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TheeffectofpHonthecatalyticdecompositionof

aqueoussodiumhypochloritebycobaltoxide

byArihlroHAMANO●,tQIZuakiTAm KURA'andlsseiNA… ORI●

Whentheheavymetaloxidepresentsintheaqueoussodiumhypochlorite,next

twoructionsoccursimultaneously.

NaOClーNaCl+1/202 k- (1)

3NaOClー2NaCl+NaC103 k]r (2)

Supposethatk)isthedecompositionrateconstantofreacdon(1)andk"isthatof

reaction(2)IThemanystudiesofpHeffectofk"hasbeenpresented,buttherehave

beenfewstudiesaboutapHeffectofk-.

Inthisreport,pHeffectofreac也on(2)withoutcatalystwasstudiedat25℃atfirst.

Fromtheexperimentalresultwithoutcatalyst,kllineachpHweredeterminedand

klofsimultaneousreactionwithcatalystatLowpHklaredetemi nedbytrialand
error.

Intheseprocedure,thefouowingassumptionwereadopted.Thatis,klisassumed

asnextequation.

kFk)X+kay (17)

Inthiseqation,klandk2aretherateconstantsfortheeqation(1)and(3)

HOClーHCl+1/202 (3)

Here,Ⅹ-【NaOCl】/【totalavailablechlorine】andY=;【HOCl】/【totalavailable

chlorine】

klandk2WereCalculatedfromtheexperimentaldataattwopH･Thenbyusing

thisklandkz,klareCalculatedinallpHranges.ExI光rimentaldataagreeWellwith

thecalcladon.

1.Introduction

Aqueoussodium hypochlorite(NaOCl)is

widelyusedasahouseholdbleachin8a島entand

itsstabilityisimportantforpracticaluse.

AqueousNaOCldecomposesatccordinEtOthe

followingparauelequadon.
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NaOClーNaCl+1/202 kl

AG8--93.88kj

3NaOClー2NaCl+NaCIO3 klI

AG0--153.Okj

Themainreactionisadispropordonation(2).

But,ifheavymetaloxidesarepresent,thereac･

lion(1)proceedscataLydcally.TheeffectofpH

onthedecomposidonreaction(2)hasbeenstud-

iedbyLister2)andNakamori31･As tothereac-

don(1)'therearereports4･引showingthatthe

oxideofMn,Ni,Co,andCuhavesignificant

-174- 火薬学会漉



catalyticeffect.though theoxidesofAl,Pb.Zn

andPbcataLyzeditslightly.AyresandBooth6)

reportedthattheeffectofpHonthereaction

(1)usingtheoxideoHhbutonlyqualitativere･
suLtsareobtained.

Thecatalysisofmetaloxidesgenerallyaccel･

Cratesthereacdon(1),butdoesnotaffectthe

reaction(2).Studiesun也lnowhaveshownthat

thereactionrate(1)isa汽rstorder,andthatof

reaction(2日sasecondorder2~6). Untilnow

thepHeffectstudiesonreactionrate(I)have

nott光enyetperformed･Inthisstudy,theeffect

ofpHonthereactionrateof(I)wasstudiedin

ordertoobtainquantitativeresults-usingcobalt

oxideasthecatalyst.

2.Experimental

2.1Preparationofsample

2_1.1Aqueoussodiumhypochlor托e

Sodiumhypochloritewaspreparedby山ere-

actionofcooled2Msodiumhydroxidesolution

withchlorinegas.Theequationisasfわllows.

2NaOH+CI2-Na'OCl+NaCI+H20 (3)

HereaRer,NaOCl岳Olutionwillimplythesolu･

tionwhichcontainstheequmolecularamount

ofNaCl.

2.1.2Cobaltoxide

Cobalt(tI)nitrate10hydratewasdissolvedin

water.ThesolutionwasslowlyaddedtoI,500

cm3NaOCIsolutionof7%availablechlorine.

Aftercobaltoxidewasprecipitated,then2∝Icm3

0f1Msodiumhydmxidewasaddedandthepre･

cipitatewasfiltered.Afterbein8driedindesicI

catorfor3daysatroomtemperature,itwas

pulveriヱedtopass200meshsieve.Thissample

wasdriedagainfor10hrs.at90℃beforeuse.

meresultsofXraypowderdi肝actionanalysis

conRrmedamorphous.

2.2Apparatusandopqation
ReactionvesselwhichcontainedNaOCIsolu･

don(250cm3)andcobaltoxide(0.5g)werekept

inathermostatat25℃.TokeepthepHcon-

stant,anNaOHsolu也onwascon血uouslyadded

thJ'Ough outther田Ction.TYleSamplewasagi-

tatedat1,000r･p･m･andperiodicallyanalyzed
todetermineitsNaOCIconcentration.

2.3Methodofanalysts
2.3.1Avairablechloline

Theanalyticalconcentrationofavailablechlo-

rineC-帥aOCl】+DiOCl】+lCち】wasdetermined

byiodometryinaceticacidsolution.

2.3.2ChlorateionconcentrationlCl03-]

Thesamplewasaddedtoanexcessamount

ofaqueousferrous(II)ammonium sulfatetore-
ducechlorateiontochloride.Afterreduction,

remainedferrousionwasback也tratedwithpo-

tassiumpermanganateconsideringthefollow-

ingequation(5)and(6)･

lCIO3lwascaluculatedasonesixthoftotal

avairablechJorineminus2lOCLlasEq.(4)which

wasbasedonEqs,(5)and(6).

lCIO{]=(1/6)ttotalavailablech一orine-2【OCl1日4)

clO,~+6Fe2'+6H十一Cl~+6Fe3'+3H20 くら)

clO~+2Fez++2H+→Cl~+2F♂十十H,0 (6)

2_4Agitationspeed

Preliminaryexperimentshowsthatnoeffect

ofagitationspeedonthedecompositionwasob･

servedabove1,000r.p.m.So1,O舶 r.p.m.was

adaptedastheagitationspeed.Ttisclearfrom
thisresultreactionisnotdiffusioncontrolled

wi ththea8itadonspeedabove1,000r.p.m.
3.Resultsanddiscussion

3.1.1DecompositionofaqueoushypocMorite

Thenoncataliticdecompositionat25℃was

performedatpH7.0,8.0.9.0and10.0.Thede･
compositionwithoutcatalystproduceschloride

andchlorateandnoneofoxygengas.mi§con-

cludesusthatthedecompositionwithoutcata･

lystprocceedsaccoordingtothereaction(2).

Fig･1showstheNaOCIconcentrationvs.丘me

curvesforthisdecompositionreaction.pHef-

fectonthedecompositionwasrecognizedand(
thedecompositionreac也OnatlowpHproceeds

fasterthanthatathigh pH.

Fig･2,shows1/Cvs.timeplotfortheresults

ofFig･1･EverycuⅣesarelinearShowing山at

thisreacdonisasecondorder.Thedeclineof

thisstmitlinegivetherateconstantofthesec-

ondorderdecomposition.meobtainedrate

constantsatlowpHwerelargerthanthatat

high pH･Theseresulta8reedwellwiththe

reportofNakamorietaI.whichshowsthis
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ofNaOClaqueoussolutionat25℃
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2Catalyticdecompositionofaqueoushy-
pochlorite
Experimentsoftheisothermaldecomposition

ofNaOClaqueoussolutionatpH12withcobalt

oxidewerecarriedoutaf25℃underagitation

SpeedforI,00
0r.p.m.
Whenthecatalystwas

added,oXy8engasevolve
d
.Ana
lyticalresult

ShowthatNaOCIconcentrationdecreasesmo-
notonouslywithdmeandthatNaC103COnCen-
trationr emainesunchanged.Fi卓.3shovesa

representativeconcentra也onvs.tunecur帽for

catalyticdecompositionathig hpH.meresults

thatthedecompositionwithcataly stproceed
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Fig.
3 Catalyticdecomposi tionofNaOCI solution

atpH12
ThevolumeofNaOCIsolution;500cm
3
,
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Fig.
4Firstorderplotsforthecatalyd cdecom-

positionofNaOCIsolution
ThevolumeoENaOCIsolution;500cm
3

,
amountofcobaltoxide;2.0g,temJmture;
25℃revolutionrate;1∝IOr.p.m

withevolutionoEoxygengaSandconstantch
l
o-

rateconcentra血nconcludeus thatonlythere-
action(1)OccuITed,butthatnoneofthereac-
tion(2)didoccur.Fig.4showst
heresultsoE

concentrationlnCvs.timeplotforthedataof

Fig.3.Itislinears
howhgthatthereacdonis
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)Fig.5TheeffectofpHonthecatalyticdecom
-positionofaqueousNaOClat25

℃volumeofNaOCl;250cm3,amounto
fcataLyst;0.5

g●;pHll,△;10,0;9,▲;8,□;7

pHislower,decompositionratesarelarger･A

tpH-7･0,8･Oand9･D.tJledecompositionproceed

swithevolvingoxygengasandformingchlorate

.Thisconcludeusthat山ereaction(1)and(2

)occuredinparlleLatlowpH･AtpHIOand

Hnoneofchlorateformadonwasrecognized.So

,thisshowsthata.disproportionationcanno

toccurathighpH

.3.2Estimationofrateconstan

t3.2.1AnalysI'sofreactionrateequatio

nAs statedpreviosly,ther助ctions(1)and(2

)proceedinparallelatlowpH･Therefore,th

edecompositionwasanalyzedbythenextequa
-tion.WhentimeisIandtotalconcentrationi

sC,therateequationisasfollow

.-dC/dt-klC+k"C2 (7)Wereklisafirstorderrateconstantforacata

･lyticdecompositionandahnctionofteperature

.pHand也eamountofcatalyst･kllisasecon

dorderrateconstantandaFuncdonoftempera

-tureandpH

.IntegratingEq･(7),Eq･(8)wasobtainedas

arateequationininte8ratedform･

klt-tLn(kl+k"C)/Cl+const (8)

Whent…0.Eq.(9)wasobtained.Ⅰ【C-a(initia

lavailablecMorine)wassubstitutedintoEq.(8)

,then

klt-1nta(k]+klIC)/C(kL+klla)l (9)

Usingthisequation.klatpH7.8and9wer

edeterminedasfollows.AtrlrSt,kllatPH7-

9weredeterminedateachpHfromthedatao

FFi8.2.Usingthiskl),thenkJatpH7-9wer

edeterminedbysubstihthgartinitialconcentra

-tiona,totalavailablechlorineconcentration

CandthedataofTabteIintoEq.(9),bytrialan

derror.Theobtainedk)weretablatedinTable2

･Asstatedbefore,adisproportnationisver

ySloworcannotocccuratabovepH10.So.kla

tabovepH10canbedirectlydeterminedby
adeclineofthelnC～timecurvesfわrthedatao

rFig.3and6.klthusobtainedwerealsotabu

-latedinTable2_FromtheseresultsitwasfotJn

doutthatklbecamegreateraspHinthesolutio
nlover

.3.2.2Estirnationofdecompositionrateconstan

tklatVariousp

HlnaqueoussolutionchlorineexistsasOCl一

.TablelFirstorderrateconstantklfortheNaOCldecompositionus
l･ingEq.(9)ateachpHat25

℃pH-7I(min) 3 6 9 12 15 18 avera

geklXlO 1.2 1.0 0.9 1.0 1.5 0.95

1.05pH-8I(m舌n) 5

10 15 20kl×lO 0.48 0.57 0.50

0.49 0.51pH-9I(min)

10 20 30 40 70klX)02 I.82 1.71 1.6

7 1.78 1.45 1.69Volumeofsolution;250cm3,c

atalyst;0･5gKayakuGakka]'shl'.VoI.59,No



Table2Firstorderrateconstantsklforthecatalyticdecomposl･
donofNaOClat25℃

pH 7 8 9 10 11 12

kJ×102min-)g-cat~ldm3 5.25 2.55 0.85▲ 0.48 0.39 0

.30VolumeoFsoludon;250cm3,Am ount.ofcatalyst;

0･5gO∩.乱hiPmh.)60 80 100 120Fig.6Firstorderplotforthecatalyticdecom-
posはonoEaqueoLJSNaOCIsoludonofp

HIOandllat25℃○;pH

10,●;pHllHOClandC12inaqueoussolud

onaccordingtoitspH.OCl-decompose

stochlorideionandoxygenaccordi
ngtoEq(l')andhypochlorousacidd

ecomJnSetOhydrogenchlorideandoxy-genaccor

dingEq.(11)OC1-I-CL-+I/202

(I')HOCI-H'+CI-+I/202 (II

)Ontheatherhand.chlorineinaqueoussol

u･tionescapestotheouterintheform

ofgaS･klandk2ar'erateconstantsForthe

reaction(I')and(ll)k3is弓eSCapingratec

onstantolchlo･rime.So,触 torderratecon

stantklCanbewrit-tenbythefouowingEq.(10)･

kJCekllOCl~】+k2lHO

Cl】+k3lClZ] (10)Thereexis

tsthefollowingequilibriumamonglHOCI],lOCll,lCI-],lH+]andlCl

2].tHOCl】辛【H十】+【OCl

~】 (12)lclz]+D120]≠Pl')+lCl~】+

DIOCl】 (I3)EquiribliumconstantKIOrEq･(12

)is;コ3･2×10刈 れandK2=4･66×1011脚･ Here,l

OCl-]+lHOCL]tlCl2]meanstotalavailable

chlorineC.Moreover,wedefineX-【OCl~】/C,Y
…【HOCl】/CandZ==【Cl2】/CThen,we

getEq.(14)asXX-〔OCI-】/C=lOCr]/(loo-

]+DIOCl】+lCU)=(K)PIOCl】/【H◆】/tKI【

HOCl】/【H+]+DiOCl】+【HOCl】Pl']lCl~】/K2I

=KIK2/tKlKZ+lH+】K2+lH']2lcl11 (1

4)Sim



Table3klCalculatedfromeq･(18)at25℃

pH kl(min-lg-cat-Idm3) IAgk

l0 3.l9×10づ -

4.501 3.18×10→

-3.502 3.06×1

0-3 -2.513 2.1

8xIO-2 -1.664 5.64×10-2 -1.25

5 6.69×10~2 -I.18

6 6.69×lO~2 -1

.187 5.30×10-2ー

-1.288 I.93×1

0-2 ⊥1.729 5.80

x10-3 -2.2410 4

.08xlO-3 -2.39ll 3.89×10L3 -2.41

12 3.89×10-3 -2

.4113 3.89x10,3 -2.4114 3.89×10I3 -2.41

o･53XIO-l-2･42×10-1kl+7･57×
10-1k2A

tpH=73.89×10･3=1･00kl+3･12×101k2At

pHEllSolvingtheabovesimultaneousequ

ation,klandk2WereCalculatedaskl-3･89×10~ユmi n-I

8-cat-Ldm3andk2aS6･8×10-2min･1g･Carldm

3Usingtheseklandk2,kIWasCalculatedfr

omequa也on(18)ateachpHandresults,areshow

ninTable3andFig.7.AtpHunder7.chlorin

egasescapedFromthesystem.Therefore,inthis

pHrange,krcouldnot

calctJlatedwithgoodac-CuraCy･4.Conclus

ionAtvariouspH,asecondorderrateconstant

ktlforthedisproportionationreaction(2)WeredeterminedbytheresultsofFig.2.kTWereals
odeterminedb

yexperimentaldataofTableIandFig.3and6.

AssumingEq.(17)askl,klandk2WereSOI



コバルト酸化物による次亜塩素酸ナトリウム水溶液の

接触分解速度におよぽすpHの影唾

液野有弘て,高倉和明●,中森一献●

次亜塩素酸ナ トT)ウム水溶液は盛金属教化物触鰐が混入すると,次の二つの反応が同時に

起こる｡

NaOClーNaCl+1/202 (I)

3NaOClー2NaCl+NaCIO3 (2)

(2)の反応は2次反応速度式にしたがって起こり,その速度定数k"のpH依存性につ).1ては

多くの研究がある｡一方.(I)式は1次反応速度式にしたがって起こる坑 その速度定数kI
のpH依存性についての研究はまだ無い｡

本研究はコバルト触媒を添加した場合の(I)および(2)式におよぼすpHの彫管について検

討し,以下の篇静を得た｡

雌 無添加および添加系の各pHにおけるNaOClの分解夷散より,pHの低下とともにk-
は大きくなる｡いまk)をOCl~の分解の1次反応式(1)の速度定数k2をHOCl分解の1次分

解反応(I1)式の速度定数とする｡

HOClーHCI+1/202 (3)

OCl-およびHOClの全有効塩素に対する都合をⅩ,'YとするとkIは(17)式で示される｡

kl=klX+k2Y (17)

klおよびk2を実験データ(pH7および11･)から求めた｡ついで,このkIおよびk2を(17)式に

代入して全pH域でのk-を計辞した｡計昇任と実験値はよく-敦した｡

('九州大学工学部化学工学科 〒812-0053福岡市東区箱崎6-10-I)
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