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Fig. 1 .Schematic diagram of dead-end filtration Fig.2 Zeta potential of TiO, and BSA as a function
apparatus of pH
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Fig.3 Effect of mixing ratio on filtration rate at pH Fig.4 Comparison of filtration rate between pH 4.2
6.0 . and pH 6.0
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TRNEAITIE. a3 Eq. Q)L DKRDBIENTES ¥,
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2. w dBENERRS DO —7 ORBAEE. (d0dv), BE(d0dv) iTTNTNIE
WA, KTRICBIT B(d0ETH 5. BSA SF TiO, RIFITHARTY A XDmD T
INEWz®, BSA A FOEBILEFIL Tio, M FOETNLVELIRELRS, ZDD,
A oy, 1 BSA DEABENRESBBITHENKEICHATEEEZ SN, EE
pH 4.2 THEOLS BEAERLE, LHL, pH 6.0 DHFAITIE. BSA DEGHANZ D /N
EWHFT TiO, BN R LV o, WIS K R BEMEFRL =, ZOKREZHAT B0, TIO,
(% L7z BSA EOEER) OE—F B Fig 6 1. HETHE 4, % Fig. 7 1ThTh
BEHG/HIHLTTOy L7z, pH 42 TR E—F B BSA IBRGHENKREARDIT
TENHT N ;ﬁ’}\@_é{fﬁﬁﬂémbto ZHiE. BSA OEMICLD Tio, DF—F B (s/s=0
BT = 50mV) NEDEREMEED BSA DE—¥ BN (Fig. 2 £ D¢ =25mV) KED< 72
HEFERIND, LU, BREESFISOEBEMORD TIIR WD, ERFHE I —AkL
FEOEFIFEAES(ELRWV, —F, BSADEIZ, TIO,NIEIXHFEL TW3 pH6.0 THE.
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Fig. 6 Dependence of zeta potential on mixing ratio Fig.7 Dependence of mean particle diameter on
in absence of NaCl mixing ratio in absence of NaCl

BSA BEENKELRBICRNE—FBMIEFEEICHESL. =0 2FT. DWITRAIKY
T RFBEN IR - TRERAERER LR, ¢ = 0 METHE Tio, BFMOBENRTES
BEED, OVRY - 77 TFIVT =V ABIADNKEN LIRS0, TiO, 3EFL <#E - A
KLU, Fig. 7 &S CHEBEFERITEZEREAERZRT. BSA BEHLONRD /NI NE
BICBT2a, OBPIEID LEMEOEMICERT b0 L#EETNS. —7. BSA BTt
DAENHETIL. TiO, KiTEED BSA BED/KHMBOREICK D IENEENFET
FEOBREORERFNIEERE 2L, FHRIIEBRN— R FEISEWEITZ > .

3.3 LT b U D LAEFA L2 FRAMNEE R O fHE

3.2 kD, BSA - TiO, BARENEOEIEERET pH PIRGHOZEZRESZT. &
Fi5 BRI R B EEAL S I IEHEFASIC Lo TXEs N2 C LS
NEizolz, 5 ’*%E{%F%%%ﬁlﬂ?@ DT 5N, pH OAR5T EMEREIC
ko THHBEREZRELBINEEEBZBEECHET 2 I ENAETHLBOEFHEIN
%, ZZTIE, TiO, BSA MEBIEICHET S pH 42 2ERFH L TEEL, B4 D
NaCl BELET TESRBOBENEEZT VN, BRELEL, TOEXFICI2EGHRINE
BEEICRIZTREEERT 2.

NaCl FE ¢, = 300mol/m’ IZ B B ESNEERBROIMERE. (do/d) X v ELTELD BSA
BEHICOWT Fig. 8 Ic 70w b Uiz, 2@ pH §8F T NaCl 2WERE L TWRWIHEITIL, Figs.
5,7 RT3 LSIC, BSA ORMEICE 5T Tio, MTFREICHREEES . WEEE
|3 BSA BELOEINCHEVWERICED T 2ERERLE. LML, BFEHREFEFTE
BSA JBELO/NE WEFICB W TEREREZ RB T 2EEZENR SN, BN DEELE
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Fig. 8 Effect of mixing ratio on filtration rate at ¢, = Fig.9 Effect of NaCl concentration on filtration

300mol/m’ rate at s,/s = 0.005

FASKETR BSA 2EHFE OHN TIO, BN R K VIEEERENKE < R 2HEKROMHER

NaCl ZEXRWVWEEGEE0 R BRSEMERL TS DMNHASNTH 5, Fig. 9 1T, ﬁ;/\v
@ NaCl EEICH L Tdody) & v 70y haERUEZ. BB, BELIT s/s = 0.005 T—E
ELF, TORER, EBEEIT NaCl BEOHEME L BITKREBIEMERL, DTHA
NaCl DFINT &> THEEICHEKT 5 EMbho k.

B S FBICHAXE 2 TENICHET 520, £RT—7 OFEERLE «, E%ﬁhﬂ
U, Fig. 10 ITIHBEH(s/9)I LT, Fig. 11121 NaCl REE ¢, [Tt LcEhFEn7oy L
7. BSA OUBHIERIT TO, DETNEDELKRENI EN5, o, 13 BSA DRAEIEH
KRELRBICDONTHERTZZENFEIFN, EE NaCl ZHRMLBWEFIITETDOX I
EmERLE, LML, NaCl WEET HHEICIE. BSA BEHO/NIREHICHE N T,
TiO, BRAREDBITNELBDEVNIRENA SNz, £z, o, 1F NaCl BEOEIMTH
WEAT BEMZERLEZ. IN5ORERRAT B0, TiO, (KF BSA LOEGH) O
Y-y EME Fig. 12 1. AREPHE 4, % Fig. 13 KENEN(s/)ITHLTT By bLZ,

& EMIE BSA BELICH L T—RICEPERICH 2005, METHALZED
7. NaCl Z2EERVWEGICEIY—F BUORDIZHBEH/NE <, AFEERIEDIELL
EES WD, Ef‘“iﬁiﬁ&@—k‘%u?&@iitié:/ut?“{tbf;mo —7%. NaCl 252

BEIIE. BER_EBOERMNMEESI NSO, HTNEETIOICTARBEZTE—Y

SRS L, TNICED. BT BSA BELO/NSRHEEICHW THEFEENEEITHE
K BEMERLZ, —RICHBHMFAOMRCEREERMT 2L, RTFHOBBNRAEAMN
HEOEELCT <A, DBOY NV EFE T CTIRE BICTOEEHRIMDY, &
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Fig. 10 Dependence of specific cake resistance on Fig. 11  Dependence of specific cake resistance on
mixing ratio for various c; NaCl concentration

ENFETETREIN. FEROZELWHEKEZFIEEIT. BSA BELOMRD /NS VHEEHIC
B 5o, ORSERIZT S LEREOBLCERT 50 TH2 LRI 5NE. —4,
BSA ESHNHLBERELADE. TO, HFEES BSA O/KHNEDEEIC XD IERE
EZDEHENEFECEEIIBE LA, BRELLUTEREERO Oy MIEIEoE
—JEbDOMERERD .

Fig. 14 1213 BSA DWEZIRKRE LT, TIO, K FOHEMETK Sz D ICHF L 72 BSA BT

60 T T | — T T T 12 T T
10 b
- TiO, / BSA 1
40 TiO, / BSA 8 - pH 4.2 T
H 4.2 = L i
= C P | é Oc,=0
E - 6 A ¢, = 100mol/m’ B
N —
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L 7 2
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Fig. 12 Dependence of zeta potential on mixing Fig. 13 Dependence of mean particle diameter on
ratio for various ¢, ) mixing ratio for various ¢,
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Fig. 14 Adsorption isotherms Fig. 15 Relation between BSA concentration in
adsorption equilibrium and mixing ratio

Z, BETITBEFL TS BSA OFEHIRE s, ML TTOy bL&, NaCl Z2INA35 T &
WCROBEENERLEZN, Z3i3 BSA 2 TROREEADETIZLD BSA 4% TiO, REIZ
B I NPT <RD, E 5ITIEBSA 53 F 5 X DA ITHE TiO, R A& FIRE/Z BSA
DFORENE Rodi#ERINDS ®, L1L. HBHEEL EIT NaCl ZMZTHK
FEBIIEALENWIENRLDEBREINS, Fig 15 113, BSA OFERBE s, % s/s ITXL
T70w kU, BSA BEHIVNE WHEATIIZEALD BSA IREL THS DI L,
BSA EEEAAENHETIIRETTIRPITREL TS BSA ®%Ué7bf7$fcwj<%<7xé?
Fig. 10 1B 5 BSA IB&HAKE WEFET Do, ORIERIL. = OFFE BSA DBEOH
CRBERLTWR2 b0 EHRIND, £k, LEDOLDIC BSA TEEITHS N ICEMEZ
BoTWS T M5, BSA DEREEIIEHFERETH S Z LIRRENS 17,

4 ¥
M FE LTVFILE TIO, &, BHFELT BSA AL, Th50RAKREARS &
BT 2 EAMSEEE AN THEL, TORECRETRRBEORBEMET - BHT
R E MR DB BREF L7z, BSA A TIRIESWH T Tio, MT R ICRET 5 HEND
0. TiO, DA - WEREI T OBRICKEEET S, BIC TIO, & BSA NEFSIHE
LTnBSAEICIE BSA OEEICHS TiO, OREHMOELAIEL <. T NICHE L THE
HLEZICEH TS, £, TiO, & BSA NEWKEFBEOEEG TS, HLF M) T AZERM
B LICED. HEOERSEICIAY VNP EEHEF R UYL EDEEMELESL,
MBRRAEAELEEL S, BINBBEEIRCS LESROEcAE< EEEN3RD,
pH ©EMEEELHH L TEDABKEE CHET 52 2k D, EEOEELMBET
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Summary

In recent years, membrane filtration of particulate suspensions containing macro-
molecule is being applied with increasing frequency to such widely diversified fields as
wastewater treatment, biotechnology and food industry. It is well understood that the
filtration behaviors of the colloids are affected significantly by the solutionv properties,
including pH and electrolyte concentration. In this study, a method has been developed for
improving the filtrate flux in ultrafiltration of particle/macromolecule mixtures by means of
the control of pH and electrolyte concentration.

Dead-end ultrafiltration of titanium dioxide (TiO,) suspensions containing bovine serum
albumin (BSA) molecules was conducted using both-impermeable membranes for various pH
and sodium chloride (NaCl) concentrations, keeping the total mass fraction of colloids
constant. The average specific filtration resistance ¢, of the filter cake in the absence of
NaCl at pH 4.2 where both colloids are electropositive increased gradually with an increase of -
the mass fraction of BSA. This means the resistance ¢, of BSA is significantly larger »th:'m
that of TiO,. At pH 6.0 where TiO, and BSA have opposite electric charges, however, o, in
the range of quite small BSA fraction tended to become smaller than ¢, of the cake
composed of TiO, alone. The result is perhaps surprising when one’ considers the high
resistance of BSA. Under this pH the positive charge of TiO, particle is canceled by the
adsorption of negatively charged BSA molecules, and then the flocculation of TiO, occurs
due to a marked decrease of the zeta potential. This brought about the marvelous behavior
of o, at pH 6.0. Moreover, the same phenomena were observed in the presence of NaCl at
pH 4.2. The addition of NaCl leads to a less extensive electrical double layer, which
promotes the flocculation of TiO, due to charge-shielding between the colloids. In addition,
the combined effects of NaCl and BSA coexisting in liquid much more greatly encourage the |
flocculation in the range of quite small BSA fraction. This caused an effective decrease of
o, at pH 4.2.

It is thus concluded that the ultrafiltration rate of a particulate suspension containing

macromolecule can be enhanced by the appropriate control of pH and/or electrolyte content.
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