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Abstract:Anovelnanofibermembrane, namedM-1, ispreparedfromchlorinatedpolyvinylchloridebyhigh-voltageelectrospinning

process.TheremovalsofdivalentmetalcationsincludingCu2 +, Pb2 +andCd2 +fromthesimulatedgroundwaterbyM-1havebeenin-

vestigated.Toobtainthebestheavymetalremoval, severalfiltrationmethodsusingM-1havebeenpresented, includingdirectfiltra-

tion, soil-additionfiltration, diatomite-additionfiltrationandmicellarenhancedfiltration(MEF).ThebestfiltrationmethodforM-1

toremoveheavymetalcationsisMEFwhoseoptimalexperimentalconditionsare10-layerfiltrationandsodiumdodecylbenzenesulfon-

ate(SDBS) concentrationof5mmol/L.Theexperimentalresultsshowthattherejectionsofcopperinthesimulatedgroundwaterby

MEFusingM-1 canreachmorethan73%;therejectionsofleadmorethan82%;andtherejectionsofcadmiummorethan91%.
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Groundwaterpollution, oftenduetocontaminant
seepagefromthedisposalsites, isabigproblemin
manycountries

[ 1]
.Theelevatedlevelofheavymetals

inthegroundwaterposesasubstantialrisktolocalre-
sourceusersandtothenaturalenvironmentpotentially.
AmongCurrentmethodsavailableforremovingheavy
metalsfrom groundwatereitherishighinoperating
cost, orisnoteffectiveinheavymetalremoval, espe-
ciallyforgroundwaterpollutedslightly.Theincreasing-
lyrestrictiveregulationsofallowablelevelsofheavy
metaldischargeandacceleratedrequirementsforthe
remediationofcontaminatedsitesmakeitnecessaryto
developnewapproachesandinnovativetechniquesfor
heavymetalremovalfromgroundwater.Filtrationeffi-
ciencyusuallydependsonthematerialsusedforfil-
ters

[ 2-3]
.Thereforerecentresearcheshavefocusedon

theapplicationofnovelnanofibermembranematerials
infiltration.M-1 isobtainedfromchlorinatedpolyvi-
nylchloridebyhigh-voltageelectrospinning.Present
workismainlyfocusedonfiltrationusingM-1 tore-
moveheavymetalcations( Cu

2+
, Pb

2+
andCd

2+
) from

simulatedgroundwater.

1　Experiments

1.1　Materials

AsshowninFig.1, electrospunfibersofM-1 are
distributedrandomlyintheformofanonwovenmat,
forminga3-dimensionalnetworkstructurewithmulti-
layers.Thiskindofstructureprovidesgreatphysical
barrier, resultinginitbeingusedforfilteringheavy
metal-containingparticlesfromaqueousmedium.

Fig.1　SEMphotographsofM-1 ( 1000×)

The Cu
2+
/Pb

2+
/Cd

2+
-containing simulated

groundwaterispreparedbydissolvingdefinitecopper
sulfate, cadmiumchlorideorleadacetateinthedeion-
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izedwaterortherealuncontaminatedgroundwaterfrom
Daxingdistrict, Beijing, China.Theonefromdeion-
izedwaterisnamedG-1 andthatfromrealuncontami-
natedgroundwaterisG-2 inbrief.Coppersulfate, cad-
miumchloride, leadacetateandsodiumdodecylben-
zenesulfonate( SDBS) areallanalyticalgradeand
purchasedfromBeijingChemicalTechnologyCo., Chi-
na.
1.2　Experimentsandanalysis

Theconcentrationoffeedisvariedfrom 3.0 to
5.5mg/Lunderroomtemperaturesconditionsatanap-
pliedpressureoflessthan0.5 MPa.Theflowratesof
feedare30L/hforalltests.Aninductancecoupling
plasmaspectrograph ( ICP) isusedtomeasurethe
Cu

2 +
/Pb

2+
/Cd

2+
concentrationofthefeedandperme-

atestreams.

2　Resultsanddiscussion

2.1　FiltrationforremovalofCu
2 +

SinceCu
2 +
, Pb

2+
andCd

2+
areallbivalentand

mostoftheirpropertiesaresimilar, typicalseriesoffil-
trationexperimentsforCu

2+
removalareexploredto

findthebestwaytoremoveheavymetalcationsfrom
thegroundwaterusingM-1.

Cu
2 +
-containingG-1 isdirectlyfilteredbymono-

layerand12-layerM-1.Cu
2+

concentrationsofperme-
atefluctuateslightlyaround5mg/L, namely, thereis
noevidencetoindicatethatdirectfiltrationofG-1 isef-
fectivetoremovemetalion.Membranefiltrationmaybe
rejectsthesoilparticulatesandtheheavymetalsatta-
chedonthem.Aknownquantityofsoilordiatomiteare
dosedintoCu

2+
-containingG-1 andstirredbeforeG-1

isfilteredbyM-1 repeatedlyforhigherremoval.Cu
2+

removalsofsoil-additionrun( 26% ～ 37%) aremuch
betterthanthoseofdiatomite-additionrun ( 2% ～
5% ).Micellarenhancedfiltration( MEF) ofCu

2+
-

containingG-1 isnoteffectivetoremoveCu
2 +

atall,
with6-layerM-1 and5 mmol/LSDBSwhichishigher
thanthecriticalmicellesconcentration1.2 mmol/L

[ 4]
.

Toobtainoptimaloperationalconditionsforthe
mostefficientMEFofG-2, SDBSconcentrationsarea-
doptedas1.5, 3, 5 and10 mmol/L, respectively, fil-
trationM-1 as3-layer, 7-layerand10-layer, respec-
tively.Theresultsshowthattheoptimaloperational
conditionsforMEFofCu-containingG-2 are10-layer
filtrationandSDBSconcentrationof5mmol/L, whose
rejectionsofcopperaremorethan70%.
2.2　MEFofPb

2+
/Cd

2+
-containingG-2

MEFwith10-layerM-1 andSDBSof5 mmol/L
arealsoconductedtoremovePb

2+
andCd

2+
fromthe

Pb
2+
/Cd

2+
-containingG-2.AsshowninFig.2, the

rejectionsofleadinthegroundwatersolutioncanreach
morethan82% andtherejectionsofcadmiuminthe
groundwatersolutionaremorethan91%.

Fig.2　Removalsasafunctionoftimein

MEFofPb2 +/Cd2+-containingG-2

3　Conclusions

Duetothe3-dimensionalnetworkstructurewith
multilayers, M-1 aresuccessfullyusedasfiltration
membranetoremoveheavymetalfromgroundwater.
MEFismoreeffectivetoremoveheavymetalcations
fromgroundwaterthandirectfiltration, soil-additionfil-
trationanddiatomite-additionfiltration.Theoptimal
experimentalconditionsofMEFare10-layerfiltration
andSDBSconcentrationof5mmol/L.Therejectionsof
copperinthesimulatedgroundwaterbyMEFcanreach
morethan73%;therejectionsoflead, morethan
82%;andtherejectionsofcadmium, morethan91%.
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Tab.1　TheSchemeoffactorialexperimentalandresultsoftests

Factors N P Cm T Results

TestNo. Levels CPS＊＊

1 1 ( 3.9) ＊ 1 ( 4.3) 1 ( 1.08) 1 ( 1250℃ ) 1302

2 1 2 ( 3.8) 2 ( 0.99) 2 ( 1300℃ ) 1436

3 1 3 ( 3.3) 3 ( 0.89) 3 ( 1350℃ ) 1610

4 2 ( 3.0) 1 2 3 1258

5 2 2 3 1 1334

6 2 3 1 2 1286

7 3 ( 2.0) 1 3 2 782

8 3 2 1 3 952

9 3 3 2 1 1199

AverageCPSoftests

atsamelevel

K1 1449 1114 1180 1275

K2 1293 1241 1295 1168

K3 975 1362 1242 1273

Extremedeviation R 474 248 115 107

Note:①＊Figuresinparenthesesarevaluesofmodulusandsinteringtemperaturesrespondingtotherespectivelevel.

②＊＊CPSof0.376nmpeakofC4A3S
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用废铝渣制备膨胀和自应力硫铝酸盐水泥的研究

冯庆革, 邱树恒, 杨　义, 陈明源, 程　伟
(广西大学化学化工学院, 广西 南宁 530004)

摘　要:通过正交试验设计, 研究了用废铝渣替代铝矾土制备硫铝酸盐水泥熟料, 调整石膏掺量制备膨胀和自应力水泥。

研究结果表明:①用废铝渣替代铝矾土制备硫铝酸盐水泥熟料是可行的;②最佳熟料煅烧条件为 N= 3.9, P=2.8, Cm=

0.99和煅烧温度 Tb=1350 ℃;③制备的水泥物理性能符合膨胀和自应力水泥国家标准。

关键词:废铝渣;膨胀和自应力水泥:硫铝酸盐水泥熟料;正交设计
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新型纳米纤维膜对地下水中重金属的过滤去除研究
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摘　要:采用扫描电镜表征了氯化聚氯乙烯静电纺丝纳米纤维膜的微观结构特征, 并进行了去除地下水中铜 、 铅 、 镉等

重金属阳离子的过滤试验, 包括直接过滤 、 加土壤过滤 、 加硅藻土过滤和胶束强化过滤。结果表明, 最佳的过滤工艺是胶

束强化过滤, 其最佳试验条件是 10层膜过滤和 5mmol/L的 SDBS浓度, 对铜 、 铅 、 镉的去除率分别超过 73%, 82%和

91%。

关键词:纳米纤维膜;重金属去除;地下水;过滤
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