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IR BT LF A h 34, 2 h I e 5 3
I BEESAR L, 7E 90°C FHE K 5 h 5, T B
Ji, Fe vk PVDF B frf ik PVDF A 20% 11
H,0, FI 1 mol/L f H,S0, £k 30 min, L&
TOKIFUE T, MR H RS A 51 &) BPO 1)
AT ANGETR 5 DU SRR AR L o 571 B9
H AT AR N, BPO (YR A 0. 016 mol/L, A&
A TS CLA L 10 h, 3445 4 PVDF-g-
P(S-co-AA) ; TG H] = M b4 24 h LU |,
TEERAE OB RY, X KB
PVDF-g-P(S-co-AA) I 1,2- 5 L 55E4E 80C T
WK 2 b, d5 5 98 wi% (e R 75 70°C T fisifk
4 h, 1565 PVDF-g-P( SSA-co-AA). BRSNS
1% 5528 CARIR G SONE IR A LU A, TR M PR AE 4R M
W v BE A 0,15 wi% , 30 wi% , 45
wt% ,60 wt% ,75 wt% ,80 wt% ,100 wt% .
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AL AT S I 0.1 Hz ~1 MHz, %
U, AR 10 mV. ZERHBTIEE L, DAt 2 Ze
o> SRR A A S O IR FLBE. R, B L R
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Sq

ANTEPRE I BT W K SR 0 R e
A R A e — o 1 Y L IR AR AR v 24 h,
DSBS IR W, 5 PR AE 150°C 1Y 2 25 A At
T BRI T W, B K 8RR

w(%) = (W, = W,)/W, x 100%.

FAEER 43 H74% Universal V5. 3C TA Instrument
XoF JIEE ) FAE S PR AT A E RS N AT, T
TRy 10 K/min, F] 4611 B2 21°C, 4 1R
>k 600°C.
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BHA I 43 Na, Si0, 78 B 28 7K i L R K R B
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Fig. 1 Impedance plots of the PVDF-g-PSSA membranes
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Fig. 2 Relationship between conductivity (a) and styrene
stem grafting-rate (b ) of membrane and the content of
Na, SiO,
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Fig. 3 Relationship between whole stem grafting degree (&)
and retained water (w) of membrane and the content of acrylic
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T 45% I, FL S A DA R e TR 14 3 T i g
5 TR R VR B KT 45% I, HL 3 5 B 25 TR U
PR 38 1R S T Dl /1. B 11 L 3 23R ) SR/ N — 7 1
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AR AR SRR MOR , H R B IR 1B R
M, FoAL 0K oy —J7 5 I H,0 R
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2.4 FREGHUGE B A B R Bl TR RE ER SR 0 T U R
SENTN

VRN BRSSPI, A R B —iB R
AR TR TR, R EOR R iU R AR
FRUE M. R R o B2 e R i R K R 4 SR
WL 1 AlAL, BEE Na,Si0, & & i3 i,
PVDF it ¥ 1 1 (14 U 22 , 58 f) 37 A 5t J38 11 i
sk B2 516 39 R e AR [R) e B 1 9 A E B
Na,SiO, & = A9 3% Jinifiy 3% K. Na,SiO, & &k 20
wit% I, [P AR Ry, ELR BE AR, T K EE K.

Table 1 measured result of the yield strength (o), tensile strength (o},) and swelling degree (SD) for various samples

PVDF-g-P(SSA-co-AA) [“’Nus«u (%) / Waerylic (%) ]

Samples Nafionl15
5/0 10/0 15/0 20/0 10/15 10/45 10/60

o.(MPa) 14.23 17.52 9.26 5.68 16. 89 15.36 12. 47 13.24

oy, (MPa) 17.46 20. 02 14.26 11.02 19. 45 18. 46 15. 46 16. 32

SD(% ) 15.8 22.3 31.46 35.43 24.82 27.36 36. 45 34.23

[#5 Na,Si0, £ty 10 wi% | B35 P AR 2 5 006
LI L), P R, R EUL I 3¢ T ° | s
IR I AR BRI A AIE AR o . o oo
e | AL BRI AR R B R, g 0r T e——o— R 7 g
oo RGRNTIRERG. AR 0 6% RO IE 5 15| ™ /e
4 27.36% , 3 /T Nafion i 33. 4% (3 K Ji . 10k D;’D—‘D7”7 002 ©
NS A0 B2 B0 325 M 2 B /N T 30% | 1R it s . 001
BAIBE F 55 12 0 % ik S % 1, Na, IO, 7 4 10 0 m‘ﬁ,{/ R
Wi% IR 05 Bt 46 wi% B E . SCH R 1 N
BEFNHY PVDF-g-P (SSA-co-AA ) [ J2 45 U L 1
4. Fig. 5  The effects of RH on the retained water and

2.5 EXEEX R RN

TE=E R 25°C , AXHE EEXS PVDF-g-P (SSA-co-
AA) R Ca) By RS K B ANl 5. ikt T
Fb A8, Nafion B (b)) 7EA [RIAFGHEE T 19 HEL S 32
KRR TR S .

FRYE T 732 2 WLPE ( vehicle mechanism )™
JF LRGBS T (I H;07) 1B X tE e, Hor &%
St H,0 S0 H N HEkitZ
YN 82 i PORITAE R (A 8- A S S E )
& i, B I B T e A I XES) R,

conductivity of membrane PVDF-g-P( SSA-co-AA) (a), Nafion
(b)

WRERE = A5 Ak WIS TT LU H, AR X A
5S4 5 7K T, SR B B R AR R, 6 B kR
FIEL S A 52 i B S8 KT A B AR o &
i, A A KRR 16.5% . HL G 5%k 0.016 S -
em ™' B A S KN 0. 4% L FHRALK 10 7°
Seem ™ R YE A BT BB i TR
Na,Si0, Ze/Kfif 2 K5 1) Si0, FIEAL 3B L 1)
WEPISTRER ELA 3R 10 WK BE 7 , PRESRH X BE
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FHENAE KSR TR A W Na,Si0, FlPN ¥
BRI — i , BB P IKIRZ, Si0, 1
RN e ss A K 2—E /), Uil &2 &
W 7K 8 LA A0 AP Nafion [ 7K 2 Fl R G 38
S T P R X R, W K A S S A X
T 5 R RT3 K.
2.6 [EA) FTIR 4347

¥ 6 &y PVDF ,modified PVDF, PVDF-g-P( S-
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AW b i AL

a

W
1641 em™ 1034 om!
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Fig. 6 The FTIR spectra of PVDF (a) ,modified PVDF (b),
PVDF-g-P(S-co-AA) (¢) and PVDF-g-P(SSA-co-AA) (d)
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B[RRI & B 1034 em ™ IR, 2 Si—O Y
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KA R LA Si0, Jr XAFAE T Kb (e) T
(a) 1 TR fh £ 48 m T 3436.,2929 2852 1710,
1602 ,1492 1452 1310 ,752 700 em ~" 0% i i, He
H1 1602 1452 F1 1492 em ™" W U4 2 28 A0 (14 1 2
PRI, 700 em ™ RBURIRER LS W4
1710 em ™", R W b 19 C—O fif 45 3% 3, 1310
em T URRER T O—H 2l iR 3 . X e i
AN IR) SR A5 B 1) SRR 05 N 2R D9 s PR T A 1) 5
IR E LRI O TR T B K B
B ZRF A ] (9 3 3 (—CH,—) |, 57E (¢) 1Y
IR [& 4 PR 2929 F1 2852 em ' ¥ 4~ B 1Y W H 3L

(—CH,—) £T /M i, 3444 em ™ A g Wig e S i
TEZS K, H,0 19 O—H $R3h5 B 1 Wi,
VR B L i SRR IR B AT oK M. (d) 5
() IR fhZ4H 1L, 1007 (1126 1650 cm ™' Ab B
B, 1007 em ™' J2 SO,—ILH 1 S—O X FRAH 4
Pah, 1126 em ™' E—SOH 1y W Wi 14 45, 1650
em L 2 R 2 R 2 5 A W i i, X i P
—SO,HE 78 K LM B # 38 _FAFAE ;3444 em ™
P14 WS AT e S S A 5 <R I K, HL, O 1) O—H 4R 3
5| S A R WA, U B il Ak S Y PVDF-g-P ( SSA-co-
AA) EEAG K. Rk 3F — 20k % 5 B Wi K
PE.
2.7 BEEREEREIENS S

&7 rh(a) JEHPE PVDF 310 SEM 5], (b)
ekt PVDF 4% K0 J5 PVDF-g-P ( S-co-AA) I
SEM . & 7(a) AT LVE R TG, A5 5
RO/ AR OKOIR JBORE , 326 150, B 16 v ) Dot ik R i 8
GG NS DLk AR AR BRI X3
SIS HCERE Y, 5 2.1 g R —3. K 7
(b) RE B BN — R E 5, IR R O/ IR TR
RABAFME PVDF IEY 145 5.

Fig. 7 SEM photographs of modified PVDF (a) and PVDF-g-
P(S-co-AA) (b)

K8 1 (a)J& PVDF-g-P(SSA-co-AA) i
SEM &, (b) & (a) [ A3l £ X 38 1 B 5346 16T, H
K 8(b) Al LAF i}, PVDF-g-P( SSA-co-AA ) JE % [fij
B A AR XS] U e ik i 4% 1) PVDF-g-
P(SSA-co-AA) B2, i £k S5 7 7 B8 2% 1T & 35 5]
AT, [RIBEBHR 4 #F PVDF Ji 3% T A FE 8L
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Fig. 9 Distribution of sulfur (b) and silicate (c)on the cross section of the PVDF-g-P(SSA-co-AA) being measured by SEM (a)
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HRBRL ) 3 A A — 1Y SRR BN 22K A IS LA
ZAAARRERIE I S o HCE B .

2.8 [EHIRESH

Kl 10 52 PVDF F Al PVDF-g-P ( SSA-co-AA)
W Fr it 2. n] LU Y, PVDF 5y T3 %
ke, A TE 462°C I 2k, 3t 1 T IsY) PVDF 1y
SRR Y 5 R AR AE 460°C Fif iz, PVDF-g-P ( SSA-
co-AA) JBEIST 5 A 43 A 5 T EL H 372K 9 Tl iR F1 N
IR S| A, PVDF-g-P ( SSA-co-AA) R AE 260°C
420°C R A=A HE 33X 3 il e Hh T RE R AR AL 1 2K
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Fig. 10 The TGA curves of PVDF membrane and
PVDF-g-P(SSA-co-AA) membrane
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90°C BN 5 21 2% /K, #H . Z F , PVDF-g-P ( SSA-co-
AA) BRI 7K P38 T Nafion, 7E R R &N B4
BB PR MRS E T, T LA TR S

3 it

(1) KA BIERCR B, AR S AN M
T JI %o s R e 3R A S £ M R AT 2
Rt Al , 49 21w o1 L S R LA R J3E R OR R P

1 PVDF-g-P( SSA-co-AA) Jii; (2) i3 %f PVDF-
g-P(SSA-co-AA) BT BE 43 B, & 30 B 1) itk £k
RN FURAERE RS T, Rl BF 3 AR kAT, 36
BE WA X} Na, Si0, it PVDF-g-P( SSA-co-
AA )RR FL 2810 52 AN K. ARG 7E 20% ~
80% I, HL G HRILARAAL  JF3A5] 10 7° Seem ™'
I IR RS AR, A B RARAR iRas
1) FEL i T .
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PREPARATION AND PERFORMANCE OF MODIFIED POLYVINYLIDENE
FLUORIDE MEMBRANES GRAFTED WITH SULFONATED
POLY (STYRENE-co-ACRYLIC ACID)

GUO Guibao'?, KOU Shasha®, AN Shengli'”
(" School of Metallurgical and Ecological Engineering , University of Science and Technology Beijing , Beijing 100083)
(* School of Chemistry Engineering, > School of Materials and Metallurgy , Inner Mongolia University of Science & Technology, Baotou 014010)

Abstract Polyvinylidene fluoride membranes grafted with sulfonated poly ( styrene-co-acrylic acid) (PVDF-g-
P(SSA-co-AA) ) were prepared by a solution-grafting technique. In the technique , benzoylperoxide ( BPO) was
used as an evocating agent,and polystyrene and acrylic acid were grafted onto PVDF membranes modified with
plain sodium silicate ( Na,SiO, ), then, the product was sulfonated to obtain PVDF-g-P(SSA-co-AA)
membranes. The effects for the different ratio of styrene and acrylic acid on the grafting degree, and their
humidity on the conductivity of membrane and the moisture content, were investigated. Fourier transform
infrared spectroscopy ( FTIR) was used to characterize the change of the membrane’ s microstructures before
and after the grafting and the sulphonation. The morphologies of the PVDF and the PVDF-g-P(SSA-co-AA)
membranes and the distribution of silicon were studied by scanning electrolytic microscope (SEM). The results
indicated that the conductivity of PVDF-g-P(SSA-co-AA ) membrane doped with 10 wt% Na,SiO, was 0. 0198
S-em ™' at a relative humidity range of 20% ~80% ,and the microstructures of PVDF membrane modified with
plain sodium silicate ( Na,SiO, ) after the grafting and the sulphonation changed obviously,which indicated that
the sulphonation had permeated into the membrane besides the membrane surface.

Keywords Polyvinylidene fluoride, Styrene, Solution-grafting, Sulfonic acid membrane





