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ThermalDecompositionofPotassiumPerborate

byToshiyukiNAGAISHIJF,YoshifumiTANISAWA●
MAsaru MATSUMOTO8andShunichiYOSHINAGA+

ThetherTn且ldecotnpositionoEpotassium perboralewasCarriedoL)tbymemSOl

lheTnaJanalysi9AndkineticmeaSUreTnentS.ThedecoTnpOSidonprocessconsistsofthree

stepsdescribedASfollows:

くi)2KB03･HIOl=2KBOl･H101+01
(ii)2KBOI･Hl0)-2KBOl+fll0)
くiii)HtOl=H10+1/20I
TheoyerallkineticsobeystherlrSt･Orderreaction.ln(I-a)-hl.

TheBCtiyAtiorLenergyAndpre･exponeJl血lfBCtOrWeredeterminedtobe33.OkcaI/mol

And1.37×lot..respectively.

1. 1ntrodLJCtion

ltiswelllmownthAtthereemittnAttymetal

perborAteSAJldadditioncompoundsofmetzIIbor･

AtCSwithhydrogenperoxide.Theirs一nJCtt)resAnd

physico･chemicAlpropcrLiesArepresentedinGme･

linel)OrMellor･sbookD . W.MAChudescribedthe

maJluhcturingAndapp一icationsofmetalperbomtes

inhisbookD.SoditJmAndmagnesiumperbomtes

areusedindtJslriAllyforbleachingpurpose.

However,thethermalAnn)ysisfoTmetalperbor8teS

hsbeenlitdestudied.though thethcrmAIdecon･

positionofsoditJmperborateWZLSreportedbythis

atJthor一). PotassiumperborateWaspreparedbya

methodsimilartOllmtemployedforsodiumsalts,

butthechemicalconstitutionwasdiErerent.C.Yon

Girsew81dQ)obtained2KBOJ･H10Jlnd2KB03･

HIOl･Thelattercompounddefhgmtedat150℃

lo160℃.whenrapidlyheated,butirhcatedslowly,

theACtiyeoxygenisquantitLltiyelyevolved.Itwas

feltfromoursearchoftheliteraturesthatlittleat.

lenSionwaspaidtothethermaldecompositionof

potassiumperborate.TheAimorthisp叩Cristo

studythetherTnaldecompositionotpobssiumper･

RecieyedorLAugust26.1983
+DepartmentoHnduStrialChemistry,Facultyof
Engineering,Kyu8htJSBngyOUnivcrSily.
Matsuh･血i,2･327,Hipshi･ktJ.Fukuoh.〒813
J叩ArL
TELO92･681･1831.8nextension464

borAteASWellastoobtAinthekineticdata

2. Exprimentill8

2.1MBtOrialsLJSOdarldpreprationofthe

perborate

PotASSium mebborzLteAndhydrogenperoxide

obtainedfrotzINAkAiChemicalswerechemiG81reag

entFade.PotzLSSiumperboratewasp-ePredby

TnlXJnglOOmlofthesaturatedpotASSiuEEImetZLbo-

rateSOluliottwith50mIof35wt%hydrogenperox･

idc801ulion.Undercoolingbyice,150mlofmeth･

anolwasAddedlothemixturesolutiontoprecipi･

tAtepOtASSiutnperbor8teCrystals.Theprecisit&te

wasrI)trated.WAShedwithmelhatlOIAnddriediTI

vacuumalroomtemperaturefor24hours. The

chemical8n81ysisofpotassium perborate Was

doneI)ythestandardvolunetricmethod.Theput

ritywas8boyc97.3%89fortheperoxidecontent_

2.2 Therm818nalySlS

ThermAlAmlysisforthedecompositionofpotか

SSiumperborateisthesamemethodASdescribed

eArliert).OIPSWASmeasuredbyAgASChromat0-

graphyAtelevatedlemperatureSinHenow.

2.3 KineticmeaBLJrelTlertt

Thrcekindsofthemethodwereusedtoobtain

thekirLeticdataaSWellastoobservethecatalytic

eErectofthereactAnt.thesolidorgzLSeOuSproducts.

TherlrSLoneistomeasuretheextentofreaction

fromthechemical8nalysisofthereactAnt.The
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secondoneistomeasuretheweightloSSOnTG

underisothermalcondition.ThelastoneiSlouse

gasburettemethodO bywhichthevolumeofgas

cyolvedismeasured.

3. Rosult

3.1Therm81an8lyslS

TheDTAandTGtracesOfpotassitJmperborate

t'paALOA_
tf9

Fig.1DTAandTGcurves.andthreectlrvcso

fevolyedgas8nAlysis(GB),Otpsevolved
(GCG)andt

heperboratedecomposed(CA)ateLevatedtemperater

s.I.0a.5○○,50. 0 102(5.7)H

72.0(-) (1.3)tb) (1.S) 川.0)Hl202(

C) い.2)I. (5.0)l10 20止 _ 4○ 50Fig.2Mass
spectraatthreediErerenttemperatures,(a)&t140℃ ,(b)At150℃,(C)At180℃. arcshowninFi

g,I(a).TheDTAtracehastwoexothermicp

eaksAtaround140℃ and250℃,re-spectively.TheTGtracehasalsotwoweight

lossreglOnSCOrreSpOndiTIgtO

theDTAtmce.Theob-seryedweightlossat300℃
wAs27.端 whichisagccdwiththetalcul且tedvalueof

28.7%basedonthefo1lwingoverallscheme:2KBO

aIH90l=2KB02+H20+3/202ThefinalproductwasKBO2

identilIedbyX-raydiffraction.Fig.1(ら)shows

thethreecurvescor･respondingtoOIPSCVOlut

ion,thedecompositionofperoxideandtheevol

vedgasanalysis.Theini･●tialtemperatureaLw

hicheithcrthCCAcurveis血1LingorbothGCGAndGBcl

lrVeSarerlSlng.isthesameasthatofDTAandTG.Howeyer,

thesecurveshavenottwodistinctregionstlnli

keDTAandTG.Itissuggestedfromthisfactthattw

ostepreactionsnayoccurconsecutivelyandnayprtly

overlapeachother.InFig.2,tnAsSspectra

areShownundervarioustemperatures.ltshouldbenotedtht(1)t

heeyolu-tionof02isthe

largest,(2)themasspeak34,thatofhydrogeTI

Peroxidewasdetected.And(3)theevolutionof

HlOincreasedwith theevolutionofhy

drogenperoxide.3.2 KiTleticmeasurementTheki

neticsofthedecompositionofpotassiumperborate

weremeiLSured tlnderthreediqerentmethodsas

statedinExperimentals.ItisrevcAledthatthekin

eticlawObey8thefirst･orderreaction.ln(1-

a)=ht(I),reg耶･dlessofthedifferentmethodsuse

d.Fig.3showsthe叩plica-bilityoftheequation

(I),fromwhichthelineArityispreyedtobegood.

TheArrheniusplotsJLreshownimFig.4.Alloftheobseryed

poitltSWererlttedonthesameline

.Theactivationenergyandlogarithmofprcex

ponemthlfactorweredeterminedtobe33.OkcaL/moIAn

d32.55,respectively.4. DiBCLJBSion4.1

ThedecorrtpoSitionmecbnisnThedecompositionsc

hemeofpotassiumperbo･ratewasdeducedonthebausisortheresultsobtaitte

d打omthetheimAlAnatysis,Ⅹ一mydi瓜aCtion.ma



Fig.3 Thcr)rst･orderplot･(a)Measuredfromthe
perboralcdecomposedbythemethodolchemicalanalysisaJld(b)McaStJredFromweight losso

nTG.(ii)2KBOI HlO1-2KBOl+HIOl(200℃-)(iii)H

IOl三HIO+l/202(2m℃一)Thesuggestedmechnism isco

nsistentwiLhtheresulto【massSPeCtm Andotherme

astJrementS.ThereACtiorLS(i)and(ii)mayOccu

rCOrLSeCtltive･lyAndprllyoverlap.Ther¢aCtion

(ii)wasCOn･sideredbecausehydrogenperoxid

ewasdctecledbythetnassspectEOmeter.Thereac

tions(ii)And(iii)mayOCCtJrSimullAneOuSly.4.2 Khoticmeasuremen

ttLwASfoundtlmtthekineticl

叩 Obeyedthe弧memtehw.therIrst･orderreBCliorL,

indeperLdentofthreediErerentmethodsAdopted.

TheArrheniusplotwasEittedonthesameline.Itwasdeduced

fromthe



xlO】1/T.K so一idproductsonthedccomposilionwasnotrCCOg･

1.9 2.0 2.㍗ j･2 mi之ed･Therateconstant.AwasderivedASl･37

L
.
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Fig.4Arrheniusplot･CAisderivedfr

omthemcasuremcntof(heperboratedecoI叩OSedbychemica
lzLn81y･sis;GBfrom

thatofvolumeofgasevolvedbygasburette;TGfro
mweightlossmeas-uremenL ×1014e

xp(-33000,cat/mol/RT),min~l Th

eratedctermmlngStepWasdeduce

dtobethereac･lion(ii).
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SAKURASHOTEN過ホウ酸カリウ

ムの触分解永石俊幸*,谷沢義文書,松本勝*,吉永俊一*過ホウ酸カt)ウムの熱分解を熱分析法と速度

粥定法により研究した｡熱分解は次の三段階でおこる｡(i)2KB03･HtOl=2

KBOt･HIO2+02(ii)2KB03･H201-2KB02+H302(iii)

Hl02=H20十1/202速度式は一次反応式に適合した｡求めた速度定数は2K




