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. g‘;_;eglsitivity. of Explosives to Tnitiation by Electrostatic Discharges
It has long been recoinized that there areg static ‘electrical hazards
associated with the mapufacture, handling, and use of-explosives, particu-
1arly initiating explosives, btut only within recent years has & systematic
attempt been made to obtain quantitative data’on”such hazerds,” The Bureau
of Mines has made éand i continuing to mske an extensive study of the stat-
jo electrical hazards associated with ‘the. manufacture, -handling, and vse.
of. explosives. Preliminary investigations on a number of. exploslives have
vocn made, 28/ The results indicate that & considerable number of explo-
sives, including primer; initiator, detonator, igalter,. {racer, and incen-
diary types. may be ignited by electrostatic ‘discharge. energies less than
those that mey be builtiup on and ijacherged from the huran bedy. It was
_established that elsctrostatic energles accumilated on the body, may read-
11y reach values.as high as 0.0L5 joules, snd this value wes accepted as a
gtandard in determining fér.what explosives extra precautions must be taken
sgainst electrostatic discharges. This standard was accepted by.the:U. 8.
Army Ordnance in drafting thelr safely requirements Tor Ordnance plants
. magmfacturing or handling éxplosives. S : L :

Further work on this subject has {ncluded investigations of clectro-
static sensitivity of most coumercial detonators menufactured in the Unlted
, States. I@rkeé;‘d_:i.fferences,'in.Sensitivi:by, have beon found, depending on

+ composition of ignifion charges-and. on geometry of bridge vire and case
;.of the detonstor. S - S LT

Tist of Permissible Explosives . :

.- A permisslble e"xpiosiva- is one that ls similar chemically; physically,
and in a1l other respécts to & besic sample that has passed.certain re--
quired approval tests of the Bureau of Mineca, - After an explogive or blast-
ing device has passed all the roauired tests, 2 it may be placed on the
permissible 1iet. This list. is constently being revised owing to additions
of explosives and blasting devices fhst have passcd_the tests end to trans-
érs between the active -and inactive lists. As of June 30, 1946, the list
‘contained the names of (180 explosives. and -9 blasting devices,. compared with
‘tho names _of 178 explosives’and' blasting devices on the lists as of June
<30, 1945.30/ 0f the two néw cxplosives added to the lisk, one was sub<-
“Mitted for complete testg for ‘permispibility end the other vas.an additional

28/ Bvowm, F.:W., Kusler, D. d:, =A% (ibsom, F. C., Sensitivity of Explo-
T bives toéIniiiabicnfbyﬂEléctrostatiéjDiScharges: Buresu of Mines

" . Rept. of Investigations 3852, w946, 8 ype. :
" Burcau of Mines; Procedure Tor Testing Explosives (Including Shoathed
' Explosives) .and Blasting Devices for Permissidility end Suitablli-

ty: Schednie 1F, approved. Jepudry: 20, 1945, 15 oB. (Test condi-

ticns s}md procedurc-£6 follav in making applicaticn for ‘testa are

; given. ) ’ ‘

350/ Tiffany, J. B., and Gaugler, 7. C., Active List of Permissible Bxplo-
sives =nd Blasting Devices Approved Provious to December 31, 1945:

Bursau of Mines Rept. of Investigatiens 3910, 1946, 20 pp.
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nomo siven to e SiFlesivo arroady o tha 115t e nins Hedels o 0ty
blasting dsvices remained +the' same as lagt year. . S : :

Consumpiion of Pormissible Biplosives

In blesting coal, -6nly vermissible ‘explosives should be used: other. .
vise disastrous explogions mEy occur Permissidvle explosives: were firgt
ifitroduced in 1909, and thelr subsequent use has increased steadily. Dup.
ing the Fizcel year 19L6;" the consurption of pérmlssible explosives in .
doal mines amounted: t6 almost 91 .willion pounds: . In:addition, there wers

~d ' lagting povdésr and slightly over -
97 million pounds "of high explosives other than Permissibles. Thus, about
2.7 times as much permiseible- explosived as black tlasting poéwder was used,
Thero has been a stesdily increasing retio since the Piscal year 1940, the
first yoar in wilch the consumpticn of permissible expl :
of .black blasting povder. ' : .o .

Subsequent to the introducticn of permissible explosives in 1909, morg
than 1-1/2 billion pounde of these explosives have been used in coal mines,
When voed in a permissible manner,  they have never been kmown te be the
cauge of a miné explosion. In +the feyr instances of ecxplosiohs in which Par=
wissible explosives werc involved, the fact has beon established that. the
o¥plosives were usod in o nonpermissible manner.. Even in recent years - oone
minc disasters have been caused by the use of black blasting powder in Tiines
that vere definitely gassy. Thero can boc no exeuse for continuing the uge
of black blasting powdar In coal mines. The conditions of use Prescribed,
by the Bureau of Mines form an essential part of ths requirements for per-

- migsibility,. and failure +o observe any of thesc conditions constitutes a
violation of the requirements and renders the use of tho exploasive or

© blasting device nonpermissible.

Flold Samples of Perml ssible Explosives:

To continus “to be permissiblé,

an explesive or blasting device mst be
S0 mnufacture_d_ that it will pogsess

all the chemical and physical cherac-
taristics of the basie sample. " To check: thsse characterigtics, samples arc
taken in the field and retested. Tolerances that are allovwed -when compari-
.8on is being made with =a basic sample are set Torth in Schedule 17, These
tolorances definc the 1imits beyond which field samples cannot vary and

1 b6 e d pernigsidle for uss in“cosT ‘mineg. * Thirty samples
wore collected during the Tigeal yoar. Only one failed to pass gallery ="
test 1, and 211 tho other Saliples passed both gellery test 1 and k&, although

15 of these .samples did not meet the tolerances for their. chemical and-phy-
glcal -characteristics. Safeguarding_th_e quality of -permissible oxplogives
through field sampling has boen an important facter in prowoting safety in
the coal-mining Industry in the United States. o
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Miniature-Cartridge Test for Detonators

. The miniature -cartridge testil/ wig developed a8 & means of evaluat-
ing the relative’ inltia.ting sfficiency or gtrength of a detonator. This
value is measured by the W‘eight of sand crushed- whe.n the detonator under
"test is fired in‘a minis.ture cartridge of an 1n=vens:.tive ‘mixtire like TNT
and iron oxide weighing's, grams’ embedded in & weighed qua.ntity of standard
‘Qttave sand and held in a ‘Bomb. From this weight of sand crushed ig sub-
“tracted another weight of sand which 1s crushed when the. same kind of de-
tonator 1s fired smbedded in & 5-gream cherge of pure iron oxide, The value
thereby derived represents the initiating efficiency of the detcnator in
compariscn with values-‘obtained frim -detonators with various weigbts of”
mercury fulmnate used as the base charges. Coe

Ba.sed upon the more. recent tests s 1t is believed that the 1n1t ating
efficiency of a detcnator 1s improved . {1). by eubstituting for a mixture of
. meéreuwry fulminate»potassium chlorate. (80-20) any one of the following: com-
i:ounds used a8 base charges (mprovement follows in. the order -\=,1'11,u:uf=,-ra.tecLP
{e) Tetryl, (b) PEIN,.(c) Cyclenite; (2) by using a reinforging capsule .
for enclosing the primng charge; (3) by use of an sluwninum shell. inqteacl
;o*‘ a gilding metal shell &nd (h) by use of a small diameter shell.» ol

During the war, a 1&rge va.riety of detonators captured with enemy
equipmcnt vwas sxemined and tested. The detonators included those of. Ger.—
zan, Ttallan, and Japsnese make. Most of the German detonators were loaded
in aluminum shells charged, with & base constituent:¢f tetryl or PETN and
had a priming cha.rge of‘ l ad azide-lead atyphnate enclgosed in.s reinforcing

Assistance was given. to the War and Nawr;,r Departménts snd other Fed,-
eral agencies. This included consultations on matiers pertaining to de-
. molitlon explosives and equipment, safety inspections of the testing afea
of a military reservation, surveillance tests of - progellants and explosives,
- &nd testing of a sample of red phosphorus for ity’ Sens.Ltinty to fricticn
on the Bureau of Mines!' pendulum frlcts.on clevice. o

RV

Tho Elcctronic Chronossope .,',

The Bureaa of Mines 13 frequent ly consulteé. for recommenda.tions on
Nethods of improving performence and saf ety of explosives and -for. advj,ce
n explosives technolegy in general, This often reguires short-term mis-
ellaneous Jinvestigations, . Such miscellaneous pro,jects have. includcd HOrkK
n Per“cﬂ'marce and safety of exploslves. usmg hydrogen peroxide ag.the ox-
tizing a.gent 1i q_u* d-oxygen exolosive - and tetranltromethane gasoline

E.‘G_a.nt “Re L., and Tufany, J. B., Factors Affectlng Inltlating Effl-—

ciency of Detonatcrs‘ Ind and Eng. Chen. , .vol 37s Ju_'}.y 19115 5
PR 661 6. e :
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mixtures; work on methods of measuring rates of detoration and evaluatioy o
hazards associated with a number of specific operations in industry,. One
such investigation led to the development.of am -elettronic’ chronoacope o
dotermine velocities of detonation of cxpleosivesg that is capabls.of . measyy.
ing time intervals es smell as L microsecond. &/ Thls instrvment is g
poriable, and éirect-rcadmg and can be operated.‘ f:com s'ba'ticma quite I‘emo
from the explosive wilthout. transm...ssion-line dlff:.cult:.es. It can be Dper.
ated from the ordinary 110-volt AC circu.lt or“can be¢ adepted to battery .
operation, It can measure velocities of dctonatlon o*.rcr lengths as sma,]_‘i_ a
1 centimeteor of highly brisant oxplosives W:Lth an a.ccuracy of approximately
5.percent., Figure 15 is a photograph of 't;he instnlment. .

Isnition Temperaturcs of Com_pound.s in Alr and Oxygcn

An apparatus consisting of a 50-pound, electrically hegted, stainless-
gtecl block, in which was encloscd a 125-cc. Pyrex Brlemmeyer flask ag the
ignltz.on cha.mhcr, wag uged to determine the ignition temperatures of 21 dir
Foront compotnds that worc dotermined In air &nd oxygen. 'This is a moajfi..-

B cat:.on of the standerd nitrate dath apparatus and served to avoid the ha.za.rd_g
of flying glass when ignition occcurred. The flask within the steel block'™ .
sa.mlates black-body conditions. ' The ustal drop methed was employed. Whe,
“tho compound is & gas at ordinary temperatures, 1t was Tirat cooled to the
liguid state and the roguired amcunt was dropped .into the appa.ratus. Ming.
mm ignition tomperatures determined in this modified apparatus and given in
table 4 orc usually only a fow degreos lom:r than those obtained in thc
‘ﬂteﬁd&.d nitrate 'bath apparatus. .

TABLE 1; - Ignition tomperatures

lmm ignimon t@cratures 13(... o
Formla | In alr

Ethme IR NN Y RN CEHé - - 16
Propofie sveesessvosnessnt CEOI8- o~ -« .. .BG3

13- -butadicne ..........q CLHE 8
n-butanc seedusieaeaaeoa ] Cyllig ‘ ko8
180~bUtanic cvvsereeecaa. | ChEIQ Len

N-PERLONE avvrararrsnens CsH12 290
clgo-pontone c..eeesees,.; C5H1D _ k2o
2-3-dinethylbutanc L....| CgEil - k2o
N-hoptans e.eveeseassn..| C7HIL ' 230 -
N-0CtANE sussusssnasnnes | CHHIR 218 - 208
2-2-4 trimethyl pentane.| CEE18 koo 4. 283
Dimcthyl ether .........| {CHz)20 350 25p
160-PROXONE seunisnoudsn| CHy10 hée 322
- n-propyl formate .......; CyHglo ST > S S 8

. igo-propyl formate .....| CyHEO2 - Wy - hle
n-propyl acetate ....... CsEiglp 1 - F s S -
1so-propyl acetdte .....| C5HyOp f ke - k48
l1-2-dichlere-n~butane .. | CRHAC1S 275 -850

-, Monomsthylamine ......., | CE3NHD 430 Loo
" Diriethylamine .u........| (CHz)oNE! | hoe T sME
- Trimethylemine o.eeweeco | (CH3J3N | :0 @ 19C . | - 175

et

2e/ Hisewanger, C. R., and Brown, F. W., Blectronic Chronoscone for Measur-
ing Velccities of Dotonation of Explos:.ves. Bureau of Ma.neu Rep't.. :
of Imvestigations 3879, 1oLé, 18 pp.

179z - 5L -

e
Ly ey,
R e e

s,
1]

s,
G
il

S

HITENE

S
bty

S WETRTSTA




!
iR
5T
i 5¢*53§$§
égﬁf;?ai

SRR

i
247,

2Eo

Pl o

e Sat i
A e LR

i3
i

measering velocities of detonation.




I. C. 7417

Limits of Inflarmmability. of: Substénces in Alr.

De*erm:{nations of lowar ancl upper lim:.‘bs of inflama‘oillty vere made
of a number of combustible vepors and 1iguids in air, Ta‘ble 5 contains a
Sumary of: the values._

TABLE 5. - Limts of Mlambllity in air

" Tindits of inf lamma.bility,
e o percent by volume
_ {ompound | For Tover Limit | Upper Lmit
150-pentane seeescoervorss N . 1.35 - 7.60
-OCHANE sverrivrrssscasas ' T 1,00
2-2-k trimethyl pentane ..| CGH1& = | - .58 , 5.23.
Ethyl benzens. ve.esvereon.| - Cglig S .- I
n-butyl formate ........e.| C5HIoO2 -4 . L.73  8.10
ISODHOrONG wesesssronssuns Hq3,0 - oWy %.80
- Monomethyl ?.mins redesrans 1 NHQ- . 11-995 20,75
Dimethylamine LR RN Y SN e 2.8‘0 : 114--}';-0
Trimethylamine +oeseeeess- . 2,00 11,60

Extinction of Gasoline Flamas by Inert Gases

. Gasoline is one of the chief contributors te the causes of fires snd
explogions; which take an enormous yearly toll in property demage and causs
conslderable losg of 1life. Its widespread ilse makes.lt Impertant fo.dis-
cover vays of eliminating or at least mitigating the explosion hazards of
this substance. Accordingly, a study was made of the effects of various in-
ert gases having. different chemical compositions on Tthe extinction of ge.so-
line flames, the resilts of which!should Iind considerable application.33/
The subgtances investigated were nitfogen, carben dioxide; auttmobile ex~
haust gas (85 percent No + 15 percent CO,), dichlorodifinoromethane ("012”2)
known as Freon-12, trichloromenoflucromethane (CCL.F }, known as Frcon-ll
and. dlchlorcmonofluoromethane (CHCleF) }mown as FFeon-21.

Gasolines may’ have rather wide variations in chemical and physical
Droperties. - They may a2lso contain small amounts. of  other substances to on-
hance thelr anti-knock properties, engine- operating characteristics, and to .
E_i:flcreaa.se their stability during storege, transportation, and use. The re-
Sults glven in the report show, however, that the inflammable propertles of
Ufferent gasclines at normal atmospheric temperatures are influenced largc-
1y by the moro volatile hydrocarbons containing 5y 6, 'and 7 cerbon atoms.in:
the molecule, and that the heavier constituente of higher mleculaa:‘ welght :
bave g minor Influence under these condi‘bmns. -

3] Tones, . W, A ST Tend, W, §.; Extinotion of Gasoline Flames by
‘Inert Gaseat -Bureau. cf Mines Rept. of Investigatlona 3873., 19146

i
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Three types of gasoclines Were imrestigated having cctene’ ratings of 73_
92, and 100 and specific gravities at 60/60°F, and vapor pressures, in mm,
Hg at 25°C., of 0J7136, 0.7061, and 0.7161, and 200 mm., 182 mm., ‘and 168
me, , respectively The limits of inflesmmability of the gasolines in aiy,
in pe::‘cent by volume of gasoline vapor, were determined tc be 1,50, 1. 50 3.

1,40 for the lower limit and 7.60, 7.60, and 7.40 for the upper 11m1t5

in an open tube ignited by & flame.. Sllghtly smalier values were found fop
both limits in a closed tube. i_igzii‘bsd_ﬂ_by_a spark. These results show that
both limits of inflammebility for the three different gasolines sre almosi
identical, using a particula.r me'bhod.. The average lower 1limlt of inflamms.
bility of gaséline may Pe taken asg 1. 1?0 percent by volume in dry eir and
the average upper limit at 7.40 percent.

Resultg of tests with all possible mixtures-*of -g’a'soline-a‘ir-—nitrogen
in & closed tube and with ignition by & high-voltsge spark indicate that
the addition of nitrogen had no appreciable effect upon the lower limlt of
gasoline vapor wntil 20 ‘'or more percent of nitrogen ds added, wherees the
upper limit was reduced in dirsct 'DI‘OPOI‘\.ILOB to-the amount o:f‘ nitregen add-
eds At least 42,4 percent of nltrogen mist be present to render all mix-
tures with alr nonlnflammable.

Similer tests with gasoline-air-carbon dioxide mixtures showed genor-:’;
ally the same results, except that the extinctive coffccts of ¢arbon dioxide”
were found to be greater than equivalent amounts of nitrogen, as is to be
anticipated qualitetively from the greater heat capaeity of carbon dicxide.-
Only 28,9 percent.of cerbon’ diolidn is required to. renéh.r all gasoline-air
nixtures noninflamablo. B . PUNE :

A cheap a.nd convcnign‘t sunply cf inert gas may bo obtained for flame- .
quenching purposes by utilizing the exhaust gases from 1ntvrnal-pombust10n =
enginca,. provided the fucl-air ratic is-adjusted tc produce an exhaust gas .
contalning maximm percentages of, carbon dioxide and a minimum of carbon . ..
monoxide and residual oxygen. Under certain conditions, zn exhaunst gasg ~ ..
contalning 85 percent nitrogen and 15 percent carbon .dioxide can be made,
and this was used, As expected, tests with gasoline-air-exhaust gas yicld-
ed results that -1lig between:those of nitrogen and carbon dioxide. Thirty-
gix percent of exhaust gas was requircd to be added to render all mxtures :
noninflarmmable, : it

B SE A i B . B

Tests with the three Freons show that their flame-quenching efficlen--.
cleg sre mich greater than other inert gases llke nitrogen and corben diox-.
ide, DBoth the lower and upper inflammable limits are affecied materielly .
by additions of smell percentages of these substances, causing a marked i
decrense In the range of in:f‘lemnability. The extinctlon efffect Increascs
ir the order CHCL.F, CC1l,F, The amounts of those substances thati
will render all mrtures o% gasoiine-air-frcon noninflammable are 15,6 per-
cent, 12 4 percent a.nd J_’L 1 percent respoctlvely,

It ig of mterest to note tha‘b all hydrocerhon-air mixturcs from
methane through hexane and gasoline will be free of explosion hazards at

1792 - 56 -
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rormal tempersture and pressure if the atmosphere comtains Lb pcrccnt or-
nere of mtrogen or 31 5 perccnt or more o: carbon amxidc...

it is somet Imes MOre convenient to coni:rol the- e@lcsion hazards of
the mirtures by means of the oxygen concentration, .Thls is accomplished by
diluting with inert gas until the oxygen concentrathn falls to soms criti-
cal value (.»:rhlch varies with the inert gas ac'tdecl), below which the mi: turos
tecome neninflammable, These critical Oxygen concentrations for the. inert
gesos nitrogen, carbon cllo.&ido, Cm, oy CCLF,,, and CCLF are 11,6, 1h.Y,.
17.2, 17.6, and i7.9 percent, respectively.- E. com;&ibén of the critical
oxygon values fop 4ifferent hyd:acarbons from methane to hexane and gesolino
reveals that. tht,_; do not differ very much for a glven inert gas, - Thus &, Whon
nitrogen is uued -the oxygcn valtes range i‘rom 1.0 to 12, 1 percent, and it
the oscy'gen is Kopt belcmr 11.0 percent 'all of the :mdlcated hydrocarbons are
nonind la:nzmble in any concan’oration.‘ More ox:,rgen can bo tolerated 1f ":‘x.‘n'*l-—.'
clous coxrrcspondmg changes are made in the gasolins concentratlcns wln ch
the, _cosults of the 1nvesnigatlo~1 allow to p:edlct. :
o me use of 1nert gaaos to dilute exn}.oblvc atmounheres and th_ercb\r dJ_-
lute thé air or oxygen concentration to a point where the mixtures become
nenintlammable has Pound nomerous applicaticns in recent yeors. Informaiion
cf . the type just given has proved of great benoJ. it to indhst“y. "By applying
thene data, combus uiblO mixtures coqtg_mmg ‘gasoli ine’ can be removed saficly
from, Uontamcrs and equzpment or the mixtures may be introduced into such
vessels o“iblnally contalning air wi thout rann_ng the risk of oxplosmn,
pronioa the proper concnr‘tratlons of” 3.nort gaqcs arec Dresent

Limits of Imlam_.bility and Imution Tumpwature 04. Naphtualonc

Informetion concerning the German cncm,._cal 1ndustry and in phrtlcul(_r
utilizating of Iu'Dhth:.olOIle has brought this ewbstencs to the Tore as.
chtmical of commercial 1mportﬁﬁco - Its potential fire and oxplosicn hazar
hav&, thevmfore boen studied.2?/ The :Lmeruon mothed for determining the -
Mnits of ‘inflezmedility of vapors was employed.33/ rhe limits determined -
ﬂ-ﬁ‘e tcmpor turow between which air saturuted with napnthalme vapor 1§ ox-
113 ‘o when the barometrﬂc pressu.re Is Th7 .- *'cury. The lower limit.

s found to bo T7. 89C. and the upper Yimit 121.8°C. Comverted to concon-
tion limdts, from the vapor prossurcs of naphthalenc at these tempeia.
freg, the lowe“ linit becomos 0.88 pm cont by volume of naphthalens vaper
Alr and the uppor limit beccmeq 5.9 porcent of naphthaleng vapor in air,
e lgnitlon terperature of nanhthulede waz deteriiined by Gropplng a gmall
y St&l sf naphth&lcno onto the betton of .a flosk lmmersed in a nitrate

ath, “'In arr, thc ignltlon te"meruture vas ;ound to.be 587%C.; in o:@'gar'v
& wels 5600C,

E Jones, G. ., and Seott, G. S., lelbs of Ir;tlammability and Tz ‘,*ir‘.rn '
Temperaturds of Nophthaleno: ~ Buresw of “i‘rrs Rent. of I wwestiz .
tions 3881, 1545, 5 pp. : '
es, G W, Inflcmatmq L;.m:xtk. c_nd Thea_r Prautical Apm_lcatlo
- Hazardous Tndustrial O:Jer't,tlons. Chem. ‘Rev., vol. 22, No. 1,

1038 pp. 1-26. ‘ = L
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