
系と同質の,過軽の上に,茨に血合系特有な過程が盃ね

られたものである｡その特有な過程はkD'JM なる項
によって示される｡この項を具体的に脱明し邦るモヂ

JL,は,固捧燃焼面における粒子の敦両横ある川ま体把

に関係したものではない｡

終りに,本来故について終始静指導を仰いだ東京大

学疋田教授,並びに本校野村教授に厚く感謝する｡
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Sttldie80fCoTrLbtlBtionoECompositePropelhntB

Ⅳ Ji:ffect80EPArtlcle･8i2;eOfAmmoniutrLPerchlomte

aTLdofOxid8TLt･ftlelRatio:oTtfhrningRate

Ti血eshilto

Itwasstatedinapreviotwpaperthatan

eHectofparticle･SiZeOfammOniumperch･

lorateonbumingratemightbemanifested

whentheperchlorAtewith anuniEom par･

ticle･sizewasused.Inthisstudythefollo･

wingexzLminAtionswereperformed:(1)

Quaftiledeviation(¢4)andKramer'smo-

dulus(K)werecalculatedfromcumulative

curvesoEsiヱC-distribution.(2)Correlation

between meanvolume･surface diameter

(DB,)andTnaSSbumingrate(Ih)wasex8-

mimed.(3)Correlationbetweenweightpet

rcentoEtheperchlorateandtheratewas

examined.I

Theresultsofexamination(1)weresu-

mmerizedinTable1.Adequate'lsamplesof

theperchloratepowder(A,B,C,D,E

andG)weereselcctedamoT)gthoseoETa-

1)Ie1.Theresultsofexaminations(2)and

(3)wereshowninFig.3andFig.5resp･

ectively.Themassburningrateincreased

astheparticle･sizedecreased(Fig.3).The

e打ectoEtheoxidant-fuelratioontheburn･

ingrateTnaybeindependerltOnthepartic･

▼○1.22.No.3.1抑

le-size.(ThectLrv eSOfD,EandGinFl'g.

5Wereapproximatelyparallelinarange

from65,.3to80,0.'oftheperchlorate.)The

curvesinFig.3Werewellrcprescntedby

thefollowingequation(Fig.4).

lJ'L- 1tLL｡-kip..

Herel'll.,AandlZareCOnStnntSLotthe

ratio.Theseconstantsobtainedareshown

inTab一e2.

AsisshowninTable2thevAllleOEltVa･

Tieswiththeratio.Valuessimilartothose

ofTable2couldnotbe1Obtainedfrom

totalsurfaceareaortotalvolumeofthe

particlesandoEthebinderatabuming

surface.ThefactisthatthefactorsaHecting

reactionareaattheburningsurfacemay

notbelargelyresponsiblefortheburning

characteristicsofcompositepropelhnt.For

themomentitcanonlytns8idthataman･

netofmixingoEoxidiZerandFuelgaS･Stre･

amstoform a鮎mereactionzonewillplay

animportantroleintheburnhlgProcess

andwillo打erapossibleexplanationfor

theten ofkLy',..(DdenseAcademy)
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StudyontheCrystalHabitModi丘cationofAmmoniumNitrate.

ⅠⅠ.HabitModiGers,GeneralDiscussionsandAlkylamines.

YoshioN.Tsuchiya

CrystalhabitoEammoniumnitrateismo･

di鮎dbytheadsorplionoEcertainforcign

substances.Aninterestingapplicationofthe

modifiedcrystalstoindustrialexplosivesis

ammonium nitrate･fueloilexplosives.The

modifiedcrystalshowshigh cxplosivesensi･

tivitywhenmixedwithfueloil,besides

hal･inglowcakingtendency.

Inthepreviouspaperl),thehabitmodi丘ed

ammonium nitratecrystalswereexamined

crystallographicalIy.Inthepresent,habit

modifiersespeciallyalkylaminesaretreated

and themechanismoEthehabitmodiGca-

tionisdiscussed.

4.HabitModi丘ers,General.

Habitmodi丘CationoLammonium nitrate

wastreatedintheworkofR.Hocartet

all).,whichdealtwiththeorientedover･

gtowthsonmica,andintheworksoEJ.
Whetstonectall).inwhichsulfonateddyes

wereonlythehabitmodi丘crdiscussed.In

ourworkhabitmodはersarefound out

from manyorganicsubstances.Theyare

dyestuus,dye-inlermcdiates,surfaceactive

agcnlSaridotherorganicreogents.

All.CrystallizationTest.

Thchabitmodi丘erswerefour.doutas

follows.Asaturatedaquasolutionofamm･

oniumnitrateat320CwastakeninasmaIt

testtubeandasmallamountofahabit

modi丘ersamplewasadded.Thistesttllbe

wasimmersedinabathandcooledthrough

thenighttoaboutlooor15oC.Durir!gthe

processarnmonium nitratewascrystallized

gradually.Wepayedattentiontokeepseed

crystalsinthesolutiontopreventmuch

supcrsaturationwhichwouldcause且uctuated

results.Theresultedcrystalswerecompared

withpureammoniumnitratecrystalshaving

obtainedfromblanktestsandhaもitmodify･

ingeffectofthesamplewasdetermined.

Abouttwothousandofsampleswerete･

stedinthiswayandabouttwolmndredwere

foundtohavesomeeだect.Crystallograph･

icalorientationofthesecrystalsweredeter･

minedbymicroscopicobserbations.Pho･

tographsofthemodはed8mmOniumnitrate

crystals,areshowninfig.1.

TypesofhabitmodiGcationareroughly

classi丘edintotwogroups. Oneincludes

丘brousanddendriticcrystalselongatedalong

theCaxis.theother,(010)platyorlzlbular

ones.Aswerelatedinthepreviousreport,

allthephtyortabularoneswere(010)

habit.Typicalonesofthesehabitmodはers

aresllOWninthefollowingtables.

TablcI.Crystalhabitmodifyingsubstanecs,arstgroup.

Class. Name Formula E打ec( CritiealcorLC事.

,cuarti言霊cnt aYe7artyelamine Cl:712sNH2'CH3COOH 紬rous O･COI

Anionic Sodiumはur)･1- C1三Hz30SO2Na dendritic 0.COS
surf.letant Sulfate

do. Sodiumdodecyト
bcnzene
stllfonale

C"H7S0 -so!Na dendrilic O･Ol

tTheminimume打eCtiyc⊂onecntrat王on.morethanwhichhabitmodi丘cationisobserl･cdinacertain
Condition,indkaledinweightpercentOEmotherliquor.

(Rc【ciyedApriHI71961〉
JLRelearChSc亡-ion*A"lFAEtOry,h';pporlJ(a)･止uCo-Ltd..YamAP(hiPtetcr=turc.
14 (ISe) エ燕火薬終金港



Fig,1Photogr叩hso-mo

｡iGL･dammotliumnitr- rr)･sLals･I.Standard(010)prisms.crysta"･)zedfrom <･Laur)･lamine･aCelate
atlsorbれ gro



9.

rh.10.D0.,oIIjtl･ti､･
exiO.ll.I)0..C･rosSc･dniLIOl.each

tMrLOlthedendriteh.TlSthesamet)r

ictnlation.12.Sodium(Io(lt'ぐyl

benzene州 )ronatL･.1d-sorhed,13.1丸,ohj

eL'tjyt!xJO_16 Ill.lh..irtabea

ker.t5.So(lium
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25.

Do.26.rh..(010)and(日0)

.27.Do.28･MonoaT･OdyeAmamnth.l
dsorbedstrap-shtLPe(1･crystals.eross

e(IniぐOl.18 29.Do.30

.Do..nL･L･dlcs



33.I)O.,r叩itlgrowth,0.2mm



TablC2.Cry紬)hl'hhmodiEyingsub釦且nCC･8･SeCOtldRrOuP･

cl瓜SS Nilme Formula.. E触 t CriticaI亡OnC･

A.k,･aminc A-H- lm ine C札 NH7 t,忠,y(0.r.O) 2

Anionic SodiumdinaphtyI-
surEaL･tnnt nt:thane

dilullonate

Pye- Sodium
)nlermc(lilLledi-J-acid

(lo SodiumCaT･bonyト
J-al=id

lfonoiLZOI Sodium
｡y蛸 118-慧 eacid

'llIei.1'.hAenncyh-yt.sAridmagenta

sC 〇 トCH-C C ･s La.tahqyFort｡, o･01

0H OH

S･○ ○ ､NH/00､s hthy'010'()H
/.◇〇､

NHCONH
OH
吉､＼./′＼/〉＼

OH＼
(:)-N--N-0
(｣) S-くj/ ＼S

NfJ2

Sや

.vH,,,9..′C＼?･､NHI
S S
HSISO3Na

.ト2.1)iscussion.

AsitisshowninthetableshilbiLmodif-

yingsuhstimCeSareprimary lllkyliLmines･

alkylsulEates,れlkylarylsulformleSiLnd･lrOma･

1icsulfonates.TheiractivegroupsiIreOnly

thesuIEonate,sulfateand primary.lmine,

thoughtheyarefoundoutfrom mllnyOr･

ganiesubstances.Thei.letthattheseilCtive

groupshaveacertainsimihrityintlleShape

andsizetonitrateionandammonium ion

whichareconstituentsofammoniunnitrate

crystiL]S,remindsusthemech.lnisnoEthe

.ldsorption ｡EdyeionsbygrowinJgILlum

crystillsprop()stdbyW.G.FrimCe一),that

is:''Thcforeignionormoleculem.lyiLCt･

uallyrephcezlnioninthecryst.lllattice,

especiallyiEthereisan identityorclose

20

Lathy(010)

(throusor 0.005
phty(010)

'pn,I.お 花l｡) 0.005

similarityinthesizeandshapeoEallactive

groupintheforeignionwiththatoEthe

ionitrcpIaces."

Modi丘ersoLthefirstgrouparenearly

一inearmo一eculeshavingoneactivegT･OuPOrL

aterminal.whereasthesctondgroupare

ratherddtmoleculeshavingmorethantwo

tlCtivegroups.As tothelatter,whichgive

(010)habitcrysla)ら,positionoEtheactiye

groupshasquitespeciGceffectonthehabit

modi丘cation.slightdiuerenceoEitsome･

timesmtlkesthemodifyingpowerinvalid.

Thoughtheyarec).lSSirIedsurfaceactive

ageJltS,dyt!･intermediatesordyes,thehabit
modifyinge打ectseemstohavenoconnec(-

ionwiththeiroriginalFunctionsbuHohare

withtheirmolecularstrtJClures.

(JJJ) _i:a:t火車皆会誌



Habitmodi点CationwithforeignsubstzLnCe

likedyescomesfrom changeofrehtive

grow rateoEthecrystalLacescausedby

8dsorptionofthesubstance.Thesubstance

adsorbedonthesurfaceOfthecrystalmay

exercisediqerente斤ecls,andtheaJsorbed

faceanddevelopedfacearenotalwaysthe

same.Such8CirctlnStanCeisexplained as

foIIows･IEthesubstanceadsorbedstrongly

andinhigh surLaceconcentrationitmay

preventLutthergrowthofthecr)･stal.When

theadsorptiontakesplaceoncertainsur･

faces,theydevelope.InthiscasetheEorcign

substanceexistsonthesurfaceofthedeve･

lopedfaces.TfthestlrEaceconccntrationis

notsohighastopreverltlatergrowth,or

thesubstanceisweaklyadsorbcdzLnd:itis

easilyexpelledfronthenewlyEorTnedlayer,
itmayleavedistortion,dislocationorkink

spotonthehostcrysfaI.Thenthesedisorder

mayactasactivespotsfromwhichcrystal

growthstarts.Inthiscaseadsorbedfaces

growrapidlyandin consequencctheedge

planedeveloped,i.e.theadsorbedfaceand

developedfacearediqerent･Adsorptionof

dyeisconcernedadsorbedfaceistintedwith

thedye,thenthesecircumstancesareObvi-

ous.

Table3.CrystalhzLbitmodifyingeHectofAlkylamines.

Name

mcthylaJnlne
ethyhmine
i-propylaminビ
n-butylanine
i-butyl8mine
i-amyhmintt
n-hexylaminL･
huryhmine
stearyhmine
benzyhmine
dicthylamine
dizncthyllaurylamine
aimclhylstcarvlazzline

iamuLyolnit霊mcctlklride

…LC:nr.yi霊㍗悪 さiae

Formtlla E鮎et CriticalCOJIC.
CHSNHl no
C:払NH7 nO
CIH7ドHz no
CIH｡NH2 nO
C-H9NH7 nO
CSHllNHZ
C4H13NHZ
C1:tl:SNHz
CI.H"NHI
C●HLCHINHl
(C2H与)2NH
CltHtiN(CHl)z
CIEH37N(CH})2
[C1:Hr.N(CH3)3〕･Cl

[C18H王,N(CH3)3コ･Cl

5.HabitModi点er5.

5-1.Alkylamines.

Alkylamincsareoneofthemosteffective

habitmodiGers.Someofthemshowscrit-

icaleHectiveconcentrationofhabitmodi丘ca-

tionaslow as0.001ア占,Asitisshovm

later血ealkylaminemodi丘edcrystalhasthe

bestqualityforAN-FO.Aceticsaltsof

alkylamineshELVingcarbonnumberof10-

20havebeenpatentedasanticakingagents

forammonium nitrate.S)Themechanism

oEitisexplained aSaloweringinthesur-

facetensionoEammonium nitratesolution

Yol.ZLNo.3.1861

mO

hlthy(OLO)
点brous
Ghrous
nO
nll
nO
nt)
nO

nO

andformationofoilysurfacefilmsonthe

crystal.6)Theformerisirrationalfromthe

reasonthattherearemanysurfaceactive

agentswhichdepressthesurfacete'nsionof

thesolutionbutfewiseqectiveforthepr-

eventionofthecaking.Itmaybedueto

tlleformationofoilysurEace丘lmsbyad･

SorptionoEalkylamineontothesurfaceof

thecr)･stal.Anticakingtendencyofthemo･

di丘edammoniumnitratecrystalwillbedis･

cussedlater.

5-1-1.AlkylaminesTested.

Habitmodifying eqectofvaricusalky1-

(J一∫) 21二



a血inesaretestedasbeforemensioned.The

resultsareshownintable3.1tisshown

thatprimaryalkylamineshavingmorethan

6carbonsarceHective.Astosecondary

amineswecannotsayforcertainowing

tothesmdl numberoEexamples,they

seemtobcune鮎ctive.Tertiaryaminesand

quaternaryammoniumsaltsareuneだective･

Acetatesofaminessl10Wthesamebehavior

asorginalamines.

5-1-2.PropertiesofAlkyamines.

Fordiscussingthemechanismofadsorpt･

ionofalkylamineswehavetoknowthe

propertiesofthesubstance.Alkylaminesand

ammoniaareconsidered10beintimately

relatedchemicalcompounds.Theirmolecu･

tarstructtm isveri丘edtobeapyramid

havinganitrogenatom foritsapexby

electrondiHraction,dipolemomentum and

xiaydiHractionofthecrystal.

AliphaticaminesateStrongerbasethan

ammonia,andtheydissociateaccordingto

血eequation.

RNH壬+H.0≠RNH}十+OH-

Dissociationconstantsare,
methylamine

CH,NH,+HI0≠CH】NH.++OHI

Kb=[CH,NH.'ⅡOH~]n:CH】NH .]
=5.0×10~▲

n-propylamine

KL,=4.7×loll

r_Tbutylamine

Kb=4,1×10~l

A-amylamine

Kb=4.4米lo-4

卜PrOpy)amime

Kb-5.3×10~●

i⊥bulylamine

Kb-3.1X10~●

i･amyhmine

Kb三三5.0xlol一

cE.NH,+H20≠NH/+OH-

Kb=1.75xlO~S

ItisprovedthattheNatomoEammonium

ionandquaterrlaryammOnium salttakes

tetrahedronstrurcttlreWhichcorespondsto

theCatomoLmethanemolecule.Dissocia･

tedaminesaltispossibletotakethesame

structure.Schematicmodelsoftheiones

areIllustratedinFig.2inwhichsi乙COfthe

atonesisexpressedbyvanderwaa】sdiame･

ter.



aminemoleculesareionized書accordingto

theequation:

RNH2+NH/-RNH,十+NH3
ThtJsthefreeamineandsaltsofamineact

inthesameway.

Summary

Habitmodi点ersforammonium nitrate

havebeenfoundoutfrom manyorganic

sllbstaces.They are classi点ed into two

groups.The丘rstoncsare nearly linear

moleculeshaving oneactivegroup on a

terminal,andtheygive丘brousordendritic

crystalselongatedalong thecaxis.The

Secondonesareratherflatmoleculeshaving

morethantwoactivegroups,andtheygive

(010)phteorlath.Thesemodi点ersare

adsorbedonthegrowingsurfacesofam･

monium nitratecrystals.TherLtherehtive

growrateofthecrystalfacesareeHected

andthehabitismodi点ed.E仔ectiyegroups

foradsorptionarealkyl且mine,sulfate and

sulEonate.Theseactivegroupshaveacertain

Similarityinthesh叩eandsizetonitmte

ionorammonium ionwhichareconstitu･

entsoEammoJlium nitrate,andarepossible

toreplaconeoftheconstituenls.

Thehabitmodifyinge∬ectofalkylamines

havebeendiscussed.Primaryalkylamines

havinghydrocarbonchaineofmortBthan6

cartonsareeuective,Theadsorptioniseだ･

ectedbyionjZedaminegroup.Intheam

moniuTnnitrateaquasolution freeamine

andsolub)e.1Cidsaltofitactin thesame

Way.
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+払och血zLCtzLl一ylzLZT)iztciflPlTLm叫iumBoll).iHhown AJ
Touow!.DjllO血tjoELCOZtdantoEALkyhmiAejsこ
KI･･【RNttl']【0打-コ/【RNE12]FlGx10't

ABdthat○(ammOれhiH
K2-lNHl◆]【OH-]/【NTT3】r･2xJ0-5

cozzLbiAiz)gthtAt
【OH-】-KIlRXH2]/【FLNHI◆]-K2lX村Sコ.'亡NHl●】･･･(1)

Lct血ecoJ托eBtrAtioAOrallyltrmiBeaddedbcClmOl/1,1hA一
〇ranmollhCZmOl/LAnddjPOChLil)l日)rAmiAeX.lhcn.
【RNflf】-Cl()-X).【RNH3◆】-Clま,【NH3】
FFC2X.【Nll4◆】-C2-CIX,

subltilLJliELglbesc･.cqtdtioA(I)itwr王tt亡n
Kl･Clく1-I)/C)I-K暮･C)I/(C2-CIX)

IzIAP,∝lhltOAJhjoAC)≒10-2,Cz幸]0,lheいVe字CIX≒I.

硝 安 の 括 晶 癖 変 化 に 関 す る 研 究

(第二朝) 点痔変化性勧賞概観及7JL.キJL7ミン頬

土 屋

硝安の晶癖を変イヒさせる物質を多くの有機化合物中

より見出した｡これはニ矧こ大別することができる｡

秀一は一矧二一倍の官能基を有する線状分子で雑株状

曲又は樹枝状晶を与え｡第二は=僻以上の官位基を有

する平面状分子で (010)衣状晶を与える｡これらの

作用は生長しつつある結晶の表面に対する吸着であっ

て,それにより鮭晶両の相対的_qf.長遺産が彫野を受け

曲峠が変化する｡親御こ帆J3･する掛ま7Jレキルアミ

ン,サ)I,7芦-ト,スルフォネートであり,これらは

Yol.21.No.3.1981

蝕 JB

硝安を構成するアンモニウムイオン,硝酸イオンのい

ずれかと構造上の斯似性を有し,それらに放き代った

形で静穏的に吸懸すると思われる｡

次に各種のアルキルアミンの晶癖効果を検討した｡

効果を有するもの杜第一穀アルキルアミンで戊素数6

以上の炭化水素鎖を有するものである｡攻潜は解離ア

ミンによるのであって遊擬アミンも,盤もその作用槻

鰍ま同一と考えられ 炎験では全く同-の結果を示し

た｡
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