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Effectofmilhngonthereactivityofleaddioxide

byHidetsuguNAKAMURA暮,Hi-oyukiTANIGUCHl暮,MiyakoAKIYOSHⅠ●
andYasutakeHARA+

Inordertoclarifythesurfacereactivityorβ-PbO2,thermalanalysis,surfaceanalysisandkinetic

analysisortheTtaCtionorβ-PbO2withaTlaqueousSolutionorhydrazinewcreperrorTnedandthe

foIIowlngresultswereobtained.

Thereactionrateorβ-PbO2withanaqueoussolutionofhydrazinewasauectedbyitssurface

rcactivity.Kineticanalysisofthereactionofβ-PbO2withhydrazineshowsthattheAvrami-Eroleev

equationrepresentswellasi卯lOidaItypeorhctionalreactionvs･timecurvesforβ-PbO2Without

mining,andthatasurfacereaction･eontrolledsh血kinguTlreaCted･CoremodelisiTlgoodagreement

withtheexpe血entaJresultsformilledβ-PbO2.Correlationbetweentheseresultsandsurfacereac･

tivityof8-PbO2arediscussed.

1.Introduction

L飽ddioxidehaslongbeenusedasanoxidantinpyrO-

techiccompositions,btpyrotechjcengineersfoundthat

itsactiyitiesasanoXidizerwereoRendiWeretltfromits

sourtXS.Thkisbecatweleaddioxidehasahighactivity

forabsorbhgreactiyegases.losingoxygenandacqunng

someenerwtochangenearitssurr&ce.Forexample,the

modifications,whichincludetetragonalleaddioxide

(β-pbO2)andorthorhombic(a-PbO2),hWaverysimi-

larstBLndaFdfreeenergyofformationH･hadditioTl,aSlg-

nificantstructuralchangesbetweenthea-formandβ-

formareknowntoeasilyoccurduringTneChanicaltreat-

mcTlt213)

Weproposedthatthesurfacereactivityofleaddioxide

asanoxidizerinpyroteclmiccompositionscouldbeesti-

matedbytheactivityofleaddioxideinitsreactionwith

anaqueoussolutionofhydraziTle4･8).hthispaper,the

cfrectofmillingonthesurfacepropertiesorβ-PbO2and

thet%ctionmechanhrrLSOfl鞄ddioxidewithaqueoushy･

drazinewezt!discussedinordertocladfythesurfaceprop-
ertiesoftheleaddioxide.
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2.Experimental

2.1Materials

nesaJnPIeof8-PbO2WasObtainedfromacommer-

cialsupplieraTLdcontained97.5wt%leaddioxidedeter･

minedfromitsactiveoxy野n.

Mcchatlicaltreatmentwasperformedusingalabora-

toryvibro･miIl(TsutsuiScieTIliEicInstrumentationCo.,
Ltd.)ConsistingofaceramiccontainerandI5ceramic

grindingballs,ThevibratioTIalfrequencywasloorpm

aJldgrindingtimerangedupto100hours.

2･2AnalysIS

ActiveoxyseTIWasdeterminedbyiodomelry.Particle

sizewasmeasuredtlSingaHodbaeentdfbgalParticleSize

Analy託rCAPA-500.Specificsurraccareawasdeter-

minedbyaShimadzTuAntomaticSurfaieAreaAnaLyZer

22001TherTnalanalysiswasperformedwithaRIGAKU

DTA-TGsimultaneOllSanalyzer)naTlargonmow.TEM

?nalysisaJldelectrondiffractionwereperformedusinga

NipponDetlSiAnalyticalJEM200atransmissionclec･

tronmicroscope.

2･3Reactionofleaddioxidewhthaqueoushydrazjne

50mlofa20%aqtwotusoludonofhydraZinewasmixed

withlgofβ-PbO2inareacdotlvesselwhich叩Smain･

tainedataconstanttemperatureandequippedwitha

magneticstirrer.hordertodeterminethereactionrate.

thevoltmeofnitmgemgaseyolvedbythereactionorβ-

PbO2withhydraZinewasmeasuredwidItimetLSlnggas
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4DTAcurvesofβ-P bO2andmilled

β-Pb O2inar-
gon
miIlingtime;(I)Ohr.
(2)Ihr,
(3)3hrs,

(4日2

hrs,
(5)24hrs

iTIFig.
2Showedthatβ-PbO2withoutmi11
ingwasasinge

crystalbutthatmilledP-PbO2hadapolycrystallineor

amorphousstructure･
Thisimpliesthatmechanicalen-

erwconstLmedcatJSeSaStructurald
estructionofthepar-

ticleaswe
ll
assubdividing.
x-raypowderdiEfracdondatainFig･

3in
dicatedthat

millingabove3hourscausestheformadonofa-PbO2･

ByusitlgquantitativeX-rayanalysis,
Schraderetal･re･

portedthat90%ofβ-PbO2istransformedtoα-P
bO2

aLhr80hoursofmillinB2
)
･
sennaalsoreportedca･
60%

β-atraJdormationover20hoursofvibro-milling
S)
.
In

thiscxpe血Ient
,
milliz)goyerapedodof12hotmcauseda

lossof8%ofacbeoxyBenaJIdachangeinthedifhcdon

itltenSides,decreasingto25%oftheirini血lyahe･
DTAmrvesofβ-PbO2milledaTLdwithoutmillingatt

showninFig.
4
.
Thetemperatureatwhichthedccomp〇･

sitioTICOmmenCed(decompositiontemperature)varied

withmilliTLgtime.
Th上is,millingofβ-PbO20Ⅶr24hotJrS
loweredth edecoTnpOSitiontemperat

tLrebyca･100℃ascomparedwithβ-PbO2Withollt血lIing･ 1 i.j 二.J

a壬aC=三JnとindlT)I_aI LlXFig.5EffectofmiIIingo
f8-PbO20nitsisothermalreacdonwithanaqueotJSSOlulionofhydraz

iTleatlO℃MilhgtimeO;0Il一(withoutmillind,0.
,1hr,0;6

hrs,●;24hrs3.2Reactionofleaddioxidewith

anaqueoussolutionofhydrazineLeadoxideswhidl

containedactiveoxygenreactedquantitadvelywithanaqueo

ussolutionofhydrazinebyevolvingTIitrogengas.ByaTI

alysingthereaction,espe-ciallytheinidalTCaCtion,Wepr

oposcdthatthesurfacere-activityofleaddioxideand

redleadcouldbeesdmatedbytheiractivitieswithaque

otuhydrazine.Reactionsofredleadorleaddioxidewithanaqueouss

olutionofhydra-zinearcdescritdbythefollowingchemicalequa血ns(

1)and(2).2Pb304+N2H4-6PbO+2H20+N2 (1)2P

bO2+N2H4I-2PbO+2H20+N2 (2)Ⅰれthisexpenment,the

amountornitrogengasevolvedbythereactionofB

-PbO2withanaqueotLSSOIutiot10rhydrazineagreedwe

llwiththeamountalculaledfromequation(2)withinanexpe血 e

ntalerrorof±5%.TTLeextentofthereactionataTlyt

imeorthefractionalreac-tion(x)forequatioTl(1)or(2)ca

nbedetenT)inedfromtheamountofevolvednitrogengas

dividedbyitsfinalamount.Fracdonalreactionvs.t

ime(I)curvesforthereactionofP-PbO2miIIedandwitho

utmiuingareshowninFig･5･Theindalreacdonrate,obtaiT

IedfromthercclprO悦lofthereactiontimerequiredto

attainagtvenfractionalre-actionwasroundtoimcreas

ewithincTeaSlngmillingtimeandcorrespondedwelltothe

reactivityofthethermalde･composition,althoughaqtl

aTltitativecomparisonwasnotmadeinthisexpe血 mt.F

igs.6aJld7showthefractionalt%cdonys･tine
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Fig.6Isothermalreactionorβ-PbO2(withoutmiIlini)
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Fi
g.7Isoth幻nalred onofmilledβ-Pbq2(12hJS)withana

qlleOuSSOludonofhydrazineReactiontemperature●;20℃

,0;10℃,○;0℃withoutmillingat0,10and20℃.β-PbO2withoutmi11･

inlhadasmallreactionrateddtlgtheini血l

stageofthez%ctionaJldshowedasigmoi血lshapeforthex-t

仙ⅣeS.Omtheotherhand,milledβ-PbO2ShowedalargereaC･

lionrateduringtheinidalstAgcsofthereactio

nandthereactionratedeczeasedlinearlyas

thezeactiotlProceeded.neAvrami･E

rofeevequationorautocatalyticratecqtntionrcpresetl

tSWellaslgmOi血ltypeoffractionalre･actionvs.time

curve.TheresultsforFig.6areingoodagreencntwith t

heAvrami･Eroefeevequa血n(3),asisshowninFig.8.

xニト exp(-Btk) (3)Ontheotherhatld,therestllts

ofFig.7,whichdealswithmilledβ⊥PbO2,litWellwithasu

rfacereacdonヾon･trolledshrinkingunreacted･Coremodel

representedbyequation(4).kt=1-(I-x)1/3 (4) (XIt)U

.[- 10ReaCtlolltlmc (milt) 100Flg･8Avrami-E
rofceyplotsrotthereactionofβ-PbO2(withoutmilling)withanaqueoussolutioTIhy

dra-zineTemperaturc●;20℃,0:10℃,○;0℃0.5

0.i



PbO2withoutmi11inswaslikeasitldecrystal,whilemilled

β-PbO2COtlSistedoffinep血 arryparticleaggrep血gto

formsecotldarypardcles.Therefore,thesurfacelayeror
milledleaddioxidehasanenorTnOt旭ntlmtX:rOraCdvesites

whichbecomesermnucleitostartthereacdon.Therate

deteminingstepforthereacdonwithaqtwotuhydrazine

isasurfacereactionstepoflcaddioxidewithreactanthy-

drazinewhichhasdiErusedtothesurfaceoftheunreacted

core.Onthecontrary,leaddioxidewithoutmiIlinghas

feweractivesitesonitssurfacebccauscofitscleanliness

aroundthesurfacelayerandthiscausesthenucleationstep

toberatedetermlnlnS.Thoughtheinitialreactionbeit唱

slower,afeatureofthereactionofβTPbO2Whichwas

mi]ledror6hoursresembledtothatfor12hours.ButP-

PbO2miIledforIhourreactedautocatalyticallylikeas

thatwithoulmilling.Ontheotherhand,β-PbO2milled

forfrom2to4hoursshowedanhtermediatereacdonfea-

turetXtweenautomtalyticandsurfacereacdoncontrolled.

ThethermalreactioT10fapyrotechniccomposition

whichcontainsmetallicoxideasanoxidizertutnllypr0-

ccedsinthesolidstatebecauseofitshighmeltingpolnt

comparedwithoxysaJts.Le addioxideinpyrotechnicmix･

lureswhicharebroughtaboutinthermallyiJldllCedcir･

cumstancesalsocatISeSatherThalreactionwithreducing

agentsinthesolidstate.SurfacereactivityaswiJldescribed

hterhsaremarkableeffectonthesolidstatereaction,

especiallyintheearlystageofitsreactioTl.

nesolidstatereactionisam拙dbysurra'cereactivity,

whichdependsupoTlboththeintimacyofcontactandsur-

raahetero辞rLeietyoftheingredients.nefoTTnermainly

deJXndsonparticlesizewhichis酢neTal1yconsideredas

allindexorthesurfacereactivity.Thehtterdependson

crystauinity.disorder,oxy野mdertcienq,00ntamination,
adsorbedgases,etc.inthevicimityofthesurface,andalso

aLrcctsthcreactionbcatLSeOfitshighinstability.Butitis

difrlCulttodetermitleSeparatelytheemTectofpardclesize

orsurfaceheterogenietyonsurfacereactivity.

As previouslystated,vibro･millingalsocausedanin-

creaseinsurfaceheterogenietybyaccumulatitlgmeCh･

nochemicalenergyonthesurfacelayerinadditiontoan

increaseinsurfacearea.Estimationofsurfacereactivity

ofleaddioxidebythekineticanalysisoritsreactionwith

aqueoushydrazineisanexcellentmethodtoeva]uatJ:the

surfacepropertiesbcausethismethodmakesitpossible

loestimatethetotalsurraccreactivityorleaddioxideas

anoxidizerinapyrotechniccomposlt10n.Thismethod

canbeusedtoevaluatethee触 tofparticlesizeandsur･

ramheterogenietyotlSurfacertRCtivityatthesametime.

4.Conc一usion

Thereactionrateofβ-PbO2Withanaqueoussolution

ofhydra血eisaErectedbyitssurfacereaclivity.Kinetic

analysisshowsthatwhenBIPbO2ththasnotbeenmiHcd

istwed,theAvrami-ErofcevequationcarlWellrepresenta

s)gmoidaltypeorfractionalreactionvs.thecurves.Wten

β-Pb(?2ismitledadiffusioTl-COntrOltedshrinking-

utlreaCted･coremodelisingoodagreementwiththeex-

perimentalresults.

Wh eTIP-PbO2isvibro-milled,mechamiCaletlergyis

partlyusedforreducingparticlesizeandpartlyfor

accumulationinthesurfacelayerwhichresultsinanin-

creiLSeinsurfacehctero野miety.SurfacehelerogeTIietyre-

sultsinproductionormanygennnucleiofthereactionor

β-PbO2withaqueoushydrazinesolution.lnthiscase.

vibro･milledβ-PbO2,Whichhasmanyreactionnucleion

itssurfacereactswithaqueoushydrazineshrinkingfrom

thesurfacetothecore･Ontheotherhand,P-PbO2With･

outmillingshowsasmallreactionrateintheinitialstate

ofthereactionbecauseofascarcityofgermnucleitostart

thereaction.
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二敢化鉛の反応性に及ぼす粉砕の影響

中村英嗣●,谷口弘幸',秋吉美也子■,原 泰毅●

市販の二酸化鉛を粉砕して,表面物性の異なる種々の紙料を胴鮎した｡この拭料につい

て.表面物性.熱分解およびヒドラジン水溶液との反応などについての検肘から.以下の枯

飴を得た｡

二酸化鉛はヒドラジン水溶液と反応すると,窒素を発生しながら分解する｡β型の二酸化

鉛とヒドラジン水溶液との反応の速度はその表面物性により彩響された｡速度解析から,粉

砕しない二敢化鉛の反応性はAvrami-Emrew式に従って起こり,反応率一時間曲掛 まS字型

を示した｡一方,粉砕した拭料では初期に高い反応活性を示し,表面反応砕速の未反応核モ

デルに長く適合した｡以上の結果とβ型の二敢化鉛の表面活性の相関について放飴した｡
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