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Effect of PEG400 Content on PVDF Membrane Morphology and Crystallization
Chen Mei' %, Wang Xinlongz, Lyu Sihao?, Liu Xiaotian®
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2. School of Chemical and Environmental Engineering, Dongguan University of Technology, Dongguan 523808, China)

Abstract : Different casting solutions of polyvinylidene fluoride(PVDF) (10%, mass fraction) / polyethylene glycol400
(PEG400)(0,1%,3%,5%) / N, N—two methyl acetamide(DMAC) were prepared, and thin film layers were coated on PTFE plate.
The influences of different content PEG400 on the morphology structure and the crystallization of PVDF membrane was studied.
The results show that when the content of PEG400 is below 5%, PEG400 could enhance the porosity of the membrane surface.
The structure of the membrane surface affect cross-section morphology of the membrane, dense membrane surface is easy to form
the finger-hole in the cross section, besides, porous membrane surface is easy to get homogeneous internal structure. At the same
time, with the PEG400 concentration increasing, the casting prefer to the rich polymer nucleation process instead of a process of
the polymer lean phase droplets coalesce to form a porous cellular structure. PEG400 could influence the crystallization behavior of
PVDEF, the crystallinity of PVDF decrease with the increase of PEG400 content, associated with PVDF precipitation morphology.
Pore forming agent PEG can effectively improve the film morphology structure and porosity, relatively speaking, small molecular
weight PEG is not easy to make PVDF film forming the finger like pore structure through the bottom of membrane.

Keywords : PEG400 ; immersion precipitation ; PVDF ; morphology structure ; crystallization

R~ L) (PVDF) 1y R 4F J 2 g AR
8 M Ak AR P LA R T ok e ol D i Sy B %
(R o R DT IR A 5 A v T S L 28 A ol %
PVDF MY EZ k2 — P 185 B h a8 i B 77
AR Hb 592 PVDF BERIE S A8 LU St gk fE

B T TELT 245 ) 5 FE O v ) 5 300 2 A 7 o
PR B AT A B DI R Al R T, 2 159 5148
ARFLGEAE , T 590 4 3ok 32 9 2 I, i R LA 1) T
THR, 91 H PVDF D% 5 1) i Ji IR 45 18 2 A% oy XL
gty B n S REURRIR B, Mohtada Sadrzadeh il
# R ITBEI (PES) JEHH 2R LRI Be il (PVP) &

i (M,=1300) 7 10% B, FRARFLIH R W, R ZHE
(PEG) 1E R —Fh 1 W SE K W I, 45 8 T 12 1
58, PEG 6000 Jit it v B2 /N T 2.4% INF, B LA DA
K FLBR AR PEG 6000 75+ A3 i ok,
IR R A R FLESH B, ARl SrF i PEG X
PVDF V- I8 25 A AR R0, 5543 F = PEG

* T RIK LI (20122X07206-004), A58 T RS R A/l H
ARANH 40 H (201120110116), & SRR H/ ML A L 400 H
(12€26214405316 )

IR Wit W+, 3= 22 AR 2 R e K A PR A 52

Wk H Y. 2014-10-28


杨超


40 TAESER

2015 4F 55 43 45,55 1 31

AN BLE S A HRRALEEH ), i R R AR AL
S5 Ty REARRSE ) 1M RE o AR IR IS AR A A Tl g
P b % PR R MR PEGA400 (iR RFLE T2k ™, 1
FE TR A5 19 PVDF S & AN N ot 2 53 80k
4% ) PEG400 (AR FL IV gtk gt #a e Ak P

PEG A K BIEALIERE, T I ZE A i
PEG400 #X} HE & 0 T & PEG 1 5 , AN g % 5t
TEICHPIFRIRFLEE M . 285 LA PEG400 1R s fin 7l
5% H X PVDF BR45 6 A K 25 S PERE B 5 ), Xif H
AL T i — R R
1 SEWES
1.1 E=ZRMA

PVDF #iAK: M,=70 J7, HARZPIREA S

PEG : M,=400, fk.2% 4li, p=0.945 g/mL, V5§ [
T A A BR AT 5

N, N- — W K& 2 Bt e (DMAC) : 1t *# 4li,
p=0.945 g/ mL, PuBl b TR/ A FRAF] .

1.2 EBR&AE

L, 7148 W0 (SEM) : JISM—6701F JEOL %!,
H A PRt

X 4 £k fi7 4 (XRD) {%: UltimalV %, H A%
Rigaku A H] ;

ST AR LT A% (FTIR) {X: VER-TEX70
{88 F Bruker 23w .

1.3 ey &

PR )« 43 iR — 7 BT i LU FREX PVDF,
PEG T [ JEE & i, I A% 57 DMAC, 75 i
(30°C) NHESIPEHE 24 h, FRoE IR R, 75 I T
B 24 h BRI BB A1 A PVDF(10%)( i
H80, FIA ) /PEG(0,1%,3%,5%) / DMAC, 43+ %
PRidh 17,27,3%, 4%,

JEE PR ) B« PR AR T, 150 MUK 55 IR 7 2R
LM (PTFE) M Ll i Bl 2 12 A 30 °C 251K
S IR 5 d R EIXT
1.4 ey kRAE

K Fl SEM WLZZ PVDF i 14 45 ¥4
K H XRD Y% %% PVDF & 1) 45 fi vk
5°/min ; &M FTIR {X X} PVDF i i
HFHEERA 500 ~ 4000 cm™ .

2 #RE5ITR
2.1 FTIR & #7

PVDF A a, B, y LI 6 DUFp AL Hidry, 5

fm BUAE RIS g e BRI, &1 1 S~ PVDF / PEG400

M4 120 s 5
fE, 47141 1 JEE
s o pr,

EE FTIR 3% &, & 1 ATEH, o M EA 533,
614,762,796,976,1074,1257,1729 cm™" FIHFET
Wi, T B AL LA 512,840,877 LA & 1409 ¢cm™
(AR W2 ig e 1O PEG400 7E 1110 em™ 4bE4%
S A ARRAE I . O=C=O( i %ifish ). 1EEIHIFE
AHIL 1110 em™(C=0) X —FFAE W, BT H B4R AE
U3 22 PVDF FIEWE, 15 B AR ) PEG400 7 285
5 dRIBECA&E iR . RIS PEG400 1Y
PVDF 5 (14 15 W5 e 1 W WA 2% Bl B KT8 T PEG
400 ) PVDF i, Ui PEG AN A X} PVDF Y45 5
AR PR A R, BV PEG #i5E4il i, PEG IKIHE
M PVDF 945 i%

Y N

3#
2#

1#

22‘00 léOO 14‘100 1600 @
WH/ em™
[# 1 PVDF/PEG400 [ FTIR %4
2.2 TR
PEG400 1475 5 X PVDF I3 i JE 50 4 22 i
El 2 s o

(a) (b)

© (d)
a—1";b—2" ;c—3" ;d—4"
2 PVDF/PEG400 EFIRHITES (x 5000)

PEG400 1 2y BAL 77 B 1S A 53 1 A LB <
AN [F] PEG400 Mk FE 250 T B iU I LB 4 A A 22
St RSN PEG (1 PVDF i 2 i 3 A L FLAF7E,
PEG MIAJG, I Th AL B 3215 2 k. 454 52
F WA=V & WA DRI R DR I WA R oy |
PEG B =AH 73 25k i, DT 14 D583 1 7 FLL iR


杨超


[RHF, 45 . PEG 400 &1t %F PVDF ISR DL K 45 S Y200 41

B 1% AN PEG (A5 B4 IR A BERE A, AT
RS ARAT B A L AR R R AR R
SR AR R Y HOEUE 2 e assg i iR R SR P
A, L AR 3O 2 LR LR =R 3 in
PEG400 1El—Fi /Ny T 5, ZEW BEAR T 5% B,
VAR 22 30 B AR AU AN TG, X 0 B 238 114 5 M
/I, H PEG400 EA 257K Pk, AT DU /K i A 95 5
(R, WA T FINER S 2 1 = TR 2R BT oA, K
WIS oA T B T e i i 2 L8544

KEWFFE R PEG 2RI HIBELHA, v] 14 R
PFLER =, g am i 7 FRFLAIE L i T
T S f 2 M, NN S 206 50 5 R
sl EE 9%, K] 3y PVDF SR WT IR SEM &1, 1
&l 3 i, BRI T ) 45 ) 52 31 BB 3R T AR 25 49 1) 5%
i), 75 i1 PEG400 J& 1% 15 B ML () F5 IR FLES
PEG400 ¥ R 1% B REAEFERFL LA IBTERL T —
FE AR S5 F )2, 2 5 A T B AL (4 R AL 4
¥4, 1 PEG400 % 15 4 3%, 5% Hf A< H 21 #17%0 f1 $5
ARFLEEH | 72 0 - 52 BRAT Ry 1 ST R4t

(b)

(d)
a—1";b—2" ;3" ; d—4
€3 PVDF /PEG400 BEAYHTTHT SEM [ (x 350)

W5 3B, PEG400 (190 AT 45 f il A5 52
m, @& 4 B, BT PEG400 1 i A {# 45 PVDF
FH F5 ) 10 2 52 1 s TR 45 ) 38 i P 722 kg ORI IR
PVDF, Jf HE N 1% PEGA400 FIr il 45 B5% 114 Jifd s R 45
Fa B AR N B0 PVDF JEE (%) B i bR 235 44 B Sk 32 A
AN 3% PEG400 1Y FEE 0] 1 B X0% SR 4548 (A s
ARGER 5 R URL S5 IR G ), WS 5% PEG400 1)
PVDF & A T & MR AW A% L R IE il K R
HIFHJEREE PEG400 5 5t (38 N, = IR R 10 )

TR A S TRE 53 A7, PVDF &R BUAHRG W)/
VRO 4 SR Z5 T i 2 F LI AR 45 F 3] o R SRS W A%
KRB R, 2k (M EAREE A 1B AL 5 A8
AELSEHERBRIE KO ZE 1

© (d)
a—1";b—2";c—3" ; d—4
5 4 PVDF /PEG400 BB SEM [l ( x 3000)

2.3  PVDF J& & 2 o547

PVDF BA a, B, y LU 6 UFP T, o RS
FIEAC fh &R, FRAEAT ST 06 20 0 17.7°,18.5°,20.21°
Ph K 26.5° 5 1M1 B AR )E T 75 J7 fh &R, 20 7E 20.4°~
2110 AEFEREHR (A AT e U1 1 S SRR AR ] v
J& PEG400 ) PVDF it () XRD % &, fif 47 PVDF
JEH R I o 28 (100)(021) F 1T B A5 5 e, I 13
PUARRIRY XRD §5£8 , BAHTAN I PEG400 X%F PVDF (1)
rn I A 2 KM . {H PEG400 520 | PVDF [
ghimad FE {1 PVDF BY45 & B Rl 5 5 g 5 i~
[, BN {ii PVDF JIE v ) PEG400 £ 4 g 2818 /K i
the REYNRIRIIE B T RGN 2
fa T A ] MY T PRGA00 14 352 7K (75 5
W BaE SN e, JRG YT R ) 4, 3K
PVDF 45 dh B TR, TN B T PEG400 & 2 3
i, T 43 AR ] T e AR ARV 3 AH R, B B i
PERBE S AR E SR Uk, DT 25 i B R I

10 15 20 25 30
20/°
%5 PEG &%} PVDF 455 LA 520


杨超


42 TR 2015 47,55 43 4% 55 1 )
3 gﬁi/b\ Zhang Yukun, Shen Peng, Wang Xi, et al. Effects of PEG

2115 d R, PVDF [+ ) PEG400 B 4
AR K IR 1 25, {H PEGA00 71 BUTHEAH
Fe AL R R T PVDF B2 fb AT R, T 2L4S i B
R IFTE PEGA00 RS 73 K< 5% I, B PEG
400 [3 K, PVDF 1945 i L REIZ HT F %, PEG400
IR oK B A $5 BE IO 2, 4 J PVDEF At i (], F
— L5200 PVDF 1945 i .

FIR /N3 T ) 5T PEGA400 F 5 in A8 n AR 3E
KA BRI P B33EE , PEGA00 FY it 7350
< 5% IF, PEGA400 AEM] 2 B8 B e M LIS . T
R T 235 g i — 25 5 Wi JIE Rt AR T T 0, S0 T
oA B ARAL A AT , ) 22 LR i W) 2 7 21 I
HysIEE

PEG400 5 H: f) 38 Jin il = J0 {4 & fiit 1) T % 2
VBT S A, B IR 5 A vh 3 55 W R/ N TG SR 6 i
T U IR 45 F 2 g 55 WU R 2 Al e
PEG400 521 PVDF (445 fhid &, i ply % 22 9 i
AR G5 R 328 25 73 S AN i B ME AR R RO K UL 25
F4), AT S5 PVDF 45 SR A4 F [

S % 3k

[1] Liu Fu, Awanis H N, Liu Yutie. Progress in the production and
modification of PVDF membranes[J]. Journal of Membrane
Science,2011,375(1-2):1-27.

[2] Wang Daming , Lin Fungching, Wu Tiantsair. Formation
mechanism of the macrovoids induced by surfactant additives[J].
Journal of Membrane Science, 1998, 142(2):191-204.

[3] Wang Zhenghui, Ma Jun. The role of nonsolvent in-diffusion
velocity in determining polymeric membrane morphology[J].
Desalination, 2012,286(1-2):69-79.

[4] Mohtada Sadrzadeh, Subir Bhattacharjee. Rational design of phase
inversion membranes by tailoring thermodynamics and kinetics of
casting solution using polymer additives[J]. Journal of Membrane
Science,2013,441:31-44.

[5] Pei Lixia, Zhao Weijie, Zhang Lizhi. Preparation and
characterization of porous poly(vinylidene fluoride)membranes
for dehumidification with poly(ethylene glycol)as an additive[J].
Journal of Applied Polymer Science,2010, 118(5):2 6962 703.

[6] FkEIP, PLMS, £ 4, 5F PEG & A PVDF /PEG LR BEPERERY
SEE [J]. TRRERELY TT,2013,41(7):92-95.

content on performance of PVDF / PEG separation membrane[J].
Engnieering Plastics Application,2013,41(7):92-95.

[71 Zuo Danying , Xu Youyi , Xu Weilin , et al. The influence of
PEG molecular weight on morphologies and properties of PVDF
asymmetric membranes[J]. Chinese Journal of Polymer Science,
2008,26:405-414.

(8] ERA, BRI, BREEAR, 45 . SR IR A — 0 — AR IR — A miw)

RN 5 R HCPERE [J]. K ARFREEAR 2013, 39(3):63-66.
Qian Rui, Wei Yongming, Chen Donggen, et al. Preparation and
performance of PVDF membranes fabricated by PVDF-solvent-non-
solvent-addtive systems[J]. Technology of Water Treatment, 2013,
39(3):63-66.

[91 Amir Mansourizadeh, Abdol-Rasoul Pouranfard. Microporous
polyvinylidene fluoride hollow fiber membrane contactors for
CO, stripping:Effect of PEG—400 in spinning dope[J]. Chemical
Engineering Research and Design,2014,92:181-190.

[10] Zhao Xuejuan, Cheng Jing, Zhang Jun, et al. Crystallization

behavior of PVDF / PMMA blends prepared by in situpolymerizat-
ion from DMF and ethanol[J].J Mater Sci,2012,47(8):3 720-3 728.

[11]  Elashmawi I S, Hakeem N A. Effect of PMMA addition on
characterization and morphlogy of PVDF[J].Polymer Engineering
and Science,2008,56:895-901.

[12] R —, fRGE R . @2y T IEARL [D]. b st A2 Tolk h ekt
2005:41-49.

Xu Youyi, Xu Zhikang. Polymer membrane materials[D].Beijing:
Chemical Industry Press,2005:41-49.

[13] Young Taihorng , Chen Leowang .A diffusion-controlled model
for wet-casting membrane formation[J]. Journal of Membrane
Science, 1991,59:169-181.

[14] AT =A%, m HE R UUTE AR AL 1 I D). B 25 S R,
2000,20(5):36-41.

Yu Sanchuan, Gao Congjie. Immersion precipitation phase
inversion membrane[J]. Membrane Science and Technology,2000,
20(5):36-41.

[15] Zhao Xuejuan, Cheng Jing, Chen Shuangjun, et al. Hydrophilic
modification of poly(vinylidene fluoride)(PVDF)by in situ
polymerization of methyl methacrylate (MMA)monomer[J].
Colloid Polym Sci,2010,288:1327-1332.

[16] Wang Xuyun, Zhang Lin, Sun Dahai, et al. Formation mechanism
and crystallization of poly(vinylidene fluoride)membrane via
immersion precipitation method[J]. Desalination,2009,236:170—
178.

FEEM AR BRI R AT 2 I B

2014 4F 12 16 H , FHEF-MHORVRH 5 A0 5 ik % 6 AR
MY H AR HIERE ™ . Bk T Bl 2B L0 R
AR B R AR A PR RS TSR Al A SERLE

AC3E AF B HEMT, JUHOCH B MR R 1 2By i
A A AT LCD /LED f1ike 3230 HR I T SGHEAGHT H i
BER N T 2245, RENSAE 7= H SN 2R Ab 1 BRI TR R AR o
SR P S TR 2.5 m. (PEREHR)


杨超




