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THE CHEMICAL AND BALLISTIC PROPERTIES OF BLACK POWDER

Black powder is not favored \-.:1 I~10St engineers for use in new designs. Still,
'. . .

there are instances where the unique ballistic properties of black powder are

difficult or imp'ractital to 'duplicate. This paper is ,a review 'of the availa­

bility, stability, and ballistic properties of black powder.

In the United States, sporting tlnd military black powder is manufactured by

E. I. duPont de Nemours & Co., Inr. Canadian Industries Limited, :\lontreal,

also supplies black powder '(Class 1 only) io the L'. S. Arm~', Outside North

America; the Nobel Division of 'Imperial Chemical Industries, Ardeer,

Ayrshire, Scotland, manufaCtures black powder for world-wid!" distribution.

According to DOT regulations, black ;powder is a class A explosi\'e for pur­

poses of shipping, hand~ing, a~d:;toring.,

Black po'wder is considered,l1st~ble"',(1, 2, 3, 4) According to Harrison (1),

•"There can be no question that in the absenc~ of moisture black powder is '

extremely 'stable in normal cond~tio,ns. 'I a.~ informed th~t until Worlc War I

it was the prccticeof the Fr~nd: Army ,t,o p,r~,s,e~\"e lots of blad: powder which

had' proved especiallj.' g00d"for usc' iJ}~ime t~qin, fuzes and it was reported

'that some lots so pres~r\{ed date,d fr:om Napol.eonic times. During the

Williamsburgreccnst~uttionbeg.in!1ing"in'lf?26; ,unexploded Civil War shell

loaded with black pO'wder ,vere t;;e~rt~edfro~.ti~~ to tirre,< and ,oft'en were

found with the black powder iJ~ them still'in go'od, condition. Ii

Ellern (5) give!:l addition~l i~Sig'ht in~o thesta~ility ~l~ci uses' of br'ack pO\vde~.
. liThe advantag0s of black po\vder 'are ~r~at sen~itivity to igr.ition even' at,low

temperature, economy, multiplicity ~f uses.. ~n~ relati~'e safety in handH,:1g.

Thedisadvantages are hygroscopicity and !lmi,ted stability, excessh;e flash

and smoke, undesira,ble solid residue, difficulty in c~ntro!1ingburning'rate,

poor burning quaHties under diminished pressure, a,nd, fi~aih:, limited

supply." According to 'S~effield (2), "I,n 'the~bsenc~ of mOist~re, 'black

powder is of a high order ofstabiiity" its ingredients being essentially. n.on-
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l'eactive with ea('hother even at 12fr'C. However, the heating of black

powder auo\'C 7We (l58°F) results in ,,!-change in composition or uniformity

of cc mpositiondue to the volatility of .sulfur above 70"C. II,

.::

Hygroscopidty and moisture content are vitally linked to the stability of'

black powder. Ellern (5) gives the equilibrium water content of black'

powder as follows (80C F): o. 2-.0.. 6% at 20- 60% relative humidity and 1. 0-1. 5%

at 80-900/0 relative humidity. l\HL-P-223B llPowder, Black" (for.elass 7)

allows 0, 7% maximum moisture content. Sheffield (2) indicat~s acceptable

stability at O. 70/0 moisture content. It is i,nteresti"ng to note that. data in

NOLR 1111 (6) suggest that the ir,nitabili.ty of black p()wder peak~ afabout

1% moisture 'content. Satisfactory ignition has been obtained in aspeciflc

application invol ving 'I threshold conditions" up to about' 30/0 moisture content
(7) , . ' . .

Numerous techniques may be employ~d to measure the moisture (or volatile)

content of black powder. Typical ,procedures, are "Volatiles (oven method) "-,'

and "Volatiles (vacuum method)" described in MIL-STD-1234 "Pyrotechnics:

Sampling, Inspection and Testing" o!:' the procedures specified in MIL-P,..223

"Powder, Black."· Development, of an "NMR Transient Moisture MeteI'll' for

measurements ov.er the t:ange O~ 1 to 1. 3% moisture ~ontent was recently

reported OJ) Black powder reacts with many mat~rials, a condition aggra'"

vated by. moisture. Consideration of compatibility with other materials is

essential for any design'incorporating black powder. Considerable compati­

bility dat~ are available and ca~ be found in the r~ferences cited withthis

paper, particularly Re(erence t"2 .

Sporting black powder is readily ::tvailable. However, it is diW,cult to

obtain deirelopmental quantities of black powde~certifiedtolVIIL-P-223.

It appears that .:;porting black powder FFFFG is glazed while the MIL-P-223

counterpart, L e.Class 7, is not. There may be other differences between

commercially available black powder and black powder procured to the

military specification.

-2-

,..', .

. ..



• j..-

,e·
to ~ •

•

,e.--

Use of black powder in new designs is.not widespread..Aerojet-General

Corp. designers used blade powder ii1the cpU-12!B clLlster. Recently,'

black powder was used inth~ BLU-48!B munition design (7). Hamilton (3)

'~tatE::s that !I Black powder has heen used as the intermediate chargE; in impulse

cartridges suchas the Navy MK9".O and l\1K2-0 Impulse Cartridges. The

black po\vder has been replaf~ed with FA-878 primer mixture in the l\lK9

cartridge idthough the :\lK2-1cartridge still useshlack powder (Class 4). . .

Fine (Class 4) black powder 'is also tl'~ed as a delay element for base detonating

fuzes used in large-caliher Navy guns (5, 8 ahd IG-inch) where millisecond'

delays are' required.' Ce;lI1on (largegrain)type black powder is also used in

. gun primers, that is, ignition systems for- many Navy guns such as the 3, 5,

8, and 16-inch weapons.", The U. S. Army 'uses 'blact{ pO'.vuer in numerous

applications such as if;nitersfor 'propelling charges :\13 and 1\'14Al for155mm

howitzers and propelling charge 1\186 series -for 175mm gun cannen, the latter

requiring nearly one pound for ead, round.

Perhaps the main reason that blat'k powder is considered for ne\~' designs is

i.ts l'elatively high burning rate at low pressure and small pressm'e burn­

rate exponent. Burn-rate data are gi ven in References 9 and 11. A relation
. /

that has proven satisfactory for Rrcdicting pe.'rformance \vith a Honeywell

internal -""allistics c~mputer prog;ani is~' : 0.133 pO. 325 ....{here l' : rat.e

(in! sec) and p': pressL,re (psia). Experimental data indicate that ':\VO ex-

. pressions for burn rate are necessary for' compreh~n3ivecalculaEonsdue to

an observed transition in the region of 100 psia. Powders prGducedby.

different manufacturers exhibit different ballistic properties.

Available single and double b8.se propellants, even porous '.' we Biank, n do

not burn satisfar:torily at low pressures compared with black powder. Alter".

natives to black powder, in su~h-;applications, h8.v~ not proved superior.

However, the pyrotechnic-propellant compositions that s~em to approximate'

black powder are typically based on ZrlNH 4ClO 4 or Zr!:KCI04, both

agglomerated with a binder such as .1itrocellulose or double-base propellant
. .

in solvent, and then screened to produce' granules. T:le addition of a small

-3-
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2011nt of anlOl'phc)lls bor'on (:\11 L- B-51 092) to fine flake double-base

'propellant (.\1:1) also seemed to hcrcase bu:".ning rate at low presHure b a

level <.lpPt'oxirnatin.~ blacK powder' in one experiment.

l\lany either's have invest~gated substitutes for black powder: Perhaps one

of the most succes"ifu1 substitutions 'has been the use of compositions such

as H/K.NO., pellets for solid-propellant rock~t igniters. Hamilton (3)
,) . .

reports that... ,"black powder'has been replaced with FA--878 primer

mixture in the l\lK9 cartridge.. , , The FA-878 was in turn replaced with a

zirconium-pota ssium perchlorate mixture (60% Zr + 40% KC 104) with very

satisfactory results," The dPla'y compositions that have.. replaced black

powder' are well known.

The lJ. S. Army is the prilna~'Y consumer of black powder in the U.S. Their

procurement in 196'1. ann 1968 was over 4, 000, 000 poumlls per year, about

1, 500, 000 pounds in 1969, arid. in 1970 is pl'Edicted to rnm 800, 000 pounds.

Annual procurement by others,includi~gthe U. S. NaV)·u is estimated to be

about 25 percel'!.t of the C. S, Arm~ figure1'!"

Some concern has bee~ express~dov;er:theayailabilitY4 partfcularly the
,... '. '. . . .. . ..... . (10)

future availability, of black powdec'.· .As ·Ca·rl L Roberts reported ,

· liThe military' requir.-,nnehts·for bi<i~k p'owd"er have no1!:rdliminished nearly so

· f~st in the past sever~"l y~ar~·a:s·:tl~cab~ndOh~etltof pruduction by private

manufacturers.. Annual'~ilitaryrequir'errie!>ts may run to 'millions' of

poimds, and Or'dnance desir,~d to record (l,:'l much as _pos~ible of the pro­

ducer's art against the day when production by indepenitent manufacturers

· may·.cease. II AndH .....mi1t9n (3) .stated, "There has been ~ short;-tge pfblack

powder the last year or hV'O because of the Vtetnam wall' but this t'i'o dc'..;bt has

eased in recent months. sin~~Na...; w&rfare' has bee~ curtailed. II Th~.
u. s. .Army has not 'reported a' shortage of"black po,vrl,er.· Rather,- concern

has b~en expre~sed over a' shortage of ~uppliers'in the U. S.. since the

recent closing 'of the :A.ustin PO\vder Cqmp:l.ny, Clevelamd, Ohio,. following

an explosion.
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It was previously noted in .this papL't' that black powder appeared most

readily ignitableatabout 1% rnoi:iture ce-ntent. Even mm'e curious are the

results of ~ieetr0staticsensiti\'ity test's conducted at the BUlR-eau of Mines,

(14): IIMoist black powder (up to 7% m'oisture) is more sensiitrive than dry:
• ..<

black powder when tested tinder partial' conf5nement. •• It ...

A discussion of blac',; PQ\:der can not be complete wittout anecd~tal refer~

ence to ep.rlier tim€s when the ter~gunpowderwas synonymous':with
. ' .' ~ .

black powder. "TJ-,e term pr<?of spirit has its origin in an old method of .

testing whiskey by pouring it on some gunpowder and lighting. 'I.g.nition of

the gunpowder after the alcohol burnedawav was considered proof that the
, . '.- ,,(i5) . ,

whiskey did not contain too much water' •

Finally, thereferences with this paper would not be comp'lI.<ete without in­

cluding the excellent discussion of the chemistry, banisti\c$~ and rr.anu­

facture of black powder by Urbanski (16) .
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