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ne. All brands whéﬁféﬁeétﬁéd?“§§$é§¢‘?géilér§f£§3t'if_with.bhargeérfviée:f'
%t of the respective unik with deflective, charge. A1l brands dssses Mtest’

i, although only 5 of the sheathed brands were fired with charges of 3 pounds,
¢lusive of weight of sheath.  Detonation rates were determined for scme 'of '~
e brands; the rate for sheathed cartridges averaged 200 metérs per second,.
wer than that for unsheathed cartridges. . . R T .

£fect of Shégthsfdﬁ'édiséﬁqus:Gaseoug Prqﬁucts'frbm'Permissiblé'Exﬁibéi#és o

~

' Receﬁﬁ,siudiés'ﬁy.fheuEKQIOSives ﬁi%isibnjand gariiér tests'by_beth'thié'
ivision and testing stations abroad indicate that the ignition hazard of

losives Tired inm.the presence Of gassy atmospheres may be reduced by the.

dition. of a suitable sheath. However,. reduced ignition hazard ddes not’ o
essarily mean that an explosive is safer, because poisonous gases arg pro=<. |
luced in the detonafion of explosives and may present. an jmportant hazard if 7

present in §uffic;ent'quant;tiés.'l, A . T LT

‘The ‘quantity of poisonous gases produced by permissible explosives ‘sHot -
the Bichel gage based on 1.5 pounds of explosive determines the fume =7 7"
sification into shich explosives arejplaceazﬁgfﬂ Class A; not more than— - -
93 liters; class B, more then 53 bub tess than 106 liters; and class C, more
ishan” 106 bub "less than 158 liters. An explosive 1s not pormissible ifmore:
a1 - 158 liters of polsonous gases areT§roduced'frqm‘l;5‘p0un&s of explosive
T nore than 5 liters of oxides of nitrogen are produced from 1.5 pounds ' -
xplosive when sheathed. "Since the oxygen balance of the explosive, the
& of the material in conmtact with the explosive, and other factors-are '~
| to affect the gaseous products Irem explosives, it was of interest to-
grmine how geseous products are affected by sheaths composed ol flame~ "
ttinctive materials and sometiwes comtaining éarbonaceous combustible mater-
in addition to the sheath wrapher. Two types of apparatus were-employed
theé determinaticon of the gasecus producte: In the Bichel gage, gases are... .

ced by detonalion’at low loadifg dehsitles, withoub stenming; the Crawshaw-

-(C~J) apparatus. permits temping and use of stemming, afferding a higher

¢ of confinement, Fifteen permisaible explosives, & of whick were dn. - .

izes of carbtridges, and 8 different sheaths were tested in continuation - .

' us study .of the effects.of sheaths on the gasecus products from .
Three of these explosives. were of the gelatin type, and 2 were ..
density explosives, The rates of detonation ranged from 1,800 to 4,800 .. .
wypergsecgnd; No. 6 meroury fulminate-potassium chlorate electric deto-

8 with L-foot leg wires.insulated with cotton impregnated with an asphal-
erial and paraffin were used in tests in the Crawshaw-Jonesg apparatus; -
el-~gage tests the insulation was removed from the leg wires.. The oxy- ..

8lance of the complete detonator was -8.6 grams and ~2,8 grams. with the -

On insulation removed. Oxygen requirements, as well as the nitrogen and
contents of the detonator, were included in the material balances. .
arbon monoxide. and even more toxig .oxides of .nitrogen. are normal prod- . .
. the decomposition of explogives and are of primary importance. Figr.

lQ—and 11 show the effects of sheaths on the productioh of. these gages...

dication of possible performance properties and extent of deccmposi- . .

" the gheath, the total gaseous products are important, Figure 12 in- |
8 the effecta of sheaths on total gaseous products, In the Bichel gage,

Séé Tootnote Li.
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sheaths increased the amount of carbon moncxide when the oxygen available
greater than 80 to 85 percent of the oxygen required for complete combus:
.with less oxygen, .the shéaths may decrease the quantity of carbtn monox
Weight ratic.of sheath to explosive was important and influenced the progd
tion of carbon monoxide. The use of a sheath increased the volume of oXig
of nitrogen, but the amounts involved were negligible in Bichel-gage te
except for low-density explosives which may produce large quantities of ¥
toxic gas when the weight ratio of -sheath to explosive is large. This Dhe
nomenon also may occur wifh other explosives, if the weight ratio of sh
is Ierge enough., Total gaseous products were usually increased by the
tion of a sheath in the C-J tests but may be decreased in the Bichel-gep
tests for oxygen conditicns Jess than 80 to 85 percent of theoreticel req
ments. | Teste in the C-J apparatus were nade under three conditlons: (13:
Cartridges of unsheathed explosive tamped in the borehole and stemmed ('ded
sity=of=1"); (2} cartridges of unsheathed explosive laid single-file in
borehole and stemmed; and (3) sheathed cartridges laid single-file in th
borehole and stermed, The results indicate that shots lcaded at density=ot;
‘always produced less carbon monoxide than elthor air~spaced or sheathed
Adr-spaced shots produced léss carbon monoxide than sheathed shobs when whe
available oxygen exceeded 80 percent of the theoretical reguirements for
vlete combustion, .In gensral, alr-spaced shots produced the least amo
s négligibic quantity of oxides of nitrogen. Shots loaded et density-of
‘generally produced -the largest quantity, and .sheathed shots produced interm
digte gmounts of oiides'of_nitrogen; When the explogive is nesrly bal
or has a positive oxygen balance, large amounts of .oxides of nitrogen ra
produced from sheathed shots or those loaded at unit density, and signifi
guanvities way be -produced from air-spaced shots., The resulis indicated
sheathed explosives dntroduce no importent hazards in the preduction of .car
bort monoxide but may cause undesirable conditions by the increased produd
of oxides of mitrogen under adverse conditions. : L

Sensitivity-of'Exploéives to Imitiation by‘Eléétrostatic Discharges

0f 2ll hazards associated with explosives, thqse;generally ascribed t
static electricity are probably least understood. In 1942 the Explosives
Divigion started an investigation for the Safety and Security Division of
Army Ordinance to evaluate certain static electrical hazards associaﬁed'with
the manufacture, storage, and use of explosives. Later, other service and
industrial orgenizations reguested the Burean of Mines te obtain informstl
on static electrical hazards assoclated with perticulaer problems in the hang
ling of explosives or potentially ‘explosive meterials. In connection with
these investigations considereble date on static spark sensitivities of X
plosives have been sccurmlated. For security reasonms, much of this info
tion is -restricted at presént. ) S i

Only a brief summary of the general trends observed from test dgta thall
are unrestricted can bé presented here. The energy for ignition veries Wl
voltage and ovérvoltage, but the trend of variation was not the same for a
explosives, . Large particles ignited less rezdily than smaller particles, :
though for some explosives under confinement this effect was not appreciablé
. Except for primary explosives, the degree of confinement usually had a markg
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sct on ease of ignition and completeness of propagation of the ignitidn.‘
ignitions of. seccndary high explosives unconfined were apparently explo=~
of fine dust dispersed in the air by the spark, whereas under confine-
these explosives Qetona@ed.._The ignition energies for unconfined sam-
of finely ground gécondary high explosives were invariably less than for.
game types qf‘samples_uhdef,confinemEntgj Metal powders were more sensi-
when tested unconiined. Black powder was much more sensitive when tested
r confinement. Molst black powder (up t0 7 percent moisture) was more
tive than dry when tested under confinement. . B

Tt.was of interest to know the eleétrostatic charge encrgy that might be
on the human body.. The capacity of the human body depends on many
,: 5uch as body structure and the pro¥imity. of other condugtors or in- =
's... If there is contact between the body and some other object of high =
_the. over-all capacity will be considerably larger. Scme meagure~ |
nia.: vere made of the capacity of several ipdividuals in a building with'a =
Sed-steel framework. When the individual was insulated from the floor
her rubber-soled shoes or a 3/L-inch plate of glass, values of capacity
g from 0.0001 to 0.0004 microfarad could be obtained.  The value of
“was.obtained with the individual leaning over a steel girder while
a leather jacket. Some tests also were made in a reinforced~concrete
F. Values of 0.00028 to 0.00032 microfarad were consistently obtained
individual leaned against a wall., For two individuals holding hands
apacity was approximately the sum of their separate cepacities. - If- -
icrofarad 1s -considered a reasonzble value of capacity under not too ..
‘eonditions, then an jndividual . charged to 10,000 volts would have a
nergy of 5 x 0.0003 x 1077 x (10,000)2 = 0.015 joule. On the besis
@niginformation, it is believed that preceutions should be taken to
he accumilation of.electrostatic charges on individuais around_opera-
1wolving the handling of explosives that may ignite with electrostatic
reles of 0.015 joule or less. It must: be emphesized that ungrounded pieces
uipment, wiring; or structures may acquire ruch larger engrgieS'than_Oiﬂﬁ
| that precantions should alvays be taken to prevent accumulation of -

n such items around all operations involving explosives.

 Huamidity on Sensitivity and Disporsion of Black Powder

esults of studies of the effect of humidity on the sensitivity and dis-
of black powder'were‘published..é] This réport covers the study of
coperties of black powder that might be affected by moisture: (1) Ig-
by flame or hot spark; (2) ignition by heat; (%) ignition by frictionj
Fignition by impact. In addition, the effect of moisture on the dis-
ty of black-powder dust was studied to obtain information on ite :
le: inflyernce in the decrease or increase in the incideénce of ignitiom.
dation of black powder, unless raised to a moisture content where the
isintegratéd, increased the hazard from ignition by flame or hot par-
nefgrained'powders were more readlily ignited by flame or hot parti-
Wwere coarseé-grained powders. Whem black powder was heatéd to some

re, R, H,, and Buff, W. J., Studies of the Effect.of Humidity on the
ensitivity and Dispersion of Black Powder: Rept. of Investigations

82i.;9h#: 18 pp,
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temperature below its ignition poimt, an exothermic self-accelerated reactis
ocourred which ultimately resulted in ignition unless means of removing t}
generated heat were provided. Depending on outside conditions, this reactigy
may:become important at temperatures near the melting point of sulfur.
sanplés and rapid heating 4id not give satisfactory ignitlon temperatures
the test méthod used, Frigtional-impact and pressure-friction tests indl
cated thet black powder is relatively insensitive to frictlon, at least ays
ordinary temperatures, Inmpact tests showed that, upder;moderate confinement
. black powder is modgratery_gensitive'to impact., Two percent or more of moig
turé decréased the sersitivity to impact. Humidification of black powder &F:
fectively lowered the dispersibility, except where the deposit had been dis
turbed or mechanically agitated before being subjected to a plast, Aside
from the ‘electrical effects involved, the importance in minimizing accidental

ignition of black powddr is probably rélated to decreased sensitivity of mois

black powder o irpact. Black powder should be kept cool; temperatures
not_approach 100° 0. - T e T o : ' : et

MiniatﬁreéCarfridge Test fdr:Detonétorsr

A new test; called the "miniature-cartridge. test,” was developed foﬁh
evaluating the relative initiating efficiency or strength of detonators,

The test-is based on-the fundemental and generally accepted concept that - th
ability of a debonator to initiate an insensitive explosive is the best e
sure of its initiating efficiency. - Various mixtures of THT end iron oxide
kmown physical and chemical ‘properties were selected to represent a wide -
range of insensitive explosives. The experimental technigue combined the']
known ‘advantages of the sand teést and the INT-iron oxide insensitiverpowder
test, A 5-gram charge of a homogeneous THT-lron ozlide mixture was packéd o
-8 ‘constant density (0.9% ¥ 0,02) in a paper cartridge, 0.5 inch I.D. and 2
inches long, and a detonator was inserted to such a depth as to produce mexis
mm initiation, The extent of detonation of the desensitized TT was nmeasure
by firing the miniature cartridge and its detopator in the center of 1,000::
grams of rescreened. standard Ottawe sand contained in a steel bomb of 3-1ng
I.D. and determining the amount-of sand crushed. The crushed sand, which
passed through a U. S. Standard No. 30 sieve after a prescribed manper of
screening, was then weighed to the nearest 0.1 gram and represented the sand
pulverized by the THT-iron oxide and the detonator. From this weight was ..
subtracted the "detonator blank" obtained under gimilar technique, except thal
5 grens of pure iron oxide was substituted for the TNT-iron oxide mixture. -
The .value of sand crushed, thus derived, represented the initiating efficler
cy of the detonator. Various factors affecting the test were carefully stud
led. fmong the hore important findings resulting from investigations wi 1
this test were: (1) A priring charge of 80:20 nixture of lead azide and led
stypnate was found t6 be more efficient than any other priming charge tested
(2) the initiating efficiency of a detonator was improved by substitution

&E/ Grant, R. L., and Tiffany, J. E., Detonators: Initiating Efficiency by
' the Minigture~Cartridge Test: Bureau of Mines Tech, Paper 677, 1945,
34 ppn.: Determining the Initiating Efficiency of Detonators. The 5
Ministure-Cartridge Test: Ind. Eng. Chem:, Ansl, Edi, vol, 17, 1945,

po. 13-19.
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etry*; PETV and hexogen, in the order named, for an 80:2C mixturé of mer=
‘ury fulmlnate-pota551um ch_orate- and (5) the test ig appllcable to botk -
erclal and m;lltary etonators and 1s believed to prov de a more acourate

any'other prefiously used test. A brief review of'otner detonator tedts for
4 rmlnlng the relatxve 1n1tiat1ng eff1c1enoy 01 oetunators was glveﬁ.

Determlnatlon of Explogibility of Pota831um Perchlorate and of Mlxtures
alnlng Potq331um Perchlorate

ears potassium gerchlorate\hae'oome into extensive use as an

_1ﬁizing agent in combustiblé mixtures, This use was accentuated by the
"'because of the 1noreased demand.- Ior pyrotechnlcs and “the increased- use

of blasting dev1oes in mining. Gertaln perchlorate mixtures-are used’in:

f; tlng devzces to supply uh@ heat receSSary to ga31fy an 1nert conflned
qu

“In recent y

iy _one by an exp1051ve 1n “the mlne. Although these nixtures Iunetlon
supply heéal, they contain 411 Lhe essentlals of exp1051ves, namely,- ah
Mﬁgz1ng agenu'w1th coaoustlbles Whlch on 1nteractlon are oapable of re~
i 'quanulbj of beau and gases. Fire hazards 355001ated w1th

d es 001ateﬁ w1tn some of” the "deflagratlng" mixtives i often over- o
. It nas Deen generally assumed Dy manufactumers that the heater mlx--

-Because it may thus decompose -in the gbsence of a reducing
he Bureaw of Mines is frequently asked about its explosibility. per se
mede a number of tests .to obtain this information, Because. the data
complete for all of the work, only. general conclusions 1nalcateﬁ by

results on three samples w1_l be glven.. Table. 6 shows the composition
: amPles teszed. . - .

TABLE 6 - édm?osition-of.eampleeu'

- I,H\;-- E A .. | Oxygen-percent of
K10y, {EC1O0s, | KC1, (Charcogl,| Oii, reguirement for
wercent perpent?percent percent: percent complete combustion
85.2.0 0 0.6.00 0.6 712,35 0. _ S 111
~B3¢5-F LB el 12,6 ) _ 111
86.5 (i\.Cl + KCi. 05_.1) =N e 112
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Standard sample M~T229 fziled to pass the flber-shoe pendulum~1rlcu o
test show1ng a hazardous frlctlon sensitivity. The sampie was not sen
enough. to, fall the: pressure-¢rlctlon test. - Semples M-7332 and N—7559,‘
taining more and’ less chlorate,. respectlvely, than sampie N-7229 passed
fiber-shoe pendulum~frzctlon test, - The results are not concluszve becans:
forelgn mattef was observed in sample M~722G and the samples were not.. el
before, tosbing. Sample M-7229 wae insensitive to staitic spark, both Unés
Tined: and confined; tmeoniined Samples were not afTected Dby small amo t4
chlorates.- Sample M~7229 and cthers ‘centaining up to 5 percent chloraxe
high 1gn1t10n tenperatures, 3259 30 387° O, there was no obvious effedt
to the presence of chlorate. The three samples showed the same sensitiy
in the Drass-gup impact teat; with the 5-kg. welght, the lower. limit{ was 20
. and the upper limit 50 cm. - sensitiviily comparable o that of tetry
Above 500 C., the lower linit for M~7229 did not change: from that at ro
temneraiure in thﬂ brass—cup impact test; the upper limit, however, was loy
at the nlgher temperature. Large-scale 1m@act tegts - showed ‘that prewgn%@gv
samples were extremely gensitive to~ 1mpa0u. Unignited samples. required
fell of 8.0 feet for'a h5-pound welght to affect initiation; Preignited sams
ples Wluh the same welght gave a- detonation with a falil of:only 5.inches
_When,GOjf;nemenﬁ was heavy enough sample M-T22Q detonated,: the rate of. 4
nation being about 2,050 meters per second.  Chlorate appreciably-increase
the detonation rate whep enly 3 percent was present, From combined -exper:
mental methcds ) value of pressure bpetween 23,200 and 26 950 P.8.k.Tor: s
pie N-7229 was determlned to be the pressure at which change from daflagr
tion te burning. borderlng 6n detonation or actual detonation. occunred..
Comnarlsons ‘Were nade wzth a chlorate mixture. vhich was deemed. hazardow
cause .an ex91081on had ocourred durlng ite manufacture.. The chlorate.
Showed greater sensitivity to impact and heat and a higher detonation rate
the spark sensitivity of this mixture showed no hazard. The mixture, -.con
- trary to the action of all others, exploded on testing with the steel shogj
however, it passed the’ flber-shoe tests, This samplé'haS‘not heen analyzed;
ared: frlctlon nGﬂSlthluy was determlned ‘on samples that were not dried..

The standara ml&ture M—7229, on the ba81s of tests made 10 &ate
extraord1narlly hagardous where friction may be encountered or wvhere the
51b111ty ‘of-a blow on thé burning mixture exists. Tests on 'ignition temperes
tuFe ana static spark sensitivity show no great hazard. The brassoup imp. Qﬁt
teste: 1ndlcate that the mixture has an inpact sensitivity comparable to teir
and greater than TNT, Contrary to the beliefs of some,- the mlxture will detg
nate if the confinement is heavy enough. The detonation rate is cons$derabl
lower than-that of nilitary high-explosives. Potassium perchiorate per ze
at-elevated- temnerabures could no% -be brought to explosion by dlrect mild-im
nact and aid’ no+ ‘explode at ordlnarf and elevated temperatures when subgeot
to hlgh ve1001ty impact and detonation while co&flned. Explosion of pota'—
sitm- perchlo?ate mlxed with ‘underoxidized: - products of explos1on from- n61gh
boring ex 91081ves such as tetryl may readily occur; “Potassium perchlorate
did not explode by heat shock, although iecom9051tzon under such condltlon.
appeawed rupla enouuh to- produce pressure hlgher than atmﬂsphewlc afound thét
decomposing mass.

v
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Surface Storage of Explosives

dotion.
: ve nct generally been prov1ded for ex-

. - Satisfactory storage facilities hﬁ
PlOSlVeS at the operaticns where used. __/ This couﬂltlon was em@ha51zed by

inspections of explosive maga21nes by Bureau englneers in admlnlstratlon of

the Federal Explosives: Act and revealed the’ 1nadequacy of" the ma3321nes a8

ell as hazards caused by improper storage.’ Remcdeling of’ el&fmaga21nes or

ongtruction of new oneg 1s ‘néeded to afford sult”ole protectlon against firve,

deterloratlon, and-detonation of -exploeives, - Thé  fundamental’ features of

rate. had 'u;table magazines are shown by -skeiches and’ draw1nge, ‘and recommended types
GRS of constructions are=llsted Safe precedur es’ *n‘oneratlng explos1ve magaz1n£‘h

are. glven. Y . ‘ - o

Dlsposal of Deteriorated Exp1051ves

vag. lows '_The uroblem of desUroylng exulos1ves that have becene unflt for- use or !
- are unsuited to any need at their location is occasionally presented to Burea i
epresentatlves. Authoritative information 1Ddlcgtes that most explosives,

xcept detonators, ave best destroyed by burnixng. __/ Methods of handling and

tted, Purning various types of explosives and alternatlve methods O'F dlsposal and
aches. -
of. &6 ‘ tlons to be taken are descrlbed. - L LT

.

gnitlon Temperatures of Isobutane-Alr M;xtures I ST

utane in air Were determlned by ..

Ignltion temperatures of mlxtures of isob
the "atatic! method in a 13l~cc. quartz bulb. BSeven mixtures of known per-
rdous en'ages of isobutane ranging from 2,18 to 1055 percent by volume in air T
AL “tested. The minimm ignition temperature was found to be- BEYC ¢, for a” Tl
¢ iscbutane and 90 52 percent by alr. o

'ntlon of Benzene—Alr Exp1081ons by Addltlen of Tnert Gases 'f_;ﬂ_ 5:

»Barlier studies by the Bureau of Mines have developed procedures whereby
“Fthe explosibility of many complex gaseous.mixtures may be calcoulated in a

er. simple manner without the necessity of perrorming laoorlous "Iaboratory -
iments. These studies have been of  great benefit to the iining and othétr
: tyries in eliminating, or at least mitigating, the sxplosion hazards- of -
on Lo ﬁ‘ieus'combus ible gases., - The extensive use of compleX gaseous mixtures con-

various percentages of benzene. vapor in the solvent indusiry ard-in
manuzacture of high explosiyes emphasized . the need of datz on the limits
1nflammab111tv of. benzene-aly mixtures. alone and on such mixtures té vhich
volumes of inert- ge.Ses. had been added, both in the lower- and upper- .
renges. A rveport giving essential data: requlred for the calculation ot
X combustlble gaseous mixtures ¢ontaining varylng percentages of benzeae
_CGraphs and tables were. Drepared from experlmental data whlch

Harrlngton, D., and Warncke, R. G., Surface S orage of Ex91051ves.

“Bureau of Mines Inf. Circ. 7307, 1945, 16 pp. AT
eitch, R. D., and Moyer, P. R.; Destructicn of Damaged Deteriorated or

,nwanted Commercial Explosives' Bureau of Mlnes Inl, Cire. 1335, l9h5,

ones, G., W., Preventioa ‘of Benzene—Alr Exp1051ons_by Addltlon of” Nltro- A

EEn,and Carbon Dlox1de. Bureau of Mines Rept.’ ‘of InveStlgatlonS %787,
l9l+l; 20 pp.



ad&ed Ditrogen and of benzene vapor, air

of these‘grapns and tables, the limits of 1nflammablllty of complex gase
. mlxtures*contalnlng benzene may ve calculated and . the percentages of oXyg
in the miktures that must, not-he ‘exceeded to .prevent the mixtures from bes
ing’ lnflammable may be determined., The limits of 1nflanmab111ty of ben S
in air weré determined to:be 1. Lo percent by; volume of. benzene vapor o
lower and= 10 percenmt.fér. the uppgr limit .of 1n;lammabillty.' Results ob
tained - on B nzene—alr-nwt?ogen mixtufes -covering thelr entire range of
mability Showed that w4t “least 21.2 volumes of nmtrogen mist be added for
volume .of henzene vanor to make all mlxtures with air noninflammable. 81
.izr tests with benzene-asir-carbon dioxide mixtures showed that the exting
~effect of carbon dicxide was greater than that:cf nitrogen; only 12.9 ¥o
of -carbon Adicxide per volume of benzene vapor vere required to render all
tures nonlhfldmmsble.” The rétio between the volumes of carbon dicxide ahd
. nltrogen, 12 9:31,2, eguals 0,61, This value is close to.the average ralio
- of 0.57 expe”unentally _found necéssary to render 1 volume of benzene, O
other throcaroons or of. carbon moncxide. nonlnflammable under ail conditid
of @ilution with air. The reason for this close relgtionship appears

the relative heat capaclty of nitrogen and carbon dioxide. If it is assum
that the Ilameupropag;tlng tenperature for the 13 aafferent combustible . ga
tested was 1,400° C,, the mean_malar heat capaclty ‘between laboratory

ture and 1, lLOOO C. is, by calculation, 7. L6 for nitroger and 11.85 for ca
- diloxide. If thé e&%lﬂCb’Ve ‘effect of the added. inert gas is due. entlrel
1tS heat-absorbing ¢apacity, the.relative efficiency of two inert gases fa
extlngulshlng flames should be proportloned to their ‘heat capac* ies or in
versaly proportional to their volumes reguired to extinguish 1 volume of

ifferent combustible hydrocarbons. Thais ratior .of heaet capacity of nitro

to that of carbon dioxide is 7.46:11.85 = 0.63, wherses ‘the ratio by volume
of carbon dioxide %o nitrogen reguired to extinguish 1 volume of benzene
vapor -is 0,61, These values agree well: with the azvérage value of 0.57 Iot
Tor beqzene vapor, 11 other hydrocarbons, and carbon monoxide. Thereforey
the volume of nitrogen or .of carbon dioxide required to extinguish the-I

of a given combustible gaseous mixture is known, the volume of the other ;
gzs needed may be calculated with falr accuracy by using this average ratlo
The use of irnert geses to dilute explosive atmpspheres and thereby dilut
air -or. Ok?gen goncentration to the point where the, mixtures become noninfle
mable has! found many applications in recent years. Data of the type Just
descrlbed have proved of great benefit to industry. By applying this infox
mation, combustible mixtures containing benzene can ve removed safely From
Contalners and eguipment or the mixtures may be introduced into such vessels
originally containing air without cresting inflammable atmospheres, if the.
broper volumes of inert gases ~ nitrogen or carbon dicxide, or a mixture ol
the two - are pres ent ‘in the proper concentration.

[ S,

Acetylene-Generator Etploszons

Informatlon on the 1gn1tlon uemperaturés of dcetylene and of acetylene
air mixtures has.been of particular 1ntére$t in recent years'dus to a numbe
of explosions that have occurred in 500—po;nd ‘double=rated, mEdlum—pressur
acetylens generators. The range. of pressures in these generators may vary
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0 below atmospheric to’l5 pounds gage. Air may find its way into the gen-
ators during abnormal operation or may remain in the carbide hopper of ths
4ggnerétof following the purging and charging operations. A study was made to
d ine the effects-of pressure on the ignition temperature of pure acety-
fens end of acetylene containing vérying amounts of‘aif¥£§?r A 'special "hot-'
ot ignition-temperature apparatus: was' developed to reduce the' violence of
gxplosions by keeping most of‘thé’ﬁéé#ﬂﬁixturES:at“robm?temperaturéféﬁq
ging a heatedquartz-ighition tube'$£ 17 mmii, ‘oz Tess T.D: At atmospheric - -
Sdessure acetylene shoved an lgnition témperature of 6357 C.; ‘at 15 pounds '
‘gquare inch above atmosphieric the' ignition: temperature was reduced to-
Blf{)q C. Addition of up to 10 percent of ‘air-td-ooetylene ‘décreased the igni--
lon temperature of acetylene only'td*a-éﬁbﬁl'éXﬁehnghbﬁéfér;ﬁthé-pressﬁté'{3
5" percent df”moré-of'air-reduce&'thgfighitién=téﬁbefdﬁﬁréaby;2009 Coor T
below that of pure acetylene at any giver pressure. - Acetylene contain=
15 percent of air shoved an ignition temperature (320° to 340° C.), only
§htl§ higher then mixtures containing up to 75 vercent of air (305°{o, ..
C_ . . e SR MRS e P ‘ .

© PREPARATION OF COAL-~ *

Recovery of Waste Coal
normal prevar mining practices developed during pioneer days in the
tates when its coal reserves were considered to'be inexhaustibis, it -
omrori procedure to discard varying proportions of wnierketable coal, to
arts of the coal bed unmined; and: tc'pick -cut’ and throw away slightly-
ide coal during preparation. A tentative survey showed that such-
xist in virtually every mining field of the country and are the re-

o many factors, such as the mine location, differences in natural con--
D8 of the coal beds, and local mining practices.: In the aggregate, these
€5 of off'~grade coals amount to a:large yearly tonnage, which, it is be-
45" can be largely recovered as usable fuel by the application of modern
“Cparation methods. A careful series of preéparation tests of such ’

ggial, now wasted on the surface at the rate of 2,500 tons a day by ons
PP of mines near Pittsburgh, Pa., showed that this could be profitably
o recover about. 20 to. 30.percént of the. raw.material as good steam
O 9 to 11 percent ash content and 13,560 B.t.u. per pound heating value.
G studies of this kind, in other fields, offer great possibilities.
my in use of fuel reserves in the postwar period. Furtherdore, such
Sigations, extended to cover-the industry as 4 whole, will uncover oppor-
i53:Tor new and attractive ldcal industries connected with the recovery
zation of this materials I S o "

Preparation of Special Low-Ash Coal
Connection with the Synthetic. Liguid Fusls Program, in which very low
is needed, an extensive project was initiated to examine -available = -

8, G. Wi, and Kennedy, R, B.; Effect (OT Ppesbire Ton the Tghition Tem-
eorature of Acetylenc andedEﬁylbnefAi;'ﬂ;}ﬁ;ﬁﬁs:' queau:bf'ﬂines'Repty
= Investigations 3609, 1945, 6 pp. v
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