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Thereactionofpotassiumbromatewithcornstarch

MiyakoAKIYOSHI*,HirokiTANAXA書,MidoriSAXAMOTO**

HidetsuguNAm MURA*andYasutakeHARA *

Thethermalrcactivity aJldthecombustionr飽Cdyityofpotassiumbromate/starchbinary

mixttuesastheoneoftheconcretebreakagentswerestudiedbythermalanalysis,theheatof

reacdon,thebumingtemperatureandtheburningrate.

Thebinarymixturesreactedvigorouslyjustaftermeltingofpotassiumbromate.As theheat

ofreacdon,thebumingtemperatureandthebumingratehadamaximumatthestoichometric

compositionineq.(1).itbecam ecleartha,Ithereactionproceedsmainlyaccordingtoeq.(I).

I. Introduction

ThebreakagentI),whichusedthebromateazldan

orgamiccompound,hasbeenusedastheoneofthe

mainagentsa aconcretebreaker.However,the

organiccompounds.suchasdinitrotoluene,whichis

ctwentlybeingused,isexpensiveandhasthepro-

blemoftreatmentduringproduction.Inthisreport,

thethermalreactivity andthecombustionreactivity

ofpotassitm bromate (KBrO3) andcomstarch

(starch)insteadoftheorgaJliccompoundswere

studiedinordertosolvetheseproblems.

2. Experimental

2.1 Reagents

WakopuredlemiCal reagentgradepotassium

bromatepw誠edkomwaterwasscreenedtounder63

vm.StarchfromtheJapanCornstarchCorporadon

wasusedaftervacuum dryingforaweekatordinary
temperature.Itswatercontentwasl･5wt.% and

menpardclesizewasabout12-15FLm.
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T8ble1 CompositionofmixtLJreS

No Starch/KBrO3WeighthcdonOxygenbalan
ce(g/loo首) (WtJWt.) pLs

tarch1 33/67 0.3

27 -19.42 24/76

0.244 - 7.23 20/80 0.195 - 0

4 16/84 0.162 +

4.95 14/86 0.139 + 8.2Fivekindsofsamp

leswerepreparedbymlXlngKBrOSandstarchac

cordingtoeq.(1) forsixtyminutesusingaV-typemixer.Theircompos

itionsareshowninTable

I.l/n-〔C6H1006]A+4

KBrO3-4KBr+6CO2+5H20 (

1)2.2 ApparatusandmethodThermal analysisw

ascarriedoutushgaRigahTAS･200ThermalAn a

lyzer.Thesamplecontainerwasahermeticallyse

aledalumintm cruciblewhichhadpinholesinthecente

rofitscover.Theheatingratewas20k/min.T

heatmospherewasairfortheKBrO30rStarch,andargonw

henusingtheirmix･ttlreS.meheatofreactionwas

meastlredtlSingaShimad･zuCA-4TypeAutomaticB

ombcalorimeterunderargOn･Burningexperimentsw

erecarriedout･1mdernor･KayakuGakkaishi.
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11).'KBrO35m9',inair(2)..Starch2.5mg,inair
(3),.Hixturet0.tl.I,0)2m9′inAr
Fig.
1DTA andTGcurvesofKBrO3,cornstarchand

theirmixtures

malOrpressu血edcondidonswithargon.
Samples

wereloadedinthealtminumcylinderat60%of

theoret
i
calmaximumdensity.
Thebt mingratewas

deteminedbythetimethatwasneededforthecom-
bustionwavetopro∝edl
OEdn.

3.
ResultsandDiscussion

3
.
ITherrTIa18nalysis

Fig.
Ishowstheresultsofthethermalanalysisfor

KBrO3
, StarchaJldthestoichiometricmixturein

eq.(ll.
ThedecomposidonofKBr
O
コ,aShasbeenshovmby

manyworkers
2',t
akesphcesoonaftermeltingat

390℃producingoxygenandKBr.
Theweightl鵬怠in

thisreactionwas29%comparedwiththetheoret
i
cal

valueof28.
7%
.
S tatchreleasedthewatercontainedataboutloo℃

andcausedt heexothermicreactionjustaftermeltin

gat280℃.Thecomplica

tedshapeoftheexothermicpeakshowsthatthemainreactionoftheoxidationof

s

tarch accompaniesthedecomposition suchasthecleayageofthem血 chain.Howeyer,theox- tuJaq一OX円1LV-｣∈105Opu

H200 300 400 500Temperat

ure (.C)( )''Sample No.(Same aS Table 1)Fig.2 D

TAcurvesofKBrO3/comstarchmixturesidationpr

oceedsCOmpletelyShowingaweightlossofaboutLOO

K.ThemixtureShowSaneXOthemi creactionat280℃

and375℃.Theseareidendcalwith themddngtemperat

tqeofstarchandKBrOユ,reSpeCdyely.So,theformerp

eakshowsthepartial托aCdonofstarchwithsolidKBrOIduetothemel血gofst

arch.nelat-terpeak.ontheotherhand,Ⅶ

ascribedtothecom･pletereactionofdissolvedstar

chandKBrO3.Theweightlossexceededthethe

oreticalvalueof43%bas･edoneq.(1)becauseofsa

mplesqttering血etotheⅥgorouSexo仙m icreaction.

Fig.2showstheDTActmcsforthemixttqesofvarious

compositions.Therewasnodifferenceinthetemperattue

atwhichthetwoexothermicpeaksstarted.noughit

wassupposedthereactiondescrib･edabovetookpla

ce,therewasadiLEerenceinthepeakarea.Thepeak

at280℃becamelargeasthecon･tentofstarchincr eased.
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ctlrVe$OfKBrO3/cornst

archmixturesOxygenba
lance (g/100g)10 0

-10 _200.15 0.2

0.25 0.3 0.35Fractio

nof starchO''0.1MP?' 0.'1.1他 ′ ●;2.2肝aFig.4 Heatofcombution

ofKBrO3/Comstarchmix-turesKBrO3.ne

binazymixturesmusedarigorousexotheFmicreaction

withincreaslngSampleweight.Fig.3showstheDTA

curvesforvariousamO廿ntSOfsample.Whenthe

amountofsampleexceed2･7mg,thereactionfinishedonl

yinonestepinsteadofintwosteps.Theamount

thatcausedthisonestepreactionchaLngedwithth

ecompositionshowingthegreaterthestanchcontent

,thesmalIer仇e弘Inpleweight.Consequendy,itisc

oncludedthattherigorousreacdonofstarchwithK

BrO30cctlrredduetomeltingoftheKBrO3causedbytheheatproducedintheformerreaction. Oxygen

balance (g/loop)10 0 -10

-200･15 0･2 0･25 0.3 0.35･Fraction of
starchO･'0･1wa'O,･1.1

J4Pa,●,･2.1雌もFi9･5 BumingrateofKBzO3/cor

nstarchmixtures3.2 TheheatofreactionFi

g.4血owstheresdtsoftheheatofreactionhe

iLStqedtinderthreepresd condidons.Theheatof

reactionhadam拡imum whentheoxgenb血 cewasequa

ltoZero.Thisresultwassimihrtotheareaofthee

xothermicpeakintheDTAcuryes.Hence,itwassugg

estedth tthesereactionsproceed･edaccordingtoeq.(I).Theheat

oLreactionshowedasughtincreasewithincreasingam

bientpr鰯 ure.3.3 TheburningrateAlinedbumingr

ateisaffectedbythebdkdensityandthediameter

ofthebumiJ)gtube･Aprelim血ryin･yestigadons

hoかedthatthelineavbumingrateWZLSconstantfrom60% to70%

oftheoreticalmaximumdensity,whenthed

iameterofburningtubeisgreaterthan6Jn ,

Fig･5 showちther塔dtsofthebumizlgratemeasureme

ntforvariouscompositionstlnderpressurizedco

nditionsusingargon.Thebtmingratehadamaximum

valueatthestoichiometricm血 reatallcondit

ions.Theburmi gratewasaLEectedbytheambiezItpr

essureandincreasedwith incr飽Slngpressure.T

hisindicatesthatthegasphasereactionhasaco

nsiderableinnuenceonthecombustionanalogoustothe

soudpropelkmtcombusdon,Fig.6shwstheresul
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PreSSure (MPa)Weightfractionofstarch

●;0.327′0;0.244.◎;0.195▲;0.162′△;0.13

9Fig.7 Burningra
techaracteristicsofKBr03/com-sbrdlmi

xturestemperahrewasalsoauectedbythecomposition Table2 Pres岳ureexpon

entofbu

rningrateWeighthctionof Pressureexponentons

tarch0.32

7 0.3640.244 0.3470.195 0.3650.162 0.363

0.139 0.365simihrtothehmingrateandheato

fconbustionn.Fig.7Showsthevieilleplotsfortheb

umingratedata.Inordertoexpresstheinflue

nceofthepressureontheburningrate,thepre

ssq e exponentWZLScalC血 tedusingvieiue'seq

tntion (Table2)ofV=aPn.Itbecmedearthattheprem ree

xponentwasab

out0.36andwasindependentofthecomposi･lion.

4.ConclusionThethermalreacdyityandthecombus

tionreactivi･tyofpotassiumbromatC/Starchbinary

mixttqeswerestudiedbythermalanalysis.theheat

ofreaction,thebumingtemperatureandthebumingrat

etoobtainthebasicdataastheoneoftheconcret

ebreakagents.ThesebinarymixttwesyigorotJSlyrea

ctjustaftermeldngofthepotassitLmbromate.As

theheatofr飽C･lion.theburmingtemperatureaLnd

thebtmingratehadamaximumvalueatthestoidhome

triccomposi･lionineq.(l),itb∝

amecl飽rthatthereacdonpro-ceededmainlyac

cordingtoeq.()).Furthermore,thebumingratewas

dependentontheambientpresstue,andthepressureexpo

nezItwasabout0.36foreachcomposition.
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臭素酸カリウムとコーンスターチとの反応

秋吉美也子+.田中博樹書.坂元 緑++

中村美嗣+,原 審教書*

コンクリート破砕薬の主剤として,臭素酸カリウムーコ一.ンスターチ混合系の勲反応性

および榛焼反応性を,熱分析,燃焼軌 燃焼温度や燃焼速度を測定して考察した｡

両者は臭素敢カリウムの融解時に激しく反応し,像焼熟,燃焼温度,燃焼速度ともに(1)

式にともなう丑姶組成で最大値を示し,熟反応,燃焼反応が主に(I)式にともなって進行

することが判明した｡
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