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Preparation and properties of amphoteric ion blending membrane from

perfluorosulfonic acid resin and trivinyldiamine salt
WANG Xiao-li, GUO Jin-ting, GOU Rui-ting, HE Zhen-feng”
(School of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China)

Abstract ; As the core component of vanadium redox flow battery (VRB) ,ion exchange membrane plays the role of
transporting ions and blocking the penetration of vanadium ions.Perfluorosulfonic acid resin (PFSA) is modified through
blending it with trivinyldiamine (DABCO) salt ion compound to obtain an amphoteric ion blending membrane.Based on
DABCO-PFSA blending membrane, the blending membrane prepared by supramolecular crosslinking method with non-
covalent interaction of anionics and cations exhibits an improved comprehensive performance. Polycationic PDABCO is
synthesized through optimizing the two-component structure difference of the blending membrane ,and blended with PFSA
to prepare the membrane that obtains good mechanical properties and reduces vanadium ion permeation due to the
supramolecular crosslinking between polymer chains. The permeability of vanadium ion is 0.25x 10 ¢m® + min™' for

PDABCO-PFSA-7. 5% membrane.In VRB test, the coulombic efficiency of PDABCO-PFSA-7. 5% membrane reaches
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88.43% at a current density of 160 mA-cm™.

Key words: amphoteric ion blend membranes; VRB; vanadium ion permeability; supramolecular crosslinking
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Py g HET15 3] 1.1 ¢ A% PDABCO-nBr ™,
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(’ﬁ‘?ﬂ'&ﬁ(%) = (4, —4,)74, (3)

Hodr W, R A, S A RS T T JoR o R
Wy F Ay 39000 RS T A o A 3
1.4.6 AL P X
BIRREST—ERFY 1.5 mol/L VO™/3 mol/L
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e B iE R .
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M 1 Pal LIEH, i F DSD &, DABCO -
PFSA FE Y $7 /58 B2 AT 35 3 25. 1 MPa, & T B
) 10. 7 MPa, JJ2#FRIER B, PFSA i fR JE 141 5
DS5D HHF I HL A 1) 2 2803 A =2 8] 1Y 8 4 F B 52
IREER A A i S R R sk . BEERAY
PDABCO JFi /A 34 i, PDABCO-PFSA AR iy
AW RIS TR R B 3, X R B A R
A% PDABCO My MITELS Y, #HEE T Recast PFSA
(10.7 MPa) ,PDABCO-PFSA -2. 5% I {1 51 i 35
# 12. 75 MPa, JHH TR -5 %) PDABCO i fH & ¥
55 PFSA i BH S - AR AR R TR W 8 43 3¢
BX R 285540, {H /&5 DABCO-PFSA #H Fb, Hi v fi
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SRR PP REAIC, iX 22 T PDABCO 5 PFSA 2
] A 8 25 (A 28, T8O 3 B 25 4 P2 8
& 1 Recast PFSA . DABCO-PFSA #1 PDABCO-PFSA
5 PSR R 38 B R B K

B PR/ MPa Wi/ %
Recast PFSA 10. 68 0.70
DABCO-PFSA-2. 5% 25.14 0.43
DABCO-PFSA-5% 21.80 0.33
DABCO-PFSA-7. 5% 16.75 0.16
PDABCO-PFSA-2. 5% 12. 67 0.41
PDABCO-PFSA-5% 12.57 0.23
PDABCO-PFSA-7.5% 10. 18 0.17

2.4 BFXHBFEERTREM

B AR (IEC) 552 W IR RV B 1% %
B A A, 0 A R ST AR E M Y
£ Recast PFSA . PDABCO-PFSA 31 5 1
LA R WOKRFE RS INE 2 s, g2 h
ATLLFE Y BEE B A5 PDABCO it 2» B34 on
IEC WOKZEFE MR 2T G X &l T HEK
FHA—SO,H FE A i 2>, DL K PDABCO H 1 FH &5
5 PFSA H B B 2 18] i # e AR AR R B B
B> SCIR W) 25 25 4y, B fe 2R 5 W ik A B 5E, il
PFSA $iz 832 B0, 5 B K S0 T R, e A R
PR RN R A 1) RO AR 1k

% 2 Recast PFSA . PDABCO-PFSA 5l &)

BEFZHREE RKRMBMKE
BT, WokE, WIkR/

R
(mmol-g™!) % %
Recast PFSA 1.01 9.8 12.7
PDABCO-PFSA-2. 5% 0.97 7.7 10.4
PDABCO-PFSA-5% 0.91 6.3 6.9
PDABCO-PFSA-7. 5% 0.85 5.4 6.1

2.5 EREM

Ry ik — 2 W AR v S W b 1 AL S R e
M B BEA R E 1.5 mol/L VO*/3 mol/L H,S0, i
BRI 120 h, 45 53 T A S S MOLTE S
A ] 5L, PDABCO-PFSA-2. 5% PDABCO-
PFSA-5% IF 12 0 /i Je B 204063 B an &l 6 fir i,
MIEL 6 Ha] LI 2 S LA R T IR R AR
b, EHESSHE REATERICATAE , UEBH BT 1 48 i AT
RAFr =R et
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12 1)5 ;3—PDABCO-PFSA-5%732 i iif ;4—PDABCO-
PFSA-5%i2 )5
K6 PDABCO-PFSA-2.5% PDABCO-
PFSA-5% & 32 6 1l Ja B9 41 4h i
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[T A o N Ao e = R O R %
Recast PFSA FIILIE B T HL FH AN 3 Pron, MR
3HE LA AR A Y PDABCO J&, Him d BHA
AR AR BE A B A, tho gl 2 LA o 0 P B 15 3%
Recast PFSA (T HLBH A 0. 85 Q-em?, & PDABCO-
PFSA-2.5% 1 (0.49 Q-cem®) By 1.7 1%, ML T
DABCO-PFSA FRFIILIEMEE, PDABCO-PFSA R
HABMMm A, X2H TRE% PDABCO 1Y
W, 5 PFSA M5 I (%) 35 K 3L A 22 [81TE B8 19 AR
3 B A H LA R AR A T L RHL

& 3 Recast PFSA DABCO-PFSA #1 PDABCO-PFSA

51 B A A T FE BE
g i i L/ L 1 o L/
FE (Q.sz) FE (Qeem?)
Recast PFSA 0.850 || PDABCO-PFSA-2.5%  0.495

DABCO-PFSA-2.5% 0.506 || PDABCO-PFSA-5% 0.516
DABCO-PFSA-5% 0.625 || PDABCO-PFSA-7.5% 0.596
DABCO-PFSA-7.5% 1.097

Recast PFSA 1 DABCO-PFSA Z | JEATBIAEA
[ A B L B i B AR R s L an el 7 P, =g
BERWNER 4 PR, IWE 7.3 4 hAl LIE ), ABCO-

0.18f
~ 0.16

1
=~
% 0.12f
£ o0} //

i 0.08F = -4
& 0.06f / —
% 0.04f =

> 0.02f

00040 20

v

30 40 S0
B[] /h

1—Recast PFSA ;2—DABCO-PFSA-2. 5%
3—DABCO-PFSA-5% ;4—DABCO-PFSA-7. 5%

K7 Recast PFSA 1 DABCO-PFSA % 7| i
MEAETFEEETHAETRE

F445FE2H

#& 4 Recast PFSA 1 DABCO-PFSA Z 5l [E4F 114

HBEFEEE
T VO BiEZH/ (107 cm? -min™!)
Recast PFSA 10. 60
DABCO-PFSA-2. 5% 8.24
DABCO-PFSA-5% 9.43
DABCO-PFSA-7. 5% 5.19

PFSA-T7. 5% ML B 1815 F 1K, /& Recast PFSA
R 0.5 f% ., WEBAS] A IE L faf (1) DSD Z5 44 1] L
B e AL Y BRI B
#E— 2 HF9Y PDABCO -PFSA iR B & 1%
B AR 8 K 5 R, MK 8. % 5 il LIE
i, Bfi% PDABCO-PFSA Jfi i 43 K iy 384 hin , L 1
BiEFRRIN TREMES, 5 DABCO-PFSA iR
JEAH e, PDABCO-PFSA HiR i HA AR AL T
Bi%% . PDABCO-PFSA-7. 5% B AL ES 7158 %
(0.25x 107° em’/min ) F A, H W T B & ¥ &%
PDABCO 5 PFSA Z[RIREIE BB %5 % 0 41 1 32 3k
W 2 FIEE 4 W14 PDABCO HA T Z 14 03+
I, & B AL LA R4 B BEANPEBE, W /2 VRB
BT KR,
0.18
~ 0.16f 1
o 0.14F

= 0.12f
[=}
£ o010} 2

S 0.04f — 3
> 0.02} " 4

0 10

20 30 40 50
i) /h

1—Recast PFSA ;2—PDABCO-PFSA-2. 5%
3—PDABCO-PFSA-5% ;4—PDABCO-PFSA-7. 5%

Kl 8 Recast PFSA 2 PDABCO-PFSA % 7| &
HR A R BT 4B TR
£5 EMRNETFESE IBFEERMBFREY

VOXBiBR, Bk

xr - 5, 2
BTIES R
FE (10°% em®-  (10° S-min-
(mS-em™!)
min~") cm™)
PDABCO-PFSA-2. 5% 91 0.77 1. 19
PDABCO-PFSA-5% 87 0.38 2.32
PDABCO-PFSA-7.5% 76 0.25 3.02
Recast PFSA 53 1. 06 0.50

B PR LR A IR IR RE R B SR R
BT RGP T8 E RN, PDABCO -
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PFSA-7. 5% J6 i) B 1 #: 5 K, J& Recast PFSA
JEEEY 6 £
2.7 EmihiERE

R it — 25 P B i P R Rk B B F b
3R T 40 .80,120 160 mA/em?® A 7] B i %5
TRIFEARRCE CE FLERUF VE FIBERBUF EE, 45
RN 9 i, MIEI 9(a) P Al LI i, PDABCO-
PFSA fEf) CE #H#: T Recast PFSA AR KAIHE &,
HBEE L2 FE B8 &, &R CE 28 BT+
s EEE R TR A N, SO B ] 9
/> PDABCO-PFSA-7. 5% 8 fie 1) CE | 7F
HL % 160 mA/em® | CE ik %) 88.43%, X
15 PDABCO-PFSA-7. 5% i HA7 el 1) BHLAN P BE
F—3, LA R UL, FEH L E 80 mA/em® 1) T.4
T, PDABCO - PFSA - 7. 5% K fig 7t 80 % EE ik 5
67% , 5T Recast PFSA 1% 63% .

100
90+ ompfos 20 mALem? ot
& 8o0f SEOE S e
v | 4OmAlont o= - &
g 70
60 ~ii
o 566
50
40 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22
TEHRWBL
(a)CE
100
ool 343
< 40mAfemt 32
%E' 80 B0mAlem' = 4w
& 70 120 mA fom 1z
E 60 160 mA /em?
50
0 2 4 6 8 10 12 14 16 18 20 22
TEF B
(b)VE
80
& 701 . 80mA/em?
; 40:"5’“"" 131 120mAlem
11X 160 mA/em?
ﬁﬁo AL R E ; :
& 5ol
4

0024 6 8 10 12 14 16 18 20 22
TR BH
(c)EE
B—Recast PFSA; A—PDABCO-PFSA-5%
Y—PDABCO-PFSA-7.5%
B 9 Recast PFSA,PDABCO-PFSA-5%#n
PDABCO-PFSA-7. 5% & A -4 7 [l B 9%
BETHRE

3 %®

—
(g

TS A B B T DD /Ny T S0 EE S A
R IE AT Y PFSA LR R 1 PR RRAF 5T, iF— 25t 4k
HA5M 3414 T PDABCO-PFSA Ly i sCug4h
A BHES 5 B B 1 AH B B B 8 43 758
K IO 4% 448 1A T A 554 v S 1) g 2 P e A BEL AL R
PDABCO-PFSA-2. 5% i A 5] 12. 75 MPa, =
T Recast PFSA (10.7 MPa), PDABCO — PFSA -
7. 5%E LB T8 15 % (0.25%x 107 em®/min ) 5%
i, BFLI PDABCO-PFSA ~7. 5% [ (14 85 1 5 k f
K ,ikE] Recast PFSA JEEfY 6 £i5, PDABCO-PFSA-
7. 5% 3% B SR A Y PR AR AR R, AE %
160 mA/cm” T, CE 5% 88.43% ., # W] PDABCO-
PFSA-7.5% [ #4 BHPE BE 34 & T Recast PFSA, Xf
VRB 7S bR i i L BA —E s 2 8 X,

S 30k
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