57 101 = S S S No.7
2010 427 ACTA POLYMERICA SINICA Jul., 2010

e

WMPBEFRIRENHEREHSEREFAR"

HwE BRGT FER I %

(hdb kb TR KJE 030051)

B ' L4 TIPSR T b (BCMB) g 5 H AL 1R, SR ( PSE) e A Sl TP R AL SN, il 75 17 5 Y 2
FEFEBR(CMPSF) | 54 T 3252 [ 320 SRS R BE46 SR (9 52 00, IR0 FTIR &' H-NMR 4§ 3% % CMPSF 14k
LAY T RAE. R = LM (TEA) (= (TPA) J2 =T e (TBA) 25 3 Sl % CMPSF gE47 T =4 fb /e
SO, LA 4,4 BRI E S SR St 1 SR R, il 7 1 RN B 1A ( PSFAEM) . I E 1 SC 4 i PSFAEM
i BEVERE , G4 B 7SS A (TEC) Bk (W) SBEHBH (R, ) - SEH 45 R R W, (] BCMB, AU S 1Y
SEAL SR AT M AT, A A5, LA SnCly O Lewis FRAEALTH, n] 45 S H 2L FEEE N 1. 75 mmol/g )
CMPSF. ZZ il PSFAEM 9 IEC W K R, 5 7= A0 S0 i (8] SR 4 7 268 585 U0 AH 5. 2= B A S Bz s [) A4 [+)
R, SR e P S KD B RURE TEA il £ 9 5SS B BT i ) TEC 5 W AREY R, 5 0 R)— AU vk, B

TR SIS B A I, SR TEC 5 W B9, R, B8/
KR PR T, RN, B acHA S, AR

RI(PSF) S —2HAe 71 L5k L&A R
I A GIIBYER S UL, BA L R A 5 RE
PRENE bR P K R TR Y e
JURPERIAA R, XU A SRR ™ 1K, B e
] AR SRR B T AL AT =S
FL P S R A Tl e T LA R R (4 B
JEEL5 HLIB AT ) 7 LA B R O EE A L
T, SRAGER I8 L SR rh 2 21 2 JIE RN AN i 3R
B & B, R R & IR e RO B 1 52 e i
%[6~11] .

1 S I T R L R A LU L S A
AN, BAT MR A 5 e B PR, nl A Rt
AT R T Y R BRI RS 5 2 B o 9, TE MR
T R Tl RIS S PR Al S AR |
RO T T A A 7 S SRR A 3 Y
PEFT T R, LA F AR A SR Y LB T |
P EB I R LiE 2 Tl s, B e T %
PERE (R BH R 1A PR RE S AL A R E ) AR
BT AC R SR B R R T LA SR
FORE, il oy Tt 2l —E i O R
] 5 e 1k R A 5 1 S M, R AT N b2 Ok
MR IR L eI, B IR R PR
D R A SRS 5 SR HAT 0 AR 1 S

5 E.

ASBIRFEAE I G B0 T ) S B AR 1,
4-T S PR T B RNt T S R AL, SRR
(IR JSE DO IR 2 (A A DE A IPSIRE SF S
Je LA LA AU iG], DB AH B hy 32 BT, i 1o 2
S AN R S e e U R I R L e
P Bty 5 1 2R RE (B 7SS A o K
JEEELRH) AR

1 KEEs

L1 {F5MEF

RO(PSF, i3 Tl I & 28wl BB AL T
J7), Tk g 1, 4-— @ WA ST S (BCMB) , A
2 ek G (R T S AL A R A
al) el JoK /A s (ILoR a2 Bl ),
RTals 1, 2- R LK (R ANE A R kAR T
AIRAT]) 0 #ral; =l (TEA, REH L7t
FUBEZERT) , 73 M 2l =N (TPA, & M T e 4k
TA RN o Aral ;s =T e (TBA, K HE AR ARAL
AR AT a4, 47 BRI E (L TRk T
ABRATD) bl s Jog B R 2 w8 2 A
2wl

DRX300 BURZREILIRA (SE [ Bruker 28] )

#2009-11-13 YiFi,2009-12-29 &5 ; 1L PE 4 HAABL2 5450 H (35 H %5 2008021013 ) Fili 7445 HF 58 A= (75 BIF 5 H (351 H % 20093077 )

PRl ; s W IHEE R A, E-mail ; gaobaojiao@ 126. com

924



73 - T 45 45 - SRR 5 1 SIS ) ) 46 S 2 S5 PR REAIT S 925

1700 AU L2140 Y (36 E Perk in-Elmer 23
A)) ; WGR-1 4 35X & #h (i pg K VAR ) 5
DDS-307 HL 3 AL (LA 2% B A A IR A
A).
1.2 SHREALEMPNTH&ES R

2 g RIUE THA B HE G SR TR Y H
Befi A 10 mL — &0 e, (i SRR S8 2V i
P 2.8 mL ) 5 H JE 4L 155 BCMB 1 0. 26
mL (1) Lewis f# L5 SnCl,, FZ= i (25°C) T &
3 h. [N A BRI UTTE A, A8 7 Y R AW
Brib AR N, N Z W 56 H e ( DMF) # £h R
VB IR A, T ZE K 2R ki , BRI
ANEAE T, 52 T8, IS RN
(CMPSF) . 2§75 2 i i 5% B Lewis Mk FP S, iF
A7 RS, 25 5% 32 2 R 6 NG 34k e iz
(1) 55 M R

et FH AR e ks (o G AL SRR it v ) AR
TR TR N MBS, SRS Ik IR s A ik
M S A AR RN R BT G
AR BE 5 SR IR, 20 5ol D0 SR AR AN 52 P A0 2R
PRI LLAMERE i LU, SRAE A H AL R 1k
45 5 DL CDCLy AR, 430000 5 SRR G HT Ak
PRI & , i — 20 i SR AE R g fe 2
451.
1.3 BEWABETFZRENS&5RE

FRECT g G 34k AR CMPSF ((H & F 541k
FEEEN 1.75 mmol/g) B T A7 o Hi a8 M il B it
B B8 T, B A 20 mL DMF, {# CMPSF 5¢
VR I =1 1.94 mL, 7F 40°C T g, fiff
TR Al RN — o I R)JS, m) R AR &R o A
0.0872 g HYACHRF 4,4 - B0k vE , i FF T 2 iz 10
min , f5 1P KSR AR A 5 7 0L E 7 R e
7 BIVE T RS BEAR BRI, TR AU, 24 h
S B, A A SROK AR, B A5 SR A0 B 2 1 22 4
(PSFAEM) . Z 51| b 2k A8 A = & W J5 2= Ak
N B TE], 28 10 min (9 223K S0, il 45 T 2= 44k
FREEAN ] 1 52 5 PSFAEM (519 J5 35 4 50 ~ 60
pm ) . R il J5 32 0 2 PSFAEM (1) 21 40 6 4%, ff
T HALSF L5

Fie LRI o Bl =S =T R,
T AP AZ I PSFAEM.
1.4 BRUNFAE F T HeBE 4 8 A0 E
L4 1 BEFaeHssa (1EC) ByiE e
M PSFAEM 323 T3k 4 1 mol/L Y NaOH

SR ,8 h JE IR, A 3 IRl SR
i Cl7 o Bk OH &+ HIZE IR K4
BB AR PER 20, A 40°C (1) B 23 BEAR T8k
24 h. YERRAR BT 1 09 B R B2 0.1 g, T 100
mL 4ETEI T, A 40 mL ¥ R 0.1 mol/L iy
NaCl %5, i B B2 90 24 h )5, FHZE K Uik
3 WU S RIS I, IF m b A i
HNO, I3, (VAW TR, SR Ik 7R 1 1807 o 1
R A A CL BT i n
(mmol ) , #% 2 X (1) T3 B F £ 75 & 1EC
(mmol/g).

Vi — 10

IEC — CNacl (1)

1, enee (mol/L) 5 Vi (mL) 3531 /& NaCl i
AIRILR R B 5 AR n (mmol ) g 12 960 5 46t JIE i
W AR CL BB i m (g) hy BB
[
142 JK& (W) Bl E A B T A i
PSFAEM H i & T 281 /K v, 7E % iR T 123124 h,
SBCH P Uk R BT 3R T i B ) 2 0B K, S7 B PR
SRIGET 60°C Y LA HEA v, 44224 h, R ; 4%
AR HFEAREE W (¢g).
Wi-W (2)
W,
i W, (g) IR i s W, (g) Dy T Ay
1.4.3 JEERFH(R,) B E FHIEAHA, A
BRI g 22 # [ PSFAEM 1) JIEE ey
FHLR,,. HL B 25 R Q1] 1 Fir 7. 9 0 P ARG [ o
FE— LS P R St o B D Pk, o B A A
—[E L, B S 4 B PSFAEM 35 Je 78 3 R Ak 5 1
T Ji 2 P TR 1Y) KCL I

DDS-307

Membrane

|

m

W, =

Platinum
electrode

Platinum
electrode

KClI solution
Fig. 1  Apparatus for membrane resistance
measurement
GRS E S A (R e O —
{ED) A, il T L 5 R A DDS-307 72 755 I



926 [T S SRR SN 2010 4
TRHL G J5 S S B A 7 pod (3)
TEE A T T B L SR 42 R by R Ky, SR k

FASR (3) FHE BRI T BB R, 1 R, ; 7 R, = S(R, -R,) (4)

A (4) T B Al PSFAEM (o (3) 5 (4) s, J(m ™) S it s S it i vl

m

(1) Chloromethylation reaction of polysulfone

i I
+OO?OOOEO+ + CICH,0~€CH,)-OCH,CI
CH, "

o

©)

i i
{e OB OO o
CH; 0 !
CH,CI
CMPSF

(2) Quaternization of modified polysulfone

R,(Q-em®). SUFHRGE(S m Tk Blk, ) SR R B

o 0 g i
ol OGO O OO
CH; (¢} CH;
CH,Cl CH,C1
g i
— el O OO O T O
CHj; (¢} CHj
Cle CH,C1
R—N—R
o 9| R
Cl R R—N—R: (1) trimethylamine; (2) tripropylamine; (3) tri-»-butylamine
(3) Crosslinking reaction of modified polysulfone
o i o
ol OO OO
CH 0 CH; T T
’ (|3H2 CHyCI N2 )
R—N—R
l® ©
R Cl
Q lH}Q Q i O §:> |3<:>
_ /\Ao (|: O ﬁ o) (I: O_/'\/\
CH; (0] CH;
Cle (lez
R—N—R ® N
© e ar |
R A
9
X Cl
e e
CH,
) ?HSQ ) | ) ?BQ
3 (0) N
?“2
R—N—R
@ ©
R Cl

Scheme 1 Chemical process of preparing polysulfone anion-exchange membrane PSFAEM
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Fig. 2 Infrared spectra of PSF and CMPSF
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Table 1 Data of dielectric constant and polarity constant of various

solvents

Substance CH,Cl, CICH,CH,Cl CHCl,
£(25C) 9. 08 10. 36 4. 81
E;(30) (kJ/mol) 171. 8 175.1 163. 4
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Fig. 5 Variation of chloromethylation degree of PSF with

time with different solvents
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Fig. 6 Variation of chloromethylation degree of PSF with time
by using different catalysts
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Fig. 7 Variation of ion-exchange capacity of PSFAEM with
time by using different quaternization reagents
Temperature :40°C ; Solvent; DMF
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Fig. 8 Variation of water content of PSFAEM with time by using
different quaternization reagents

Temperature :40°C ; Solvent ; DMF
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Fig. 9 Variation of membrane resistance of PSFAEM with
time by using different quaternization reagents

Temperature ;40°C ; Solvent; DMF
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PREPARATION AND STRUCTURE/PROPERTY RELATIONSHIP
OF POLYSULFONE ANION-EXCHANGE MEMBRANES

DU Ruikui, GAO Baojiao, LI Yanbin, WANG Ling
( Department of Chemical Engineering, North University of China, Taiyuan 030051)

Abstract Polysulfone (PSF) was chloromethylated using 1,4-bis ( chloromethoxy ) butane (BCMB) without
carcinogenitic toxicity as chloromethylation reagent, resulting in chloromethylated polysulfone ( CMPSF). The
chemical structure of CMPSF was characterized by FTIR,'H-NMR and chemical analysis method. The effects
of main factors on the chloromethylation reaction of PSF were examined. By using three tertiary amines,
triethylamine ( TEA ), tripropylamine ( TPA) and tri-n-butylamine ( TBA ), the quaternization reaction of
CMPSF was carried out,respectively,and then the crosslinking reaction was performed with 4 ,4’-bipyridine as
crosslinker, obtaining polysulfone anion-exchange membrane ( PSFAEM ). The main properties of PSFAEM
were determined including ion-exchange capacity (IEC), water content ( W) and membrane resistance
(R,,). The experimental results show that the chloromethylation reaction of PSF with BCMB can be carried out
favorably ,and CMPSF with a chloromethylation degree of 1. 75 mmol/g can be obtained as with chloroform as
solvent and SnCl, as Lewis catalyst. The properties of PSFAEM such as IEC, W, and R, are closely related with
quaternization time and the structure of the tertiary amine. In the same quaternization time ,the anion-exchange
membrane PSFAEM prepared with TEA ,in whose molecule the number of carbon atom in alkyl group on N
atom is small , has relatively high IEC, W and lower R . As using the same tertiary amine,the IEC and W of
PSFAEM are increased with increasing the quaternization time ,and R, decreases.

Keywords Anion-exchange membrane, Polysulfone, lon-exchange capacity, Membrane resistance





