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Abstract:Peatcontainsmanyfunctionalgroups, suchasalcohols, aldehydes, acids, andphenolichydroxideswhichcanbeinvolved

inchemicalbondingwithmetallicions.Theuseofpeatforremovalofnickelfromaqueoussolutionhasbeeninvestigatedatvariousa-

queouspHvaluesbymeansofliquidscintillationcounting.ThepresentresearchshowsthattheabilityofbindingNionpeatincreases

withincrementofaqueouspHvaluesandreachestheadsorptionequilibriumrapidly.Areasonablekineticmodel, pseudo-second-

ordermodel, hasbeendevelopedandfittedforsorptionofnickel(II)ontopeat.Thepseudo-second-ordermodelprovidesahigh

degreeofcorrelationwiththeexperimentaldataforthesorptionofnickelontopeat.
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　　Peatisindeedacomplexmyriadofchemicalsys-
tems.Becauseofthepolarcharacterofpeat, thead-
sorption/exchangecapacityofpeatformetalionsispo-
tentiallyveryhigh.Batchexperimentsusingpeatfor
theremovalofnickelfromwastewaterhavebeenstud-
iedbySuHJ

[ 1]
.

Despitethegrowingresearcheffortinrecentyears
thereisstillnoconsensusconcerningsorption-binding
modelfornickelonpeat.Inthepresentstudyakinetic
analysisaboutthesorptionof63Niionsontopeathas
beenpresentedinordertoestablishkineticmechanism.
Thepseudo-second-orderequationwasusedtopredict
sorptionrates

[ 2-5]
.

1　Materialsandmethods

PeatfromIreland, wasdriedatatemperatureof
105℃ for24handthenscreenedthougha14 mesh
sievebeforebeingused.Theelementalanalysisofpeat
(masspercentage)is54.27% ofCarbon, 5.69% of
Hydrogen, 39.34% ofOxygen, 0.70% ofNitrogenre-
spectively.Theelementalcontentofpeatisafunction
ofhumificationandmineralization, thevalueofsalinity
isloweratH∶C=1.26∶1 (molarratio), whilethe
valueofdecompositionishigheratC∶N=90.45∶1
(molarratio).

Anamountof63Ni(AldrichCo.)wasdissolved
insulfuricacid, thenmixedwithstableNi(NiSO4).

AfterpHvalueofthesolutionwasadjustedto6.0, the
solutionwasstoredinvolumeconicalflask.Thefinal
concentrationwas10 000 μg/mLandspecificactivity
was5μCi/mL.Allsolutionusedinthisstudyweredi-
lutedwithdistilledwaterasrequired.

LiquidScintillationCounting(LSC)wasusedto
analyzetheconcentrationofNiof12mLscintillationso-
lution(5mLethanol, 7mLβ-PBD)wasaddedinto0.
5mLundeterminatesolution, andthentheflasksofso-
lutionwereshakenandanalyzedinLSCspectrum
(BeckmanLS1800)after2 hoursstillness.

Thesorptionofnickelionsontopeatwasstudied
bybatchexperiments.Allthetestsweredonein
cappedconicalflasks, bysuspendingthepeatinNiso-
lution, adjustingthepH valuetorequiredvalueby
means of hydrochloric and potassium hydrogen
phthalatebufferingsolutionandmixingonashakerwith

aconstantspeed.Sampleswerewithdrawnatsuitable
timeintervals, filteredthroughmembranefilterand
thenanalyzedwithLSCmethod.Uptakevalueswere
calculatedusingtheequation

q1 =
(C0 -Ct)V
ms

(1)

Where:qt-theuptakeofNiontopeatattimet, mg/g;
C0 -theinitialconcentrationofNi, mg/L;Ct-thecon-
centrationofNiattimet, mg/L;V-thevolumeofthe
solution, L;ms-thedrymassofpeat, g.
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2　Resultsanddiscussion

UptakeofNiatvaryingpHvalueandtimeare
presentedinFig.1.Nicanbeeasilychelatedandex-
changedwithpeatinaqueoussolution.Thecapacityof
peatforbindingNiisexcellent.60percentof

63
Nimay

beboundbypeatafter5minscontacttime.Theamount
ofNionpeatincreaseswithincreaseoftime.Whilethe
exchangeprocessreachesequilibrium, theuptakeofNi
onpeatkeepatequilibriumvalue.Therearetwodiffer-
entstepsinabsorptionprocessofNionpeatpossibly:
①atfirsttherearesuchhugefreeactivesitesinpeat
whichmayreactwithNithatchemisorptionswillreach
apeakrapidly;②secondlytheadsorptionofNionto
peatcomestoabalanceaftertheyhavebeenshakenaf-
ter60minsagitation.

Fig.1　Adsorptionof63Niinpeatasa

functionoftimeandpH

FromFig.1, italsoshowstheuptakeofNiincrea-
seswithincreaseofpHvalueandviceversa.Weex-
plainthatNi, oneoftransitionmetallicions, hasthe
sameemptyorbitashydrogenion, andtendtoaccepti-
solatedelectronsfromOandN.MoreoverH+com-
binespeatmoreeasilythanNiamonglowpHvalue.
Althoughcarboxyl, hydroxylgroupsofpeatmaybepro-
tonizedbyH+probably, itwillmagnifyelectrostatic
repulsionandhinderconjugationbetween

63
Niandfree

polarfunctionalgroupsofpeat.IfthevalueofpHover-
runstherangeof4 to9, Nitendstohydrolyze, which
isnotfavorableforsorption.

Sincethephysicochemicalpropertyofpeatishard
todescribe, pseudo-second-ordermodelisappliedfor
analyzingtheprocessofNiontopeatduringagitation.
Theratelimitingstepmaybechemisorptionsinvolving
valencyforcesthroughtheexchangeofelectronsbe-
tweencovalentnickelionandpeat.Initiallyitmustbe
assumedthatthewholeprocessfollowspseudo-second
ordersimilartoLangmuirsorptionequation.

Thepeat-nickelreactionmayberepresentedinthe

followingway:
2Peat-H+Ni

2+
 (Peat)2Ni+2H

+
(2)

　　Where:Peat-Harethepolarsitesonthesurface
ofpeat.

Therateexpressionforthesorptioncanbede-
scribedas:
d(Peat-H)t

dt
=k[ (Peat-H)0 -(Peat-H)t]

2

(3)
　　Where:(Peat-H)t-thenumberofactivesitesof
peatoccupiedonthepeatattimet, (Peat-H)o- the
numberofequilibriumsitesavailableonthepeat.

ThekineticrateequationsforNiofsorptiononto
peatcanberewritten

dqt
dt
=k(qe-qt)

2
(4)

　　Where:k-therateconstantofadsorption, g/mg.
min;qe-theamountofNiadsorbedontopeatatequi-
librium, mg/g;qt-theamountofNiadsorbedontopeat
atanytimet, mg/g.

Afterseparatingthevariablesandintegratingthis
fortheboundaryconditionst=0tot=tandqt=0toqt
=qt.Equation(4)canbeexpressedas

1

(qe-qt)
=

1

qe
+kt (5)

　　Equation(5)istheintegratedratelawforapseu-
do-second-orderreaction.Equation(5)canberear-
rangedtoobtainalinearform

t
qt
=

1

kq
2

e

+
1

qe
t (6)

　　Equation(6)ismanipulatedintoexplicitfunction
ofequation(7)

qt=
kq

2
et

1 +kqet
(7)

　　Differentiatingandlimitingequation(7)into:

lim
t※0

dqt
dt
=lim
t※0

kq
2
e

(1 +kqet)
2
=kq

2
e

(8)

　　hcanberegardedasinitialsorptionratesincet※
0 , therefore:

h=kq
2
e (9)

　　Combiningequations(7)and(9)willobtaina
linearform

t
qt
= 1
h
+1
qe
t (10)

　　Accordingtotheleastsquarefittingmethodthe
constantscanbedeterminedexperimentallybyplotting
oft/qtagainstt.h, qemaybedeductedfromEquation

(10).1 /hor1/kqe
2
istheinterceptofstraightline

and1/qeistheslopeofit.
SubstitutingthedataofFig.1 intot/qt, wedraw

Fig.2.Fig.2 showsaplotofEquation(10)forthe
sorptionofnickelionswithpeat.Theresultsdemon-
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strateahighlysignificantlinearrelationshipbetweent/
qtandt.Thedatashowsgoodcompliancewiththepro-
posedpseudosecondordermodel.

Fig.2　Pseudo-second-ordersorptionkineticsof
nickelionsonpeatforeffectofpH

3　Conclusions

Peathasstrongaffinityto
63
Niinaqueoussolution,

andthereactionprocessisfast.ThepHvalueofaque-

oussolutionhasgreatinfluenceonthesorptionofNi.
Thekineticsofsorptionontopeatisfollowedpseudo-
second-ordermodelperfectly.
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假二级反应模型在泥煤吸附 Ni(II)中的应用

刘峙嵘 , 韦　鹏 , 曾　凯 , 周利民
(东华理工学院应用化学系 , 江西 抚州 344000)

摘　要:应用液闪分析手段 , 简要地研究了 pH值对 63Ni在泥煤中吸附的影响。结果表明 , 63Ni迅速地被泥煤吸附而达到吸

附平衡 , 水相 pH值的增加有利于泥煤的吸附。63Ni在泥煤上吸附动力学行为可以很好地用假二级反应进行描述。
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