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Abstract:ThepHdependenceofpoly(acrylicacid) -graft-polypropylenemembraneswereevaluated.TheresultshowsthatpHsensi-

tivityofgraftedmembranesincreaseswiththeriseofgraftingdegree(dg) asdg<17%.ForthemicrofiltrationofBovineserumalbu-

min(BSA) solution, allmembranesshowthemostseriousfoulingbehavioratpH4.7 (theisoelectricpointIEPofBSA) andthe

smallestfluxdeclineatpH3.ComparedwiththeungraftedPPmembrane, graftedmembranesshowmoreseriousfoulingbehavioratpH

3, whereas18%graftedmembranehasacertainantifoulingbehavioratpH4.7 and8.Ithasbeenshownthattheelectricalinteractions

andtheconformationofBSAandgraftedchainsshouldbeconsideredtoanalyzethefoulingbehavior.
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　　ThepHsensitivemembranethatcanresponseto
pHstimulushasbeenextensivelystudied

[ 1-3]
.These

membraneshavebeenexpectedmanypotentialapplica-
tionsrangingfromselectiveseparations

[ 1]
tocontrolled-

releasedsystems
[ 2]
.pH-sensitivitymembraneswerere-

portedanalleviatedfoulingbehaviorforthemicrofiltra-
tionofdrinkingwater

[ 3]
.Inthiswork, thepH-sensitiv-

ityandtheBSAmicrofiltrationofpoly(acrylicacid) -
graft-polypropyl-enemembraneswerestudied.

1　Experimental

1.1　Materials
Thepoly(acrylicacid) -graft-polypropylenemem-

braneswerepreparedbyUV-photograftion
2
.

1.2　Themicrofiltrationexperiments
Themicrofiltrationexperimentswerecarriedoutat

25±2 ℃ underatransmembranepressureof100 kPa
withaflowrateof100 L/h.Membraneswerewetted
with70% ethanolsolutioninadvance.

2　Resultsanddiscussion

2.1　pHsensitivityofwaterpermeability
InFig.1., duetothenon-ionizabilityofPPmem-

brane, ithasnoresponsetopH.Whiletheconform-
ationofthepolyacrylicacid(PAA) chainsongrafted
membraneschangesfromcoiledatlowpHtoextended
athighpH

[ 2]
.Thus, anincreaseinpHresultsindra-

maticfluxdeclinefromthemaximumatpH 1 tothe

minimumatpH11.

Fig.1　Flux-pHdependenceofmembranes

AccordingtotheHagen-poiseuillelaw
[ 4]

, the
changingratioN1/11 ofporesizeaspHwasalteredfrom
1 to11 wascalculatedasfollow:

N1/11 =
rpH1

rpH11
=
JpH1
JpH11

1
4

FromFig.2:asdg<17%, N1/11 increaseswith
theriseofdg, whichindicatespHsensitivityofgrafted
membranesisimproved.Whereasasdg>17%, many
poresareconstrictedorblockedbyPAAchains

[ 2]
,

whichcausesalossonpHsensitivity.Thecurveof
N7/10 ishigherthanthatofN1/7, whichmeansgrafted
membranesaremoresensitiveinalkalinesolutiondue
totheswiftriseofchargedensity.
2.2　MembranefoulingduringBSAmicrofiltration

FromFig.3:① Allmembranesshowthemost
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Fig.2　ChangingratiosindifferentpHranges

pronouncedfluxdeclinedrivenbythehydrophobicin-
teractionsbetweenBSAandmembraneatpH4.7.The
hydrophilicsurfaceofgraftedmembranesalleviatesthe
absorptionofBSA, sothelargerdgleadstotheslower
fluxdecline.② AtpH3, 5% PAAchainsdissociate
andattractthepositiveBSA.Sothehigherofdg, the
worsefoulingis.③Aftergrafting, membranesurface
becomescoarser, whichprovidesmoreabsorbingposi-
tionforBSA.AtpH 8, therepulsiveforcebetween
PAAandBSAcanovercomethiseffectathighdg.As
aresult, 18% graftedmembranehasanantifoulingbe-
havior.

Fig.3　TheBSAfiltrationbehaviorofmembranes

　　Inalkalisolution, BSAmoleculehasmorehydro-
phobicsurface

[ 5]
andiseasiertoaggregateonmem-

branesurface.Asaresult, theBSAfoulingtomem-
branesismoreseriousinalkalinesolution.

3　Conclusion

( 1) ThepHsensitivityofgraftedmembranesin-
creasewiththeriseofgraftingdegreeasdg<17%.

( 2) Allmembraneshavethemostseriousfouling
atpH4.7 andfollowedbypH8.AtpH3, morefoul-
ingtakesplaceforgraftedmembranes.AtpH4.7 and
8, 18% graftedmembranepresentscertainantifouling
behavior.

( 3) Theelectrostaticinteractionandtheconfor-
mationofBSAandthemembranesurfacearethemain
factoraffectingmembranefouling.
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摘　要:评价了聚丙烯酸接枝改性聚丙烯中空纤维膜的 pH响应性。在接枝率小于 17%时 , 接枝膜的 pH敏感性随接枝率

的增加而提高。在牛血清蛋白 (BSA) 溶液微滤试验中, 接枝膜与未接枝膜在 BSA的等电点 4.7处, 都表现出严重的膜污

染;而 pH=3时, 膜通量下降趋势最小。与未接枝膜相比, 接枝膜在 pH=3时污染较严重, 而接枝率 18%的膜在 pH 4.7

和 8时表现出一定的抗污染性。研究表明:蛋白质与膜之间的电荷作用以及 BSA和膜构象的变化都是膜污染的重要影响因

素。
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