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Themaldecompositionofsodiumperborate

by ToShiyukiNAGAISHI+,MasatoTOHBO書.JunichiYOSHIMURA+,
M888ru MATSUMOTO暮zLndShunichiYOSHINAGA*

TbethermaldecDEELPOSitionoLsodiumpqbor8te価 Sttldiedbythermal mAlySiB

AndkiJ)edcmcBSuremCntS.Thedecompositionproa ss coI墳istedohhreeSteps:丘rBt

oEdihydmtion,SecondoEdecompositionofhydrogenpdOXideAJldthirdoEOICYO-
1tJtion.ThqeStepsq eeXprCSSedbyblbwi喝 re8Ctions.
(1) NaBOI.HlO13H10- N8必02.HIO■+3H10

(2)2NABOJ.H10) - (NaBO事)701+2H10
(3) (NABOl),Ol -2NaBO7+07

Thekinetics01thereactions(2)aLnd(3)obey8COntr&Cting-AreaEq.(Ⅰ).

1-(1-α)∽-kt (リ.

EaChoEtheactiv叫onenergyandpre-exponentiAL血cbrEorther助ctions(2)And

(3)i$1719kcAl/moblAIloll,18.9kcaVmolAnd2.OxlOOrcspectiyely.
1.lntrodtJCtlorI

Itiswcuknown thatSOdium pcrborAteis

widelyusedEordetcrgcnt.cosmclicAndAraw

materialmzLnu血cturinghydrogenperoxide･

ForthenAttJreOl紬dium perborate.FI

FoercSterI)concludedtlmtthechemicalEorm血
olsoditJnpCrborAtei8notN880I･4H10.but
N880l.H10暮-

3H70,8ddition00mpoundoE sodi一m borate

withhydrogenpeTOXidc血Omtheexperimental

obSerYAtions. Thedehydmtionmdthcrmal

decomposition processes were reported ill

GmelinI)thatthreemol∝JcsofwAter8rCre-

moved血otnperborAtebydehydration togive

OIB(H70)>ONもLromwhichthefotJrthl和ter

molcctJIcisremovedAthigher t甲PerAturetO

produce(NABOl)107.Andthenthedccomposi-

LionoccurseYOlvingOIPS.

However.itseemstht much叩 eEimentd

hctsAreneededtoLLnderstzLndtheprocessoE
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thermaldccompoSitionohodiumpcrborAte.
ASearchoEtheAVAiL8blelitcrAturCも Sh｡wed

thtthermaldecotnpo8itionoE80ditJmperborate

hasnotbeenStudied 80hr.

ThepurposeOLthisrcporlistodi牝uBSthe

decompositionprocesS肌d togetLhckinetic
dAt8.

2.Experiment

2.1MaterialLJ8edhthooxperhont

SodiumborAtewasprCPatedErotTlISpecial'
qadereagentS8ndSynthesizedAtrOOn tem-

perAttJre3).ItwitsCryStArized ho仙4SattJrAted
soltJtionolsodiummetAbrAtemixedwith40ml

of20vt%sodiumhydrozide且nd45mlof30wt

%hydrogenperoxide.formed 払(oIJov8:
NAlB107+2N80H+4H101
' =4NABOJ+SHl0.

TheprecipitateWAS･V8Shedwithmetlm olzLJld

driedinyBCuumAtroom lempeTAttJrefor24

hours.

ThechemicalAnAly8isoEsodiumpcrborAteVZLS

doneby一hestandardyolumetric methodde-

scribedinelscwherel).Thepurityw舶 99.4%

forPCJ.Oxidecontent.

2.2TherTTlal8nBlyBl8

ThcmajorpartOFthestudies0日herm81 a-
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1DTAan dTG cur▼eSoE sodi

umpcrborBteinAirOleabgrAb=1ぴC/Din) ｢､且きSrI.

LCS9(郎QV･Q.! ./.lヽl ｡-卑:=雀F19.2 Ddhydndo
h,ChenicAlAnAlysisoEhydrogenpqoxidean

devoludotLOf0)ps&tyariotBtenP肌ttJTCS.n巾8is打edc9CribediJltheearlierpper4).For

thekineticStudy.AhowTIanOunt

OEthepow-dered88mplewastakenAnd th

ereactionWJLScarriedoutin8mdectrichrnA

Ce.bthoEthe瓜owmcthoJoEArIXed bed爪ov

re8CtOrWithAP8ChroEnAtOq叩hymdthestzLtic

methodof

chcmicAlAnalysisoLhydrogen per一OxidewereAdoptcJilli80thermAlcondi

tion.3.Rosult3.1TTterm8(andchomi

calant)ly軸8TheDTAAndTGcurves0Ethe姐mple 打e

sbwninFig.I.TheDTA一raCel伽 three eA- dothermicpeaksaI50.60andlOO℃ rcSPeC-

tiY

dy.neTGtmceShow8 0nlyoneweightlos

sreBtOninthetempcrAtWerangeOE80a

nd 140℃.TheobservedwcigblossoEthe弧mPIe
At150℃ is

57%,whichisin岬 eCmCntwith thecAlulatedvducoE57･2%bA8Cdo

nthefollowingreaction;NiBOl.HIOl.3H
)0orNABO3.4H10-NaBO7+4Hl0+I/20
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L(A)loo℃,(b)90℃,(C)80FC,(d)叩℃,(e)5

qC,And(I)3αC.orNABOt･H707･277,0At
70℃AndNaBO,,theRnaIproductat150℃ by

X-raydiqraction.ThreectmesofOIPSCYo
lution,dehydmtionanddecompositionoEhydrog

enperoxideoLthesample肝eShowninFig.2

･TheDTAtraceh舶twoendothermicpeaksAt

508Ad60℃ corre-Spondingtothedehydration

.buttheTG lrACedocsnotshowweightlossin

this teJnperAturerAngCPrObAblybecauseo

HowevapOmdonrateoEwater.Therehre,dehydr

AtioAanddecompo-sitionoLhydrogenperoxide

seemed tocctJrAtt

he姐metemperattqe.A如rtheseproc鰯CSWere

n切rlycotELPleled,0lg8SeYOh:ionocctJrred

AtthetemperatureoL95℃.TnFig･3m舶SSpect

raatVarioustem-peraturesqCindiczLted.Its

houldbenotedthtintensityoEwzLtermOloCulein

creasedrApidJyBt丘rstAndthenreached tn

且XiJnum LouovedbytheincrcASeiAtheintcASity

oEOlmoleculeandthatthemasspdk34.tht
oEhydrogenperox-idecouldnotbedetectedAtdrillContrastWith OtherAdditioncompoundss

uchASSodium car-bonatewith

hydro甲nperOXideの･3.2 K

inoticmeasurementThe therJnaJ dcconposi

tion kineticswerem飽SuredbothinnowAnd

stALicconditions.ItisrcvcAIcdthekineticsoEthe

reactionfc-1lowsacontra

cting一打eaEq･(I),1

- (I-a)IfB-kt (I)ne8pplicabilityofEq.(I

)isshowTlinFig.4(a)and(b),whereplotsotI-(I-a)∽v

s.timearelinen.TheactivAtionenergieswer

efoundtobe17.9and18.9kcd/molforstaticJlndnowmetho

ds.4.Discus8ionThereSult80blainedh)

tz)DTA,TG,Ⅹ-ray血 CAtionan81ysiszLndthr

eemcASurementSOEdehydration.decomposition

oEhydrogenperox-ideandOJgASevolutionstJ

ggeStlhefollowingthermaldecompo

sitionmechanism:(18)

Nat102.HIO3.3H70-N8801･H70]
･2H)0+ H10 (- so℃)(lb)NiB

Ol.H)01.2H20IllNdO3.

H103+2H20 (一 60℃)(2

)2N8801.H202 1 ･(NaBOt)30!+2HIO(一 軸℃)
(3) (NaBOl)07 1･

2N且803+ 02 (-loo℃)Thesuggestedmechnism

iSCOnSistentwiththeargumentsAdoptedbyF.

Focrsterl)theso-diumperborAtChad nota

structureoLpureperboratebutanadditio

ncompoundwithhy-drogenperoxideonthe

followingbzLSeS:(a)Theperbor8teSynthesiz

ed,couldmetlib-emteiodinefrotzlaPo

tassiumiodateso-1ution.whereasitdecomposed

evolyingOlg払.(b) (NaJ30))lOIWas

produced byh租tingthebo

mteihY8CtltLEEL.Boththe血etsthatO書g
fLSbepn to eyolvedeerthedecayOEhydrogenpe

roxideweLSnearlycompleted.andthatthemasS

spectrumanalysis血omwhichhydrogenpero

xidecouldnot de-tected.supportthereac

tions(2)And(3)14.2 K

ineticmoasurementForboththedow血dstatic

tncthoJs,kinetichwobyedAcontracti

llg-areaEq.(I)･lntheisotherTnAldecompositionreaction,
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Fig･4 Ⅰ50th enddecomposidonby(a)血owaJId(b)
shtkmethods血owingphtsoE1-0-i))A
v8.8me

temperaturemngestt)diedbythe且ow method'

wasdiuerentかOmthatbythestaticone.Itis
revealedthateachoLthetwoncthods corre-

spondstothedifferentre8Ctions. h thedow

methodbywhichtheaznountoEO一PSeYOhed
良onthesamplewasmezLSuredwithagaschr0-

mAtOP phy,itisuTIderstoodthtkitteticme旭-

urementwasC打riedoutforthereaction(3).

0-1Lhcotherhand,intheStatic methodby

whichtheconcentrationofhydrogen peroxide

decompo馳d,Wasmeasured.kinetic parametcm

obtainedshouldberehtedtother助ction(2).

AtheoreticalbASisforEq.(I)isproyidedby

AreactionmodelbzLSedon thefouowing AS-

sumption86).

(C) NucJeAtioniseztrcmelyr8Pidfollowedby

rApidBurhceqowth.

(J)The8h-peoEarc8CtZLntparticleiscyLin-
dricAl.

(e) AdiuuseF也ctioninterhceis deyelopcd

withinr也C一antpdiclesAndtherate ｡E

8dvAnCeisconstant.

ThevdidityoEthemodelwasnotconrlrmed

experimentallysincethecrystalsizeoL sodium

perboralewastooSmAlItoserveEarthemicro-

scopICexaminations.

TheacliYationenergiesofthercACtiorLS(2)

And(3)calcuhtedLT･OmthetezzlperatureCOeERI

cientwere1917and18･9kcd/not,andthepre-

exponentialfactorswere1.4Ⅹ1010 zLrLd2.0IlO-
respectively.

Therateofthereaction(2)i苧 qeAterthan
thatofthereaction(3).

TheseA汀henitJSpmmeterSShouldbeiden-

ticdforthere8CtiorLS(2)zLnd(3) with ally

prticuhrbonddistributionstepineitherH10,
breakdownorOlやVolulion.Ⅰtishowever not
Suretlmtthev81uesfoLlnd hereh&YeEun血-

mentalormech肌isticsigmi6也nCeB･om our
results.

5.ConcltJSl'on

ThesolidstaledecompositionoEsodiutnper-

bor&teconsistedoLthreesteps, dehydrAtion,

decompositionoEhydrogenperoxideandO9PS

K軸yaKay8ku.VoL42.N0.6.1981 -SOT-



eyolt)lion.

EachoEsecondAndthirdstepsisaconLraCt-

Ing-areamteprOCeSS･

ThemechanismoEhydrogenperoxidebreak-

downandthatOEOICYOlutionwereriotChzLr-
acterriZed,AlthotJgh theaCtivationenerglCSAnd

pre-exponetiAlhctorswereobtained･
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過ホウサンナ トリウムの熱分解

永石俊幸+,当方正人+,吉村淳一+,笹本 勝+.青永俊一*

過ホウ酸ナトリウムの熱分解が研究された.

熱分解は次の三段階にわけられる｡

鮮 一 段 :過ホウ酸ナトリウムの籍曲水の脱水反応

第 二 段 :過敢化水素の分解反応

第 三 段 :軽索ガスの発生

上紀の三つの過程は脱水曲線や過酸化水兼の分解曲鼻および酸素ガスの発生曲鼓を求めるこ

とにより明社となった｡

速度飴的沸定が折二段と第三段階の反応に対しておこなわれた.反応は面収鯨モデルに基

すく速度則に適合し,活性化エネルギ1.机指数田子としてそれぞれ1719kcAl/mol,18･9kcd/

mol,1.4×1010,2.OxlOO なる伍をえた｡
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