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AMMONIUM NITRATE･FUEL･SURFACTANTEXPLOSIVE

KumaoHino*andMulsuoYokogawaや

S1,Introduction

In1955H.B.LccandR.L AkreI) intro･

duce'dablasting喝CntCOmpOSedoEAmmo･

niumnitrate(AN)andsolidcarbonaceous

fuelsintotheblastingoperationintheU.

S.A.andsinecthenrapiddeve一opmentin

research and practicehasbeen achieved

mainlyinllleU.S.A.byvariousresearch

andproductiongroups.

Thistypeofevplosivcshasbeeningen-

eralusedinratherbiggerborellOlediameters

(4inches),becausethisisthemostcommon

practiceintheU.S.A.andthebiggeris

thediameterofilblasting cartridge,the

betterisitsdetonationabilityduetothesol

calledudiameter･eLrcet'.Ofthedetonationof

explosives.

InJapanthepresentauthorshavecon-

ductedresearcll0nAN･fuelexplosivessince

1956anditwasconcentratedonA_TtT･fuel

e:xplosivesofsmallerdiamctcrbecausein

Japanonlycartridgesofsmallerdiameters

haveindustrialapplicationsandnaturallyiE

we丘ndbettercompositionsforsmallerdial

mctcrsthen theincreaseofdiameteroE

cartridgesbringsaboutonlyimprovementin

detonationabilityandnofurtherproblem.

Intheearlierstageoftheresearchvarious

fuelshavebeenextensivelyinvestigiltedand

AN･coaltarmixture(A-1)provedtobeof
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considerab)cdctonatiollability.

Inthesecondstageyariouginorganiccata･

)yserswhichcanpromotetherapidreaction

betweenANandEuelshavebeenextensively

investigatedandAN･coaltar･potass)'um bi･

chromatemixture(A-2)provedtobeofre･

markab]ybetterdetonationabilitywhileit

wasfoundlatertllatthemixlureA-2has

twodefects.thatis,(1)considerableoxida-

tionofwrappingmaterialstakesplaceduring

storage(2)considerableexpansionorswel一

lingofthecartridgetakesplaceafterstor･

age･

Theninthethirdstagel･ariousorganic

catalysersespeei.TLllytheso･Called surface

activeagentsorsurfactantshavebeenex-

tensivelyinvestigatedandAN･fuel.surfaCtant

explosive(A-3)provedtobeoEthesame

detonationabilitywiththatOfA-2andof

muchbetterstoragepropertiesthanA-2･

AstotlleWayOfmixing,tlleheavyedge

runnermill,whichisusuall)･usedinthe

manufacttlreOftheconventionalAm monium

nitrateexplosivessuchasthemiXturesof

AN,TNTandNaCIprovedtogiyethebest

resultwhiletherouermiHprovedtobeless

e氏cientasthetimeoEcrushingisquite

shortin thelatterincomparisontothe

formerinwhichwccanrealizeanylonger

durationofcrushingandmiXingaccording

totllerequirements.

ThepracticalminimumdiameteroEacart･

ridgewhichdetonntCSWithastablevelocity

withoutanycon丘nementisfoundtobeabout

20-24millimeterforA-2andA-3whileit
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isabout40-50mi11imeterforA-1.

§2.Me88urCmeTLtOfthedetonation

abititv

variouswaysoEmeasuringthedetonation

abilityorsensitivityhavebeensuggestedby

variousauthors. Forexample,Brinkleyt)

andCordonusedtllemethodofmicro･scale

testandPrimacordtest.

Inthepresentpaperthedetolliltionability

hasbeenexpressedbythecriticaldiameter

orthepracticalminimum diameterfortwo

reasonsthatis(1)thepracticalreason:llle

mainobjcctivcoftheinvestigationwasto

andacompositionwhichcandetonatewith

thediameterassmallaspossible(2)the

theoreticalreason:thecriticaldiameterplays

anessentialroleinthetheoryofthL･So一

called〃diametere打ect"Suggestedbyoneof

thepresentauthors}).

Inthismethodacylindricalchargeofan

explosivewrappedwithathinpapershell

whoselengthis230mm isplacedonasand

bedandthetotalbodyofan industrially

standardNo.6dctonatorisinsertedintothe

axisofthecLTlrtridgeofyariOusdiameters

andisareaelectrically.Detonationornon-

detonationofthecartridgeisdeterminedby

observingthecraterproducedinsilndand

theresidueoEthecartridgeafterthedctona･

lionofthedetonator.

Ingeneralatleast10shotsareFiredfor

eachdiameterofthecartridge. Thedia-

meteratwhich100,0.'dctonationtakesplace

isde丘nedastheHpracticalminimum dial

meter''2Rmandthediameteratwhich50,00'

detonationoccursisde丘ned.lStheHeritical
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diameter"2Rcwhilethediameteratwhich

wehave0,･;detonation isderlnedasthe

`̀failurediaJneter"2Rr.Thedistributionof

血epropabilityX% ofthedetonationwith

respecttothecartridgediameter2Risdes･

CribedbyatypicalSIShapedsensitivitycurve

aSisillustratedinFig.1.
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Lymethod.origin 】 Kind Fuji･SangyoCo.,Ltd.No.4.isthe

soICalledlowdensityAN preparedbySu

mitomo･Ka･gaguCo.,Ltd.Thespeci丘csur

faceofANparticlcandthemcan particlcsize

havebeenmeasurcdbytheAirpcrmcabili

tymethod,theapparatusbeingmadebySh

imaZu･Sei･saktlsho

C0.,Ltd.Itwasfoundthatwhenthemea

nparticlediameterisgreaterthan40FL(micr

on)itwasimpossibletorealizethepractic

alminimumdiametersmallerthan35-10mm

.Thelow-densityAN (No.4)givesbetter

detonationsensitivitywhilethelow-densit)･o

fthepro･ductmakesitsbrisancem-J

Chlowcr.i4.Selecti

onoffuelThepracticalminimumdiameter

sobtainedLorvariousfuelsaresummarizedinTable2.
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Table3.

Fuel l ChzlmCter-)SticS

Ignitionpoint80oC.Firstdisli1
1980C.

Redwoodviscosity(50oC)30
SeC.

Chemicallyneutral.

Anthmcene
oilI.

Painting
tar

TDginsi?itiante,霊trn20C5% !ar占謡W..co)d-

chni諾 鑑 (nEEZL62sec･

R,?sGtTllatTfru.sadcf.oarI.聖 霊 ムtc
o')I70-65/do.

Pitch33-35,0.I. Blackviscous
伽id.

Englerviscosity12.5oC.

ThecharacteristicsoEthefuelsareshown

inTable3.

ThesampledescribedinTable2 were

preparedbymixingtheluelwithfinelypul-

verizedAN(No.3.inTab一e2)byasimple

mixer(butnottheedgcrunnermill).ltroom

temperatureof10-15oC. As thcpainting

tarishighlyviscousinthiscasethemiXing

wasconductedattemperature20-25oC.

Table2.indicatesthatastheLuclcoaltar

givesthehighestdetonationabilityorthe

lowestpracticalminimum diameter.Light

oilgivesthesameresultwhileitwascx･

eludedfrom furtheruseduetoitsignition

hazardinhandling.

S6.SelectionoftheBtlrLaceactive

8gerLtOrmrfaCtAnt

AccordiT)gtOthepresentidea))onthedial

meter e打ectofdetonation,including the

･Criticaldiameterorthepracticalminimum

diameter,theeuectivedetonationheat,which

determinesthestabledetonationvelocityat

agivendiameter,Canbeincreasedifthe

reactionvelocitybetweentheoxidizer(AN)

且ndthefuelisincreased.Reducingthepar･

ticlesizeofAN orincreashgthespeci丘c

surfaceoEANcanbeonewayoEachieving

thisobjectivewhiletheuseofthecatalyser

tothereactionbetweenAN andfuelpre･

Vo].21,No.4.19SO (22J)

Bents another solution to the problL･m.

PotassiumbichromateprovedquiteeHective

inthisrespectwhileitsundesimblepropcr･

tiesmanifestedduringstorageexcludedit

fromthepracticalapplication.Anothersol

lutiontotheproblem isto丘ndsomeagents

whichcancombineAN andthefuelto

moreintimacythan ameremechanicalmix･

ing.ANisdrasticallyhygroscopicthatis

ithasbiga氏nitytowaterwhileoilorCoal

t･drrCPC)swater,therefore,ingeneral,itis

ratherdi広Culttomixthetwocompontmts

(theoxidiZerandthefuel)onmolecular

scat.C. ThusthemeremechaniealmiXing

whichhasbeenextensivelyusedinthepre･

parationofAN･fuelexplosiveisnotenough

tosecureareliabledctonability.Ifwccan

氏ndsomeadequatesurfaceactiveagentsor

surfactantstheyhaveontheonehandan

atomicgroupwhichhasafBnitytowLlter,

caHedhydrophilicgroup,andontheother

LLnOtheratomicgroupwhichhasafRnityto

oillymatters,calledlypophilicgroup.Thus

thesurfactantofthiskindformsaclose

bridgebetweentheoxidizerANandthefuel

coattaronmolecularscalewhichintom

bringsabouttherapidexplosil･ereiICtion

betweentheoxidizerandthefueL

Inthepresentpapertheeffectivenessor

thesurfactanthasbeenexaminedaccording

tothefollowingpr∝edure:0.51Te.)ghtper-

centofthesurfactantwasaddedtothebase

chargecomposedof93.374'AN and6.27i

coalt.lrandthethreecomponentsweremixed

byaheavyedgerunnermill.Theproduct

wastestedonenightafterthepreparLltion

withrespecttocoking and thepractical

minimumdiameter.InTable4 A indicates

thebestresultandBindicatesthegoodone

whileC indicatesthetJnSatisftlCtOryresult.

Aforthedetonationabilitydetonateswith

thediameteraround20-24mm.

TheresultsummarizedinTable4-1,4-

5



TableJi-1. AnionicsurlactaTlt
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TzLble4-2.CathonicsurfacLant

Chcm;cnI I SIruCture

211.AIiphaticamine
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2,and4-3indicatesthat

thebestsurLactantsAreAll

AnioniconesAndtheyare:

(1) S∝lium dimaphthy1-

methanedisulfonate(S.D.

D.)

(2) Sodium laurylsulphate

(S.L S.)

(3) Sodiumdodecylbenzene

sulfonate(S.D.B.)

帥

tb

一一き
●
一

J

OA
)
一
t

T

P

嘗
r

-

TlleValuesH.L.B.(Hyd･

rophilicLypophilicBalilnCe)

shown inTable4-1and

Tat)le4-3indicatethedegreeorbalancing

betweenthehydrophilicandlypophilicgroups

within asurf.lCtantandthebiggeristhe

valuethebiggeristhea爪nitytowater.

§6.Effectofthe8urfActantoTtthe

detonatioTtability

Therelationbetweenthecontentofthe

surfactantandthecr'lticaldiameterisshown

inFig.3.

C.M.C.indicatesthatthereexistthe

〃Criticalmicelleconcentration''which is

commonlyobservedintheeucctofthesur･

factant,thatis,asthesurfactantaffectsthe

reactionontheboundarybetweentwocom-

ponentsthephenomenonofsaturationmay

beexpected,thcrcfore,onlyasmallamount
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Orcqttldc.Fig

.4.0fthesurfactantservesthepurpose,which

makesitsindustrialapplicationsquit

eeco-nomicat.

Fig･4illustrateshowhi

gh isthedetona-tionabilityoftheAN･L:0al ta

r･Surfactantexplosivescom

paredwiththatoftheAN･coaltar

explosive.i7.瓦ffectoftheBtIrfAChntonth

ereaCtionZoneh tltedetonationThedetonationveloc

ityDm/Seeforvari･Ousdiametersofcartridgeshas

beenmeasu-redbythestreakcamerade

scribed in ilpreviousp
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estructureofthereaction乞

OnehasbeencallCula

tedasisshowninFig.6an

dTable6. 1tmaybeseenth

atthedetonationabilityi

sgreatlyimprovedbytheu

seofthesurEact･anta

ndthecriticalreAC･lion

time redtlced Erom10.3

microsecondto7.90･micro

secondwhich ind･icates

thatthesurEactantacce

leratesthe explosivereactio

nbetweenAN andcoaltartoagreatextent.

S8.Blastingprope

r･tiesofthe

AN_.coaltar別IrfACt

･.anteXp108iveThe

blastingpropertiesofAN･coaltarsurf8Ctant

explosive(A-3)arecom･pared

wi血 those ofaSemi･

gelatin dynamite･whose compositionsare:



gel10.5,0･'.Nitro･compound5.0,..I.ATnmO-

nium nitrate76タ∠.Woodmeal8.5,..I.

各-1.Sensitivityagainstthebitofadrill

Explosiveswerechargedintoaborenote

7-10cmlongdrilledintogranite.Achisel

bitoEtungsten･carbidegavearepeatedstrike

totheexplosivefor30secondattherateof

2,000Strikespcrminute.Thetotalpressure

iLpPliedtotheexplosiveisaround 170-

220Kg.Intentrialssemi･gclatincdynamite

ignited丘vetimeswhileinA-3noignition

occurred,thatis,theAN･coaltar･surfactant

･explosiveprovedtobequitesafe.lgainstthe

strikingofabit.

8-2.Explosionproperties

Thecomparisonoftheexplosionproper一

･tiesbetweentheA-3explosiveandthe

semi･ge]atin dynamites issummarized in

Table7.

Table7.

云 ここ 完完｢L二 二

Tgnidonpoint

1)一optlammertest(5kg)
(norignitionheight)

Loadingdensity

HessbrisanCe(50g)
Trauzlblocktest(log)

'Ballisticpendulum
(l00g)

'GaBaLecs.ter()multipleoE

Semi
gelatin

3蔓 o蔓

名-3.Gaseousproductsafterdetonation

TwoeaftridgesoflOOgexplosivewrapped

byapara丘nizedpaperwhosediameteris

30mm werecharged intoaboreholeofa

steelmortarwhoseinnerdiameteris55mm

aJldlength 550mm. ThechargeWaS丘red

by an industrialNo･6e一ectricdetonator

withoutstemmingandthedetonationpro･

,ductsweredischargedinto.1gallerywith

2.15meterdiameterand9:36mlengthwhose

･volumeis35.800liter. CO,contentwas

Ana]ysedbyalkaliabsorption(R6kentype

apparatus) COcontentwasmeasured by

Graham methodandnitrosegaseswereanal

IysedbyphenoI･disulEonicacidmethod(by

colorimetry).TheresultisshowninTable

8.

Table3.

Explosives 1 Col C() 1:(itro姥

1(C.7:C56i5/芸5i
33.6Z:Kg 2.26l/Kg
(0.C:i,hi;)(.･4.24ppm)

1(501:oO,lt Z 5I(302:042Zd'FKi帖 ,2:e250pZiKm5

S9.BhstingperLom ance

A seriesofboreholeswllOSediameteris

55mm havebeendrilledingraphiteschist

andgraniteatHikariquarryinJapan･The

length ofboreholesinabout5-7meters.

A-3explosivecartridgewith40mmdiame-

terand225gweightperCartridgewastcsted

incomparisonwithAm mongelatindynamite

(Fujidynamite). Theindustrialstandard

No.6.electricdetonatorwasusedtoinitiate

A-3explosive. Theweightofchargein

ahole wasabout4-5Kgand thetotal

length oEthechargeinaholet･vasabout

4-5meters.

TheresultoEtheblastingprovedquite

satisfactorybothfrom thestandpointsoE

oifragmentation弧dthe､･olumeofrock

ちroken.

10 (226)
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柵安一燃料一界面括性剤爆英

日野熊姓 ･輯川六腔

硝安一燃料系爆薬の起爆感度を測定する耽教法とし

て薬用的には小薬径で起娘する燥邦を求める弘 又理

絵的には薬径効果を究明する邸の=点より限界粟径就

敦を把唱しこれを採用した｡

限界築後の小さい硝安｢燃料系爆薬を得引二は

1) 硝安の粒艶は平均粒子径で40ミクt,ン以下である

こと

2) 燃料としてはコールタール,アントラセン油,敬

油等の硝安と混合し易い燃料油を適ぶこと

の=点が光づ必婆であるQ文に両者の反応を促進せし

める爆車促進剤が不可欠である｡特殊な界而活性剤は

硝安｢燃料油を分子的規模に於て紡合せしめて両者の

反応を著しく促地せしめる作用がある｡

硝安一転料一界面活性剤爆薬について各苑径に於け
る億遠位を解析し煙亀匠応辞構造を明かにするとit:･に

界面活性剤の作用効果を究明した｡

同爆薬の爽用投小薬径は 20-24mm であり,併存

性能,衝撃感度及び発破後ガス琴について一般のエ米

用爆薬であるセミゼラチンダイナ11イ トと対比せしめ

同燥邦が′J屈 従で且つ坑内用として爽用し得る邸を明

かにした｡

ニュー ス
L_I_============~コ

ハイFロスバーク･フォーミング

史記の宇宙時代においてはt,ケ･Jh 人工荷星なと

が払ざましい退歩を遂げてきているが,これらに使用

する材料は高塩に耐え,かつ鼓庇の商いことが安まさ

れる｡そこでそれら高教正の耐熱材料を加工するには

を未の成型法では非常に国毘となって,帝間的に古い

エネルギーを放出する加工法が包まれてくる｡それに

は棒英または火薬のエネルギーな利用する掠先成型法

が近来IJビェT.をはじめ米田でも使用されはtlめて来

た｡ ここで述べる-イド久.く-タ･フォ ーミソグも電

束的エネル･p-をコソヂ l/サーに一時たくわえ'次に

水中で屯垣間に瞬時に放屯することに上り,金馬の成

型 (主として帝内管の成型)に必封なエネルギーを得

る方法で,原理的にはこと新しくはない｡屯京の故屯

によって金属を加工するカ法は,央政的には釣竿世缶

以冊から銃けちれてきたが,初期の時代はこの放電に

1るJZLネルギーを余りl切回にしなかった｡しかし近来

になって拓馬正,大串且のコソヂ ソサ-な用いること

により水中でそれが鰐叩的に枚方銘JZ:の力む出すこと

を発見した｡そこで最近になって蛙兄成型に対抗する

苗エネJL･ギー速度加工の一成としてこの加工法わ原理

とか応用について簡単に紹介してみる｡ (技術Ii;ヤー

ナル,35JPヰ)

E)ケット燃料用鈷脚

プラス1･l/-ルの鼓桁でど占-JL･樹軌 可塾詞, 7

ルミ舟宋および逗塩素酸7I/モソをgZカで何軒性もる

同診推薬にすることができる｡これr$7JE.)カの7ト

ラソティブタIJサーチ杜が開発したもので,180ccに

払するとゴム状にとけるブラスす-/-ルである｡ミサ

イルの粘飴荊および焼料として有効である｡

(かミカ/い 占./･}ェ71)ソグ6月27日p.68)

(日刊工粟 35-8-15)

Vo).21.710.も19田

マンモス･ロケットの本命

7メ1)カが計南中の†ソモス･Bケ･Jト,ノJ=の原

効力にたると考えられているのが,推力150万ポソド

(6eOトソ)のF-lエソ･}'/で,今まIC･の最大を狩るH-

1エ ソtJyの数倍ものサイズがある｡RP-1というケ

;シー/系の.B料と亨正体酸架が椎追剤に使われるが,そ

れが乗に1秒間に3J./とい う虫で燃焼虫に送られ

る｡全力道伝は近くエドワーズ空軍韮地に地役中の先

攻が完成次掛こ行なわれることになっているが,転科

ボー/ブと燃塊虫はテストの結果が上々で,ICO万ポ./

Fまでの推力を出す洪政も行なわれているので乗用化

は意外に近いだろうという｡ ノ/:にはこれを4益また

は6基たはねて,ブースターとしてRTおうとい うも

の｡製作はノース7メ))カソ航空の.)ケグト〆イソ書6

円｡(技術ジャーナル,35-8-12)

固形プロペラント用新バインダー

固形ブt,ベラソト用の新しいJtイl/ダーが大型pJr

ット用として附汚された｡そのバイソダーはカルがヤ

シ茜が卿 こついている征親状ポ1)ブタヂェl/ (C.皮

EN,AtJg.I,Pasc35)(年号の記歌がたい｡)であっ

て,･これは現在使っているが1)ブタヂェソ7ク1)I)･J

タ7シ･Jrコーポ7)17-(PABB)J:り機械的性質が

生れていると,North,AmericaTI.A血tlonの RoL･

ketdyme,Diyisionではいっている｡供えはこの Fl-

exzLdyn&Propellantは PABB の2倍-の引取り致虎

がある｡

PBAA は貯ま安定性が良い｡Fle3Eadyne-PEOPelL-

antはこの点について評伝するには新し過ぎるが,現

を迄のデーターでは PBAAに比して変りはない.i5

である｡(C.皮 E.NewsAtJg.8,1960p.53)

(木村清正)
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