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Effectofadditivesomthereactionofthemixturesofammonium
nitratewithaluminum

byHidetsuguNAKAMURÀ,KenziKAMO事,SyousakuARAMAKI●
andYasutakeHAm■

Aluminumpowderinexplosiyemixturesisdifficulttoreactcompletelybecauseofits

stablesurfaceoxidelayer.especially.ifammoniumnitrateisusedastheoxidizerwherethe

combustiontemperatureiSrelatiyelylow.Inthisreport.theeffectsoEvariousadditiyesonthe

reactionoEammoniumnitratewithaluminumwerestudiedbythermalanalysis.Combustion

cabrimetTyandanalysesoEthereacdonresidue.

ThemixturesofaJnmOnium nitratewithaluminum witJIOutadditivescouldtIOtproduce

completecomb血 n.But.themixtuTeSWid)someadditivessuchascryolitecouldproducea
00Ⅰ軸 comhJh readharda紳 血 of血 mⅦ old brdte70:3)mixhzreOq

weight)ofaJnnOnitm nitratewithaIuminum.Moreover,obtainedheatoEcombtJStionand
amountoEwaterprducedcorTeSPndedtothecakuhtedonea∝ordingtoequation(4)

I.Introduction

ThereactionoLammoniumnitrate(describedas

-AN')withaluminumisimportantinsometypesofex･

plosivemixttuessuchasinindustrialexplosivesorin

compsitesolidpropell弧tS.hthecombtLStionoL
dumiAium povderinanexpl鴨ivemixttm ,thereac･

tioTIOfalumiJltmwithgaseotJSOxygenOranOXidizer

isintenlptedhthecotm oEthereacdonbyastable

oxidelayerthatEorTnSOnitssu血ce.Moreover.ifwe

useammoniumFLitrateasanoxidizer.aluminum

powderisdifficulttoreactcompletely.becauseofthe

re)ativelylowcombustiontemperature.Itisknown

thatthissurfaceoxidelayeriswcdkenedbycorrosive

matedals.For既ample,additionoEammonitmlper･

chloratetoasoudpTOPelhnt.whichcontainsam･
mo血れ nitrateasam血 oxidizq,enhaJlCeStheex-

tentofoxi血tionofalumiJltJJnbycorrosioncausedby

thechIorizteccmpundsintheproductgases11･
Inmoltensaltelectrolysisofaluminum,atedhnique
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offusingagent,8hasbeenutilizedtolowerthemelting

point.So,hsingmixturessuchasacryolite,ifadded

tothemixturesofammonitmnitratewithaluminum.

canbeconsideredtoelimiJlatethesurfaceoxidehyer

otlthealuminum aJldenhencetheextentofahminum

oxidation.hthispaper,theeffectsoEyariousad･

didyesonthereactionoEaJnmOniuJn nitTatewith

ahminumwerestudiedbythermalanalysis,combus･
lioncalodmetryandanalysesolreactionresidue.

2.Exporirnenta1

2.IMateri818

Reagentgradeammoniumnittate,ptlrifiedfrom
water.waspulverizedandscreenedthrough 147

〝m(100meshpass)aftersuffidentdrying.The

alumiJ)umusedwasapigmenttypePWder(-p-All)

andwassurface-treatedwi thstearicacid(2wt.形)
andtenon(0.15-0,25wt.%).

ThecomposidonoftheadditiyesisdescTibedin

TableI.Allthesematedalswerepreparedafter

pdvedZingthereagentsandpassingthrougha74t,m

Sieve(200meshpass).

2.2ThormaLanalysis

Therd anibscswerecaJTiedoutuJlderaJtargongas
atmospherewithaRIGAKUDENKJhigh-presstJTe
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Tz)ble1 Composi血nofadditiyes(wt.タo!)

KCl NaC) Na3AIF6 oth

ersNo.I 50 40 8 AIF] I.2

.LiClO.8No.2 30 30 - LiCIlO.KBr

lOKllO.NaF lONo.3 Ilo 30 lO ZmCl壬

20cryolite - - 100DTA,simultaneousDT

A-TGandDSCapparattIS.Asthesamplecontainer.aher

TneticaJlysealedalunhumcrudhlewhichhadapinholeirL

thecenterofthecoverwasusedforsimpleaJTImOn

jtlnnitrateanditsmix･tureswithaluminum.

Anironsealedcontainerwithoutapinholewasused

forDSCexperimentationanda)uminacrucib)eswereu

sedFortheoxidationofaluminum inair.Ⅰneachcas

e.theSampleweightwasabout5mgandtheIleati

ngratewasID-20K/min.2.3 Measurem8nt

OfthehootofreactionnLeheatofreactionwith

lgoftheweighedmixttl代ofammomium nitrateand

altJJninuminargonwasmeasuredwitha

SHTMADZU combustionco1-orimeter.A mixture(

0.1g)ofboron aJldba血mchromate(B/BaCrO I813/
87byweight)wasusedtoini由te

thereactionmorem di)y.Theweightofreacdonresi

dueinco71densedphase,theextentoEoxidation,aJId

thewaterproducedWeredeterminedafterthecombu

stionexpedmentwascar-riedout.Intheseexpenmemts

,aJuminat)ailswereus･edinthebombtosuppressth

eSCatterOEthesample.2.4 Dotormin8tionofthefractional0xida

tionofaTLJminurTIThefRCtiondoxidation

ofaluminumaftercombt&doTlⅥqSdetermiJledbya

yoltme(ricmethod.vhichme貼ureSthevoltJmeOEhyd
rogengaseyo]yedbythereactionoftheunreacteda)L

Lmintlminthecombusdonresidue with add

ed 8N-hydrochlorieacid.Preliminaryexperhent

ationhasShownthattherelativedeyiationof

theamotJntOfunreactedaluminuTnbyth

ismethodiswithin±2%.2.5 Qui)Iitativ8andqu8ntiti)tiv8analysesoft

hereactJ'onrosjduemeamountofwaterpr

oducedbycombustionWasdeterminedbygaschromat

ographyafteraddingandmlXlngWeltthecomb

ustionprductwith50mi oEmethJIOl.Thepekingreage

ntWZLSPEG1000andthecohlmntemPeTattLreWasIOOて.nerehtivedeyia血n hythis

methodiswithitI±lタJ,QualjtativeaJtdquandt

advea瓜lysesofunreactedaJnmOniLm nitratewe

reperformedusugcommonX-raypowderdiLh ctionandabsorbdometryaft

erdissolutioninvater.3

. RosultsandDiscussion3.I Thorm8lproperties

ofi)mmoniLJrnnitrat8.8lumi

nurT1andtheirmixtur8SFig.)Show8theresults

oftheDTACurYeSOfam･moniumnitrateLmderpre防

げ eSrangingfromnoTTnaIto]OMJh(gatJge).Ammon

itm nitratetubernoTTndpreSSure8howsonly

aJ)endothermi亡reaCtionresdtingfromaFIhzL

SetruSfoTTn血nand… pra･liononheating.However.aboye0.
5MPa(gau

ge)an.
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2DTAcu rvesoEth emi

xtureofammoniumnitratewithalum iJlumtinderap

ressureoL5.0MPa(gauge)argonexotherm

iC托aCtionappearedasaresultoLrestrain-Lngevaporation.Therefore,apressurizedcond

itionaboye5MPa(gauge)wasadoptedinorderto

examinethereactivityoEammoniunnitrat

einthermala血Iysis.Fig.2presentsDTAcurvesoEthevadousmiXttlre$Of

ammonium nitrate with aluminu

m under5MPa(puce).EverymixttJrehad214exothermic

peaks,whidIindicatesahrgerexothermicitycom･

paredtoammOniumnitratealone.
Hence.wecancon-

cludethattheoxidationofahJJnintlmOCCtPedtnder

thiscondition.
Howeyere.tow
hatextentthe

aluminumwasoxidizedcoddnotbedeterminedErom
theseexperiments.
hordertoexaJn
inetheextentoEthealuminumoX･
idationundertheditEerentconditions,thermal

analyseswerecarriedoutusingasealedcontainer,
whidlWOddrestrainma辞tran8Eer.
Fig.
3andTable2

showther軌ltsoftheDSCsttldiesForaJT lmOnitm
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3DSCcurvesofammoniumnitrate,
itsmix

･turewithaluminuJnwithoutaJtdwithwate
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7emperature (

'C )- ;DTA.----.'TG.additive

(p-Al/additive;4/Iwt.)(1)wi
thoutadditive.(2)No.i,(3)No.

2,(4)No.3.(57CryoliteFig.4 DTAaJldTGctmesoEaluminumwithaJl

dvithoutadditivesequation(3).Wateralsohad

aneEEectonthereactionofthemixtureofamm

oniumnitratewithaluminumbasedonthelargeexothermiCityobtain

ed(Fig.3-4).NH.NOB-N2+2H20+I/202 AHl=-1

450J/g (1)2Al+3NH▲NO3-Al203+6H20+3N2 AH

2=-6880J/g (2)2Al+3H20-A1203+

3H2 Atも=-8733J/g (3)3.2 Effectofadditives

onthetherma一re8Ctjvityofaluminumpowderanditsmixtures

withammoniumnitrateFigl4showstheresdt8

0fthedlem lanalysesforaltJninum with aJldw

ithoutadditives.Alumhtmwithotltaddidvcs訂adually

suLEeredoxidationbeforethemel血gpoint(mel血gpint;660℃)aJlds howed .OXHーLVL.OptzH 200 300Temper

ature t .C ) 400Fig.5 DTAmJVeSOfthemi
xtureoEammoniumnitrate,aluminum a
JldadditivesunderaprcssweoEO･5MPa(gauge

)argonabtltlo財 increaseinweightuptogoo℃.

Thefrac･donaloxidationuptothistemperature

wasesdnatedataboutILK ,comparedtocomplet

eoxidationinwhichtheweightincreaseamounted

to88.9/ど.OntheotherhaJld,theadditiveshda

remarkablepromotinge触 omoxidation.Forexample,a

dditiyesno.1andno.3promotedoxidationaround60

0℃,andadditivesno.2andcryolitehadmodera

teeffectsonthepromotionofoxidationover

awiderangeoftemp虐rattJreS.nemosteffectiyead

ditivewascryoute,whidshowedan58%increasein

weightat900℃･Thiswe

ightincr也SeCOrreSpOndedtoafnC･tiona

loxidationoE65%.Fig.5showstheDTActmesoft
hem血 reofaltminum,am moniuznnitmteaJldthea

ddidyes.Them血 rewasLorn血tedsothattheadditivesw

ereadd-edby5wt%incrementstothebinarymix

tureoEaJn･momitm mitrateandalum iJlumhavinga

composidonof90partsofannonium nitrat

eaJtd10partsoEaluminum Expe血 entswerecarriedoutund

erpres
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Fig.6 Fractionaloxidationofaluminumfromthe
mixtureoEaJnmOnitm nitrateandalumintun

withadditiyesunderapressIJreOE2.0
MPa(gal)ge)argon

theeEEectofatJnOSphericoxygenandtheeyaporation

ofammonium nitrate.TheDTAcurvesshowedthat

addittivesNo.1andNo,3causedasharpexothermic

peakat250℃;whereas,cryoliteandNo.2causeda

broadone.Itisknownthatthehahdeionpromotesthe

therTnal decompositionofaJnnOniun nitrate2).

The紀reSuItshdicatethatasharpaJldhTgeeXOther･

micreactionispossiblebecatweofthepromotingef･

EectsoLhalideonthethermaldecompositionofzLm･

momitLm nitrate.

3.3 TheextentoftheoxidationofaIuminuminthe

reactionofilmrnOniumnitratewithaluminum

ThecombustionexperimentsLortheammonium

nitrate-aluminummixtureswith3%additiveswere

carriedoutinordertodeterminetheextentoftheo託一

idationoEaluminum.Fig･6showsthefractional肱ida-

tionofaluminumdetectedinthecombustionresidue.

(nthisfipre,allthevaluesac00mpaniedbymean

deviationsaretheayerageofthreeexperiments.ne
mixttwesofammonitLmnitrateaJldaluminun without

additiyeswereれOti即itedeventhoughtmderusageoE

anigniter.Withregardtocomposition,thehigherthe

TabIe3 HeatofreactionforthemixttlreSOf

NHINO3/p-Al/addidves

add"yes l compsition(bywt.)70/30/3 82/18/3 90/1

0/3No.2 8556 714
1 43578550

7218 44208434 7205 4623

8471 7129 4801No.3 8506 7204
48538514 723

5 47458520

7098 47458492 7174

4697cryolite

8411 7143 477

28514 7043

45088481 7210 45088481 7143 4601conte

ntofalumintJm.thehigherthehcdonaloxida･Lionbecame.But,themixturescontain

ingaltminumabove40wt.%didnotignited.The

resultsobtainedaboveindicatethatthead-ditives

promotetheoxidationoLalunhum.Fore7(am･plc,th
emixturesofammoniumnitrate,aluminuTnandadditi

vesinaratioof70:30:3and82:18:3(byweight)s

howedafractionaloxidationover99.5%and98.0%.res
pectively.Thesevaluesdifferedyerylittlebetween

additivesandthedeviationswerealsoverysmalLThe

weightoEtheresidueaftercombtlStioncor･respor

LdedwelltothesumOfaluminum oxideandtheaddit

ives.However.amixtureofamtnomium mitrate,aluminu

mandaddidveintheratioof90:10:3(byweight

)Showed1O%smallerweightd∝reasethanthecalc

ulatedvalue(80%).Thisindicatesincompletedecomp

ositionoftheammonium nitate,whichwasac･tuauydetectedinthecombus

tionresiduesbyX-raypowderdiffractio

n.3.4 Equ8tionofthere

actionofammoniumnitratewithaluminumA

Ltercombustionofthe70:30mixtureofan･mon
itlmnitrateandaluminumwith 3%additive,itwas

foundthattherewereacompleateoxidadonofalu

mizlum.aCOmPIeatedeconpsitionofammoniumnitr

ate,initialadditiyerem血edtnchangedandaurgeamountofwaterformadon(Table4).So,st)ppo･



T8bI84 Am ountofH20formedErommixtureof

NHINO3/p-Al/cryoIite

compoSitiOn(bywt.) H20Lormedg/g● mol/2

Al70/30/3 0.155 1.550.15

2 1.520.

146 1.46average

0.151 1.5182/18/3 0.323 5.210.313

5.340.320 5.

32aYeraP 0.319 5.

30●g/∫(NHINOJ+Al)siJlgthealuminuJnWaSthoro

ughlyoxidizedaJldaJn･monium nitratecomptetely

decomposed,thereacdotLequationbetweeれdtLminuJTL

andaJTLmOnitLmnitrateEorthe70:30,
82:18and90:10ammoniumnitrate/altLmhum mixtureSCan

bedeSCribed舶EoILo

w8.1.57NH.MOS+2.00Al-1.75N2+1.43H2+1.71H20+1.00Al203 (4)

仏H一ニー8410J/

g)3.07NH-N03+2.00Al-･3.07NZ+0.0702+6.14H20+1.00AI203 (5)

(AH4=-6779J/

g)6.07Ntt.NOユ+2.00A1-6.07Nz+3.0702+12.14H20+1.00AhO) (6)

(AE一=-4424J/g)Table3showsdieheatofre

acdonforthethreemix.ttm oLaJnJnOnitJJnnitrate,ahnhtln,aJldthead･ ditivesinargon.TheheatoE

reacdorLSeStimatedwithregardtotheabovereactio

nsweredescribedinthebracke(oLtheaboyeeq

ution(AH-,AHSaJldAHA)aJtdcorrespondedweutothe

measuredvalueiJITable3.Asdescnbedabove,themi

xturewh'dhcontainsex･Ce払ammOmium rlitratehadye

rylittleeffectsontheoxidation.aJldtheheat

oEreactionwas80meWhatsmallbecatwepartoftheammonitml

TIitratedidnotreact.Table4sho耶 dteanmou

ntoEwatereyolyedfromthecotnbtudonreaction,i

nwhichtJIealuminum wasalmostcompletely拡idized

.neobseryedamountsoIvpateTfor70:30:

3and82:18:3mixttm inTitle4are88% and8乃iofthecalcdatedy

ahesh eqtudon

(4)and(5).ConcJusionsThem血 鰐OfaJnnOnitt

mnitratevithaluniJItmwithoutaddiかescod

anotproducecombtwdon;howeyer.themixttLreSwiths

omeaddiliyeS,WhichcanelimiJtatethemr血ceoxidelay

er,couldproduceacom･pletecombustionreactionan

d$Oaperfectoxidationofaluminum,iE8uitablemixt

urecompo9ition8andad･ditiye8WereSekcted.Theob
servedheat80freactionforthe70:30

:3,82:18:3.90:10:3am･monium nitrate/ahmiJltl

m/additivemixttJreSdu血gcombstionwerecorrespon

dedwelltothatobtainedhmthereacdonequations(4),(5)aJ)d

(6).RefemceS1)KamoMiyaudhi
,TikahisaYimasaki.T血 oK血 zLndNa

ninosdkeKubda,I.hd.Ex･p

l.S∝JAPAP,48.77(1987)2)Yas屯takeH打a,H

idetsupNahmtm,YoshikamHirosaki.ぬtsdi

deHatbn'aJldHideyoO血 .J.hd.Expl.S∝JAPAN,45



硝酸アンモニウムとアル ミニウムの混合物の反応性に及ぼす添加物の効果

中村英嗣●.加茂取捨',荒牧昌作●,原 容教書

混合火薬に用いられるアルミニウム粉末はその表面に安定な酸化物周が存在するために

完全には酸化されない｡硝酸7I/モニウムが酸化剤として用いられる場合には燃焼温度が

比較的低いために.この債向は特に頭著である｡本研究では,硝酸7./.tニウムを酸化剤,

アルミニウムを還元剤として含む混合物中での硝酸アンモニウムとアルミニウムの反応性

に及ぼす添加物の効果を,熱分析,燃焼熱の測定.反応残さの分析などを行なうことによ

り検討した｡

硝酸7I/.a.=ウムとアルミニウムの混合物は添加物を加えない場合には本実験の条件下

{･は着火しなかった｡しかし.クlJオライトなど7ルミュウムの溶融塩喝解工薬で用いら

れる添加剤を添加すると燃焼は完結し,掛 こ硝酸アンモニウムとアルミニウムの70:30の

混合物ではアルミニウムはほとんど完全に酸化された｡さらに.硝酸アンモニウムとアル

ミニウムの反応の襲糾された反応熱 王位定された反応式 :(4),(5),(6)式からの計

罪値に良く-鼓した｡

(●九州工兼大学工学部応用化学教室 〒804北九州市畑区仙水町1-1)
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