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g THE CHEMICAL AND BALLISTIC PROPERTIES OF BLACK POWDER

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

there are instances whcre the umque balhstxc propertles 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, handdng,. 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 bezzmnmg 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 powder.

-_"The advantages of black powdcr are great sengitivity 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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“allows 0 7% maximum moisture content. Sheffield

TN e ey e

reactive with eaeh'other cven at 120°C. Howeveri the heating of black

vowder abovc 0°C (158°F) results in a change in composition or umform1tv - '

of ccmposition due to the volatlhty of sulfur above 70°C."

I{\groqcopxmty and moisture content are vxtally Imked to the stab111ty Qf
(5) gives the ethbrxum water content of black -
powder as follows (B0°F): 0.2-0; 6% at 20-60% relative humidity and 1. 9-1. 5%

at 80-90% relative humidity. = MIL~P- 223B "Powder, Black" (fof Class 7)
( )

black powder. Ellern.

mdlcates acceptable

“stability at 0, 7% moisture content. It is mterestmg to note that. data in

( ).

NOLR 1111 "7 suggest that the if mtablhty of black powder peaks at about -

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

i

application mvolvmg 'threshold condxtlons up to about '3% mcisture content
(7\ » : : :

Numerous tcchmques may be emproyed to measure the moxsture (or volatlle)
content of blacl\ powder. Typical procedures are "'Volatiles (oven method)"
and "Volatiles (vacuum method)" deocmbed in MIL-STD-1234 "Pyrotechmcs
Sampling, Inspection and Tec;hng or. the procedures spemfled in MIL-P-223
"Powder, Black." - Development. of. an "NMR Transient Moxsture Meter" for
measurements over the range 0; 1 to 1.3% mmsture content was recently -

reported (13 ). Black powder reacts with many matemals, a condttlon aggra-

- vated by. momturo Consideration of compatlblhty with other materials is

essential for any de51gn mcorporatmg black powder. Considerable cornpatl-.
bility data are available and can be found in the references c1ted w1th thls

paper, parhcularly Reference 12

Sporting black powder is readiiy a\(ailable However, it is d1 ‘cult to
obtain deirelopmental quantities of black powder certified to MIL-P-223.
It appears that aportmg black powder FFFFG is glazed while the MIL-P-223

~ counterpar t, 1 e. Class 7 is not There- may be other differences between -

commercially ava11ab1e black powder and black powder procured to the

-

mllxtary spemfmatlon

. [L'\'
i




* black powder was used in the BLU-48/B munition design . Hamilton

-Use of black powder in new designs is. ndt widespread ‘Aerojet—GeneraI

Corp. deglgner‘s uqed black p0wder in-the CDU- 12/B cluster. Recently,"

(7 3)

"states that "Black’ powdex hao heen used as the mtermedxate charge in 1mpulse

' -cartrxdges such as the Navy MK9-0 and MK2-0 Iinpulse Cartridges.  The

black powder has been replac ed with FA-878 pmmer mixture in the MK9
cartrxdge although the MK2- l cartmdge stxll uses black powder (Class 4) .

Fine (Class 4) black powder is also used as a delay element for base detonatmg ,

fuzes used in lar‘ge caliber Navy guns (5, 8 and 16-inch) where mxlhsecond

delavs are requlred .Ceanon (large grain) tvpe black powder is also usedin "

‘gun primers, that is, 15mt10n systems for- many ‘\Iav" guns such as the 3, 5,

8, and 16—mch weapons, . The U, b. Army’ uses black powder in numerous '

applications such as ignite'rs'f'or propelling charg‘es M3 and M4A1 for. 155rnm .

howitzers and propelling charge NM86 series for 175mm gun canncn, the latter ‘

reqmrmg nearly one pound for each round.

4 Perhaps the main reason that bhck powder is con51dered for new destgna is -

its Lelatwely hlgh burning rate at low pressure ana small ‘pressure burn-

- rate exponent Burn-rate data are given in References 9 and 11 A relatlon

: that has pr0ven sat1sFactory for. prﬂdlctmg performance with a Honeywell

0. 325

internal Lallistics computer program is: r =0, 133 p where r = rate.

(in/sec) and p-= pressure (psia). Experlmcntal data indicate that ‘wo ex-
"pressions for burn rate are necessary for compr‘ehon;we calculations due to

‘an pbserved transition in the region of 100 psia. Powders pruduced. by

mfferent manufacturers eYh}.blt d1fferent balhstlc propernes

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

"not burn satlsfavtomly at low pressures compared with black pov.der Alter—, :

natives to black powder, in suchiapplications, have not proved superxor
However, the pyrotechnic-propellant: composmons that seem to approxxmate' -
black powder are typically based on Zr/NH,C10, or Zr/KC10,, both

agglomeratul with a binder such as utrocelluloee or double- base propellant )

in solvent, and then screened to produce g_ranules. The addxtlon of a'small



.' as H/l\\‘() pellets for solid- propellant rocket igniters. Hamilton

@ mmt of wmonphous boron (\lIL B 3109?) to fine flake double-base
’ 'pxopellant (M5) also socmod to ncroaso bur nmg rate at low pressure to a

'1eve approknmatuw black puwde: m one cxperlment

Many others have mvestlgated substltutes for black powder Perhaps one
of the most succossful substxtutxons ‘has been the use of composmons such
(3)
reports th_at. . . ."'black powder lus been replaced with FA- 878 primer
mixture in the MKY cartr ujgc o '"he FA-878 was in turn replaced with a
zirconium- potasmum per(hlorate mixture (60% Zr + 40% KCIO ) with very

atnsfactor‘y results “The delay eompomtxons that have. replaced black

’powder are well l\nown

The U, S. Ar my ‘is the prnna Ly consumer of black powder in the U. ‘S. Theu‘

procurement 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 oth ers, mcludm'r the U. S. Navy, is estxmated to be

about 25 per(,ent of the U. S. _Army f_xgurcs“

‘ bome concern has been expressed ov er the aval.ablhty, particularly the

future avallablhty, o*c ‘black p’JWueL‘- . As’ (arl L Robem:s reported (10)

‘ ”The military reqmrf ments for black powder have not diminished nearly so

) fast in the past seversl years as the abandonment of productmn by prxvate

manufacturers. Annual mlhtary requlremen*s may run to ‘millions of
pounds,and Ordnance desirad to record as much as pessxble of the pro- -

“ducer's art agamst the day when productmn by mdegendent manufa eturers
. may" cease. And }mmxlton - stated, "There has beena shorta, Te of black

powder the last year or two because of the Vietnam war but th1s no deubt has '

eased in recent months, smcp 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 shortage of supphers in’ the U.S. since the

: recent closing of the Austm Powder Con pdny, Cleveland 0h1o, followmg

an explosion. L . -



It was prevxously noted in this papu thr J.t black powder appeared most
read.ly 1gmtab1e at about 1% rnoisture centent. Even more curious are the

results of electrostatic qensuv ity tests conducted at the Bureau of Mines.
(14)

black powder when tested under partial confinement. . ." :
A dleLSS]On of black pow Jer can not be complete witkout anecdotal refer-
ence to e~rlier times when the term gunpowder was oynon}mous w1th ‘ ‘
black powder. "TVe term proof spirit has its origin iu an old method of

testing whiskey by pouring it on some gunpowder and lighting. ]gmhon of
the gunpowder after the alcohol burned- -away was cons1dered proof that the

whiskey did not contain too much water” “5)

Finally, the references with this pap’ef 'would not bc complete without id- o

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

facture of black powder by Ur bansk1 (16)

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




(1)

)

3

(4)

(5)

REFERENCES

Shefﬁeld, Ohver h‘. It xploswes Research Chemist, E\cploqwes Lab

FRL Picatinny Arsenal, Dover, N.J., private communication, De-

' 'cember 10, 1968

Hamllton, Leon O éémdén Manufacturing Co., Camden Afk. ,
"~ private commumcatmn December 31, '196%,  (Mr, {iamilton is -

currently associated w1th Fairfield Scient iic Corp., Rockaway, N. J. )

Sehaaf, H. L., Techmcal Representative, E. 1. duPont de_Nemours'& .
Co., Inc., Pompton Lakes, N. J., private communication, January »; .

1970.

Ellern, H., Modern Pjrotéch'riicé, ‘Chemical Pbubli{shijr'xg Co., Inc:,

- N.Y., 1961. - (Latest edition, Jlilitary and Civiliam Pyrotechnics,

- (6)
-
(8)
(9)

- (10)

(11)

(12)

1968),

nance Laboratory, lever bprmg, Md NOLR 1111, April 1952
(AD- 099 1.)1) : e :

’Whltmg, R. AL, "Imprdved Munltlbn‘Effectlveriess Thrdagh Minia-

turized Explosive T cchnology, American Ordnance Associaticn,

“Military Pyrotec‘u 108 Sectxon Meetmg, June 4, 1969, pp. 22; 23

(AD-863 958). .

/
Nlllltd;y Fxploswes, Dept of the Army TM9-1308-214, Dept of the '
Alr I*orce TO=-11A~1-34, hovnmber 1967.

' Fedoroff, B.T., and O.E. Shefﬁeld Encyclopedm of Exploswes and

Related Jtems, Vol. 2, P1catm_ny Arsenal, Dover, N.J., PATR 2700,
196” {AD~-422 747). . ’ = ; '

Roberts Carl L. , Descmptlon of Manufacture f@r Black Powder, :
Olin Mathieson Chemical Corp., Explosives Division, East Alton,

- 111., Contract DA-23-072-ORD-1757, October 31, 1954, - (Mr. Roberts

is currently associated'with Hanley Industries Ine.,. St. Louis, Mo.).

Shidlovsky, A.A., "Fundamenials of Pyrotechnm:s, ‘a translation, - .
Picatinny Arsenal, Dover, N.J., T’\’r 1615, May 1965 (AD-462 474)

Sheffield, O.E., "Compilation of Data Re;atwe to the Effects of
Materials Other Than Plastics on the Properties of Explosives of
Military Interest, " Picatinny Arsenal, Dover, N.J., Technical Re-’
port 1783, November 1950, pp. 115-164 (ATI-100 ‘773). ' -

Harrison, £.H., Senior Technical Advisor, ""The American Rifleman, "

_Wabhmgton D ( , pmvate commumcatxon, February 12, 1970.

Ordnance Explosives Train De'signe"r'é Handbook, U.S. Naval Ord- -




a3
" Moisture Meter for Explosives, ' Southwest’ Req Inst., San Antonio,
~ Texas, Jan. 1970 (AD-872 348). : ‘

1(14)

(15)

(16).

Persyn G.A. and W. L. Rolhv;rz "Nuclear Magnetic Resonance

.Brown, F.W., et al, Sensmvnv of prloswes to Initiation by Electro-

static Dlscharge, -U. S. Department of the Intérior, ereau of Mires,
Report No.’ 5002 September 1953, p. 5.

‘Noller, C. R.,. Chemistry of Orgamc C ompounds, 2nd Ed., W.B.
) Sa-unders Co., Philadelphia, Pa., 19517, p. 95. ) )

Urbansk1, Tadeusz, Chemlstry and Technology of Explosives, Vol

-1, Pe gamon Press, N.Y., 1967, pp 322-364.




