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g THE CHEMICAL AND BALLISTIC PROPBRTIES OF BLACK POWDER

Black. powder is not favm d Ly most engineers for use in new designs. Still,

there are instances whcre the umque balhstxc propertxes of bl ck powder are

- difficult or 1mpract1t:al to duphcate. ‘This paper is a review of the avalla-

: bi.ldity, stability, and ballistic prope‘rtlesof black powder,

In the Umted States, sportmg and mth*ary black powder is manuf wctured by
E. duPoot de Nemours & Co Inc, Canadian Industries Limited, \lontreal,

also supphes black powder (Class 1 ovxly) io the U.S. Army. Outside North

" America; the Nobel Division of Imperlal Chemlcal Industrles, Ar‘deer

Ayrshu'e Scotland, manufactures blacl«' powder for world-wide distribution.

- Accordmg to DOT- regulatmns, black powder is a class A explosne for pur-

‘Black powder is cons1dered stable . * 7', According to Harrison ,

poses of shlppmg, handnng,. and ;tormg

n (1, 2, 3, 4) (1)

"There. can be no question that in the absence of noxsture black powder is’

extremely stable in normal condmons -1 am informed Lhat until World War I

it was the prezctice. of the Erench Armv to preserve lots of black powder which

had: proved espemall} good for use-in t1me tram fuzes and it was reported -

" 'that some lots so prese. ved dated from ’\’apoleomc times. During the -

o Wllhamsburg reccnstructmn bemnnmg in’ 1°26 unexpioded Cw11 War shell

; found w1th the black powder in them st111 in good condmon

loaded with black powder were Unearthed from t\ me to tirre, "and often were

3]

. Ellern (5) g1ves addltmnal mmght into the stablhtv nd use's of black powdér.

-_"The advantages of black powdcr are great sensitivity to 1gmuon even at.low

temperature, econorny, multlpltmt) of uses, and relatwe safet\ ‘in handlmg "

. The dlsadvantages are hygroscopxcxt) and Ilmlted stammy excessive flash

and smoke, undesirable sohd re51due dlfflclllt\ in contro‘lmg burning rate,

pooer’ burmng qualities under dlmxmshed pressure and, l'malh, hm1ted

- 'supply " According to Shefheld (2), In the absence of mmsture black

. po .vder is of a high order of stablht\ its ingredients being essentially. n‘on—'
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reactive w:th each’ othex ven at 120°C. How'ever; the heating of black ,
powder above 0°C (158%) results in a change in composmon or un1form1tv - :
of 'ccmposltxon due to the volatlllty of sulfur above 70°C."

Hygroscopicity. and moisture content are v1tally Imked to the stab1lity of'
black powder. Ellern. (5) gives the equ111br1um water content of black .
powder as follows (80°F) 0.2-0. 6% at 20-60% relative humldlty and 1, 0- 1. 5%
at 80-90% relative humidity. - MIL-P-223B "Powder, Black" (for Class T)

“allows 0 7% maximum moisture content Sheffield 2) mdxcates acceptable

‘stabllltv at 0. 7% moisture content. It is mterestmg to note that. data in

NOLR 1111 ( ) eug-gest that the ig mtabxhty of black powder peaks at about -

1% moisture content. Satxsfactory 1gmt10n has been obtained in a specific -

apphcatmn mvolvmg "threshold cond1tlons ‘up to about 3% mcisture content
(7\ : : C : e

Numerous tcchmques may be employed to measure the moisture (or VOlafile) el
content of blacl\ powder Typlcal procedures are "Volahlea (oven method) ' '

and "Volatiles (vacuum method)" eccmbed in MIL-STD-1234 "Pyrotechmcs

Sampling, Inspectlon and Tec;hng or. the procedures specified in MIL- P- 223

"Powder, Black.' Development of. an''"NMR Transieat Moisture Meter for

measurements over the range 0: 1 to 1.3% mmsture content was recently

reported 1 ). Black powder reacts with many matemals, a condxtxon aggra-

. vated by. momturo Cons1derat1on of Compatlblhty with other materials is

essential for any deslgn mcorporatmg black powder. Considerable compatl-.
bility data are available. and can be found 1n the references c1ted w1th thls

paper, partlcularly Reference 12

Sporting black powder is read1ly avallable However, it is diff*cult to
obtain developmental quantities of black powder certified to- MIL-P-223.
It appears that uportmg black powder FFFFG is glazed while the MIL-P 223

~ counterpart, i.e. Class 7, is not There may be other differences between -

commercially ava1lable black powder. and black powder procured to the

-

military spec1f1cat10u

£
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‘Use of black powder in new designs is. not w1despr‘ead Aero;et General

Corp. demgner‘s used black powder ih-the CDU-12/B cluster. Recently,

(. (3)

E black powder was ased in ‘the BLU-48/B munition design Hamilton
‘ " states that - "Black powdex hao heen used as the mtermedxate charge in 1mpulse
' -cartmdges such as the Navy \/11\9 0 and MK2-0 Iinpulse Cartridges. Thne
black powder has been replac ed with FA-878 pmmer mixture in the MK9
car‘trldge although the MK?2 l cartmdge stxll uses black powdor (Class 4) .

Fine (Class 4) black powder is a!so used as a delay element for base detonatmg )
fuzes used in large caliber Navy guns (5, 8 and 16-inch) where mxlhsecond ,
delavq are requxred C; anon (large. grain) type black powder is also used in _'.
‘gun primers, that is, 15mt10n systems for-many ‘\Iav“ guns such as the 3, 5, '
'8, and 16-inch weapons. ' . The U, S. Army ‘uses black powder in numerous '
apphcatlons such as 1gmters for propellmg charges M3 and M4A1 for. 155mm :
howitzers and propelling nharge 86 series for 175mm gun canncn, the latter .

requiring nearly one pound for each round.

- Perhaps 'lhe main reason that blé‘(‘k powder is considered for new designé is A.
its relatively ﬁlgh burning rate at low pressure énd small ‘pressure burn-
- rate exponent Burn-rate data are givenin References 9 and 11 A relation ;
: that has proven sa’nsFactory for. prﬂdlctmg performance with a Honeywell
internal Lallistics computer pr‘ogram isr =0, 133 p0 325 where r = rate-
(in/sec) and p-= pr‘e%sur'e (ps1a) Expemmcntal data indicate that ‘wo ex-
“pressions for burn rate are necessary for compr‘ghanawe calculations due to
‘an observed transition in the region of 100 psia. Powders produced by -

mfferent manufacturers exhibit d1ffcrent balh_stlc p'roperties.

Available smgle and double base propellants, even porous " WC Blank ""do

"not burn satlsfav*tomly at low pressures compared with black pov.der Alter- S

natives to black powder, in suchiapplications, have not proved superior.
However, the pyrotechnic-propellant: composmons that seem to appt‘ox1mate -
black powder are typically based on Zr/NH (‘10, or Zr/I\ClO4, both
agglomerated with a binder such as ntrocellulose or double-base propellant _

in solvent, and then screcned to produce granules The addltlon of a small




et

. . o e ount of nmnphonq boron (\iIL B-51092) to fine flake double-base
- 'pxopelldnt (M5) also soemod to ncroaqe burning rate at low pressure to a

'leve dpprommatmg black pmyde: 1‘n one expemment,

* Many others have mvestlgated substltutes for black powder Perhaps one
of the most SUC(‘(‘Sbel substxtutxons ‘has been the use of eomposmons such
- -as H/l\\‘() pellets for. solid~- propellant rocket igniters. Hamilton 3
reports that . . . 'black powder lus been replaced with FA- 8178 primer
mixture in the MKO cartr ujgo o ‘"he FA-878 was in turn replaced with a
zirconium>-potassium perchlorate mixture (60% Zr + 40% KCI10, ) with very
at;sfactory results.” The delay compom_t;ons that have..replaced black

powder' are well known.

The U.S. Ar my is the prnna vy consumer‘ of black powder in the U.S. Thelr

e pr‘ocurement in 1961 and 1968 was over: 4, 000, 000 pounds per year, about _ =
- ' 1, 500, 000 pounds-in 1969, and in 1970 is predicted to run 800, 000 pounds. ‘
Annual procurement by o’*hers, mcludm'r the U. S. Navy, is estxmated to be

about 25 percent of the U. S. 'Army f.1gures.

. ' bome concern has been expressed ov er the aval.abzhty, particularly the
" 4‘ _ future avallabxhty, o*’ ‘black p'JWueo . As (‘arl L Roberts reported (10 ) - -
P ”The military requu'f ments for black powder have not diminished nearly so
) fast in the past severzl yeara as the abandonment of productlon by pr1vate v -
manufacturers. Annual m111t1ry requu‘emems may run to millions of
C pounds,,and Ordnance desirad to record as much as possxble of the pro-
“ducer's art agamat the day when productmn by mdegemient manufa eturers
. may’ cease, - And }mmxlton stated "There has been a shorta, ge of black
powder the last year or two because of the Vietnam war but this tio deovbt has '
eased in recent months, smce Navy warfare has been curtailed. " The .
U.S. Army has not reported a shortage of ‘black powder. . Rather, concern
“has been e\pressed over a bhortage of cuppher< in'the U. 5. since the -
- recent closing of the Austm Powder Con pany, Cleveland Ohlo, followmg

an .explosion. . S -




It was prevxously noted in this papu th;t black powder appeared most
read.ly 1gmtab1e at about 1% rnoisture content. Fven more curious are the
results of electrostatic qensuv ity tests conducted at the Bureau of Mines.

(14), . "Moist black powder (up to 7% moisture) is more sensitive than dry:

black powder when tested under. partial confinement. . ."

A dleL551on of black pow Jer can not be. complete witkout anecdotal refer-
ence to earlier times when the term gunpowder was synonymous thh
black powder. "The term proof spirit has its origin iu an old method of
testing whiskey by pouring it on some gunpowder and lighting. Igmtlon of
the gunpowder after the alcohol burned away was cons1dered proof that the

wh‘skev did not contain too much water” ‘15)

Finally, the references with this pap’ef-'would not be complete without in- T

cluding the excellent discussion of the chemistry, balhstxu\ and manu-.

facture of black powder by Ur bansk1 (16)
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