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Bipolar membrane’s mechanisms and its recent advances in wastewater treatment and resource recovery

WANG Sheng1 , WANG Li"*
(1. School of Environmental Science and Engineering, Tongji University, Shanghai 200092, China;
2. State Key Laboratory of Pollution Control and Resource Research, Tongji University, Shanghai 200092, China)

Abstract: Bipolar membranes are a unique type of ion exchange membrane composed of cation exchange layers and anion
exchange layers, capable of generating protons and hydroxide ions through a hydrolysis mechanism. Bipolar membranes have
a wide range of potential applications in various fields, including (bio) chemical industry, food processing, environmental
protection, and energy conversion and storage. Particularly, due to their unique structure, bipolar membranes exhibit
excellent performance in electrochemical applications such as fuel cells and water electrolysis for hydrogen production. Under
reverse bias conditions, bipolar membranes can effectively facilitate the dissociation of water molecules, thereby increasing
the efficiency of electrochemical reaction. Bipolar membranes also exhibit great potential in wastewater treatment and resource
recovery. Bipolar membrane electrodialysis technology can effectively convert the inorganic salts in high saline wastewater into
the corresponding acids and bases to achieve resource recovery and reuse. In addition, the technology can selectively recover
ammonia nitrogen. Compared with traditional processes, bipolar membranes show significant technological progress and

environmental friendliness. This article revisits the past research related to bipolar membranes, comprehensively elucidates
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their characteristics, theoretical models, and current applications. In addition, emerging applications and critical challenges

of bipolar membrane technologies are discussed to guide future development.
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Figure 1  Composition of a bipolar membrane and its two operation

o
modes '

N %4

F, VL 3 3ok BPM i i B T B R A s
BN fE 2F if BPM (19 2 )2, I 1k BPM AH X T HL A% 19 5
) X B 1 1B s BAT e R o TR OE [ e AR AR
(& 1b) , BA B R 85 43 5] B i % %2 CEL F AEL

Z IR A AL IF R Z AR A, e AR R 4 2 HY
FOH H 4 K H,0, B 6 h A7 o 78 = 1] i 5 2%
- CE 1c) , BPM 507 J2 it n /9 m 3 0l gk )
10° V/im, £ L35 5 CL AL AE T Ak 4 Fh & 2B
fifk 5 A 5 A BH B T B S T 3 2 B T B S 0 il
Hiik Z CEL M AEL o d5 3228 00 fff 25 2 AR R K i B8
(water dissociation, WD) i H HI OH™, 4= s i H* A1 OH™
i CEL M AEL 32 i 2 1 BPM J& , 78 5 /% A0 S5z 5 ]
A TR AR, DT 7E BPM | 7= A2 pH B ST

BPM fE 1% 47 5 Hb 45 ) R 48 15 ] 19 Jeg 358 Ak 2 20
Be 3l L it i A0 H R 3K 2 Ak 2 0 5 Y A R o s A
AT 552 30 A 27 300 i 5 F 3B B 22 Il Y A B A
BPM % 2 5 4k 2% I 0, 1 A XA 2 o 5 b 55 32
B, R 2 B R E A TEM™ . BPM J
N A 1956 4F g 4 Hh LUKk 3145 T ) 12 1 Rl 56
T, FERE W AR B8 5 DL i A 77 4y T
PR i, BPM ZE 5 K pH A G 1) 45 Fh i /2 vh
¥y B A7 L5 . BPM W] LG 3 gt 467 77 A= HY/OH 1T AR iR
Ik 25500 % 855 pH. LAk, BPM AT F T MR 4 i
H [T AT R AT U2 B A 5 e T R I A HE L S
AR

JLAE BPM i 8 Bk Bk 52 B OC i, SR ¢ T BPM
[ 48 ) 24 B 7 ARG 2% B ) 2 BIL Y B AR R
MR A o TEARZER T, LI BPM Ay 52 1) B 1 FH 4% 1F
LBV T BPM I & o AR v A LI Bk AR, RS T
BPM 7E # ) 2 (B8 A5 i A2 3 ) 2 T 110 A G B
W, LU BPM 1Y I A S I B i 45 o W], A SCOff
o> BEIE 5 BPM 9 52 B W AR 25 A, A 4 IR Bk AR
Sl B A A 7 i CO, 3R e BRI TR
T T . e L BT AR R BPM &
45 it P 1 R A RIASE T T I A ML
1 WREKBETERELBNLERE
1.1 BB RKES 5 & MK

JRUAE UM B 1 7K fofe 5 3k R 5 P A K B R 38 7 R
H/OH™, SR 1Mk 2 A>3 B ) IF AN AR TR o SRR B 11 7K A
B BT T 8, AS A 35 H A K i R 0 AR A i (H,,
0,0 o T8 R T i B A% AT U 7K ik 25 19 52 4
KD PR, H,0 EHE# 2 IE L T HOM O™, #Ei% L L



%3

T A U B 4 T AR T B R LT 92 K A 35 5 R Il A 4R 1) 7 P AT 5 0 59

9 0.828 V, i B 5 1) HAE B /E R 10 BI A% 3l ,
OH [ BH #7531, 7 BRI AR /BH A T B I 1 /0 2 1) 34 5%
P AR FEL A 2K R S X (2) B BEAE HLA M 2. 057 Vo
Fo B R s R = (3) i, BRI HLA M 0. 828 V, B
B PE B8 85 5 BH AR S B An =X (4) BT s, BEE HL A R
1.229 V,JE UM R 3 5%

2H,0 — 2H" + 20H" (1)

3H,0 —>%02 + H, + 2H" + 20H" (2)
2H,0 + 2¢ — H, + 20H" (3)
HZOH%02+2H*+2e’ (4)

1 LA b O A Rl DLAS Y U S K A B R
JK T TR A I A b R AR B, BRI A T L
L K B BEFE R 198. 5 kJ/mol , T RUH I 7K 17 25
(4 REAREAL R 79. 9 kJ/mol ™ o SR 1M 7 52 Br 1 I FH i
H KU B (14 7K A7 5 R R AR A e T RS AL R R TR
e B B4 17 P, 32 T U R A S B K i 5 L R A7
B T OWE S5 R R R DL &R R BT AN AF Y
gt
1.2 UMK AR B 9 AL 3 R AE

FAE BPM K fiff B M B T ok B B AR 2
o f B S S T Ak 2 vk 0 AR i
RZ RN AR 1B o
1.2.1 fR&k

PR 2 7 R UM JE H Ak 27 F 5% d5e 6 9 O vk =2
-, EE‘FIE—EEHEElﬂé)%(current—voltage curve, CVC) & T

1E 7 fi B S 1
KA 32 B
TR 5 J
= =
EOﬂﬁ?m%ﬁ E
m%@%%%ﬁ%%%ﬁ
FF B HLE/V

a— XUB B Py FhL 3 — HL I g 2

b— 52 i) i . B4 BUH
P — L T 2

il A BPM ZR 48 HE AV 22 d5c o A 0 7 i R TR
BPM /3>~ AEL .CL .CELZ"¢' M IE [6) s B %) 52 [5) fi
Bl AR, CVC % MR L ok B2 0T DLy Ry 4 A8 4
(B 2a)"7 . FEIE ) i & 400 T, i 7 500 2 0 8 1
I F 2 BPM B H BHACAR s I i s R L 5
TR R AR, X - BEAENE T
iy &2 L WM OH 45 & Bl H,0 LA B £ 3 7 76 AL 1 )2
SR R AT BPM B 25 25 B A H B
X — By B i 3 A R R LB Y 1% ;B SRR U B
LR T v R, e DR B i 5 BPM B T
Ah T HO T OH P= A A7 G 3 — B B ) L R B, RIAR
WU 1 7 1% B BB ) 5, 1T RE A R T L AE
BT R AR Y N A ;B A R Y Ak 1 K R Y B
TSz TR 12 3 S T A2 B K AL S ARG BRI BPM
JCE K WP A4 HOF OH, IR B S R o 42 BEURZ [m] fi
AT CVCRE S, AT LUK I 73 R 4 B8 (1 2b)
B X IAR R4S 21 BPM 45 7€ 19 28U IE . CVC ISR
LA B4 T BPM SR 40 9 W i BEL R, 5 PR
it 1, B 7R BPM R PN 25— #5217 1Y) H 3 %% 5
0 3k 3 B R R L O, PO BRAIG . 2R 24 XY K
R T HUR OH AR BT 4 iF (0 B 2 R 3T 5 46 3 4 X I
B AR ACE T BPM K i 25 0L F2 A9 HE BE L R, , B BPM
[ K i B R 1 . Ry 8/, BPM I K fi# 25 BE 1 R
SRS B AN XY B ) EL U 1, 26 R BPM K i B
(- B M 1, S A R i e T I S )
e S 53 T Ak 1) 7K 8 R N R RN TR K A B

U h L+ [
I +7

Asf (]

e— XM B (4 T e L Aoy 2%

d— U B A Al 2 B

Pl 2 RURRBE Y ALy R AE Oy ik

Figure 2 Electrochemical characterisation of bipolar membranes!?!
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Figure 3 Overview of thermodynamics, species transport, and kinetics of bipolar membranes
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