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SomeExperimentsontheSensitivityof

lnitialExplosives

TsugioSawada*

1. IAtrOductioh

T.YamgisawA& thelateProfessorS.

YJmamOtOl)arriedoutexpenmentsoEdese･

nsiti組tionofsomeexplosiveconpoundsby

addingwateraJldgavethestandardsoEmaiJIt･

aimingsafetyinhandlingexplosivesconcemiLIg

theirmanufacture,Storageand transport.

Formerlyithadonlybeenshownqualitativel

ly.(Fig.1)

Accordingtotheirdataitwasmadeclear

thatpicricacid(PA)wasnotdangerousWhen

itcontainedabove15% oEwaterandthat

penthrit(PETN)wasnotdesensitisedmerely

byaddingwatertdit.

ThepresentinvestigAdonwasextendedto

someinitialexplosivesaJ)awascarriedout,
Erom thesamepointofview ofmaintaidng

safety,to 丘ndtherelationsbetweenwater

contentandimpact,fricdonandHessidti8-

10nSenSitivides.

TheimpactSensitivityofinitialexplosives

aswellaStlmtoE secondary explosiveslm S

then measured byFallHammerTestwhich

wasdecided at8th htemational Applied

ChemistryCongress8tWashington,1912,but

suchatestisnotenough to点nddiHerences

ofsensidvityamonginid&lexplosives. An d

soausefulimpactSensitivityappam tuswas

madeforthepurposeofthiswrok.
TheresultsolthiswrokshowedtlmtdiaZ0.

dinitro･phenol(DDNP)wasveryinsensitive

comparedwithmercuryFulminatewhichlmd
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Flg.2 SketchI)Itheimpactsensitivity
aPParatLJS

aratususedbyM.P.MurgAi皮 A.R.Ray

2)LotsttJdyingtheimpactsensitivityoEm

ercuryfulminate･ Theassemblyofstriking

pin,sleeve& zuvilis

alittlemodi丘eJtobecon.VenlenttOuse

.TheheightoEthesteelball,whichi$37.7

mm indiam eterand 130.2g inweight,
canbeAdjustedbyslidingthee

lectromagnetalongtheverticalrod.

The pole･piece ofthe eJectromagT

letismadeconcavesothatthestri

kingbal]Swi116texacdyinthesamepositio

neverytime.ThecentralposidonoEth

estrikingpinheadand thepoleoE

theconcaveelectronagnetarealwayskeptinthesaJneVerticalline

.Thestrikingpinismadeofsle

et;10mmindia.,46.

4mm inlength,29.9ginweight,0.246cm2incontactsu血ceAreaWiths

ample(5･6mm indin.).Abou

t5mgofsamp)esAreWeighedbychemiC

albAhnce.TheaJIVilismadeofstee

l;40mm indid.,6mm inthickness,55inBrinell
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PerctlSSion'ptlmlrLgnate血ls I 0.7l 10.4 15

.401 0.87 7.

4 6.38I 6.1

0 0′20* -234 1.520.690.87 6.96.87.3 3.892.482.76

2 I.76 7.7 4.

72a 0.80 7.2

4.204 ).43

7.2 3.232 2.53 6.8 2.72

a 0.83 7.2 I.51

4 2.21 6.7 3.1

32 r4.59 10.0

7.753 4.25

15.6 10.084 4.45 27.8 13.00

2 5.98 6.1

3.033 6.02

7′20 -4 6.46

27.2 12.002 8.03 12ノ20● -3

7.48 4/20+ -4 8.54 18/20* -234 9.779.99lO.al 0′20

0/2014/20*+Exp)oSion'sprobability組mpl

esiZe=208tma一血mumheight-924mmDDNPiS

linezLrlydesensitisedasitswatercontentincresse

s.ThebetweenwaterCOntent(W)皮 50% explosionheight(H)aregiven

asfollows :

H=252･
03 +51

･
Sowforgranularcrystal,
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2WzLterContentⅣ (inpercetltAge)

Fig.3TheeGectofwatercontent

ontheimpactSensitivityoEyArious
ini血lexpl

osivesA=0.557〃=266.00+61.09W forgranul

arCⅣStal,A=0.427H=168

.90+36.59W forneedlecrystal,A=0.3

16Among the three kindsofDDNP theneedle

crystal(bulkdensityA-0.316)isthemosts

ensitivecomparedwith othergraLntlhrcrystalsandthegranularcrystalseemstot*

slightly

moresensitiveatahigherdensity(A-0.5

57)than ata lower density(A=0.427).Me

rcuryfulminateisvery sensitiyeinadrystateand itisremarkn

blethatitsSen･sitivityisalmostmaintained

even when itcontains20% ofwater.Percussion'sprimingmaterialsare



hritln nitrate(46.2%),and metallic丘ne

powder(7%).Theyareabrupdydesensitised

byaddingasmallpercentageofwaterand

arebecomeremarkablyinsensitivewhen5%

ofwaterisadded.

LeadstyplmatewhichistheTnain consti-

tuentoLthem isconsiderablyinsensitiveina

drystateiLnddesensitisedbyhavingasma)1

percentageofwateradded.

ThespeciAc8urEaCeareaandmezLnparticle

diameteroEsampleswasmeasured by air

pemeabilitymethod.1)Theresultsaregiven

inTable2.

Sample DDNP MercuryJtJlnin8Le Percps亨iom'sintT.Iaf8GmnularSA=0.557 GrAnuhrSA=0.427 NeedlesA=

0.316Obs. M飽n.tobs.lMcnn. Obs. M也n. Ohs. Mean.

Obs. Mean.Speci丘C 864.3 855.8 1.279 a,074. a,078.) 646.7 646.9 484.0 470.0SurEace 845.7 I,224

I,252.73,050. 652.7 455.28ーCa(cm2/g) 8

57.5 I,2粥 a,lop.6 64).3 470.8Suc

haexperimentoEtheinitial explosivesseem nottohvet#ncarriedoutyetowin

gtotheirdangerousexplo

siontendency.3. FrictiotLSenBitiyity

Experitnentsare Carried outby Dr.M･Yamada'sFrictionTestApp町atuSS).
Thisis
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262twatercontentW (inpercentage)Fig.4 Thceffectofwatercontentonthe
ErictionsetISidvityolyユriousinilid

explosivesYOL27.No.2.1144｣ common

ly used forsensitivi

tytestofinitialexplosivesinJapan

.A sampleisputbetween the co]undumtestpieces,eachloadgivenbycompressing

Spritlgandsliddenbypendulum swing･

SAmPlesiLreused in thesamewayasintheimpacttest.Experimentalprocedu

rehereis,Again,theup良

down method.(1) ExperimentalResultsTheexperimental

resultsaregiveninTable3& Fig

.4.TAble3The血 Olwater cont

ellton the Friction sensitivity
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*Explosion'Sproba
bil')ty,sampleske-20or25atmaximt

lmload=35.6kgDDNPislinea

rlydesensitisedasitswatercontentincreases.An ds

otherelationsbe･Vol.27.No.2.17舶 tweenwaterc

ontent(W)&50% explosionload(P)aregivenasfoll

ows:P=13.06+0.70W forgranularcrystal,

A=0.557p-10.05+0.87W ForgraJluh

rcrystal,A=0.427P=9.51+0.56W

forgranularcrystal,A=0.316Amon

gthethreekinds,theneedlecrystalisthemostsensit

ivecompzLredwithothergt･anularSandthe

gmularcrystalsseen tobeslightlymores

ensitiveatalowerbulkdensity(A-0.427)tlm

natahigherdensity(』-

0.577).Mercuryfulminateisverysensitive

inadrystate, generaitivethan DDNPandit

isscarecelydesensitisedevenwheTIitc

ontainsfrom6% to20%ofwater.Perc

ussion'sprimingmaterialsareabruptlyd

esensitisedbyhavigasmallpercentageOfw

ateraddedandbecomeremarkablyinsensi-t

ivewhenabove8% ofwaterisadded.Themain constituent.leadstyphnate

ismostsensiti

vein adrystatebutislinearlydesensitis

ed bywater.An dsotherelationtktWeemWater

COntent(W)and50%explosi･onload(P)isg

ivenasfollows:p-I.28+1.27WInview of

theaboveimpactaTldfrictionsensitivity

testthereasonableconclusiontobedrawnfrom availabledataisasfoll

ows.DDNPismoresensitiveinneedlecry

stalthaningranularcrystal,anditislinea

rlydesensitisedbywater.DDNPismorein

Wn-sitivethanmercuryfulminate.Mercuryfulminateisverysen

sitiveinadrystateandisnotlimearlyd

esensitisedbywater;itiSnotmadesoinsen

sitiveevenwhen20% ofwaterisadded,though itused

to



80-calledpracticalhndling ㌍nsitivity･lead

styphnateismostsensitiveinadrystatebut

Eortt)natelyitislirLearlydesensitisedbywater･

4. Ee8BInithtlonAndProp&gAtioTL

SenBitlyity

lntheaboveimpactandfrictionsensitivity

testsonlyaSmallquantityoEeachsampleis

tJsed.thegrowth ofexplosion accidents

dependsontheinitiationandpropagationoE

explosin･ Forthisreasontheauthorhas

measuredtheprACticAllysumcientinitiation

aJldpropagationsensitivitybymodifyingHess

TestC)inwhicheachsample(50g)isinidated

byNo.6deton8tOr(equivalenttoLoreigTI･

No.8),whichmaygiveenough energy･

(1) ExperimentalProcedure

A sampleisputintobrownpapercylinder,

40mm indi8., 8titsloadingdensityand

No.6electricdetonatorisinsertedtothe
tipperlevelheightoEinitialexplosives,

Twoleadcylinders, 40mm indin.& 30

mm inheight,areheapedup,measuredwith

cdiperaJldmarkedwitha)ineatCylinder

sidethrough.

ThesteelphLe,40nnindin.& 4mmin

thickness,i8putOntheuppersurfaceofthe

twoheapedleadcylindersandthesamplewith

10

adetonAtOrinsertedisputbnthesteelplate.

ALterinitiation,depressonoEtheleadcyli･

ndersismeaSuredwithcAliper,connecting

alinemarkatCylinderside.

Experiments-arecarriedoutatSamplesize

3AndwaterisAddedupto90%.
(2) ExperimentalResults

Therelationst光IweenWaterCOntentand

loadingheight,loadingdensity,leadcylinder

depressionareshowninT&ble4,Fig･5
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rdepressionofvariousinitialexp一os



EXploSive Watercontent(%) Lo8dingheight(mm)LoadingdenSity(g′cmB)Leadcylh(dmeLぎepresSionobvsdeTeed 匡 nyd ue取Fe)yoeBIiveWater)eYelobvsaTced lM

-nvdueDDNP t9.06 47.247.547.8 0.0.0.糾8483 0.84 9.30

8.958.35 8.8730.74 39.540.539.5 1.010.98I.01 I.00

5.059.206.50 6.9240.88 33.534.535.5

I.15 I.30I.000.95 1.DB49.20 3I.531.5 I.23 I.102.55

1.82(gran ularcrysb

l) 34,I I.8060 35.2

2.1 ).50A=0.557 33.7刀.9 ).16 0.7I.77

0 37.437.538.4 I.061.061.04 I.05

2.5I.70.8 1.6780 38.238.638.4 1.04 2.20,

50.4 1.0390 41.842.740.9 0.950.930.97 0.95 0.90.7I.1 0.90DDNP(gmnularcr

ystal)A=0.427 0.36 65.0

65.066.2 0.610.610.60 0.61 7.758.3

08.95 8.274.80 64.5 062 9.50 9.3058.0 0.69 0.

65 9.lO61.5 0.65 9.309,86 57.557.757.9 0.0.0.

696969 0.69 9.409.50ll,10 10.0018.92 53.552.853.8 0

.740.750.74 0.75 ll.009.65lO.55 10.4029.38

47.047.046.7 0



Explosive water iconterltI(%) I-dinghekht(- , IiExFelyoeSLivelwalerleyeliLoading-density(g′cm8) Lcndcyli;dnleLヲeprcS
SionObservedvAltle MWttyAlue ObservedValue M

cAn VAlueDDNP(Bmn血crystd) 50.05 31.532.I31.5 I.261.24I.26 I.28 1.10

L.35I.80 I.4260 37.236.336.8 071010 l.

09 I.002.80I.70 2.1070 37.638.I

050406 1.05 2.05I

.60 I.72A=0.427 37.6 ).～080 38.539.8

40.8 040097 I.00 I.501.702.30 I.8390 40.039.

639.2 0.991.00I.01 I.00 0.90I.351.15 1.l3DDNP(needle 0.09 88

.587.687.8 0.460.450.460.46 7.508.858.20 8.18I.5

8 79.179.982.6 000.49.50.48 0.49 7.308.607.70 7

.86lO.4l 72.674.877.2 0.550.530.52 0.53 8.～08.609.5

0 8.86l8.6l 66.568.267.4 0

.600_580.59 0.59 9.8010.45Ⅰ0.30 10.1825.0
8 53.7 0.74 0.72 ll.80 lO.52crystal)AGO.3I6 53.4

58.8 0.740.68 10.009.7540.51 30.527.027.0 31

4747 1.42 l4.2012.3513.3～ 13.365 0.72 31.23l.531.5 282

626 1.27 13.70l3.05l2.35 13.0360 l6.1l7.2

17.8 32.234.a34,7 241615 L18 12.8013.l



E叩lOSiVe WaterconteJ)I(%) Lo8Jingheight(Elm) Lmdingdem8ity(g′cnl)Led cylTmeL)depreSSionExFely%iye W8terleyd Observedyalue Mc払nVdue ObSerYedvalue

Mem yalueDDNP 80 7.910.8 34.536.0 .15.10 ド 7.1

09.45 7.502.27(needlecqS血l) 7.a 37.8 .05 5.9590

4.3 38.0 .05 1.04 2.00A=0.3)6 4.74

.9 38.938.4 .02.04 3.00l.800.02 24.525:525.0

.62.56.59 I.59 6.254.304.90 L5.155.07 27.126.

226.4 .47.52.～l 1.50 4.102.603.00 13.237.09

23.524.223.5 コ .69.64.69 I.68 a.602.454.20 13.4

217.45 20.221.

11



Gr

anuhrDDNPbothfailwhentheycontainabove

40% oEwater,butneedleDDNPgivesthemはim

umleadcylinderdepressionwhenitcontain

s40-50% oEwaterandisnotabrupdydesensitisedevenwhenitconta

ins900/.ofwater.AllDDNPlixivateswat

erOnitssurfacewhenitcontainsabove39.5%

oEwater.Mercuryfulminatehasthesamete

ndencyasneedleDDNP. Maximum depression isobservedwhenitcontainsabout30% oEw

aterandevenw

henitcontains90% oEwaterithascon

siderabledepression.Itlixivateswateronitssurface

Whenitcontainsabove26.8%ofwater.Percussion'5prlmi



thedepressionisoughttodecreasegradually,
aswatercontentincTea5eS.

Experlmentatrelationslxtwcendryexplos･

ivechargeandleadcylinderdepressionAre

giveninFig.6.

●
'

(uu
)

tJo
t.ss
a
J
d

aP
JaPtlyb
pt!31

▲■

1

l

'
l
I,一
事

一〇●I●○〃 lOtIIEPLI 1010

Chrge(g)

Fig.dTheedectoHnithlexplosive'schrge

ontheleadcylinderdepression.

Fromthedatao fTable4,
therelations

watercontentandloadingdensityzLreShown

inFig.
7
.

I,
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け

色

(cu
aJir)

倉

suaP2b.p召T WaterCOntent(%)

Fig.7 TheedectoEwaterCOnteJltOnthc
loadingdetLSilyOEyariousini血l

e7CPIosivesThispatterrn issimi

lartOthemaximumtetldencydistincdyo

bservedintleedleDDNPandmercuryfulminate

･yo1.2T,No.2.1†48 Itcanbeconcluded that

themaximumtendencydependsmainly

upontherelationstxtween water content

and thevariationofloadingdensity.5. Concl

恥ionBThepreceding observationssugge

stthequantitativestandardsoEmaintain

ingsafetyinhandlinginitialexplosivesconcemi

ngtheirmanufacture,storageandtransport.

(1) Impa

ct, frictionandHessinitiationsensitivitytestsweremodi丘edaJldconducted

byaddingwatertoAdrystateoEDDNP(granul

arhigh bulkdensity, granularlowdensityandneedlecrysta

l),mercuryfulminate,leadstyphnateand

percussion'sprlmlngJna･terialS.(2) Thesensiti

vity di任erence t治tWeengranularCrystal8thigh bulk dens

ityandgranularCryStalatlowbulkden

sityisnotsoclear,butgranularswerele

田 SenSitiyeth anneedlecrystal.Whengram

ularscontainabove40%ofwaterthey

aredesensitisedAndpracticallyceasetObedangerous,butneedlecrystali

snotsodese･nsitised.(3) DDNPisver

yinsensitivecomparedwith mercuryfulminate

whichwaspreviouslytlSedASCOTnnerCiAlinitial

explosives.(4) Mercuryfulminate

isverysensiかeinadrystateandisnot

graduallydesensitisedevenbyexistenceoEw

aterNeithermercuryfulminatenorneedleDDNPissuqICiendydesensidsedo

neybywater･Tosecure

safety,othermeansshould besearche

d.(5) Lead styphnate and percusSion'sprlmlng mat
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起 爆 薬 の感 度 に 関 す る実 験

沢 田

起爆薬の封乱 貯蔵,運kに関する取扱い上の保安

基節資料を得るため,工泉的に賃用される鈍化剤とし

て水を添加し,衝撃,摩擦,起熔感度試験 を行 なっ

た｡

研隼感度釈放には,M.P.Murgai皮A･K･Ray

が留双の帯革感度の研究に用いた汚鋼球式のものを,

若干改良して使用した｡

DDNPは粒状結晶 のものの,仮比丑による感度の

蓮典は明かではないが.針状結晶のものは,粒状に比

し鋭敏である｡

ニ ュ ー ス
1ll1111mLllLll)川ImllJJmlH】川1日∃

弔い爆発力を利用した米社の桁娘発成形法

アセチレン化臥 萌放免の爆発力を利用した爆発

成形法が.アメリカのサウスウエスト･リサーチ,

インスティチュー トで 阿井 され た｡10吋2当り,

TNT l土100psiミリ秒以上の伸圧力を出すのに,

この化合軌 王政識 50psiミリ秒しか出さない｡こ

の所煩弗成形法はこの化合物をアセトンと荘合して

スラリーな作り,それを加工侍史面に吹きつけて,

低かして枝毛にし,そこへ払いインJl'ルスをあてて

全面何時に熔禿させる方法である｡この方鼓は小さ

くて祝雑な形をしたものの成形に使われる｡点火す

るのは熟やfB曳火花よ?光の′,'ルスの方がよい｡こ

の研究所ではこれを 0.1g吹きつけて使 っ て い る

那,TNT を使う場合は厚さが最低 1/4インチで約

60g以上な必宰とし,しかも特別の装置を用い,求

中で行なわねばならない｡この化合物の爆発時岡は

常迅10pscc位である｡普通の爆発成形となべてど

ちらが安くつくかは倍叫にいえないが,TNTがポ

ンド約 1ドルであるのは,この化合4かま)gづつ作

24

光 男

DDNP は,従来工兼用起爆薬として用いられた留

こうに比故すると,著しく鈍感である｡

DDNP は,水分添加により,直線的に鈍化される

が,留こうは鈍化され煙く可成 pの鋭敏さを維持 す

る｡
銃用煉紛点燥剤及びその主成分であるスチフニン酸

鉛は,歎%の水分添加により,急激に鈍化され筋管に

よっても起爆されなくなる｡併しスチフニン放鉛は,

乾塊状憩では原板感庇極めて鋭敏であり,取扱上注意

すべきである｡

った所から見頃るとポンド約25ドルするという｡

(日刊工菓 4).a.14,ChemriAl也Engineering

News12.61.('65))

魚t対による車両温度の新羽定法

広大 (エ)小笠原研究畠で開発された｡これは田

伴内拓を通して別々に水田に到達させた熟fB対架線

の温接点を,メッキ処理で串通させ,一回路として

衷市阻皮を内定しよ･).というものである｡同研究

虫で試作したものは阻産助の乱れを防 ぐため JO.2

mmの鈎及びコンスタンタン故を用いている｡銅板

の訣面iR度耐定の例をあげると- ｡束良をそう入

する小さい孔を銅板にあけて,これにコンスタンタ

ン良を通す｡この無線は完全に故頓掩枚をしたもの

であるが,これをエポキシ相席を充てんして固定す

る｡析層が硬化したら抑定面にF通している来故を

切りおとし,攻両を平肘に仕上げる｡液面を封筒僻

飼メ･/キ処理をして,コンスタンタン級と鋼頓をfB
免的に蒋適させる｡Bl板と.引出し枚に用いる内政

の組成が同じであれば.銅板の任悪のところに銅線

をとりつける串に放って熟fB対回路ができるわけで

ある｡ (日刊工業 4).a.18)

(86) エ蕪火苑場合払


