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Fig.1 Schematic diagram of light wansmission device
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Fig. 4 Phase diagram of PYDF/DMAc/H, O/LIiCl system
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Table 1 Property of membrane formed with different additive

Additive PVP PEG LiCl
Membrane thickness{ mm) 0.352 0.221 0.181
Porosity( % ) 83.4 71.0 57.8 .
Mean pore size(gm) 0.044 0.038 0.034
Effective porosity 1.8576  0.9597  0.2604
Flux{ N; ) (st cm®/s cm’ MPa) 146 106 23
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Fig.6 Light transmission during membrane formation
a) LiCl;b) PVP;c) PEG
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Fig.7 DSC of PVDF membrane with different addilive
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Table 2 Contact angle a of water in PYDF membrane with different

additive

PVP PEG LiCl No additive

a in obverse 79°10"  B2°20"  RR%4(” 8830y
Captllary force (kPa) 27 20 3 3
88°107  96°20"  98°50” -

a in reverse

Capillary force (kPa) 5 - 16 -2 -
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Fig.&8 Micrographs of PVDF membrane with different additive
a)Membrane cross section with PVP as additive{ x 200) ; b} Membrane cross section with PEG as additive( x 200} ;¢) Membrane cross section with LiCl
as additive( x 200) ; d)Bottom section of membrane with PVP as additive( x 1500) ; e) Bottom section of membrane with PEG as additive( x 2000) ;

£) Morphology transition section of membrane with LiCl as additive( x 2000)

KERSBEEmERS , TE—-ENEAT
B AEEANBEANBRORE I¥E
HABEASBRBEEHESI NZE FRHHA
HFEAE BRI RE, BHMESI X 14
kPa, KIERRESEEMESI NEATEZIREA
RIB 1 S & BT A %T PVDF FHKH
AR, EMESI RN EERAE, KBRS
E—EWSMNENTAERRRE N FH &G
FEA,, ™ & 8 S 4 ] v ROKS #F 3 38 Knudsen 3L 89
77 R AL, D3R K PR T A O AR A AR
RAFEEE BEESARKETZMEN.

Mm% 20 A,PVP.PEC ZF X KERESWER
s T PYDF B E KT KEK T PVDF B
R 7K FE 253K 20 kPa, i A LiCl £ 85 00 el 6, 3 A A4
Bkt L P BEEW HiH LCER MR w88
BEXRIBRENER R EREK, A5 PP
REHAHBRTE , BEEERE.

FENE, XeHAHEMRTHRHENERE, LR
HMEHAKEEXTERNG KT, XTEEZHT
BRI S 4 T R LGS W A R BT B . R R B T
BEHREENSKBEBAEsE, KGR
FIRRKEE.

L2 E PR, ¥ PVP (PEG.LiCl # PVDF % f§

BT 30 ~ 0CH R s HERMKAIERFH
WEFETHRBESMHES, ABBEMEER M
BEEKBNESAKET AL, LAERZEN
¥ PEG.PVP M R A BB BEREN . X
R ENANFREEREI R RTERERE S
MR T R B AS HERE, &
B 3% 3% 43 #E ZE A &5 6] 4K PVP.PEG., LiCl A9 MR FF 3E
K, X 2l T 508 ) B8 I AF 6 S5 IR 1R s
RN ERENIERARE TN AERE,
YN T AL BB 05 WA R R ok B WO Ay H T
28 40 Ak 75 700 3 BE BT R B9 4% B A ) S K L X S EOH
BABUVESHSLERAERER R BIETX
LS R E HLFEMPVP NEXILER
.2 TFTEREROGBRRE H, &0
PEG1000 2%, LiCl R KFL& I Fh MR
W, 3ot R A T RE A, H B R EK
PVP.PEG.LiCl BN F B WAL R AERMIK, &
mEAE.

PLLiCl A ES R &1 18 B L F A PVDF
BB, T L PVP 2R PEG i 5 hn iff i B R /K
FEXPEKZY 20 kPa(LL 0.1 pm FLEBAYRRFL A ) .
BE % B Hk v 8B4 T E T, M B 3B EHAE 5 K
VW B A i



51 B EZ RPN PVDF LR RBTL SN 661

REFERENCES

Isono Y, Nakajima M. Separ and Purif Tech, 1999,17:77 - 82

2 Lipnizki F,Field R W.Separ And Purifi Tech,2001.22-23:347 ~ 360

3 Martinez-Diez L. Vazquez-Gonzalez M [, Florido-Diaz F }.J of Memb Sci.1998,144:45 ~ 56
4  Bottino A,Camera-Roda G, Capannelli G, Munari S.) of Memb Sei. 1991.57:1 ~ 20

5 Jian K.Pintauro P N.J of Memb Sei, 1997.135:41 ~ 53

6  Young T.Cheng L,Lin D, Fane L.Chuang W .Polymer,1999,40:5315 ~ 5323

7 Wang D.Li K, Teo W K.J of Memb Sci.1999.163:211 ~ 220

8  Wu Jingkun( R £ 4} Chem Eng New Material{ ft T #T B £ ¥ ),1999,26(12):10 ~ 13
9 Cheng Liao-Ping . Macromolecules , 1999 ,32 ;6668 - 6674

10 Deshmukh 5 P,Li K.J of Memb Sci,1998,150:75 ~ 85

Il Yasuda H.Tsai J T.J of Applied Polym Sci, 1974,18:805 ~ 819

12 Wang D,Li K,Teo W K.J of Memb Sei,2000,178:13 ~ 23

INFLUENCE OF ADDITIVES ON PHASE SEPARATION PROCESS OF
PVDF SOLUTION AND MEMBRANE MORPHOLOGY

LV Yin'?, CHEN Huanlin’, LI BogengI

(" College of Mater. & Chem . Eng.. Zhejiang University , Hangzhou 310027}
(* Faculty of Science of Ningbo University , Ningbo 315211)

Abstract The membrane formation mechanism of PVDF/DMAc/H, O/ Additive system was studied. The additive
was PVP, PEG or LiCl respectively. The phase diagram for polymer solution of PYDF/DMAc/ Water/ Additive system
was measured using cloud-point method. The phase separation phenomena during membrane formation process were
recorded using light transmission experiment. The crystallinity of membrane was detected by DSC. The result shown
both gelation and liquid-liquid demixing existed during phase-inversion process of casting solution with different
additive . Gelation appeared early at lower nonsolvent concentration than liquid-liquid demixing in the range of 30 ~
60°C . LiCl as additive lead 1o a strong action for PYDF solution to form gel than PEG or PVP. This increased the
mass transfer resistance in nascent membrane and the liquid-liquid demixing delayed time prolonged along with the
sequence of PYP, PEG or LiCl as additive during membrane formation process. The polymer concentration of
nascenl membrane at the onset of liquid-liquid demixing increased and restricted the development of macrovoids.
The strong gelation tendency of polymer solution intensified the solidification of nascent membrane and restricted the
macrovoids development further. Thus the macrovoids structure extended to the hottom and stopped with the sponge-
like structure when PVP was used as additive. When the additive was PEG or LiCl, the macrovoids developed
insufficiently and terminated in the middle of membrane with the sponge-like structure and then passed to nodular
structure in bottom . The effective porosity and flux decreased and crystallinity increased along with the sequence of
PVP, PEG or LiCl as additive. The hydrophobicity of membrane with LiCl as additive was barely changed, but the
water-resisting pressure of membrane with PVP or PEG as additive decreased about 20 kPa.

Key words PVDF membrane, Membrane formation mechanism, Phase diagram, Gelation, Phase separation



