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Themixtureofsodium.chloratewithironpowderhasbeenusedaSabasematerialforan

oxygengeneratingagentduringemergencie8. InthisStudy,athermalanaly8iS,ananalysis

ofreactionre8idueandcombustionexperiment8Suchascombustioncalorimetryorburningrate

measurement自WereCamiedouttoclari&thethermalreactionandcombustionreactionofthe

80diumchlorate-ironpowdermixture.

ThebiIlarymixture,whichcontainedfineironpowder,hadagoodreactivityatlow

temperatureandthecapabilityoflargeoxygenrelea8e,Thebinarymixture8COnSiStingof

80diumchlorateandfineironpowderwerecombustibleoverawiderangeofironcontent

from20～to60wt.% iron.Ironoxidehadalargecatalyticeuectonthethermalreactionof

thebinarymiXtlユre.However.thecatalyticeffectoncombustiondependedonthe8peCiesof

ironoxides. Fe203with一ineparticle8iヱehadalargecatalyticeLrect. Theadditionof

diatomaceou8earth,80diumperborateandStrontiumperoxidealsoincrea8edthelinearbumi ng

rate.Moreover,diatomaceousearthimprovedthereproducibilityofthelinearburningrate_

1.Introduction

Chloratebe8ide8perChlorateisoneofthe

high oxygencontaimingmaterialsandhasthe

characteristicfeature ofloosing thi80Xygen

relativelyeasilycomparedtoperchlorate.Based

ontheserea80n8,80diumchlorate(NaCIO3)has

beenusedaSaba阜emateriala8anemergency

oxygengeneratingagentu～:Jl. However,becatlSe

ofaninsll皿cientheatofdecomposition(-AH≡
578a/冒),itiSnotCOmbuStiblebyitself.U8ually,
sodium chlorate can perform a Bu8tained

combu8tion,butonlywhenironpowder(Fe)

a8aheatgeneratingagent,ironoxidea畠the

cataly8t(Fe203)andsomeadditive8areadded.

Acolored8mOkecompo8ition.whichcon8ists

ofchlorateandanorgamiccompound,i8famous

a8aChloratecontainingcombustion miXtuJTe.

However,therehavebeenfewStudieswhichdealt

withthem'ixtureofchloratewithmetal.Inthi卓
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Study,athermal analy8is,theanalysisOfthe

reaction residueand coznbuStion experiment8

Sucha8 COmbuStioncalorimetryorburningrate

mea8urementSWereCamiedouttoclari& the
thermal reactionandcombustionreactionof

the80diumchlorate-ironpowdermixture.

2.Exporimonta1
2.1Natorials

Threetypes0fironpowder8ample8Obtained

fromacommercial8upplierhadaverageparticle

diameter80f1.36pm (丘ne,Fe(I)),6.99pm

(Fe(2))and62.4/Jm (Fe(3)).Sodium cuorate

waspreparedbypulverlZlngand8ievingareagent

gradematerial,anditsaverageparticlesiZieWas
about75/Jm.

TheironoxidecatalySt8Obtainedfromacom･

mercia1Supplierhadaverageparticlediameters

of8.6pm (Fe203(1)),16.8JZm (Fe.zO:,(2))and

0.5pm (Fe;104). Thediatomaceou8earthwa且

reagentgradewithanaveragediameterbelow

147pm. Sodium perborate And strontium

peroxidewerepreparedbypulver12ilngandsieving

reagentgradematerial,andtheiraverageparticle
Sizewereaboutbelow147um.
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ThemixtureswerepreparedusingAnordinary

ball-millmixera氏erweigllingtheingredients.
Thebasicfomulationsofthemixtureshave

thecompositionsofNaC103lFe=80/20,70/30.60/40,

48.8/51.2,45.9/54.Iand 38.9/61.I(by weight).

Themixture80fNaC10:.IFe=48.8/51.2,45.9/

54.Iand38.9/6).lcorrespondtotheStOichi･

ometriccompoSition8accordingtoEqs,(1)～ (3),

respectively.

NaC10,+2Fe- NaCl+FeP3 (1)

NaCIOJ+9/4Feー NaCl+3/4Fe:104 (2)

NaCIO,+3Fe-INaCl+3FeO (3)

Thecatalystandadditivewereaddedby1～10

partstoloopartsofthebinarymixturebyweight･

2.2Arlalysis

qualitativeanaly8i80fthereactionre8idue

wereperformedusingcommonX-raypowder
di缶action.

ThernalanalysiSWasPerformedinargonusing

aRigakuDTA-TGSimultaneou8An alyz:erTAS-

200underatmosphericcondition8withaheating

rateof20℃Imin.Thesampleweightwa卓3mg,

andthesamplecontainerwasa5mmhigh ×5
mm ¢ cellmadeofalumina.

2.3Comhustjonexperiment

Themixture8Wereburnedinanaluminum

Cylindriealtube,andthetimef♭ra10mm

burningwasrecordedusingadigitalmemory

with opticalEiber 8ignals. One oxygen

generatingcompositiondividedintonineequal

partswasloadedninetimesinonetube,and

thebulkdensitywas60% ofthetheoretical

maximum den卓ity. Thetubehadaninside

diameterof4-8mm,outsidediameterof15

mmand30mmlength.Themea8urementWas

carriedoutinatmo8PheriCandpre88urized

nitrogenSimilartotheheatofreactionand

combu畠tiontemperature.

A ■'Shimadzuautocalculatingbombcalo-
rimeter"wasusedtomeasuretheheatof

combustion. The8amPleweightwasabout

l･2どand0.2gofaboron･potas8ium nitrate

igniterwasusedinordertoensurefiring･
The measurement was carried out in

atmosphericandpreSSuri21ednitrogen. The

coJnbuStion temperature wa8 meaSured by

aW/W-Rh5-20%thermocouple(¢≡0.25mm)

usingaDigitalScopeI)L708from HokuShin

DenkiCo.,Ltd.

3.Resultsanddiscussion

3.1TherTTtalroactjvi吋ofsodiumchlorab,irt)n
powderandtheirmixture

Fig.IshowstheDTAandTG trace白0firon

powde帽inair.Theoxidationorironpowderin

airShowedquitedifferentfeaturesdependingon

theparticle8i2:eS. Fineparticleironpowder

Fe(1)wa8 0Ⅹidized at temperature8 ranging

from 235to500℃withaweightincreaseOf

about30%. Ontheotherhand,ironpowder

Fe(3)withparticlesi2ieOf62.4pmwasoxidiZx2d

attemperature8rangingfrom 380to800℃

withaweightincrea畠eOfabout42%(Fe(2);

44鶴).CompleteoxidationtoFe203,Fe304and

FeOcorre叩Ondto43.2,38.2and28.7%weight

increases,respectively. TheX-raydi瓜action

pattern80fthereactionre8iduea氏eroxidation

ofFe(I)containediron(D)oxide(FeO)andiron

(D)iron(m)oxide(Fe30.).Therefore,fineiron

powderFe(1)8ufferedfrominsufncientoxidation.

Basedontheeere8ult8,itwasconcludedthatiron

powderwitha且neparticle与i2:eWa卓ea声ytO

oxidize,buttheextentofoxidationwasSmall

comparedtothelargerparticles.
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Fig.2showstheDTAandTGtraces0fsodium

chlorateand it8mixtureeWith iron powder8

inargon. TheDTA traceofsodium chlorate

8howedanendothermiCpeakat255℃causedby

meltingandawideexothermicdecomposition

peakrangingfrom 365to615℃withaweight

decrea8e. Thi8 decomposition involved the

followingStepWi8ereaCtion84)I

4NaC10:.- 3NaC101+NaCl (4)

NaC10.- NaCl+202 (5)

Thereactionofthebinarymixturea180Occurred

8tepwi 白e and the temperature atwhich the

reaction commenced became lower with a

decreaseintheparticlesi次 Oftheironpowder.

TheweightdecreaseOfthebiJlarymiⅩture30f

NaCIO3rFe(1),NaCIO3rFe(2)andNaC103me(3)

were19wt.%,11%andl0%,respectively. The

extentofoxidationdeterminedbytheX-ray

di瓜action forthereaction residuea氏erthe

reactionwa卓14%,50%and55%forNaCIO:/Fe()),

NaCIO3rFe(2) and NaCIO3rFe(3),respectively.
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､､一一一 一_PTA l○～○ Therefore,thebinar

ymixturewhichcontainedironpowderhaving&丘ne

particleSizehadagoodreactivityatlowtemper
atureandthecapabilityora

largeroxygenrele88e.3.20ombustionoftheJTti此urqscontainingsodium

chlorateandbnpowdersTheheat,ofcombu8

tionandcombu8tionten.perature are import

antcharacteri8tic8 Whende8igningacombu8tio
nSy8tem.Fig.3show畠theheatofcombustion

ofthebinarymixture80f80diumchloratewithi

ronpowders.Theheatofcombustion of t

he binary mixtures had anaxinum valueatthe

ironcontentbelow51.2wt.% whichcorrespond

edtothe8tOichiometriccompositionofEq.(I

).FromtheX-raypowderdi飴action,thecombustio

nresiduecontainediron(D)oxide(一eo)forth

eiron･richcomposition,andiron(D)oxide(

FeO)andiron(D)iron(m)oxide (FeaOl) for

the sodium chlorate-richcomposition, Therefo
re,itwa8foundthatthemaximumoxidationState

Ofiron(iron(m)oxide,Fe20.,)) wasnotatt

ainedin thisCOmbu8tion8yStem.Fig.48how8th

ecombustiontemperatureofthebinarymiXture

sofsodium chloratewithironpowders Thecombu

stiontemperatureofthebinarymiⅩtureShad

amaximumvalueof1420℃atthesamecompo8itionaSthatofthemaximum
heatofreaction.
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Fig.4 Combu8tiontemperatureofthebin
arymixturesofNaC103Withironpowders

Fig.58how8thelinearburningrateofthem

ixtures0fsodium chloratewithironpowdersof

variousparticle8izes_ Thebinarymixture8consistingof80diumchlorateandfiJleironpowder

werecombustibleoverawiderangeofironcont

entwhichcontained20-60wt.%ofiron,andtheli

nearburningrateincreaSedwithanincrea8ei

ntheironcontent.Ontheotherhand,ironpo

wderwithalargerparticle8izehada8malllinea

rburningrateanditS皿ammabilitylimitwasnarrow

.Basedontheseresults,itwasfoundthattheactivityofironpowderwasanimportan

t伝ctor to maintain a sustained combustion.Metalfuelplaystwoimportantrole8tOpropagate

thecombustionwave. Onei8tOincrea8einb

urningratewithit8high exothermicity,andthe

otheri8theheattran8fereffectfrom thecombustionZonetOtheunreactedlayerbecau8

eofthe high thermalconductivity. In thisexperiment,itwa8reCOgniヱedthatthelatter

hadalargereWectoncombustionbecauseOfthehigh

burningrateoftheiron-richcomposition.3.3EfFbct
ofcatiLレstadditiononthereactivi廿ofthomixturesofsodhJJTIChloratewithinnPowders

Metaloxide8areCapableofcatalyzingthealkalimetalchloratedecomposition6㌧ Thermal

analy8iBOfthemiXturewith a5% ironoxidecatalyst(Fe.LO;I(I))8howedthattheexotherm

icreaction commenced immediately after the 0.2
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5Linearburningrateof

themixtures0fNaCIO3Withironpowdersmeltin

gofthe80diumchlorateandthatcompletedat4

00℃.Othercatalystscatalyst(Fe203(2)andFe304)alsohadthe8ameCatalyticeffecton

thethernalreactionofthebinarymixture.

As anoxygengasgeneratingagent,themostdesirablecompositioni8theoneabletoobtain

themaximumamountofoxygeneⅦlution.Frompr
eviouseXperiment8,themiXturel0fNaC103me=

80/20(bywt.)re8ultedinthemaximum oxygenev

olutionamongthecombustibleformulation8.T

herefore,the catalyticeuectofiron oxide(Fe20.,(1))onthelinearbumingrateo

fthebinary miⅩtureS Wa8 eXamined for thi8

composition. Fig.68how8theresult80fthecombustionexperimentsinwhichxparts cataly

8twasadded to 100part80fthemiⅩtureofNaC103rFe(I)≡80/20(bywt).Theadditionofthe

iron oxidecataly8tmadethelinearburningrate

about2･3(10%addition)～3.3(5%addition)times

largercomparedtothatwithoutacatalyst.Howe

ver,theothercatalystOfFe203(2)(Fig.7)andFe:.0.h

adaSmalleLrectonbumi ngrateIncrease_3･4EfFbct
ofadditivoontheburTlhgcharacteristicsoftherTlixtures

ofsodiuJTIChlorateydtJlirqnpowdBrFig.88110W8theeffectofdiatomaceou8earth

addition on the linearburning rate orthemixt

uresofsodiumchloratewithironpowderinwh

ichxpartsofdiatomaceousearthwa卓addedKayaku
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:un,etshe.fhJaecalr.誓rnndlnFge(男teofthemix-

0 5 10ContentofD.E.(%)Fie.8 ELrectofadditionofdiatomaceouSearth

on the linear burming rate ofthemixtu
re80fsodiumchloratewithFe(I)(Ⅹparts

ofdiatomaceou8earth wa卓;dadceldo3t/OFel(

qT=p88.r/t芸.obfythe.)mixtureofto100part畠Of

themixtureofNaC10.,rFe(1)≡80/20(by wt.). Th

eadditionofdiatomaceousearthincreasedtheli

nearburningrate1.3～1.7timeshighercompar
edtothatofthebinarymixture.Moreover

,thebinarymixtureandthebinarymixturewitht

heironoxidecataly8tdidnothaveaveryrep

rodtICibilitywithrespecttothelinear

burningrate.Forexample,theaveragevalueof

thelinearburningratewas3.1士1.3mm/8eCforth

ebinarymixture,andll.1士1.1mmJSeCfort

hebinarymixturewith5parts0fironoxidecataly

8t. Ontheotherhand,thelinearburning rate o
f the binary miⅩture withdiatomaceot18earth had

agoodreproducibilityandtheaveragevalue

ofthelinearburningratewas5.0土0.2mm/

8eCfora5partaddition.Fig.98howsthe

eqectoftheadditionofsodiumperborateontheheatofreaction



(SJE
E
)
ol
t巴

6
u

!u

J
n
皿

6

4

2
0 5 10

ContentofNaBO3･4H20(%)
Fig.9 ELrectofadditionof80diumperborateon

thelinearburningrateofthemixtures0f
80diumdlloratewithFe(I)

foraSmallamotlnt2.5%ofAdditioncomparedto

thatwithoutanyaddition.Strontium peroxide

a180increa8edthelinearburningrateabout2.2

timeshigherwiththe2.5% addition(Fig.10).

The decomposition temperature8 0f 80dium

perborateandstrontiumperoxide.atwhichtime

thedecompositioncommences,are80and330℃,

re8PeCtively6). Thepreciseinvestigationofthe
roleoftheadditivesWasnotCarriedoutin

thi卓eXPerinent, However,thehigh thermal

reactivityoftheadditivesmaybeascribedtothe

improvementofthecombu8tioncharacteristicsof

thebinarymixtureofSodiumchloratewithiron

powder,evenforasmallamountofaddition.

4.Conc一usions

Thereactionofthebinarymixtureofsodium

chloratewithironpowderoccurredstepwiseand

thetemperatureatwhichthereactionconnenced

becamelowerwithadecrea8eintheironpowder

particleSize.Abinarymixturewhichcontained

fineironpowderhadagoodreactivityatlow

temperatureandthecapabilityofalargeoxygen

releaseduetoitsuncompletedoxidation.The

binarymiⅩturesconsistingof80diumchlorateand
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Fie.10 EfrectofadditionofStrontiumperoxide
on the linearbuming rate.ofthe
mixturesof80diumchloratewithFe(1)

8meironpowderwerecombustibleoverthewide

rangeorironContentwhichcontained20～60

wt.% ofiron,and the linearburming rate
increasedwithanincreaseintheironcontent.

Certainkinds0ftheironoxidescataly2:edthe

thermal decompo8itiom or 80山um cblorate.

However,thecatalyticactionoftheinnoxide

catalystOnthecombustionwasdifferentwith

respecttOitsSPeCieSandtheironoxide(I)hada

largecatalyticeqectonthecombtlStion. The

additionofdiatomaceouSearth,80diumperborate

And 8trOntillm peroxide increased the linear

burningrateofthebinarymiⅩture80f80dium

chloratewiththeironpowder. Moreover,the

diatomaceousearth improvedthereproducibility

ofthelinearburmingrate.
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塩素敢ナトリウム-鉄系組成物の反応

中村英嗣 ,̀垣内克哉●,秋吉美也子●,原 秦毅●

塩素酸ナトリウムー鉄系組成物は緊急脱出用の酸素ガス発生剤の主剤として用いられている｡本研究

では.この組成物の無反応および燃焼反応性を,熱分析法,燃焼残留物の分析および燃焼拭験などによ

り検討した｡

微粒子の鉄粉を用いた塩素酸ナトリウムー鉄系組成物は,他の鉄粉を用いた組成物よりも低温で反応

し.酸素ガス発生能力も大きかった｡この二成分系組成物は,粒子径が1.36FLmの細かい鉄粉を用いた

場合,鉄の含有虫が20-60wt.%の広い屯田で燃焼可能であった｡酸化鉄,珪瀕土,過ホウ酸ナトリウ

ムおよび過酸化ストロンチウムの添加は燃焼速度を増大させた｡また.珪錬士の添加は燃焼速度の再現

性を向上させた｡

(●九州工兼大学 ･工学部 ･応用化学教室 〒804-8550北九州市戸畑区仙水町1-1)
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