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h J5 15 3] SPEEK. & B2 7% 22 2: 01 SPEEK 1) &5
T3 e (ion exchange capacity, IEC) , Jf /i1 it
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Fig. 1 Molecular structure of the functionalized silica

with sulfonic acid groups (SiO, -S)
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PG-STAT20) 51" 58 5 5 v T 5 1 14 AF 3 12
BETE T —A> A W AR E R (K 2) . R E N
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Fig. 2 Membrane conductivity measurement cell in
horizontal direction under different relative humidities

1) Electrode; 2) Membrane; 3) Thermal couple; 4) Seal
sheet; 5) Pressure transducer; 6) Micro injection; 7)

Conducting wire; 8) Teflon brace



642 Iy

—"%‘

%

o 2012 4

A — 2 WK ZE A, R AE 05K B 2 25 Y R
ACFREE I T VR I B e PO AR TR
B REAS W R AE 5 KA P K 2800 R 22 /0. it i
FErp B 1) 2% B NN T T ALK, 3 BN K 28R
o3 R W T, A N R B 2 K. E IR R
130°C {5 [l N, i A8 B2 R Si0,-S (1 it 1 HL & %
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1 60°C F A4k 2.5 h frf5"" . & 3 3 Si0,,Si0,-S
BN 20 wi% (1 2 i G B Wi T SEMfiF
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kL 75 B N TS RE 1% 2R &9 SPEEK 115 1 43 #1
B WA R RIHER.
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Si0,-S $5 44 ik i) 1 I , 52 G JE 10 % e B2 349 3% 7 %

60
—o— SPEEK a

—0— Nafion®115
L —A= SPEEK/SiO, (5 wt%)
—V— SPEEK/SiO, (10 wt%) d
—0— SPEEK/SIO, (15 Wt%)
| —#— SPEEK/SiO, (20 wt%)

50

40

30F

Swelling degree (%)

20 * gl

Temperature (°C)
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Fig. 4 The swelling degree of (a) SPEEK/SiO, and (b) SPEEK/SiO -S composite membranes in 1 mol-L ™" methanol solution
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[ kLT 7% B, Si0,-S w1 it i 3 [41 {1 15 SPEEK/
Si0,-S & & B rh B F 3¢ #e it (IEC) % SPEEK/
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TE % R & 80°C i [l N, SPEEK/Si0, (20
wt% ) ,SPEEK/Si0_-S(20 wt% ) & 4 [ (1 /P 2 15
1 72 $U L Nafion® 115 i /)N 35 5 A 50/ 9% B &
Si0,,Si0,-S B4 N, & & B I B o R
By B FEAR . Si0, , Si0,-S URL7E 5 A X HY B 1Y)
BB, BN T B A A 0 il T
HETHE R T B BB B W R J. 55 41, 810, , Si0,-S
WK S S SPEEK KA AE R, X FPAE F o] LA BR il
0 T, DT /0 FY TR 958 3 i 3 1) RUST, B R

x 10 "°em’

Temperature (°C)
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I # SPEEK a
104 ©Nafion®115
F ASPEEK/SiO, (5 wt%)
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103 3 Vv SPEEK/SiO, (15 wt%)
E O SPEEK/SIiO, (20 wt%)
“ E_ \S\Q\Q\ﬁ\e\
107 3 %
1 1 1 1
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1/TX10% (K1
Temperature (°C)
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ONafion®115
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0 SPEEK/SIO, -S(10 wt%)

10° ASPEEK/SIO, -S(15 wt%)
© SPEEK/SIO, -S(20 wt%)
109 ¢
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104 F
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Fig. 5 The methanol permeability of (a) SPEEK/SiO, and
(b ) SPEEK/SiO,-S composite membranes at different

temperatures
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F L SR A 25 UL IR 6. Si0,-S E = R A
BE TR B SR N0.018 S-em ™', HEEH IRIER
FHES B A, 76 120°C F ik %] 0. 086 S-em ™' ( I
6(b)). B IR TS, SPEEK J H & 4 Y
RIS A E TR R A — R 7
M KAR 5 5 R BEL 3% 47 48 T, P 5 38 55 T IR 3
S DR IS 7 T 0 P T Sk A R K T R

AR SCHE I S R 5 R B OC FR I L S R A
SAB B AR B30 R T FH LKL I 2 Bl ot 7 52 o i
Y TS ek 1 Bl v T e IR . AR T Bl A Y
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S —o—SPEEK/SIiO, -S(5 wi%) %
K —0—SPEEK/SiO, -S(10 wt%)
<o —o—SPEEK/SIO, -S(15 wt%)
—o—SPEEK/SiO, -S(20 wt%)
102 7*=Si0, S | . . . .
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Fig. 6  Proton conductivity of (a) SPEEK/SiO, and (b)

SPEEK/SiO_-S composite membranes at different temperatures

under 100% RH
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Fig. 7 The effect of additive content on the T of

composite membranes

SPEEK i T 9 90°C , E &M T° ¥ T
SPEEK £, H B N Si0,,Si0,-S & & i3,
2 BT S X i TR A AR R T A
RCHu A TR A K, ELRE R BRI, X
ob 00 SV DB S, DA T A 4R A Y
T AHIRVRL T & i, Si0,-S v Y il R A 4 A

AR R B T~ SPEEK/SIO,-S & & R (1) ¥ ik B2 4%
SPEEK/Si0, Bk, M1 53 SPEEK/SIO -S #y T'”
WAk — L.

Nafion®115 SPEEK K& H&E & lEfm SR 5
TR R R B AT S Arhenius 5 2. 3
Arrhenius J5 #2113 1) Nafion® 115 i i 71T #% 7%
fhRE(E,)H9.19 kJ-mol ', [fii SPEEK Ji& iy T
[ A %, HAFEAR 200 A1 B8N 9 43 3¢, {45 5
TR B ok T A i AL g 35. 07
kJ-mol ', It Nafion®115 ik fE £ . Nafion®115 i
1) e S B 45 A T R v A i R R AT EL AT R R
AR BT it R AT o8 4 B Ak TR AR R
FIE S 1) £ /5 0 1 A8 B B4R . T SPEEK 5
B R BESE A E B AE Ak T A0 B R 2 A W 55 R
PE T R A AU BT 5 1z 3 3R bR 3 5 ik R
R figp 25 3 308 TR PN BT Mk RE B0,k 2 34 3 B
SPEEK K& & B i T el I, L i &
WAL BE S T Nafion®115 Ji&.

Nafion®115,SPEEK N HE &K B S K1Y
Wifi % ¥ B Y T = G . SPEEK/Si0, (20 wi% )
A S RAE 142°C A 0. 14 Seem ™' 4%
¥t Nafion®115 /% 0. 16 S-cm ' ; 1iii SPEEK/SiO -
S(20 wi% ) 5 A B0 5 R E 145C F ik 5
0.172 S+ em ™', K FAHIE £ 14 T Nafion® 115 [
0.163 S-cm ™", ifii 4l i) SPEEK &£ 90°C #k i i
T EAA R IR T B s i S g, —
T A% 2 T A T Ol B Y 3 v (DL IRT 7). v il T B
H—SO, H (i 85 B R, o Wk B2 v, Il 1 i B il
FEM, BRI sy ) — Oy A T A A
AT R TR A A R A5 A, IX 7R SCHR [ 24,
25 ] rh i A7 25 LAY 4R 3B . SPEEK/SI0, (20 wt% ) &
SPEEK/Si0,-S(20 wt% ) & & B (% 3% Ak 6E 43 90
31.15 kJ-mol "' #1 28. 64 kJ-mol ', 5 SPEEK JE
AHLC B BTN B 3k Fh 5T ) F T iR B I 45 4, 4n
[F] SCHR [ 25 J 4 il i —FF AT R R L LETER B -
SURL 0 R S THD AL . 45 e i A W) %) T b &2 5 B P,
BN 25 5 TR TR N B 2 i 1Y AS R T
BLHY. A —SO,H 1 Si0,-S By #8 2%, A W 1B 1%
RRBSE 1 B - S e i, L F e AR Rt ey — 2.

SPEEK J¢ H.A & BEAE 120°C T AS [ A X 3
B ) 5T F L 3 R UL ] 8. #E 120°C |/, 1 F Si0,,
Si0,-S ki ¥ Hy B 4%, & B SPEEK (197 Ik # A
A, S B AT & R 100% (1) A XTI BE
SPEEK JI5 78 45 55 i FH T 08 B R, % ik ™ L, i &
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Vs e, FLH 5 R BB I i 2 83. 6% 11 AH X
& 8wl g, B AH R A s, R T 4l
SPEEK 5 i) H, 5 22 |y T 88 2 7K ™ o0 1 220 8 ik /)
LA XTI B N T 30% B, Ho B RN T LS x
107" S-em ™" 0 UL, A W) SPEEK [ 1 3R 38 51
MRS T FES JiT Kb (%) 148 85 A 5 38 B2 Ol /N B P K 43
R, FHLFRAM TR BAR2ME SN H
T R AR R R B Y N A 2 YA U
R /0N ) I 32 35 B2/ F SPEEK 4l il 78 A4 | (1 18
JEFMET  E G R SRR Si0, #1 Sio, -8
5 ARG A R AR 120°C AHXIIR B 40% T
UL R, SPEEK &l fi5 i) Bl G R U N 2.6 x 107" S -
em ' SPEEK/Si0, (20 wt% ) &8 & B2k 2.0 x
10 Seem ™', 1 SPEEK/SiO,-S (20 wt% ) & 45
ik 1.0x10 7> S-em ™', 5 Nafion®115 4. 7
AHXF G B /N T 20% B, SPEEK/Si0, (20 wt% ) &
AR H 5 % & SPEEK 4l iKY 6 %, if SPEEK/
Si0,-S(20 wt% ) B i) FiL 5 % g 5 T Nafion® 115,
J& SPEEK [ (1) 46 f%. 52 & J5 H 52 232 0 4 5 5 1A
T 8i0,, Si0,-S kL 1Y W % 14 fE. Si0, , Si0,-S &
IG5 A B K BE 5 DT G S R A
MR B A R R R B A R B A A
R H R 22 S R RN I B 1A i B
ARL W R 1 R Y 2 S e Y

—#— Nafion®115
—o— SPEEK/SiO, -S(20 wt%)

10-1 L=0o— SPEEK/SiO, -S(15 wt%)
—a— SPEEK/SIiO, (20 wi%)
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T
S (15 wt%) o—9
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R /
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g 10 o«
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Fig. 8 Conductivity of SPEEK and its composite membranes
under different RH at 120°C

2.5 SEEMBERBEENK

P9 J2& DU [R] J5T - 32 e A il £ B2 P il 1) YA 1
FH I Wt E DMFCss 5 R b 1 B Y £ 181 g 1B W]
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PROTON EXCHANGE SULFONATED POLY(ETHER ETHER KETONE )/
FUNCTIONALIZED SILICA COMPOSITE MEMBRANES IN DMFCs

.. 1.2 . 3 . 1,2
Qi-jun Gao ", Yu-xin Wang”, Xiao-long Lii
(" Institute of Biological and Chemical Engineering, * State Key Laboratory of Hollow Fiber Membrane Materials and Processes,

Tianjin Polytechnic University, Tianjin 300160) (* School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072)

Abstract The present paper focuses on improving the water-holding ability of sulfonated poly ( ether ether
ketone) ( SPEEK) ( degree of sulfonation, DS = 55.1% ) membranes. Functionalized silica ( silica sol
(Si0,) and silica powder with sulfonic acid groups (SiO,-S)) were chosen as the hygroscopic additive,
respectively. SPEEK/SiO,  SPEEK/SiO_-S composite membranes were obtained by casting a homogeneous
mixture of Si0, (or SiO,-S) and SPEEK in N, N-dimethylacetamide onto glass plate and then evaporating the
solvent at 60°C . The decrease in both the swelling degree and the methanol permeability and the improvement
in the conductivity at a high temperature and a low humidity of the membranes were a dose-dependent result of
addition of the SiO, and SiO, -S powders. Pure SPEEK membranes swelled 52.6% at 80°C , whereas the
SPEEK/Si0, (15 wt% ) and SPEEK/SiO _-S (15 wt% ) membranes swelled only 26.2% and 27.3% at the
same temperature , respectively. From room temperature to 80°C , SPEEK/SiO, (20 wt% ) and SPEEK/SiO_-S
(20 wt% ) membranes had methanol permeability of about two order of magnitude lower than that of
Nafion®115. At 120°C and 40% relative humidity (RH) ,the conductivity of pure SPEEK membranes is only
2.6 x10 " S-cm ' and that of SPEEK/SiO, (20 wt% ) membranes is about 2. 0 x 10 > S-em ™' while that of
SPEEK/Si0,-S (20 wt% ) composite membranes reaches 1.0 x 10> S+ em ™', which is close to that of
Nafion®115. DMFCs single cell performance of SPEEK/SiO, (20 wi% ) and SPEEK/SiO -S (20 wt% )
membranes was better than that of pure SPEEK membranes because they had good dimensional stability and no
separation of catalyzers and membranes in membrane electrode assembles.

Keywords  Sulfonated poly(ether ether ketone ), Composite membrane, Functionalized silica, Direct

methanol fuel cell



