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10 mL JorK £ BEFE I TP IR HE 30 min. A5,
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IK CEERA W WCE T A 2 Bk rh. Ko °C
(RVe ENE A K8 A B v B O 10 h 545 2 7L
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FREUIE S8 [ oK. BJ5 . 509 EA Rk
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F110 mL DMSO hn AFRE S HE 15 min, $H22
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30 “C A CHsI (1. 4194 g, 10 mmol) 4% %% )z Jif
24 h. RNV RIG W RN AR AR ) EA J5
PRBNEATOVE » FH/K Ve b DB A 2 DU TE , B H ik &
80 °C ) 1 Yl 1 5 A v Bt T 45 B 3 v € AR K
PTF6-PTPQ2F.
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# 80 mg LB WA 7 mL DMSO LA FIRE i
WL AE 80 C R B HE B E AWM. AR5 LA 10 000
r/minfl ¥ 3 B0 20 min, B VYR 24 ok Tk 58
(0. 45 pm) 308 115 M. K 18 Tk 22 12 130 7 % I A (5
em X 5 em) 1,80 ‘CHZE T 24 h. 45 2 1935 B
AEM JCEFE 1 mol/L NaOH W Hi= il 24 h #E47
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K1 PTF6-PTPQ2F.PTF6-PTPQ3F.PTF6-PTPQAF & militzk il PTF6-QAPTP 4=,
Fig. 1 Synthesis route for PTF6-PTPQ2F, PTF6-PTPQ3F, PTF6-PTPQ4F,
PTF6-PTP and the structure of PTF6-QAPTP
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I E OH - H SR LAE LR Ak 27 Fe e 1 » Il
FHAAEK e AEM LU BR 3% 5% B (1) NaOH 7%
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HPERE SRR - AR 7 8k 0. 4 mg/em®,
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A 200 mL/min B Hy— O, SR A6 HERF AEM

4 B R i A S 7 80 “C s A R IR 2R AT M i
AEM HL AR AR L.
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TG T AL RS 7. 16~7. 79 Kb 2R3 Il F
;4. 50 4b S N R 3R 2 [] (9 37 B 3 o 1 U 5
2.67~3. 0L4b2h N* | it B 3L P ; 1. 14~1. 89 Al
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= ERIMBERACR AT 3R 9. 73% 4. 84 Y0 1 5. 14 5.
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PTF6- PTPQ3F #i1 PTF6 - PTPQAF 14 4 11 B Ji
(6.19~6. 45 dL/@) M. FIH GPC gt — il 1
AEM [f) 45+ ¥, PTF6 - PTPQ2F . PTF6 - PTPQ3F
1 PTF6 - PTPQAF §4r F i (M) AT, =& 1Y
PDI 4354 1. 43,1, 42 A1 1. 46, LA b 04K 2% BA fr i)
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(a) PTF6-PTPQ2F (b) PTF6-PTPQ3F (c) PTF6-PTPQ4F

K 2 (a) PTF6-PTPQ2F, (b) PTF6-PTPQ3F #i1(c) PTF6-PTPQ4F f{)' H NMR %X
Fig. 2 '"H NMR spectra of (a) PTF6-PTPQ2F, (b) PTF6-PTPQ3F and (¢) PTF6-PTPQ4F
k1 ERUGEE 5T 28 dER
Tablel Viscosity, molecular weight and free volume of polymers
it By BT %%ﬁﬁﬂlﬁ ﬁ‘ﬁ%ﬁ&? WAV, BHAER V. B BEBUML
M, M,, B8 PDI  "p/(dL-g™) (em’+g ') (em’-g ") FFV
PTF6-PTPQ2F 38. 46 54. 97 1. 43 6. 37 0. 794 0. 658 0. 206
PTF6-PTPQ3F 39. 24 55. 62 1.42 6. 45 0. 907 0. 744 0.219
PTF6-PTPQ4F 38.79 56. 82 1. 46 6. 19 0. 883 0.712 0. 241

a: 25 C R .
MIEE S Y AEM (1) FEV 8K, B H N EA 3R
23 [6) o] LU AE K 231 5 TRl ikt kg 85 1 A e 5 i 4
HE T B SRR
2.2 SRR

& 3(a)~3(c) 434k PTF6 - PTPQ2F . PTF6 -
PTPQ3F 1 PTF6-PTPQAF [y TEM %, 0] LI E
3 A AEM B A7 Bt 6 2 1 X dal L H P X

(d) PTF6-PTPQ2F

(¢) PTF6-PTPQ3F

SRR K 18 5 R 43 o 9 € DX AR Ay 2 i T g
PS5 45 G 7K RA KR 23 K P 2 G A fi 3
YRR BRI F T O o B 45 . PTG -
PTPQ2F .PTF6-PTPQ3F Hil PTF6-PTPQUF 42
AT WL AT Sy BS54  Forr PTF6 - PTPQ2E fy5%
5 X 3o A A, LR €, Xt e L il ) b K LB
BT XA E R TR R s E 3 () ~3(D

(f) PTF6-PTPQ4F

& 3 PTF6-PTPQuF(n=2,3 Fil 1)) (a) ~(c) TEM E{&F1(d) ~ (1) AFM K%

Fig. 3

(a)~(c) TEM image and (d) ~(f) AFM image of PTF6-PTPQnF (n=2,3 and 4)
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i, AFM 5 TEM % 1F 45 % — %, PTF6 -
PTPQ2F AT f5 38 45 1K 38 A 2 7K 45 4y 3ak , TR AR 2
BFL R i K B /N . PTF6 - PTPQ2F > PTF6 -
PTPQ3F>PTF6-PTPQAF. 5 4 I 3 114 3 7K Bk Hy
OH M@ SUE Mg 30 T 3838 , Xt AEM 19 5 5
THL S BEE T HLA.

it SAXS FAEAS E B G 0 5B T Sk 1)
¥, & 4 A1 %0, PTF6 - PTPQ2F . PTF6 - PTPQ3F
H1 PTF6 - PTPQ4F (1) Hi 5 06 43 1l 4 BLAE 0. 32,
0. 351 0. 41 nm " Kb, HXF 1 9 - 247 £ 5 Bl ] B
W4 19. 63.17. 95 1 15. 32 nm. 5 PTF6- QAPTP
(B TH8IRIHE A 16. 98 nm) A He . A% M85 1) PTEG6-
PTPQ2F il PTF6-PTPQ3F {1 -k [ B 5 A , 3¢
W R 8 N B TR A S L SR
2.3 BEHY IEC FIEB K M BE ST

IEC 587 55 RF R M A 2% D) 1k
%. [H PTF6-PTPQ2F .PTF6 - PTPQ3F #il PTF6 -
PTPQ4F HA FHIE 1953 7 & AL 4548 13515
Ff TEC BSAE AR (3. 32 meq/g). 0 33 1 52 5
vE— A AEM 1Y TEC, i3 2 f , T il 4 1 i

& 5 i PTF6-PTPQnF(n=2,3 F1 4)7F 30 C
F1 80 °C Wf iy WU il SR, ] A& ) B IR T
AEM ) WU F1 SR #2381 b A ¥ . KRk E N
80 ‘C Hf, 3 F AEM () WU 4 9l 2k 13. 21%.
16. 79 % F1 18. 64 %, SR 435k 7. 13%.8. 08 % Fil
10. 76 %. Wit 2 B, PTF6 - PTPQ2F. PTF6 - PT-
PQ3F fil PTF6 - PTPQ4F ) IEC (>3 meq/g) #&
K, [RIEF WU F1 SR #:4i%. #EAHE IEC {E K, PTF6 -
PTPQ2F R~ hee M k.

SR B

PTF6-PTPQ2F

PTF6-PTPQ3F
PTF6-PTPQ4AF

MN——

02 04 06 08 1.0 12 1.4 1.6 1.8
HEHEA % '

K4 PTF6-PTPQuF(n=2,3 Fil 4) i) SAXS K%
Fig. 4 SAXS diffraction curves of PTF6-PTPQnF

HA MRS TEC(3. 07~3. 08 meq/g). (n=2,3 and 4)
% 2 AEM # IEC.A #2= SWCA
Table 2 IEC,) and SWCA of AEMs
B B IEC/(meq » g ) K%L A Ha A K B A
BLIEANIEN '"H NMR 43518 SCIE 30 C 80 C SWCA/(®)
PTF6-PTPQ2F 3.32 3.10 3.08 1.51 2.38 93.9
PTF6-PTPQ3F 3.32 3.07 3.07 2. 47 3. 04 87.8
PTF6-PTPQ4F 3.32 3,08 3.07 2.70 3.37 72.3
(a) 21 (b) 14
(gl EE30C || Em30°C
80 °C 180 C
< 107
& O
4 L
2 L
0

PTF6-PTPQ2F PTF6-PTPQ3F PTF6-PTPQ4F

PTF6-PTPQ2F PTF6-PTPQ3F PTF6-PTPQ4F

Bl 5 PTF6-PTPQuF(n=2,3 Fil 1) ¥ () WKFEF(b) HikRE G

Fig. 5

W 2 fron . PTF6 - PTPQAT Ay /K& he K
XD AR R B R WU S5k 35 i 3K 42
fih A SE AN BB WS¢ AEM #Y 26 i K 5 60, PTE6 -
PTPQ2F.PTF6-PTPQ3F #11 PTF6-PTPQ4F ft#Es

(a) WU and (b) SR images of PTF6-PTPQnF (n=2,3 and 4)

B M ffy (SWCA) 12 #ijdi /. 45 5K R B PTF6 -
PTPQ2F f#isK ,iX 5 WU FI SR B 45 AR AT.
2.4 BHETHEEXR

PTF6-QAPTP 1 PTF6-PTPQnF (n=2,3
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MBE A5 TR T B 716 B N 32 sh i 23 (8], B T
AEM () A AT tEAb 50 3R 4 14 55 7K X I80E 1
LRI AL M IE. 7F 80 °C R, PTF6 - PTPQ2F,
PTF6-PTPQ3F 1 PTF6- PTPQUF (15 Ty §: &4y
W 165. 79.153. 71 f1 152. 21 mS/cm. PTF6 - PT-
PQ2F PRI HC A Inb 25 A TRoRE o B 25 W T A e v P 1
F . HOoR K X g v LG , #f OH &1
REG I AL 4.
2.5 BRAIHARIERE

M7 RRTLUE 5 E4E R PTF6 - QAPTP
FH L, A BE J5 1 AEM hifh bR ik s, T4
T . PTF6-PTPQ2F B 7 fd i B (TS) F5e e » (HLIT 24

50
- 40 T PTF6-PTPQ2F
[=W
S
i 30+ o
ﬁ |
£ 20 PTF6-PTPQ3F | N
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10+
0 5 10 15 20 25
FLAHRIAE /%
(a) T7&

R (ED) £ 1%, 5 31k 38. 04 MPa F1 16. 69 %.
08 AEM B ek, TS R R Eb BTt it
AL UL R e FERE A 5 | AR T R Y 0 RGP, S8k
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E
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¥
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A /C
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OH ™ 1§ (EEMHK 3 70O
Fig. 6 PTF6-PTPQuF(n=2,3 and 4) OH™ conductivity
at 30~80 °C (repeated three times)

40 PTF6-QAPTP PTF6-PTPQ2F

<

(=W

S 30+

o

o3 ' L\

E 20+ PTF6-PTPQ3F

eral PTF6-PTPQ4F
10 /

0 5 10 15 20 25 30
FIARLAE /%
(b) MBS

K7 PTF6-QAPTP Ml PTF6-PTPQnF(n=2,3 FI 41y (a) T A HL A il (b) WA hr Al 45 21
Fig. 7 Tensile test of PTF6-QAPTP and PTF6-PTPQnF (n=2, 3 and 4) in (a) dry state and (b) wet state

2.6 mWiEEMESHEEN

B AEM 2 7E 80 ‘CHY 2 mol/L NaOH &k
11 500 h, 4% 100 h EH#e—k NaOH . & 8(a)
3 PTF6-PTPQuF (n=2,3 I 4) pfi 5 B} [l 355 11
L SR AL B S 0 ZE BT 360 h HL SR TR LA .
Wik 1 500 h J5, = #HWHESFHEBEH0 N
92.42% .91. 88% F1 90. 65%. Hirh, [IHt EL4% e 5
B SR AR BUK ) PTF6 - PTPQ2F 58k &
Pt L 5. B SCHk 48 78 160 °C 1% 6 mol/L
NaOH ¥ 578 3 04 85 1 35 A1 1 2 2 41K
3% OH Bk mikfge). {0 AEM 5] A K bt
FEOSE P T 25 M BEAR S, 155 T OH™ XDy RE L
T ff AEM (i ik e 5.

MR T OH kAR AEM $Ea 2 M. & 8

(b) ff 7%, PTF6 - PTPQ2F. PTF6 - PTPQ3F il
PTF6-PTPQ4F M B 3 AN & F B 10 o B L2k
YT I R KA ). 78 277~359 C EZIFHNF
BH 25 7S P (%) B Aot 25 YR v o SR 110 A i 1 B
T 359~520 C, FHREE S W EBENI M E 2 R A7
520 “CLJI-.
2.7 EEMMERE

HF T PTF6-PTPQ2F L5 M REs 4,
HCH L 2 il MIEA CRREFR R 2H A7) 03 B sl 1
F 80 “CHY Ho—- O, #AEE TR, nE 9 () s, HFF
BEHLE R 1,13 VLIS F PTF6- QAPTP(1. 05 V).
PTF6 - PTPQ2F [ 3h % % JiF 0] i &5 F PTF6 -
QAPTP, iX A fE & P A4 B AR S (1) AEM (1)
B SR . o, PTEF6 - PTPQ2F g {H )
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80 °C K 400 mA/ ey’ (YT E R ML i A PRSP AR AL 2R . 5 A HE 9 AEM
SEPE. B 9(b) S HAR e M e, T LA L EINE PERE L AR (ULIET 10D, ASBIF 5% il 45 1) PTE6 - PTPQ2F
100 h P HLJE T B2 12, HOOEmGH Ro0 0. 88 mV/h, il PTF6- PTPQ3F AT 55 i i 8 7 i %,

@ 00 (b 110

\ 100 |- E
£ ol S 90 <
v 80
il X
& 80 - \S 70 [ 100 200 300:‘34(;;/55(1? 600 700 800
- 601 PTF6-PTPQ3F
m, 70 ' —— PTF6-PTPQ2F 50l Z
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60 —— PTF6-PTPQ4F 40 L PTF6-PTPQ2F <
i - PTF6-PTPQ4F
0 200 800 1200 1600 100 200 300 400 500 600 700 800
A ] /h B /°C

K 8 PTF6-PTPQnEF (n=2.3 Fll 4) ¥ Ca) Bl 12 P it 4 0 (o) BAVEE o2 P Mt 2
Fig. 8 (a) Alkaline stability and (b) thermal stability test curves of PTF6-PTPQnF (n=2, 3 and 4)
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Preparation of side-chain fluorine-doped poly( p-terphenypiperidine)

anion exchange membranes

ZHANG Guoliang » YU Ze, ZHANG Qiugen, ZHU Aimei, LIU Qinglin

(The College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract: As the core component of anion exchange membrane fuel cell (AEMFC), anion-exchange

membrane (AEM) has a trade-off effect between ionic conductivity and swelling, as well as insufficient

mechanical properties, which hinder its commercial application. This study synthesized three types of
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Development of anti-pollution ultrafiltration membrane based on
cross-linked molecular modification
DU Zhiyao, SHE Jingguo, GUAN Wangwang ., YAN Hongjin,
WU Chunrui » LYU Xiaolong

(State Key Laboratory of Separation Membranes and Membrane Processes, School of Materials
Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract; Aiming at the inherent hydrophobicity of polyethersulfone (PES) ultrafiltration membranes,
which leads to membrane fouling and degradation of separation performance, a convenient and efficient
“hydrophilic cross-linked network” strategy has been designed. During the dissolution of PES, 3-
aminopropyltrimethoxysilane (APTMS) and polyethylene glycol diglycidyl ether (PEGDGE) were added,
and both of them developed into long-chain molecules (A—P) by in situ ring-opening reaction in the casting
solution. Subsequent hydrolytic condensation of A — P molecules during phase inversion generated
Si—O—Si chemical cross-linking sites triggering the construction of hydrophilic cross-linking networks,
and the PES ultrafiltration membrane was prepared. Focusing on the effect of A—P content on the structure and
performance of PES membrane, the results showed that with the increase of A—P content, the hydrophilicity of
PES membrane was significantly improved, the pore size increased, the percentage of the most available pore size
increased. Under the test pressure of 0. 1 MPa, the pure water flux was increased by nearly 4 times compared with
the original membrane, and the BSA retention rate was increased to 98 %.

Key words: polyethersulfone; ultrafiltration membranes; in-situ ring opening; cross-linked networks;
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hydrophobic side-chain fluorine-containing AEMs with the fluorine atom located at the end of the side chain
of the polycation and at the ortho, meta, and para positions of the aromatic ring, respectively, to
investigate the influence of the position of the fluorine group on the performance of AEM. Among them,
PTF6-PTPQ2F, whose side chain fluorine atom is located in the benzene ring at the end of the polycationic
side chain, had the characteristics of low swelling (7.13%, 80 ‘C) and high ionic conductivity
(165.79 mS/cm, 80 °C), and could maintain high ionic conductivity retention (92. 42%, 80 °C, 2 mol/L
NaOH, 1500 h) in a harsh alkaline environment. In addition, PTF6-PTPQ2F offered advantages in terms
of single-cell power density (990 mW/cm?,80 “C) as well as durability. Compared with PTF6-PTPQ3F
and PTF6-PTPQ4F, PTF6-PTPQ2F had relatively better performance.

Key words: fuel cell; ion exchange membranes; fluorine-doped anion-exchange membranes



