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Abstract:ThestabilizationofheavymetalsinsludgewasstudiedbyusingbentoniteandSulfideseparately.Withchemicalspeciation

analysisofheavymetalsandwithheavymetaltoxiccharacteristicleachingexperiment, theapplicationprobabilityoftwokindsofmate-

rialsinadsorptionandstabilizationofheavymetalswerestudiedtoofferanewwaytotreatheavymetalseffectivelyintheagricultureu-

tilizationofsludge.Resultsshowthatleachingconcentrationofheavymetalsisdecreasedtomeetthestandardofsludgeutilizationin

agriculture.And, thespeciesofheavymetalsarechangedtoowiththeratiooftheunsteadyspeciesofheavymetalsinsludgereduced

greatly.Amongthese, BentonitehaseffectiveadsorptivepropertiesonheavymetalslikeCdandNi, whilepHvalueismaininfluencing

factoronadsorptionandsodiumsultidehasgoodstabilizationpropertiesonheavymetalslikeZn, CuandCd.When10% scalesme-

dicamentwasused, leachingconcentrationofZnwas4.96mg/Lonlyandtheratiooftheunsteadyspeciesofheavymetalsinsludgewas

reducedby50% ～ 60%.
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1　Introduction

Sewagesludgecontainsheavymetals, suchasZn,
CuandCd, whichcanleadtoserieshealthproblem
whenenteringintofoodchain.Stabilizationisaprocess
oftransformingheavymetalsfrompoisonousanddelete-
riousmatterstolowdissolvable, lowtransferableand
lowpoisonousones.BentoniteandSulfideweremixed
withsludgeatdifferentscaleseparatelyinfollowingex-
periment.Bycomparingcorrespondingeffect, thehigh
-effectivechemicalstabilizationmaterialswerefound
out

[ 1-2]
.

2　Experiments

2.1　MaterialsandSequentialExtractionofHeavy
Metals
Akindofindustrysludge, sampledfromTaoPu

WastewaterTreatmentPlantofShanghaiwasadoptedas
experimentsample.OthermainmaterialincludeNa2S
· 9H2O, andCa-bentonite.Thetoxicityofthesludge
samplesweredeterminedatdifferentpHvalueswith
ToxicCharacteristicLeachingProcedureprescribedby
USEPA, Theleachatecomponentsweretestedusing
ICPEmission Spectrometry

[ 3]
, and thesequential

chemicalextractionofheavymetalswasperformed
[ 4-6]

2.2　HeavyMetalStabilizationExperimentwith

BentoniteandSulfide

Fourdifferentscales( 1, 2, 3 and5 gram) of

bentoniteandfourdifferentscales( 2, 5, 10 and15

gram) ofNa2S· 9H2Owereadoptedseparately, into

which100 gramofsludgesamplewasjoined.Each

samplewasfullymixedandleachedwithTCLPtoeval-

uatetheeffectivenessofbentoniteorsulfideinstabiliza-

tionofheavymetals.

3　ResultsandDiscussion

3.1　LeachingConcentrationofHeavyMetalsin

Sludge

Tab.1　leachingconcentrationofheavymetal

withTCLP (mg/L)

pH Zn Cu Ni Cd Cr

2.88 42.2 26.9 41.8 0.32 6.22

5.0 19.5 12.6 18.7 0.09 2.75

Inthisstudy, Zn, Cu, Ni, CrandCdwerese-

lectedastargetedheavymetalsaccordingtotheirrela-

tiveconcentrationinrawsludgeshowedinTab.1 and
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theallowedleachingoutfromagriculturalusedmateri-
als.
3.2　HeavyMetalAdsorptionwithBentonite

Fig.1　Leachingconcentrationofheavymetalswithbentonite

Fig.2　AdsorbedquantitychangedwithpH

Fig.1 showsthatleachingconcentrationofheavy
metalsweredecreasedatpH5.0.TheadsorptionofCd
andNiwithbentonitewasdecreasedobviouslywhen5

gramofbentonitewasaddedinsludge, whilethatofCd
andNiwasdecreasedto0.07mg/Land8.76mg/Lre-
spectively.Whereas, theadsorptionofZnandCuwere
notobviousatpH5.0.Theadsorptionofheavymetals
withbentonitewasnotobviousatpH2.88too.

EffectofpHvaluerangedfrom3.0 to7.0 onthe
adsorptionoftheheavymetalsaddedwithbentonitewas
investigatedintheexperiment.Fig.2 showsthatin-
creasesinpHintheleachingsolutionwillleadtoan
increaseofadsorbedquantityoftheCuion.Adsorbed
quantityofCd, NiandZnchangedobviouslyatpHval-
uerangedfrom5.0 to7.0.TheadsorptionofCrwas
similarwithCu.Ingeneral, therangeofpHvaluefrom
5.0to7.0waspreferableforadsorptionofheavymetals
addedwithbentonite.Theadsorptioncharacteristicwas
notreflectedbythecurveinFig.2 becauseinsoluble
hydroxideswillbeformedathigherpH.BecauseH

+

hasstrongcompetitionatlowerpH, theadsorptionof
heavymetalsaddedwithbentonitewasnotobviousat
pH2.88.

3.3　HeavyMetalStabilizationwithSulfide

Fig.3　leachingconcentrationofHeavymetalwithsulfide

Fig.4　ChangesofFractionationofheavymetals

Inthisexperiment, Na2S· 9H2Owasusedtosta-
bilizeheavymetalionsinsludge.Fig.3 showsthat

leachingconcentrationofHeavymetalwasdecreased
obviouslyatpH2.88.When10 gramofNa2S· 9H2O
wasaddedinsludge, leachingconcentrationofZn, Cu
andcdwere4.96mg/L, 9.65mg/ and0.11mg/Lre-
spectively.TheleachingconcentationofNididnotde-
creaseobviously.When15 gramofNa2S· 9H2Owas
added, leachingconcentrationofNiremainedat30.86
mg/L.

Fractionationanalysisofthreekindsofheavymet-
alsinsludgeafterandbeforestabilizationwasreflected
inFig4.ContentofZninexchangeablefraction, bound
tocarbonatesfraction, andboundtoiron-manganese
oxidesfractionaccountedfor2.31%, 21.3% and
6.15% respectivelybeforestabilization, whilethepro-
portionwaschangedto0.91%, 10.4% and3.21%
afterstabilization.Theformerthreekindsoffractions
wereunstablefractionsandtheotherswerestablefrac-
tions.ContentofZninunstablefractionisdecreased
by50% ～ 60% afterstabilization.

Inconclusion, Fractionationofheavymetalsin
sludgeafterandbeforestabilizationisbasicallyconsist-
entwithresultsofleachingconcentration, whilecontent
ofheavymetalsdecreasesinunstablefractionandin-
creasesinstablefraction.

4　Conclusions

( 1 ) Twodifferentmechanismsforheavymetal
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stabilizationwerediscussedinthepaper.Heavymetal
absorptionaddedwithbentoniteisinfluencedbythe
surfacepropertiesofthisadsorptivematerial, whilesul-
fidehaschemicalreactionswithheavymetalionsto
forminsolublesubstances.

( 2) Bentonitehasexcellentadsorptiveproperties
onheavymetalslikeCdandNiinneutralcircum-
stance.ThismethodisrestrictedinlowerpHcircum-
stance.

( 3) Heavymetalstabilizationwithsulfideisa
kindofeffectivemethod, bydecreasingtheleaching
concentrationofheavymetalstomeetthestandardof
sludgeutilizationinagriculture.When10 ～ 15 gramof
reagentwasused, leachingconcentrationofZnwas3 ～
4mg/Lonly.theratiooftheunsteadyspeciationof
heavymetalsinsludgereducesgreatlywhilethatofsta-
blespeciationincreasesafterstabilization.
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利用膨润土及硫化物对污泥中重金属的稳定化研究

孙　颖, 许　冉, 钱光人
(上海大学环境与化学工程学院环境工程系, 上海 200072)

摘　要:分别采用膨润土及硫化物对污泥中重金属进行了稳定化研究, 通过重金属形态分析及浸出毒性实验, 研究了两

种物质吸附及稳定化污泥中重金属的作用, 从而为污泥农用中重金属的处理提供一个有效的方法。 结果表明, 经过处理

后, 污泥中重金属的浸出毒性减少, 可以满足污泥农用标准, 重金属不稳定形态含量显著减少。 其中, 膨润土对重金属

Cd、 Ni具有较好的吸附效果, pH值是影响吸附的重要因素;而硫化物对重金属 Zn、 Cu和 Cd具有较好的稳定化效果, 当

加入 10%的药剂时, Zn的浸出浓度仅为 4.96mg/L, 同时污泥中重金属不稳定形态的比例减少了约 50% ～ 60%。

关键词:污泥, 重金属, 膨润土, 硫化物
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来自自然界的可再生能源 — 生物质乙醇重整制氢
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摘　要:在镧系金属氧化物载镍催化剂上通过催化重整乙醇和乙醇水溶液可以直接转化为 H2
, H

2
的选择性达到 60%, 乙

醇的转化率达到 100%。优化催化剂及降低重整反应的温度以使水汽转化反应同时发生来降低产物气中 CO的含量。该过程

对于生产小型燃料电池的低成本燃料 H2, 以及便携燃料电池系统需要液态燃料存储的应用具有巨大的潜在价值。

关键词:制氢;生物质乙醇;水蒸汽重整;催化剂;系统
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