fundamentals

of Ballistics’,Special Text ST 92153, The Ord-

nance School Ahardeen D MJ 1052 N

3
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<

py4
Encyclopedia Britannica 2(1952),999-1006
?2“: 7 McShane 1.1 k'p”u & F,V.Renc

ARG, Jean Bl LEAN -

‘FExtarior
y W RXTICLIOT

Balhsncs , Univ of Denver Press(Mimeograph-
ed)(1953)843pp) 24)M.Garnier,'L.a Balistique
Extérieure Moderne en France’,Imprimerie
Nationale,Paris(1954).Reprinted from MAF 28,
117-234(1954) 25)Anon,‘Elements of Armament
Engineering’, USMilAcad,West Point,NY(1954),
Part 11,pp 85-110(Interior Ballistics);111-135
(Exterior Ballistics);136-44(Bomb Ballistics);
145-G4(Instrumentation) and 165-6(Terminal
Ballistics) 26)W.Bevelander, Uitwendige Bal-
listiek’,Uitgeverij Excelsior,s’Gravenhage
(Holland)(1954)(Exterior Ballistics) 27)P.
Tavernier, MAF 29,73-158 & 513-618(1955);
31,303-390(1957); 32,37-109 & 591-695(1958)
(Interior Ballistics, Theoretical) 28)H.L.Dry len
*Ballistics Research’,Ordn 40,893-7(1956)
29)P.Curti,Explosivst 1956,269-76(A mechanic-
al solution of interior ballistics) 30)G.Seitz,
Explosivst 1956,248-56, 1957,7-11,53-7 & 187-
94)(Computations pertaining to internal bal-
listics) 31)Collier’s Encyclopedia 3(1957),
336 32)R.Schmidt, ‘Praktische Ballistik fiir
den Artilieristen,Erste Einfuhrung in die Aussen-
ballistik’, E.S.Mittler, Frankfurt a/M(1957)
33)L.Besse,MAF 31,391-446,593-625 & 939-

1016(1957); 32,505-36 & 697-743(1958); 33,143
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239, 269-336, 555-608 & 807-926(1959); 34,13

110(1960XCourse of Exterior Ballistics)
24V Davic T W Fallin Tr 2 1 RIIP’A? Ex-
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terior Balhsucs of Rockets’, Van Nostra.nd
Princeton,NJ(1958) 34a)H.Athen,‘Ballistik’,

FINCCLOL \170) 2Jaa)ll.

Quelle & Meyer,l—le1delberg(1958) 35)W.C.
Nelson,Edit,'Selected Topics on Ballistics’,




NATO-AGARD,Pergamon Press,NY(1959)
36)R.E.Kutterer, ‘Ballistik’,Vieweg,Braun-
schweig(1959) 37)Glossary of 0Ord(1959),p30
(under ballistics)

BALLISTITE (Balistita in Span, Balistite in
Fr,Ital & Port, Ballistit in Germ & in Rus,
Barisutaito in Jap). A successful double-base
propellant invented by A.Nobel of Sweden in
1887-1888. One of the earliest compositions
(patented in 1888) contained NG 50-60 & dry,
pulped, sol NC 50-40%. The fibrous structure of
NC in this proplat was destroyed, not by the
use of a vol solvent(as in the case of the con-
temporary poudre B), but by dispersing the NC
in the powerful liq expl, NG, which functioned
as a non-volatile gelatinizer for the NC. In
order to facilitate the dispersion of NC in NG,
some benzene was added to the NG. After mix-
ing in a kneading machine, the benz was al-
lowed to evaporate and the remaining material
was passed several times through warm rolls
until it became homogeneous. Then the sheets
were rolled until the desired thickness was ob-
tained and cut into required shape and size. The
use of NS(nitrostarch) for part of the NC and
the addition of pulverized chlorate or picrate
were also mentiongd in the patent of 1888

In Nobel’s patent of 1889, the use of cam-
phor and volatile solvents(such as benz) was
eliminated and the gelatinization was effected
by mixing NC with NG under w, heating to 80°:
then rolling and cutting as above. In a mod ifica-
tion of this process the ‘gelatinization was
hastened by using an excess of NG and sub-
sequently removing it by means of 75% methanol

In the same year, Lundholm and Sayers, also
of Sweden, proposed facilitating gelatinization
by bubbling compressed air through a slurry of
NC, NG and stabilizers(such as aniline & chalk)
in hot w. Under these conditions a dough was
formed which was passed several times betw
rolls heated to 50-60°, Then th= sheet(carpet)
was cut into square flakes and these were glaz-
ed with graphite and blended. DPhA was used
as a stabilizer in later formulations of bal-
listite

As Ballistite proved to be very successful as
a proplnt, it was adapted by several countries,
among them Germany and Italy, while some other
countries preferred single-base proplats(poudre
B of Vieille in Frané¢e and Pyrocollodion of
Mendeléev in Russia). At the same time GtBrit
adopted Cordite, which is, strictly speaking, a
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modification of early Ballistite in which NG
together with a volatile solvent was used. The
US at first adopted a double-base proplnt,
Indurite invented by Munroe, but later switched
to Bernadou’s single-base proplnt Pyrocellulose
which was really a modification of Pyrocol-
lodion

The so-called solventless propellants used
in great quantities at the present time are real-
ly modifications of the Ballistite of Nobel

The Ballistite contg 50-60% of NG caused
considerable erosion of gun barrels because
of its extremely high burning temp due to the
presence of a large amt of NG. For this reason,
later formulations of Ballistite were made with
smaller amts of NG, partly replacing it with the
*cooler’ DNT. As this change involved decrease
in oxygen content, part of the sol NC(ca 12%N)

was replaced with insol NC(ca 13%N), which
contains more O. The resulting proplnt was
called Super-attenuated Ballistite. Its compn
was NG 25, DNT 15, 12%N NC 30 & 13%N NC
30%. It was used in WW1 by the French &
Italians and proved to be nearly flashless

Ballistites have been used as proplats not
only in cannon, but in howitzers, mortars and
in rockets as well

Following are some examples:
Brazil(Balistite). Admiral of Brazilian Navy
Alvaro-Alberto detnd some props(including
erosiveness) of several proplnts used in Brazil
among which was the Ballistite contg 50% NG
& 50% NC(Ref 10)
France(Balistite), designated BALn, consisted
of CP,(NC contg ca 12%N) with at least 40% of
NG; it was used in the form of square plates of
various thicknesses; the thinnest of them was
used for launching bombs and grenades (Ref 4).
Two formulations of Fr Attentuated Ballistite
are described in vol 1 of this Encyclopedia,p
AS506-L, under ATT
Germany(Ballistit). An older compn, WPC/89
(Wiirfelpulver/89), is described in PATR 2510
(1958), p Ger 11. Brunswig(Ref 2) lists the
compn: NG 40, collod cotton 49, MNN 5, vase~
lin 5.5 & moisture 0.5%. According to Pepin
Lehalleur(Ref 6), this proplnt was used in Nor~
way for rifles.
Italy(Balistite). Several varieties have been
used: a)Balistite normale o ordinario(Normal
or Ordinary Ballistite), also called balistite al
50%, such as manufd during WWII by the Societa
Dinamite Nobel, Avigliana, contained: NG 49.6
+2, NC(N=11.9+0.3%) 49.8+2, DPhA 0.5:0.3,
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are given in Refs 13,18 & 19. Although this

hgnnlnf was verv erosive, it was used on ace

et Shanhd SJ TEVELT Ty S MRS VA BN
count of its high ballistic strength; b)Balistite
a basso titolo(Ballistite of low Strength), also
called balistite al 42%, such as manufd by the
Societd Dinamite Nobel, Avigliana, contained:
NG 42.5+1.5, NC(N=12.0+0.25%) 56.5+2, Et
centr 1.0:0,5, graphite 0.2 & moist 0.5%. Its
props are given in Ref 13; c)Balistite attenuata
{Actenuated Ballistite), also called polvere
CG13, contained NG 25-26, NC(blend of collod
cotton & guncotton) 60 & DNT 16-15% with a
stabilizer added (Ref 19); d)Balistite attenuata
all’ acetilcellulosa(Attenuated Ballistite Con-
taining Acetylcellulose), developed by Giua(Ref
18,p 157) at the Societd Dinamite Nobel, con-
tained: NG 25, NC 60, acetylcellulose 10 & Et
centr 5%; e)Balistite al 60% contained NG 60 &
NC 40% with a stabilizer(added) 1-2%(Ref 3).
It was too erosive for use as a propellant in
guns, but it proved to be very suitable as a
bursting charge in some smaller caliber pro-
jectiles such as 37/40mm HE and 37/40mm
HEAP(Refs 14 & 21,p73) e)Filite - the name
for Ballistite in the form of cords{Ref 1)
Japan(Barisutaito). No info about its uses
Russia{Ballistit). No info on the use of Bal-
listite at our disposal. Burning characteristics

af Balllineican waee datarminad sacantly in Ruxca
Or1 paiiistites wWore aetermineéa recenuy in [\us

sia by Pokhil et al(Ref 24)

Shain(Balistita), Accordine to San Chg(Ref 7)

Spammioasisiiia,. Accerding o e Iy
the Spanish and Italians used balistita IE,

which contained more than 50% of NC. Its props
are given,(but no. compn) by Vivas, Feigenspan &
Ladreda(Ref 17,p89) who state that balistita is
manufd in Spain by the Sociedad Anénima de
Dinamica de Galdidcano(Bilbao).  When balistita
is made in the form of tubes it is calledtubelita
Sweden(Ballistit). Early Ballistites of Nobel and
of Lundholm & Sayers are described at the be-
ginning of this section, but no info is at our dis-
posal regarding current Ballistite. Stettbacher(Ref
5) describes the method of manufg Ballistite us-
ing machinery of the famous firm of Aktiebolget
Bofors Nobelkrut(See Bofors Industries) .
Switzerland(Ballistit). Stettbacher(Refs 16 & 20)
briefly describes the manur of Ballistites contg
40-50% NG and 60-50% collodion cotton. He also
states that Ballistites are used as rocket pro-
pellants(Raketen-Treibmittel) USA(Ballistite).
According to TM 9+1904(1944), p 96, the Bal-
listite used as propellant in trench mortars and
shotgun shells contained NG 39, NC 60, DPhA
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similar to Ballistite [P 204 developed by Aero-
jet Engineering Corp, Azusa, Calif which con-
tains: NG 43.0, NC(13.2%N) 51.6, K nitrate 1.4,
diethylphthalate 3.25 & DPhA 0.75%. To this
was added 0.16% of methyl cellulose(Ref 15).
Rinkenbach(Ref 11a) reported that thermal sta-
bility of Ballistite contg NC 69.25, NG 30.5 &
DPhA 0.25% with graphite coating, tested at Pic
Arsn, was satisfactory

In Ref 23 is given the compn of Ballistite JP,
which is practically the same as for JP 204 ex-
cept that JP apparently doesnot contain methyl
cellulose but does contain 0.1% nigrosine dye

Compositions of the following ballistites used
in rockets are given in Ref 15a:
JPH: NG 43.0, NC 54.5, EtCentr 1.0 & K sulfate
1.5%, with added methylcellulose 0.16 & carbon
0.10%
JPN:NG 42,9, NC 51.4, EtCentr 1.0, K sulfate
1.25, diethylphthalate 3.23, candelilla wax 0.02
& carbon 0.2%
Refs: 1)Marshall 1(1917),301 2)Brunswig,Prop
(1926),136 3)R.Molina, ‘Esplodenti’, Hoepli,

Milano(1930),393-5 4)Pascal(1930),227 5)Stett-

La bl _.71022\ 104 LY & JNp. 2l T TN AN
DAaCcnCi\iyoo 174 u;r epiil x.t:ua.ucuru./.‘))} AJU
7)E.E.Sancho, ‘Quimica de los Explosivos’,

A Annde Mada!I/10£1Y 227 O\R IT Qaon o, W AT
L3, gURATD, MAATIA\L /21,00 / O)D.J1.0888 O W.IN.
Lacey, ‘Extrusion of Ballistite Tubing and Rod’,

OSRND Rane AAB/DRI 27220 )Y7/1049)\ NV W Lacey

WIS INCPLE TR DL L/ L0V J\L L) SV slaally

& B.H.Sage,'Some Physical Properties of Bal-
listite’, OSRD 947(PRL 27283)(1942) 10)Alvaro-

...... oINS [ Sy » } 5 LODO A\A L) avjiaavVaIo

Albetto, AnaisAcadBrasilCienc 14, No 4,341(1942)
11)Davis(1943),293«6 11a)Wm.H.Rinkenbach,

PATR 1359(1943),p2 and table 1(Surveillance

and Heat Tests) 12)Pérez Ara(1945),413-14 &
442-3 13)].D.Parsons,PB Rept12663(1945),15-16
14)Anon, USNavy,BurOrdn Manual OP 1668(1946),
65 15)Aerojet Engineering Corp Rept 194(1946),
15a)W.W.Farnum,USNaval Powder Factory Tech
Rept No 15,Indian Head,Md(1947) 16)Stettbacher
(1948),42 17)Vivas,Feigenspan & Ladreda3(1948)
80 & 99 18)Giua,Dizionario, 2(1949),157 & 178
(under Esplosivi) 19)Belgrano(1952),110-111 & 114
20)Stectbacher,P6lvoras(1952),52 21)Anon, ‘Italian
and French Explosive Ordnance’, TM 9+1985.6
(1953),65 22)ArmamentEngrg(1954),42 23)].V.
Herrick, Edit,‘Rocket Encyclopedia Illustrated’
Aero Publishers, Los Angeles,Calif(1959),40
24)P.F.Pokhil et al,DoklAkadN 135,913-16

(1960) & CA 55,26445(1961) Engl transin by
Consultants Bureau,NY 11 in Chemical Tech-




nology Section, pp 193-5(5 refs)

Ballistograph is a device used for detg the
velocity of projectiles in flight by a photographic
method. It has been employed in conjunction
with a micro-time-measuring device called in Ger
‘Mikrozeitmess Instrument’. Both devices are
described in Refs 1 & 2

Refs: 1)F.Duda, SS 19, 100-4(1924) & CA 20,
732(1925) 2)Cranz, 3(1927), 329-335

Balloons and Airships and Their Application in
War. A balloon is a bag of light non-porous ma-
terial(such as paper, silk, rubberized cotton)
filled with either heated air or a gas lighter
than air(such as hydrogen or helium). The first
balloon was constructed in France by the brothers
Joseph & Jacques Mongolfier(1782)
The first balloons were so-called free balloons
or aerostats. They could carry one or several
persons, who rode in a basket attached by means
of ropes underneath the balloons. When balloons
are attached by cables to the earth or other
mooring they are called captive balloons, These
are often used as observation balloons. When a
free balloon is sent aloft without passengers
but with registering meteorological instruments,
it is called a sounding balloon. A balloon used
for investigation of high altitudes(such as 70,000
ft or higher) is known as a stratosphere balloon.
The so-called pilot balloon is a small free bal-
loon sent aloft to show direction of the wind.
The propaganda balloon is a small sphere de-
signed for spreading propaganda literature over
enemy territory. This work is now accomplished
almost exclusively by airplanes. A kite bal-
loon, such as that of Drachen or of Capt Caquot,
is an elongated form of captive balloon(common-
ly known as sausage) which is flown at a con=
siderable inclination to the horizon in order to
attain ‘kiting’ effect. The Caquot balloon was
used by the British during WW1 for observation
purposes, especially for spotting submarines
(see below under Balloons, Applications in War)
Until about 1850 none of the balloons could be
propelled or steered. The first balloon which
could be successfully propelled and steered
(airship) was constructed in 1851-2 in France
by H.Giffard. It was equipped with a steam en-
gine which rotated a propeller. The ship could
move at a speed of 6mph. Higher speed was
attained by later models, such as the one of
P.Haenlein(Germany,1872) driven by an interral
combustion engine; by A. & G.Tissandier(France,
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1883) and by C.Renard & A.Krebs(France,1884),
electrically driven

All the above-mentioned airships(also called
dirigibles)and a very successful model con-
structed in 1898 by A.Santos-Dumont, a Brazilian
inventor living in Paris, were nonrigid. The first
rigid-type airship was built in Germany in 1897
by D.Schwarz. Its frame was of aluminum and it
was filled with hydrogen. More successful was
the rigid dirigible Zeppelin invented ca 1900

During the 1st decade of the 20th century, air-
ship construction was carried on in most of the
major countries and during WWI, airships were
used by the Germans(who built rigid Zeppelins),
by Brit & French(who built nonrigid dirigibles)
and by Italians(who built semirigid airships)

After WW1 the Germans were prohibited from
building airships(or airplanes), while Brit, Fr
& Amer undertook extensive airship construction.
The Amer firm of Goodyear Aircraft, Akron, Ohio,
built many helium-filled nonrigid dirigibles, some
of them for the US Navy, others for commercial
purposes, such as advertising. About 1930 Brit
and then in 1937 Fr abandoned the building of
airships. Meanwhile the Zeppelin Co resumed
its operation(1937). As a result of this, at the
outbreak of WWII Germans had several modern
Zeppelins ready for service, while the Allies had
only a few nonrigid balloons, commonly known
as blimps. In the course of WWII' many more
blimps were constructed for the US Navy and
they were used successfully against Ger sub-
marines. At the same time, the hangars and pro-
duction facilities of the Zeppelin Co were de-
stroyed by bombing and this ended Germany’s
airship activity

The post WWII period of aeronautical develop-
ment began with only US and Russia engaged in
airship construction and this oanly to a limited
extent due to competition from airplanes
Balloons, Application in War. The first use of
balloons by the military appears to date from
the period of the French revolutionary wars(1789-
99), when a ‘corps of aeronauts’ was formed and
sent by the French in balloons over the Dutch
add Austrian troops. The unexpected appearance
of balloons had a demoralizing effect on the
enemy and caused them to retreat. Later(1812),
the Prussians employed balloons against the
Napoleonic troops, but without great success.
Balloons were also used for bombing purposes,
as briefly described under Bombs, Historical(see
under BOMBS)

In the Amer Civil War(1961-5) balloons were




used for observing and photographing the en-
emy’s terrain and troops. Again, balloons were
used during the Franco-Prussian War(1870-1)
(such as for evacuating some Govt officials from
besieged Paris), in the campaign against Tonking
(1880’s), in the Bechuanaland expedition(1880’s),
in the Spanish-American War(1898) and in the
Russo-Japanese War(1904-5). With the advent of
WW1, every major power began to pay more atten-
tion to war balloons. The captive balloons
(sausages and blimps) were used in balloon
barrages(qv) and forobservation purposes. One

of the methods used to spot a submarine was to
attach, by means of a cable, a balloon manned

by one or more observers in a basket below, to

a destroyer or other ship going to sea for patrol-
ling purposes. The use of power-driven balloons
(airships or dirigibles) was not only for obsetva-
tion purposes but also, to a limited extent, for
bombing(especially by Ger Zeppelins)

An ingenious application of balloons was made
by the Japanese during WWII. They constructed
ca 1000 paper balloons, spherical in shape and
33 ft in diam. The balloons were filled with hydro-
gen and could stay in the air for ca 1 week at a
an altitude of ca 5 miles. A basket suspended
underneath each balloon contained a bomb(in-
cendiary or antipersonnel), two self-destroying
devices, batteries activated by solar energy,
several paper bags with sand(used as ballast)
and devices for maintaining the balloon at the
desired altitude and for bringing it down some-
where on the North Amer continent

The balloons were rele2sed from Japan one by
one in the autumn of 1944 to be carried by easterly
winds(prevailing at an altitude of ca 5 miles)
toward Canada or the US. These balloons de-
cended mostly in the Pacific coast atea, such as
Brit Columbia, Washington, Oregon & a few in
Calif. Some balloons were carried to central or
even eastern parts of Canada and the US. Total
number of recovered balloons was ca 300, but many
unquestionably have remained undiscovered be-
cause of the vastness of uninhabited territory on
this continent. Some of the balloons travelled
6000 miles in 4 days at an average speed of ca
70 mph

The damage caused by bombs(incendiary orHE)

carried by J apanese balloons was. negligible(Ref
1)
Refs: 1)R.W.McKay,'Japanese Paper Balloons’,
Engineering Journal 28,563-7(1945) 2)Merriam-
Webster's(1951) ,209 3)EncyclBritannica(1952)
1,464-71(Airships) & 2,1006-10(Balloons)

IHISIIPS &0 £, DAlioons
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4)Collier’s Encycl(1957), 12,378-83(under ‘Light-
er-Than-Air Craft’) 5)M erriam-Webster’s(1961),
167-8

Balloon Barrage. As originally developed in Gt
Britain during WW1, a balloon barrage involved
the release at a m ax height of 10000ft batteries
of three kite balloons (sausages) of 1G000cu ft
capacity each, one at the center and ore at each
end of a horizontally floating cable 1000ft in
length. From this was suspended, at regular in-
tervals, a series of steel wires trailing earth-
ward like flexible teeth in an enormous comb.
An attacking airplane was thus forced either to
rise above this contrivance or to dive below it.
In the first case, the height would be too great
to permit accurate bom bing(at this time), while
in the second case a plane would risk exposure
to the effects of point-blank AA fire

With the advent of WWII, the barrage ceiling
was increased to 15000ft and balloon barrages
assumed new importance, especially in the de-
fense of London

Similar ‘sausages’ towed singly by destroyers
or merchant vessels, served as barrages in the
defense of convoys passing through the English
Channel because they rendered hazardous any
attempt by hostile air raiders to carry out dive-
bombing operations
Refs: 1)Anon,'Barrage Balloon Manufacturing’,
Manufacturers’ Record 112,36-7(1943) 2)E ncycl
Britannica 2,{(1952),1011 3)Collier’s Encycl(1957)
12,380(under ‘Lighter-than-Air Craft’)

BALL POWDER or BALL GRAIN POWDER
(Globular Propellants or Olin Ball Powder)
(Poudre sphérique in Fr; Pélvora W in Span,
where W stands for Western; Perlpulver in Ger).

The process for the manuf of this proplat was
developed ca 1935 by Fred Olsen,Director of
Research, Western Cartridge Co, Division of Olin
Industries,Inc(now called Olin Mathieson Chemical
Corp),East Alton,Ill. The process bears little re-
semblance to conventional methods of manufg
propints and results in a product that is unique
in the expls industry. The proplnt consists of
small spheres, not larger than 0.030” in diam.
Ellipsoids can be obtained by flattening the
spheres by mechanical devices

Manuf of ball proplat consists essentially of
the following operations, as described in Refs
1-4:
A. Shaping of Propellant, also called Granulating

or Hardenin
or 7ar 17




a)NC of 12.4 to 13.4%N, previously pulped, sub-
jected to a short preliminary boil and washed with
cold water(to remove the bulk of acid), is placed
on a "nutsch’ or a centrifuge to remove the bulk
of the water. The slightly wet NC is loaded into
drums and transferred from the NC plant to the
‘ball powder plant’

Note: Instead of using straight NC, a mixt of NC
and some reworked or deteriorated smokeless
proplat may be used. The grains of proplat larg-
er than 80-mesh must be previously reduced in
size by treatment under water(buffered to ca pH
7.2) in a hammer mill. Treatment in w will re-
move the acidic decompn products of NC but will
not remove the nitroso- or nitro- derivs of DPhA,
if they are present. In this case, the addn of a
larger amt of DPhA than usual would be required
in subsequent operations

b)The NC is unloaded from drums into a sump
and then, after mixing with an additional amt of
w, the NC is pumped as a slurry into a closed,
stainless steel, cylindrical jacketed vessel,
known as shaping tank(capacity 3200 to 84001bs
of finished product). The vessel is provided with
a vertical condenser for recovery of solvent
vapors and a mechanical agitator which is driven
through a Reeves variable speed drive by a motor
situated in an adjoining room

¢)The shaping tank is filled to a predetnd level
with w contg some finely pulverized or pptd
chalk, after which steam is introduced into the
jacket and a volatile org liquid, such as ethyl
acetate(which is a good solvent for NC but is
immiscible with w), is added while the agitator is
in motion. A small amt(ca 1% based on the final
product) of stabilizer, such as DPhA, is usually
added to the et acet before it is poured into

the shaping tank

Note: The amt of et acet used should be such as
to make a lacquer contg 15 to 25% of NC. The
viscosity of this lacquer should be from 300 to
2500 secs at 25° by the Falling Ball Method. As
the lacquer is lighter than w, it has the tendency
to rise to the surface

d)After raising the temp to ca 50° and agitating
for ca 30mins, all the NC goes into soln and the
mineral acid(mostly sulfuric), which was tenacious
ly held by the NC fiber, is released. The agita-
tion disperses the lacquer in the water phase
(forming a quasi-emulsion) and washes the acid
out. The fine particles of chalk, which are pre-
sent in the mixt, neutralize the acid, leaving

the neutral and stable NC dissolved in et acet
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Note: The operations described above are applic-
able to any single-base proplnt. In order to pre-
pare a double-base proplnt, the required amt of
NG(or NG + NGc) in a suitable solvent is added
at this stage of the process and dispersed un-
iformly throughout the quasi-emulsion. Substances
like DNT, TNT, DBuPh, centralites, etc may be
incorporated, if desired in the same manner as
NG

e)The next operation, which consists of breaking
down the lacquer into small spherical particles,
is of utmost importance and requires skillful
operators and ca one hour of time

f)With the agitator blades adjusted to shear off
portions of the lacquer, and with the colloidal
soln being agitated rather rapidly, a small quan-
tity(1-2% of the total amt of ingredients) of an

aq dispersion of a glue-like substance, such as
starch, dextrin, gum-arabic, bentonite, animal
glue, etc(called the ‘protective colloid®), is
added to the contents of the ‘shaping tank’. As

a result of this operation the NC lacquer is
broken down into small spherical particles which
are suspended in the water phase. If the pro-
tective colloid is not added, the grains of proplnt
which form during stirring coalesce, forming a
continuous gelatinous mass as soon as part of
the solvent is removed

Note: The probable theoretical explanation of the
formation of globules from the lacquer in the
presence of a protective colloid is given by
Olsen in Ref 1, pp 3-4 under 'Operation’

g)The size of the globules, and of the grains
formed later, depends upon a number of factors:
the grain size decreases with increase of rotor
speed, with increase in percentage of protective
colloid present and with decrease(within certain
limits) of the inherent viscosity of the NC
(viscosity of a given wt of NC in a given quantity
of std solvent). Other factors, such as temp,
agitation tim e, the shape of the agitator, the
type and quantity of colloid added, and the rate
of removal of the solvent, also influence the

size of the grains

Note: Proplats for various purposes range in
finished sphere diam from 0.006” to 0.030”, but
for any particular proplnt, a rather close tolerance
of sizes is desired. For instance, 0,006 to 0.010”
for US cal .45 ammo; 0.010 to 0.014” for M-1 car-
bine; 0.015 to 0.030” for US cal .30(1906) ammo
and 0.025 to 0.030” for US cal .50 and the 37mm
cannon

h)The next opern, consisting of debydration of the




grains, is also of great importance because if it
is not done properly the shape and density of
the resulting grains will not be as required

"The first step in this opern is to remove the
small amt of w which is dispersed(or emulsified)
in the globule of NC lacquer. Should this w be
left through subsequent operations, the final
ball grains would be porous and of low density.
If, however, the w is removed before hardening
of the grains, too high d material is obtained.
The removal of w is achieved by dissolving an
inorg salt(such as Na sulfate) in the water phase
in order to set up an osmotic pressure gradient
betw the w dispersed in the grains and the w in
the tank. As a result of this, the w migrates from
the grain through the NC lacquer(which acts as
a semi-permeable membrane) to the Na sulfate
soln in the tank
Note: As a rule, high d of grains can be achieved
by dissolving a larger amt of inorg salt. The d
may also be controlled by the temp and the time
i)When the grains have assumed the desired shape
the next step is to remove the volatile lig(such
as et acet) by distillation. For this operation a
condenser is connected by a pipe to the upper
part of the shaping tank and the temp in the tank
is raised to the bp of phe vol lig(§9°for et acet).
During the distillation period, the contents of the
tank are kept agitated but at a lower rate than
during the shaping period
Note:Rate of removal of the vol liq is a determin-
ing factor of grain size and care must be taken
not to remove the liq too fast - otherwise hol-
low and porous grains, having the appearance of
popcorn, are obtained. If, however, the liq i5 evap
at too slow a rate and at a temp below its bp,
extremely dense spheres are obtained. As a rule,
the rate at which the vol liq can diffuse through
the lacquer depends upon the viscosity and there-
fore upon the amt of vol liq present in the grain.
The rate of diffusion must exceed the rate of
removal of vol liq from the tank(by distn) or a
hard skin(case) is formed around each globule.
As the skin would not soften, the resulting grain
would be hollow
j)To achieve the best results in distn, the sol-
vent must be removed at a fairly rapid rate at
the beginning and at a decreased rate later until
the grains become case-hardened. After this, the
rate of distn can be reasonably increased until
the complete hardening of the grains

As an example, Olsen(Ref 1,p4) suggests start-
ing the distn for high d proplats at 68%sl below
the bp of et acet) and then raising the temp
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gradually (within 65 mins) to 72° After case-
hardening, the temp is raised to 95° and maintain»
ed until the vol liq is completely expelled
k)The distilled vol liq, mixed with w, passes
from the condenser to a separator which is a
cylindrical vessel provided with a gage and
valves. Here, et acet collects at the top and thus
separates from w whi ch forms the bottom layer
1)At the end of the disth, the contents of the
tank are allowed to cool to ca 50° and then are
pumped as a water-slurry to a cylindrical tank
(provided with an agitator) placed above the
rotary wet screens. The resulting proplnt grains
contain ca 1% of residual vol liq and the variation
in diam of the spheres may be as high as 0.02”
Note: Due to the fact that a completely closed
system is used in the shaping tank, the losses
of vol liq are very small(ca 3%)
B. Wet Screening. In order to achieve closer size
separation than could be done in the opns de-
scribed above, the hardened balls are washed
free of shaping tank lig(which consists of an aq
soln of Na sulfate and all the protective colloid)
and are then run:through two or more rotary wet
screens(such as the Trommel! type) each of which
separates two fractions: ‘through’ and ‘on’. By
using various series of screens, as many fractions
as desired can be separated, most of which are
usable directly in one grade of proplnt or another
After sizing, the ag suspensions of grains are
stored in cylindrical, agitated storage tanks from
which they can be pumped to the coating still,
capacity up to 120001bs
C. Deterrent Coating. If the proplnt prepd as
above is used as such, it would be degressive
burning. Inasmuch as the design of current
weapons is based on the use of progressive
buming proplnts, the initial rate of burning of
balls must be reduced to such an extent that
the proplnt will become moze or less progressive
burning. This may be achieved by coating the
balls with a slow burning material, called deter-

* rent, and the following method can be used:

a)To the agitated aq slurry of uncoated proplnt
in the coating still is added the desired amt(such
as 5-10%) of deterrent agent(such as DNT, di-
butyl- or diphenylphthalate, etc) in the form of
an aq emul sion. In the case of a material such
as DNT, an emulsifying agent, such as saponin
in w, can be used

b)With steam heat in the jacket, the charge is
contipually agitated until the deterrent has
penetrated to the desired depth on the surface
of the balls. This might take from 4 to 15hrs for




a 12000-1b batch
Note: Coating with a deterrent not only modifies
the rate of burning of the proplnt, but it also
renders the grains waterproof
c)The slurry of coated grains is pumped to the
feed tank from where it can be sent either to the
rolls(if the grain web is to be reduced in size)
or directly to the top-feed filters(if the rolling
operation is consideted unnecessary)
Note: If it is desired to have the grains easily
ignitable, they are coated with an accelerator
(such as NG) instead of a deterrent. For this, a
20-30% soln of NG in alc or in benz is added to
the contents of the coating tank and the slurry
is agitated in the same manner as for coating
with a deterrent and the desired amt(5-10% based
on the dried wt of finished proplnt) of NG is added
D. Wer Rolling. Since the ballistic performance
of a proplnt depends to a great extent upon the
thickness of the web of the grains, it is important
to have it as uniform as possible. As it is diffi-
cult to prep all the balls of exactly the same
diam, the simplest way would be to select a batch
with sl larger grain diam than required and then
to slightly flatten the balls to form ellipsoids hav-
ing their minor diam that corresponds to the de-
sired web thickness. This is done because the
time of combustion of an ellipsoid(or a similar
flat grain) is the same as that for a ball of diam
equal to the minor diam of an ellipsoid, provided
that all the grains have the same compn and d.
Ellipsoidal-grain proplnts are called in France
poudres sphériques ecrasées and they were in-
vestigated by Tavernier(Ref 14) from the theoret-
ical point of view

Rolling may be accomplished by passing a
thick slurry of hot balls betw the faces of two
highly polished, cylindrical rolls set together in
such a manner as to reduce the web size so that
the variation in diam is ca + 0.001”
Note: If for some reason it is not desirable or
convenient to roll the ball powder, the equal time
of burning of small and large grains may be
approx achieved by surface-treating the larger
grains with an accelerator(such as NG) and the
slower grains with a very slow deterrent, such
as some phthalate
E. Filtering and Centrifuging. Before the proplnt
is sent to the dryers, it must be dewatered to
8-15% H,0 content(depending on the nature of
the material) by passage either through a centri-
fuge or through a top-feed vacuum filter, such as
the Oliver type
F. Drying is usually accomplished in continuous-
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belt dryers which are equipped with infrared lamps
for heat supply

According to Olive(Ref 7), the damp proplnt is
fed directly to the belt (made of rubber or can-
vass, 48" wide and 80ft long, from a hopper contg
an agitator. One hundred and forty 250watt infra-
red lamps are placed in 28 rows about 18" above
the proplnt layer on the belt, being more closely
spaced at the entrance end of the damp m aterial
than at the exit end. The ensemble is enclosed
in a long chamber made of light metal panels, in-
sulated and hinged, to serve as explosion hatches.
A small amt of air, preheated by steam coils to
ca 50° flows counter to the proplnt movement to
carry away the moisture. The heat is regulated in
such a manner that the temp of the material is ca
72° as shown by thermocouples riding on the sur-
face of the moving layer of proplnt. With the a-
bove installation, 140lbs of proplnt can be dried
in 1 hr with an av consumption of 0.196kw-hr per
Ib of dry proplnt. Drying time takes ca 1 hr

In the absence of an infra-red dryer, the pro~
pellent may be dried in conventional dryers(such
as a tray dryer) but it takes a longer tim e(6 to
10hrs)
Note: In any case, drying of ball powder is much
quicker than drying of conventional proplnts,
which usually takes several days
G Glazing. In order to prevent the formation of
an electrostatic charge, the proplnt is glazed
with graphite. For this, the dried material is
loaded into cans and transferred to the glazing
bldg, where it is weighed in 1200-1b batches to-
gether with 2.5 to 6lbs of powdered graphite.
Then each batch is rotated in a conventional
sweetie barrel until a uniform black glaze and
the desired moist content are obtained(which
takes ca 2hrs)
H. Dry Screening. The glazed proplnt falls by
gravity onto a conventional shaker screen, the
purpose of which is not only to remove the over-
size and undersize balls, but also any impurities
which may have been picked up during previous
operations
l. Blending, Packing and Magazining. Since each
batch might have sl different props, the best

practice is to thoroughly mix several batches so
that the resulting blend will have intermediate
props. By so doing, it is possible to obtain large
batches(called lots) which are practically identi-
cal. The blending is done in a conventional
blender, which consists of a talltower in which
the proplnt, first elevated to the top floor, grad-




ually descends by gravity through a succession
of hoppers and knife edges where the flow is re-
peatedly divided and recombined :

After blending, the proplat is sampled, packed
in a number of airtight cans and transferred to a
magazine for storage. After inspection and ‘ac-
ceptance tests, the proplnt is either used for
loading ammo or left in storage until needed
Note: If a proplnt of uniform-sized balls does not
possess the ballistic props required for a given
weapon, materials of different grain size may be
blended to secure such props(Refs 1-7 & 21+22)

The method of manuf described above may not
be exactly the same as currently used because
many modifications of the original Olsen method
were proposed in the last 15 years
Laboratory Metbod of Preparation of Ball Powder.
Take a wet, pulped NC(N=ca 12.6%) of known
water content and weigh 60g(on a dry basis),
Transfer to a 2-1 fluted round-bottom, 3-neck flask,
provided with a stirrer, and add 200m! distd w.
Add, while stirring, 1g of 2-nitrodiphenylamine
dissolved in 450ml ethyl acetate. Start to heat
very slowly and add any other required ingredi~
ents, such as DNT. If the proplnt is intended to
be double~base, the prescribed amt of NG or
DEGDN, dissolved in a suitable solvent, is added
at this stage. After raising the temp to ca 50°
and agitating for about 30 mins, all the NC goes
into soln forming a lacquer. After increasing the
agitation to a rather rapid rate, add ca 120m!l of
20% aq gum arabic soln or any other suitable
protective colloid such as methyl cellulose. As
the result of this operation, the NC lacquer is
broken down into small spherical particles which
remain suspended in the water phase. Since these
particles contain some water, it must be removed
before the next operation. For this, add to the
slurry 50g Na sulfate dissolved in 200ml of distd
w preheated to ca 60°. When the grains have as-
sumed the desired shape, start to remove the et
acet by distillation. For this, heat the slurry
gradually to 69°(bp of et acet) while continuing
the agitation and then finally heat to 72-75°.
There is no necessity to heat the slurry to 95°
as is done in plant operation

Cool the slurry to ca 50° and either centrifuge
it or filter through a Blichner. Wash the balls
with cold distd w to remove the protective colloid
and Na sulfate, spread the proplat on a filter
paper and dry it

Following are some advantages in the manuf
of ball powder over conventional proplats:
a)The NC required to manuf ball powder does
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not need to be conventionally stabilized but
simply sour-boiled and washed with cold w. Not
only is freshly prepd NC suitable for ball powder,
but also any discatded or reworked NC or smoke-
less proplnt may be utilized

b)The process of manuf is safer than for conven-
tional proplnts because all the opns previous to
drying are carried out under w and transfers of
the NC are done by pumping it in a state of
water slurry

c)Much simpler and less expensive equipment is
used in the ball powder process than in manuf of
conventional proplats. No hydraulic presses are
required

d)Shorter number of man-hours are required for
production of unit wt of ball powder. The process
is less expensive to operate than the conven-
tional process for proplnt manuf

e)Since the operation involving a volatile liquid
is conducted in a closed vessel, the losses of
vol liq are very small(ca 3%)

The ball powder itself possesses the following
advantages: a)lt can be made either as single- or
double-base proplnt using the same equipment
b)It flows and screens very easily c)It possesses
a higher thermal stability than any of the known
extruded proplnts d)It possesses uniform d of
loading and it is possible to secure, even by
volumetric loading, charges in which the ballistic
characteristics can be accurately controlled e)
There exists the possibility of varying the d of
grains when desired to secure slower or faster
burning proplats f)Less gun barrel erosion than
for conventional proplnts g)The possibility of
manuf of some types of rocket proplnts by mixing
ball powder directly in the rocket motor with a
non-volatile solvent and then allowing the thick
slurry to set to a solid or semi-plastic mass

Following are some disadvantages of ball
powder: a)lmpossibility of producing balls larger
than about 0.030" in diam. As such small grains
are comparatively fast burning they are suitable
only for smaller ammo- up to ca 37mm b)Im pos-
sibility of making all grai ns of the same batch
exactly the same size c)Impossibility of incorp-
orating water-soluble salts, such as K nitrate or
Ba nitrate, in the balls because these salts
would be diffused in water during the manuf. Even
some of the insol salts(such as lead stearate)
cannot be incorporated in the balls
Refs: 1)Fred Olsen,G.C.Tibbitts & E.B.W.Kerone,
USP 2047114(1936) 2)F.Olsen & G.C.Tibbitts,
USP 2111075(1938) 2a)H.F.Schaefer,U SP 2160626
(1939) 3)F.Olsen,G.C.Tibbitts & E.B.W.Kerone,




USP 2175212(1939) 4)Ibid,USP 2206916(1940)
5)Davis(1943),328-30 G)A.Strasser,P ATR 1459
(1944) (Astudy of consolidated ball powder from
Western Cartridge Co) 6a)C.E.Silk,USP 2375175(°45)
& CA 39,3672(1945) (Spherical grains of smokeless
proplat) 7)T.R.Olive,ChemEngrg 53,No 12,92-6 &
136-9(1946) (Ball-powder process upsets expls
industry tradition) 7a)Stettbacher(1948)- not de-
scribed 8)Riegel, IndChem(1949),718-19 9)P.
Tavernier,MP 31, 208-10(1949)(Density of ball
powder) 10)E.P.Reichardt & B.C.Baldridge,USP
2543535(1951) & CA 45, 5930(1951)(The bal-
listic prop of ball-type propint can be regulated
by controlling the amt of w left in the grain prior
to rolling) 10a)Belgrano(1952)- not described
10b)Stettbacher,Polvoras(1952)- not described
11)Anon,Explosivst 1953,41-42(prepn of ball
powder) 12)].Fauveau & J.Chosson,MP 35,183-90
(1953) (Surface treatment of ball powder in liquid
medium) 12a)G.R.Cox,USP 2715574(1953) & CA
49,15542(1955) (Prepn of high-d ball powder)
13)Anon,Explosivst 1954,46 (Ball powder is now
manuf by the Poudreries Réunies de Belgique,
mainly for use in caliber .30 cartridges adopted
for the official NATO rifle, which was developed
in Belgium) 14)P.Tavernier, MP 38,193-232(1956)
(Ball powders and rolled ball powders; theory)
15)].].0'Neil,Jr & G.R.Cox,USP’s 2740704-5
(1956) & CA 50,9742(1956) (Manuf of ball powder)
16)].J.0Neil,Jr Ordn 41,365-7(1956) (Manuf of
ball powder by Olin Mathieson Chemical Corp)
17)W.A.Schmelling,Badger Ordnance Works,
TechRept No 176(1957) (Reclamation of NC and
NG from scrap double-base proplnts for use in
ball powder manuf) 18)].H.Herd,Naval Ordnaace
Lab. NavOrd Rept No 6131(1958)(Approval of
ball powder type WC-860 for use in the explosive
actuator MK 4 MOD 0) 19)].J.0’Neil & G.R.Cox,
USP 2830886(1958)(A process for the manuf of
globular proplat) 20)R.L.Cook & E.A.Andrew,
USP 2888713(1959) & CA 53,16541(1959)(A con-
tinuous process for manuf of globular proplat)
21)C.M.Reinhardt, USP 2919181(1959)(A process
for manuf of globular NC) 22)P.F.Schaffer,formerly
of PicArsn; private communication 23)E.F .Steven-
son & W.P.Morton,Jt,PicArsn; private communica-
tions(1960)

BALn. A Fr propellant. See under Ballistites

Balsa Wood Nitrated. W.de C. Crater,USP 2174914
(1939) & CA 34,887(1940) proposed several expls
mixts contg nitrated balsa wood of N content 9 to
11.5%, as for instance: nitrated balsa wood, AN,
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Na nitrate, charcoal & sulfur
BAm or B(AM) (Poudre)(Fr). See under B(Poudre)

Bamboocellulose Nitrates, B.Rassow & A.Reck-
eler,Nitrocellulose 3, 41-45 & 61-64(1932) prepd
a product contg ca 11.3%N by nitrating an Indian
bamboo for 2hrs at 20° using 30 parts of mixed
acid consisting of 19.8% nitric acid, 66.7% sul-
furic acid & 16.5% water. A Japanese bamboo
gave under the same conditions a product with
ca 10.8%N. The yield in both cases was compar-
able to that of cotton or woodpulp

Benana Oil. See Amyl Acetate in vol 1,p AG78-L
of this Encyclopedia

Bangalore Grenade(Granata bangalore in Ital).
According to Molina,Esplodenti(1930),374-5,
this is a hand grenade using dry guncotton(ful-
micotone, in Ital) as a bursting charge

BANGALORE TORPEDOES; Detonating Cables;
Demolition Hoses and Demolition Snakes. These
are long demolition devices which are intended
chiefly for clearing mine fields and for blasting
passages through wire entanglements. There are
also some other uses indicated below

Bangalore torpedoes exist in several modifica-
tions. The std US device, MIA2 which was used
successfully during WWII, consists of 10 loading
assemblies, 10 connecting sleeves and 1 nose
sleeve. The loading assembly consists of a steel
tube 5 ft long and 21/8" in diam, filled with 7.6lbs
of 80/20 amatol (or other solid HE) and topped off
by 4" of TNT(ca 1.4 lbs) at each end. Each end
is capped and grooved and cont ains a fuze well
to accomodate a detonator, primacord, or a blast-
ing cap(such as Corps of Engineers Cap, called
now Cap, Blasting Special, described in Ref 14,
or a commercial one not smaller than No 8) attach-
ed to any of the std firing devices. Initiation may
also be accomplished by a detonator or four turns
of primacord wrapped around one end of the tube.
The torpedo may be used as a single tube or
several tubes(called loading assemblies) may be
fastened together by means of connecting sleeves
as shown on Fig 222,p 37 in Ref 2 and Fig 192,
p 266 in Ref 5. A nose sleeve with a rounded
point is provided for ease in pushing the torpedo
through obstacles(Refs 2,3 & 5)
A short length of bangalore torpedo can be
used as an antitank(A/T) or an antipersonnel
(A/P) mine or as a booby trap. It was also used,




according to Ball(Ref 4), by US troops for de-
struction of pill boxes during the attack on the
Siegfried Line in March 16, 1945. For this, a
5-ft length of bangalore torpedo, equipped with a
pull fuze, was dropped inside a narrow vent pipe
sticking out the top of each Ger pill box. This
was the idea of an unknown Amer soldier and
the device was fired after the bazooka shot and
the pole charge failed to penetrate completely
through the vent

A more recent US bangalore torpedo is the
MI1A2, 1t is described in conf Ref 6, but in un-
classified Ref 12 it is mentioned that its chge is
9.5 Ibs of Comp B or Comp A-3. The US Military
specification requirements are in Ref 13
Detonating Cable can be used for the same pur-
poses as a bangalore torpedo. A std US device
M1 for clearing narrow lanes in A/P mine fields
consists of a nylon-covered cable(also called
rope),170ft long and ca 1" in diam, which con-
tains 46 lbs of oil-soaked PETN(regular detonat-
ing cord should not be used as a substitute); The
cable consists of 19 strands of special detonat-
ing cord, each contg ca 100 grains PETN per ft.
One end of the cable(which contains a booster
chge and a threaded cap well for inserting a 15+
second delay detonator for exploding the cable)
is anchored to a stake driven into the ground,
while the other end is projected across the mine
field by a JATO unit. The cable is then exploded
by the detonator at the anchored end(Ref 5,pp 287-
8). In the older device, which was used during
WWII, the cable(rope) consisted of 13 strands of
detonating cord 215ft long. In prepg the cable,
the 13 strands(cords) were held by several men
and wrapped with twine and tape. One end of the
cable was attached to the ground and provided
with US Army Special Nonelectric Blasting Cap
(described in Ref 14), a 15" length of time fuse
and a lighter. The other end of the cable intended
to be projected across a mine field was atached
by means of manila rope to the body of 2 105mm
base-ejection smoke shell(M84), modified to
function as a rocket. For this, the empty shell
with fuze deactivated was placed upside down
and, after removing the base-plate, about 1" of
earth dirt was temped in the nose of the shell to
seal off the hole leading to the fuze. This was
followed by ca 150g of propellant wrapped in a
cloth and provided with US Army Special Non-
electric Cap, described in Ref 14, a 12 length
of fuse and a lighter attached at the base of the
shell. The remaining space in the shell was
filled and lightly tamped with earth containing
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no gravel or stones. The shell was then placed
at an angle of ca 30° ia the desired direction and
the fuse lighters on both the shell and the cord
were pulled out. The shell acting as a rocket was
propelled to a distance of ca 200ft while dragging
the detonating cord with it. After several seconds
the detonating cable exploded. For a more de-
tailed description of this device, see Ref 1, pars
46.04~a to 46.04~i Demolition Hoses, used by
some European countries, such as Germany and
Czechoslovakia, were long flexible hoses made
of various materials. One end of such hose was
stationary while the other end could be projected
to a desired distance across a mine field or other
obstacle by means of a rocket, mortar projector
or other device. Then a liquid expl, such as
Myrol, which was used by the Germans(Refs 8 &
10), was pumped into the hose and the explosive
detonated by means of a conventional initiating
device placed at the stationary end of the hose.
The Czechs used a device called Hadice which
is briefly described in conf Ref 7
Demolition Snakes, intended principally to breach
minefields, may also be used to breach bands of
log posts, steel rails, antitank ditches and some
small concrete obstacles. A demolition snake con-
sists of sections made up of two parallel linear
charges of expls encased betw corrugated metal
plates, bolted together to form an assembly rigid
enough to be towed or pushed by a light or med-
ium tank yet flexible enough to pass over uneven
ground. Detonation of snakes was accomplished
from within a moving or stationary tank by the
impact of a .30 cal bullet from a machine gun a-
gainst a vertical plate forming part of the two
impact fuzes, one attached toward the leading end
and one at the rear of the charged segments of
the snake assembly

The demolition snake M2, described in Ref 1,
pars 46.02 to 46.03 and in Ref 5,pp 288-9, is the
earliest model. It was made of corrugated steel
plates. The usual length of this snake was 400ft.
The chge consisted of 10 lbs of 80/20 amatol per
ft. The first 20ft of the snake and rear 60ft con-
tained no expl. This prevented premature explns
while pushing or towing. Gross wt of a 400-ft
snake was ca 7 tons. Snake M2Al was similar
to M2 except that its load was 14 lbs of amatol
per ft. Gross wt of a 400-ft snake was ca 8.5 tons.
Snake M3 is the current model. It is described in
unclassified Ref 5,p 289. The snake is 14" wide,
" high and 400 ft 1 ong when assembled. Cor-
rugated aluminum plates, 9ft long, fastened with
steel bolts, washers and nurs, form the body of




the snake. A pear-shaped aluminum nose, at-
tached to the forward end of the snake in such a
way that the nose can swivel slightly, aids in
guiding the snake over and around obstructions.
Other components and accessories adapt the
snake for pulling or pushing by a tank. One hun-
dred twenty.eight demolition charges M2 are used
with each M3 snake, 400ft long. Each charge M2
is elliptical in shape and weighs 40lbs including
ca 35lbs of expl, which is 80/20 amatol with a
booster chge of crystalline TNT at each end. The
chges are loaded in 320ft of the 400-ft snake,
giving an expl wt of 14 lbs per loaded foot.
Dirt-filled tamping bags are placed adjacent to the
charges and extending 10ft toward the nose of the
snake and 20ft toward the rear to prevent the
chges from shifting. Loading assemblies for
bangalore torpedoes(see above) may be used as
an alternative expl charge. Two fuzes, bullet im-
pact,M1 are supplied with each demolition snake.
Total wt of this snake is ca 9 tons including

4.5 tons of expls(Ref 5,p 289)

Refs: 1)Anon,WarDept Field Manual FM 531
(1944-5),pars 46.02 to 46.05-i la)Anon,'Ammu-
nition Inspection Guide’, TM 901904(1944), 270-1
2)Ohart(1946),375-6 3)Anon,*Complete Round
Charts’5981,0RDIM,QCO, Washington DC(1950),
sheet 45 4)C.E.Ball, The Town Journal, April
1955,p66 5)Anon,‘Ammunition General’, TM 9.
1900(1956), 266-7 & 286-9 6)E.]J.Murray & S.].
Lowell,PATR 2297(1956) (Conf) (Development of
improved expl chges for Bangalore Torpedoes
M1Al & M1A2 and Demolition Snake M3) 7)‘Infor-
mation Rept of the Central Intelligence Agency’,
No CS-LT-K-RC-3831,4 Dec 195&(conf) 8)PATR
2510(PB No 161270)(1958),p Ger 115 9)US Spec-
ification MIL-T=1339(Ord), Bangalore Torpedo
M1A1 10)Dr Hans Walter,PicArsn,Dover,NJ;
private communication 11)A.B.Schilling,PicArsn;
private communication 12)*Ammunition Complete
Round Charts’,Book III, Ordnance Ammunition
Command, Joliet,Il1,15 Oct 1959, Chart 22 13)US
Specification MIL-T-2087 14)US Specification
MIL-C-14003A,Cap,Blasting,Special,Nonelectric
(Type 1) and Cap,Blasting,Special,Electric(Type
2) (formerly known as Cprps of Engineers Caps)
(See also this volume under BLLASTING CAPS)

BAR. Browning Automatic Rifle. See under Brown-
ing’s Weapons

Baratol is an expl compn contg Ba nitrate & TNT
in various proportions, developed by the British
and used during WWII. It was claimed that Ba
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nitrate acts not only as a non-hygroscopic and
non-corrosive oxidizer and extender for TNT but
also as a substance which improves the propaga-
tion of the detonation wave of TNT, Baratols
are not as efficient expls as amatols{on a wt
basis), but on a vol basis there is practically no
difference

Originally there were the following two form=-
ulations for Baratols:
a) 80/20 Cold Mixed Baratol (Brit nomenclature),
called 20/80 Baratol by the US nomenclature. It
contains 20:2.0% Ba nitrate [freshly ground to
pass the BSI(qv) sieve No 60 and dried to a moist
content not higher than 0.1%] and 80:2.0% TNT
(ground to pass the std BSI sieve No 25). This
Baratol has been prepd by blending of ingredients
at RT, preferably at the site of the plant where
filling of ammo with Baratol takes place. Load-
ing of ammo can be done either by hand stemming
or by direct pressing. The prepd Baratol shall
all pass No 8 BSI sieve and at least 75% to pass
No 25 BSI sieve. Moisture content must not ex-
ceed 0.10%. No grit, visible impurities or foreign
matter must be present
b)90/10 Poured Baratol,(Brit nomenclature), cal-
led 10/20 Baratol by US nomenclature. It contains
10+1.0% Ba nitrate(ground to pass the BSI sieve
No 72) and 90:1.0% TNT(Grade 1 or 2). Its prepn
is as follows:
A freshly ground Ba nitrate is gradually added
while stirring to molten TNT, preheated to 90°,
not allowing the temp to drop below 85° during
mixing. The mixt is cooled while stirring to the
consistency of ‘porridge’ and poured into suitable
molds to be solidified in slabs of ca 1/2" thick-
ness. The slabs are broken into pieces suitable
in size for biscuit(pellet) loading of ammo. The
d of the slabs should be about 1.63 to 1.68. Any
pieces showing sponginess are discarded. An-
other method of loading consists of pouring the
tporridge’ into components in one or more incre-
ments. Before a 2nd or subsequent pouring is
made, the shrinkage cavity from the previous
pouring is broken through. Final toppings may be
made by pouring the Baratol melt mix directly at
85° without allowing it to cool further in the
melt pot. The props of 90/10 Baratol (British)
were reported in Ref 2 as follows: color-buff;
density of loading ca 1.65; mp 80-5%; brisance (by
sand test)-36g sand crushed, vs 43 g for TNT;
(relative brisance 84% TNT); detonation vel-
ocity - 5900 m/sec at d 1.65, vs 6900 for TNT;
corrosiveness-non-corrosive; hygroscopicity-non-
hygroscopic; impact sensitivity=12" vs 14" for TNT




on PicArsn App with 2-kg wt; power(by Trauzl
Test)-98%TNT,(by Ballistic Mortar}98% TNT;
rifle bullet sensitivity-20% detonations from .30
cal bullet shot from a distance of 90ft; stability
(therm al)»as stable as TNT; uses-as bursting
chge in depth bombs, A/T(antitank) mines and
some grenades

As both the above Brit Baratols have highly
negative oxygen balance to CO, (-53.1% for 80/
20 and -65.5% for 90/10 Baratol) (the method for
calculating OB of a mixt is described under Bar-
onal) two new formulations contg much higher per~
centages of oxidizer(Ba nitrate) were developed
in the US. One contained: Ba nitrate 73 & TNT
27%(0OB to CO, +2.1% and to CO + 15.6%), while
the other consisted of Ba nitrate 67 & TNT 33%
(OB to CO, is -4.2% and to CO +12.1%). The
latter compn, called 67/33 Bargtol in US and
33/67 Baratol in Gt Britain, is still in use and
its props are as follows: booster sensitivity 100g
Tetry!l detonates cast Baratol in 50% of trials
through 0.32" of wax; brisance(by sand test)~
26.8g sand crushed vs 48.0g for TNT(relative
brisance 56% TNT); density (cast) 2.55; ex-
plosion temperature- ignites at 385° in 5 secs;
Hygroscopicity- nil at 30° & 90%RH; impact sen-
sitivity 35cm vs 90-100cm for TNT(BurMines App,
2kg wt); 11"(sample wt 24mg) vs 14" for TNT
(PicArsnApp, 2kg wt); power —not given in refs
listed below; sensitivity to initiation — 0.40g of
Baratol require a detonator contg 0.20g LA &
0.10g Tetryl(Ref 5)

Preparation of 67/33 Baratol. The approx wt of
Ba nitrate, preheated to ca 90°%, is added to molten
TNT contained in a melting kettle equipped with an
agitator. Mixing is continued until a uniform mass
is obtained. Then the melt is cooled slightly while
the agitation is continued and is loaded into ammo
at the lowest temp at which it will flow freely(Ref 4)

Analytical Procedure Used at Picatinny Arsenal
for Baratol( as described in CLR 121813).
Transfer an accurately weighed sample of ca 2g
dry Baratol to a 400m!l beaker. Add 200ml of dry
benzene and allow the mixt to digest on a water~
bath for 1hr. Transfer quantitatively the insol
portion to a large tared sintered glass crucible
(which has been previously washed with benz
and dried at 100:2° for 1hr) and wash its contents
with four 25m] portions of benz, aspirating each
time until most of the benz is removed. Dry the
crucible at 100+2° for lhr, cool in a desiccator
and weigh. The wt of residue is Ba nitrate
Analytical Procedures Used by the British in-
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clude detn of moisture content(max allowable
0.25%) and detn of composition. For the moist
content, a 5g sample of pulverized material in a
shallow dish is kept in vacuo over concd sulfuric
acid for 18 hrs and then reweighed. The moisture
free material is transferred to a Gooch crucible in
which it is extracted with hot, dry benz until

free of TNT. The crucible with residue is dried
at 100° for 1 hr, cooled in a desiccator and re-
weighed(Ref 3)

Refs: 1)Thorpe 1(1937),619 & 4(1940),464
2)AlI&EnExpls(1946),89-90 and table,p 57

3)US Military Intelligence Division Reports
R-979-51 & R-1149-51(1951) 4)PATR 1740,Rev 1
(1958)

Barbarit. A Ger chlorate expl formerly manufd by
the Sprengstoff-Fabriken Kriewald bei Gleinitz:

K chlorate 90~92 & high boiling petroleum fraction
10-8%. Flash point of petroleum was required to
be not below 105° and boiling point not below
242° Ref:A.Marshall,‘Dictionary of Explosives’,
Churchill, London(1920),12-13

Barbe(no first name or initial given) proposedin
1883 to diminish the sensitivity of NC by incorpo-
rating organic or inorganic nitrates, preferrably
AN. The same inve ntor proposed in 1885 to dimin-
ish the hygroscopicity of AN and to assure its

neutrality by incorporating some Amm carbonate
Ref: Daniel(1902),56

Barbette. A mound of earth or a specially pro-
tected platform on which guns are mounted to fire
over a parapet; a cylinder of armor on a warship
that gives protection to the rotating part of the
turret below the gunhouse; a fixed superstructure
on an armored vehicle, usually with gun mount of
limited traverse

Refs: 1)F.W.F.Gleason, ArOrd 3}, 369(1947)
2)Merriam-Webster’s (1961) 175

Barbituric Acid or Malonylurea

HN.CO.NH.CO.CH,.CO; mw 128.09, N 21.87%; wh
crysts, mp 245°. Its mono-Na salt was proposed as
a component of composite AN propellants(seeunder
Combustion Catalysts for Composite Proplats)

Ref: Beil 24,467,(410) & [267]

BARC. See under Amphibian Vehicles, in Vol 1,
p AG78-L of this Encyclopedia and the article of
H.A.Jacobs in Ordnance 38,529-31(1953)

Barisutaito. Jap for Ballistite




Barium,Ba, at wt 137.36; silvery metal, d 3.5mp
850°, bp 1140°; attacked by w and by alc. Can be
prepd either by electrolysis of fused salt(such as
Ba chloride) or by the reduction in an evacuated
retort of a Ba compd(such as oxide) with Al at
1200° or higher. Used in many alloys. Lenze &
Metz(Ref 2) investigated explns produced on
heating mixts of metallic Ba with organic halogen
compds, such as tetrabromomethane, tetrachloro~
ethane, etc. They also detd the sensitivity to im-
pact, Trauzl test values and some other props of
such mixts

Refs: 1)Mellor 3(1923),620-49 2)F.Lenze & L.
Metz,SS 27,257-8,294 & 337-8(1932); CA 27,844
(1933) 3)Gmelin,Syst Nr 30,Hauptband(1932),1-7
and Erganzungsband(1960),1-272 4)Thorpe 1(1937),
631 5)Kirk & Othmer 1(1947),462(under Alkaline
Earth Metals) 6)Giua, Dizionario 1(1948),625-6
7)Ullman 4(1953),171-2

Barium Acetylide. See Vol 1,p A70-R of this
Encyclopedia

Barium Azide. See Barium Diazide in Vol 1
p AS523-L

Barium Bichromate. Same as Barium Dichromate
Barium Boride. See under Borides

Barium Bromate. See under Bromates

Barium Bromide. See under Bromides

Barium Carbide. See Barium Acetylide, Vol 1,
p A70-R

Barium Carbonate. See under Carbonates
Barium Chlorate, See under Chlorates
Barium Chloride. See under Chlorides

Barivm Chromate. See under Chromates and
Dichromates

Barivm Diazide..See Vol 1,p A523-L

Barium Dichromate. See under Chromates and Di-
chromates. Several pyrotechnic compns contg

BaCrO, are described by H.Ellern,"Modern Pyro-
technics’,Chem Publg Co,NY(1961),283-4

Barium Fluoride. See under Fleorides
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Barium Hexanitride. Same as Barium Diazide
Barium Hydride, See under Hydrides

Barium Hydroxide. See under Hydroxides

Barium Hypochlorite. See under Hypochlorites
Barium Hyposulfite. Same as Barium Thiosulfate
Barium lodate, See under Iodates

Barium lodide. See under Iodides

Barium Nitrate(BaN)(Nitrobarite)(Barytsalpeter,
in Ger), Ba(Noa)z, mw 261.38, OB to BaO & N
+30.6%. Col cubical & octahedral crysts, d 3.244
at 23°, mp 592°, bp dec;n,, 1.572; sol in w(5.02g
in 100g w at 0° and 34.2g at 100°%); sl sol in acids;
insol in alc & in eth. Can be prepd either by
treating native carbonate(witherite) or the sulfite
with hot dil nitric acid, followed by crystn; or by
double decompn of BaCl, with Na nitrate(such as
Chile saltpeter) in hot aq soln with subsequent
pptn of BaN

When heated above 800° BaN decomp into BaO,
N & O. It has been used as an oxidizing agent
in composite expls, proplats, & pyrotechnics as,
for instance, in Baratol, Baronal, Brugere(Poudre),
Tonite, detonators, fuzes, primers, etc. One of
the Jap expls used during WWII in boosters for de-
molition charges contained: BaN 34.5, NH,CIO,
51.5, oil & trinitronaphthalene 8.2, woodpulp
5.0 & other ingredients 0.8%(Ref 5,p 32). A Rus
thermite-type incendiary compn, press-loaded in
76mm shell s, contained BaN 44,K nitrate 6,
Fe,0, 21, Al 13, Mg 12 & binder 4%(Ref 10,p210).
Mixts contg BaN aré slower burning than those
contg K nitrate and the ignition points are higher.
The advantage of BaN over AN is its non-hygro-
scopicity

Since BaN has the property of emitting green
light when heated, it has been used in signal
flares, signal rockets, stars, railroad torches,
tracet compns and some compns producing white
light

Following are some examples: a)BaN 60,K
perchlorate 18, Na oxalate 9, shellac 9 & sulfur
4%; used in signal torches(Ref 8,p205) b)BaN 50,
K chlorate 35 & shellac 15%; used in green stars
(Ref 8,p211) c)BaN 39, K chlorate 39, charcoal
13, shellac 6 & gum arabic 3%; used in green
stars(Ref 8,p211) d)BaN 53, K chlorate 31, sulfur
10 & charcoal 6%; used in green signals(Ref 8,




p211) e)BaN 74-80 & Al 36-20; used in tracers
(Ref 8,p220) f)BaN 57, Al 30, Sb trisulfide 6, cry-
olite 6 & castor oil 1%; used inFr signal cartridg-
es, type Véry (Ref 8,p226) h)BaN 55, Mg 35 & bind-
er 10%;used in white tracers(Ref 10,p181) i)BaN
52, Mg 40, K oxalate 6 & binder 2%; used in white
tracers(Ref 10,p 181) j)Various pyrotechnic
compns listed by Ellern(Ref 13)

US Military requirements for BaN are given in
Ref 11, Russian specification requirements are
listed in Ref 10,p 29. Detn of Ba nitrate in
proplats is described in Ref 12
Refs: 1)Mellor 3(1923),849-64 2)C.A.Taylor &
W.M.Rinkenbach, ‘Explosives’, USBurMinesBull
219(1923),21-25 3)Gmelin,System Nr 30,Haupt-
band(1932),149-64 & Erghnzungsband(1960),305-
16 4)Thorpe 1(1937),639 & 4(1940),464 S)Anon,
*Handbook of Japanese Explosive Ordnance’, Op
Nav 30e3M GovtPregOff,Washington,DC(1945),32
6)Xirk & Othmer 2(1948),315 7)Giua,Dizionario
1(1948),628-9 8)Izzo,Pirotecnia(1950),205ff
9)Ullmann 4(1953),178 10)Shidlovskii Pyrotech-
nics(1954),22,27,29,149,181 & 210 11)US Military
Specification MIL-B-162B 12)Military Standard
MIL-STD-286A(1956) Method 304.1.2 13)H,Ellern,
Modern Pyrotechnics’, ChemPublgCo,NY(1961),
272-8, 284

Barium Nitrate Mixtures, Analysis. See Vol 1,p
A586 of this Encyclopedia

Barium Nitride, Hexa, Same as Barium Diazide
Barium Nitrite., See under Nitrites

Barium Nitrominoguanidine. See Nitroaminoguani-
dine(NAGu) Salts, under Aminoquanidine in Vol 1,

p 212-L of this Encyclopedia

Barium, Organic Salts of. See under individual
organic compds

Barium Oxalate. See under Oxalates
Barium Oxide. See under Oxides
Barium Perchlorate. See under Perchlorates

Barium Permanganate. See under Permanganates

Barium Peroxide. See under Peroxides. A white
tracer compn contg BaO, is listed by H.Ellern,

‘Modern Pyrotechnics’, ChemPublgCo,NY(1961),
276
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Barium Picramate, See Vol 1,p242-L of this
Encyclopedia

Barium Picrate. See under Picrates
Barium Resinate. See under Resinates

Barium Stearate. See under Stearates. Its use in
smoke-producing compns was patented by J.
DeMent, USP 2995526(1961),p6

Barium Sulfate, See under Sulfates. A white flare
compn contg BaSO, is listed by H.Ellern, ‘Modern
Pyrotechnics’, ChemPublgCo,NY(1961),274

Barium Sulfide. See under Sulfides

Barium Superoxide, Same as Barium Peroxide

Barium Tetrazidocuprate, Ba[Cu(N,),], a complex
salt exploding at 208-9° is described by M.Strau-

manis & A.Cirulis, Z Anorg Chem252,9-23(1943)

& CA 38,3564(1944)

Barium Thiosulfate. See under Thiosulfates

Barlow Bomb. According to John M.King, formerly
of PicArsn, Barlow proposed ca 1936 a mixt of
liquid oxygen with a fuel(such as charcoal) as a
bursting chge for bombs. This expl mixt was test-
ed sometime before WW11 at Aberdeen Proving
Ground and was found to be not as effective as

INT

Barnwell & Rollason(no initials given) patented
in 1860, in England, modified [black powders in
which part of the charcoal was substituted with
NC. Such powders could be prepd by mixing K
nitrate, sulfur & charcoal with soln of collodion
cotton in ether & alcohol and then evapg the
solvent

Ref: Daniel( 1902),57
Barometric Fuze. See under Fuzes.

Baron & Cauvet Explosives. See Cauvet & Baron
Explosives

Baronal. A composite expl: Ba nitrate 50, TNT
35 & Al 15%, developed in the US during WWII as
a castable filler for underwater munitions(Ref I).
It was hoped that Baronal would be much less
sensitive than the British Torpex-2(42/40/18

RD X/TNT/Al) but this proved not to be true and,
as Torpex-2-was more powerful, it was adopted




as an underwater charge(Refs 1 & 2)

Baronal can be prepd by heating TNT to ca 90°
and adding, while stirring, preheated pulverized
BaN & Al powder. Following are the props of
Baronal: OB to CO,,H,0,Ba0 & Al,0, -23.9%;
OB to CO,H,0, BaO & ALO, -6.7%(see note
below); booster sensitivity 100g Tetryl detonates
cast Baronal in 50% of trials through 0.86" of wax;
brisance(by Sand Test) 39.8g sand crushed vs
48g for TNT; density (cast) 2.27-2.32; detonation
rate 5450 m/sec at d 2.32 & chge diam 1"; ex-
plosion temperature 345° (ignition in 5 secs);
beat of combustion(Q o) 2099 cal/g; heat of ex-
plosion (Q,) 1135 cal/g; heat of formation(Qy) 410
cal/g; bygroscopicity nil; impact se nsitivity
30cm(BurMinesApp, 2kg wt) vs 95-100cm for TNT
and 12" (sample wt 22mg)(PicArsnApp, 2kg wt)
vs 14" for TN T; power(by Ballistic Mortar Test)
ca 90% of TNT; sensitivity to initiation 0.40g of
Baronal requires a detonator contg 0.20g L A &
0.10g Tetryl

Principal use of Baronal is for filling bombs,
but it also can be used as replacement for Al-
umatol, Ammonal, etc
Note: In Vol 1,p A515 of this Encyclopedia is
described a method for calcn of oxygen balance
for individual compds, but nothing is said about
calen of OB’s for mixtures. The simplest
method is to proceed as follows: a)Calculate
OB’s of individual components and divide the
values by 100 b)Multiply each OB by the corre-
sponding percentage in the mixture and then add
the resulting values

Taking Baronal as an example, we have OB
for BaN to BaO = +30.6%, for TNT to CO, &
H,0 = -73.9% and for Al to A1203 = =88.9%.

This gives for 50/35/15 -Baronal: 50x 0.306 +
35%(-0.739) + 15x(-0.889) = -23.8%. If TNT goes
to CO & H,0, its OB is -24.7%, which will give
OB for Baronal: 50 x 0.306 + 35x(-0.247) + 15x
(-0.889) = -6.7%

Analytical Procedure for Baronal. Transfer an
accurately weighed portion of ca 2g to a 400-ml
beaker. Add 200ml of dry benzene and allow the
mixt to digest on a water bath for 1 hr. Transfer
quantitatively the insol residue to a large tared
sintered glass crucible (which has been previous-
ly washed with benz and dried at 100+2°) and
wash the contents with four 25ml portions of benz
aspirating each time until benz is removed. Dry
for 1hr at 100:2°, cool in a desiccator and weigh.
The loss in wt is equal to TNT. Rinse the
residue(BaN+Al) with hot distld w until all BaN
is removed, dry the crucible with residue(Al) at
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100:2° for 1hr, cool in a desiccator and reweigh.
The loss in wt is equal to BaN, while the
residue is equal to Al(Ref G)

Ref: 1)D.P.MacDougall, OSRD 1035(1942)
2)NDRC, Summary Technical Rept of Div 8, Vol 1
(1946), 33 3)Allied & EnExpls(1946),85 4)W.G.
Penney et al, ProcRoySoc A204, 14(1950)(De-
tonation rate of Baronal) S)PATR 1740,Rev 1
(1958) 6)C.Ribaudo,PicArsn;private communi-
cation(1960

Barrage, Balloon. See Balloon, Barrage
Barrel, Erosion of. See Erosion of Gun Barrel

Barrel Finishing is described in the *Handbook
of Barrel Finishing”, by R.Enyedy,Reinhold,NY
(1955)

Barrel, Gun (or Tube). The cylindrical metallic
part of a gun which controls the initial direction
of the projectile. The term tube is preferred for
designating the larger diam barrels(See also Bore)
Ref: Glossary of 0rd(1959),32

Barrel (or Bore}Oscillations (or Vibrations)
(Laufschwingungen in Ger). In the course of
firing a projectile, the gun barrel does not re-
main stationary but oscillates somewhat, being
especially pronounced at the muzzle-end of the
barrel

C.Cranz & K.R.Koch designed, in 1896, an
apparatus which permits registering by high-speed
photography, the vertical as well as the horizon-
tal oscillations of a gun barrel. The same ap-
paratus takes pictures of the projectile as it
leaves the muzzle
Ref: Cranz 3 (1927), 279-281

Barrel, Rocket.A vernacular term for the major
component of a liquid-propellant rocket motor
wherein combustion takes place; the term thrust
chamber assembly is preferred

Ref: Rocket Encycl(1959),40

Barricades in Explosives and Ammunition Instals
lations. Barricades are required for protection

of inhabited buildings, factories, magazines, rail-
roads, highways, bridges, etc from explosions in
installations in which expls or ammunitions are
manufd, handled or stored. A barricade can be
either natural(such as a hill or timber of suf-
ficient density) or artificial(such as a sand- or
earth-filled embankment with a min width of 3ft




at the top). It should be located at a min of 4ft
from the bldg it is to screen and either one or
both sides of the barricade may be supported by
concrete, timber or masonary walls. A bldg is
considered to be barricaded(or screened) if the
heights of barricades are such that a straight line
drawn from the top of any sidewall of the bldg
contg hazard to the eave line of any other bldg
or to a point 12ft above the center of a railroad,
highway, etc, will pass through the intervening
barricade (Refs 1 & 8)

The permitted distances from barricaded bldgs
(called barricaded distances) to other bldgs, rail-
roads, etc are enumerated in the *American Table
of Distances for Storage of Explosives”, as Re-
vised and Approved by the Institute of Makers of
Explosives, Sept 30, 1955. This table is given in
Refs 14,15 & 16. Distances shown in this table
should be doubled if dangerous bldgs are not
barricaded

Igloos, when protected by a barricade at the
door end, are considered to be barricaded in all
directions and barricaded distances may be used
as minimum safe distances in locating them from
other magazines, operating or inhabited bldgs,
railroads, etc, Where igloos are not barricaded
at the door end, the qistances inyegard to the
bldgs located within the area bounded by lines
drawn from the door of the igloo and inclined by
30° from a line-drawn perpendicular to the front
of the igloo should be double those given in the
table of Refs 14,15 & 16. Such distances are
called unbarricaded distances

The work on standardization of barricade de-
sign and on testing of various types of barri-
cades conducted at PicArsn by Industrial Di-
vision is described in Refs 3-7,10-13 & 17
Refs: 1)Anon, "Ammunition Inspection Guide”,
TM 9+1904(1944),799-801 2)C.Field et al,*Bar-
ricades” ,Naval Prooving Ground,Arco,Idaho(1945)
3)B.Kroll & A.Kush,PicArsnlndDivTechReptPED
50141(1953XStandardization of barricade design)
4)Ibid,PED-501s2(1953) 5)R.Flohr & A.Kush,
Ibid,PED-501s3(1954) 6)A.Kush,Ibid,PED-5014
(1955) 7)S.Wisneski,Ibid, PED-50146(1955XEf-
fectiveness of safety glass as shield barricade
material) 8)Anon, *Military Explosives®, TM 9s
1910(1955),303-4 9)Anon, *Care,Handling,Pre-
servation and Destruction of Ammunition®, TM
9:1903(1956),35-7 10)S.Wisneski & A.Kush,Pic
ArsnlndDivTechRept PD-501s7(1957)Relative
effectiveness of barricade window material and
support area) 11)A.Kush,Ibid,PD-501+9(1957)
(Standardization of barridade design) 12)A.Kush
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Ibid,DB-TR: 5¢57(1957)(Evaluation of vented
barricade DP-54711 utilized in handling of ex-
plosive powders) 13)A.Kush,Ibid,DB-TR:11s57
(1957XTesting of flue-vented barridade DP-44206
14)SAX(1957),154-5 15)Anon,"Ordnance Safety
Manual®, ORDM 7+224,,Secn 17(1958) 16)Cook
(1958),354~5 17)B.Kroll et al,PicArsnlndDiv
TechRept DB-TR: 5458(1958) (Barricades)

Barrier Creams are used in expls and ammo plants
for protecting the human skin from airborne expls
or toxic materials. According to Cumming et al
(Ref), a satisfactory barrier cream should have a
softening point of ca 22° to facilitate spreading
in the layer of ca 20y thickness to avoid penetra-
tion by airtborne tetryl crystals of ca 5u in size.
The so-called Cambraild Barrier contg paraffin
wax(mp 135°F) 20, vaselin 40, lanette wax(as
emulsifying agent) 10 & water 30% is considered
satisfactory because when applied to the skin it
protects it for ca Ghrs from airborne TNT or Tetryl
particles. Incorporation of 2% boric acid aand other
solids impairs the efficiency of the above batrier.
Lanolin and most vegatable oils and greases are
considered unsuitable as barriers because many
expls (TNT,PA,RDX,etc) dissolve in them

Ref: W.M.Cumming et al, BritJIndMed 4,237-41
(1947) & CA 42,2429(1948)

‘Barrier Materials may be defined as substances
designed to withstand, to a specified degree,
penetration of water(liq or vapor), certain gases
(as desired), oils & greases. Barrier materials
may serve to exclude or retain such elements
without or within a package. These materials
(especially the flexible types) are used now ex-
tensively in all types of military packaging

There are four major types of barrier materials
used now in the US for military purposes: a)Water-
proof b)Greaseproof c)Water-vapor-proof and d)
Combinations of a,b & ¢. Almost all the barrier
materials in use today are composed of several
layers or plies. The plies are usually cemented
together with suitable adhesives(laminants) to
form a laminated structure, although several other
methods of making multi-ply shee