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Fig. 1 Illustration of three-compartment bipolar membrane electrodialysis
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Fig. 2 Bipolar membrane electrodialysis device and process flowchart. 1. Membrane stack, 2. Tank for electrode compartment, 3.

Tank for base compartment, 4. Tank for salt compartment, 5. Tank for acid compartment, 6. Circulating pumps, 7. Valves,

8. Flow meters, 9. Conductivity meters, 10. pH meters, 11. DC power supply.
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Tab. 1 Treatment results with the volume of 2 liters

Compartments Before After

Cra 2.71 mol-L'(158.42 g-L") 0.43 mol-L"(25.36 g-L")
Salt Volume/L 2.0 1.2

Desalination rate/% — 90.4

Cyc/(mol- L") 0.10 1.85
Acid Volume/L 2.0 2.1

Current efficiency/% — 28.9

Craor/(mol - L) 0.10 1.60
Base Volume/L 2.0 2.4

Current efficiency/% — 29.1
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Fig. 3 Changes of concentration (A), and current efficiency and energy consumption (B) with time when treated 2 liters of wastewater
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Tab. 2 Treatment results with the volume of 3 liters

Compartment Before After
Craar 2.71 mol-L'(158.42 g-L") 0.03 mol-L"(1.90 g-L")
Salt Volume/L 3.0 1.6
Desalination rate/% — 99.4
Cy/(mol - L") 0.10 1.93
Acid Volume/L 3.0 3.1
Current efficiency/% — 30.7
Cror/(mol - L) 0.10 1.70
Base Volume/L 3.0 4.0
Current efficiency/% — 36.0
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Fig. 4 Changes of concentration (A), and current efficiency and energy consumption (B) with time when treated 3 liters of wastewater
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Fig. 5 Change of acid and base product concentration(A), current efficiency and energy consumption (B), and salt concentration

(C) with time when refill the salt compartment with wastewater.
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Fig. 6 Changes of product concentration (A), and current efficiency and energy consumption (B) with time when refilled the salt

compartment with NaCl
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TR 7 k. 3SR R ORI s R 2 e ) T TR U ¢ G
FEALE— 1> Ve B R vl B G 2 AR A1, P LA R
FERL/IN, 5 IR R 3 803 2 v A IR O
24 WEHR CIUKEEBESR NaZiRaH

DA Sy 85 - 58 0 s 14 A BRARL R B 0B 0 1, XU
B B AT TP R A o B B S e BB e HY A4,
WAFTERE T B ClE TR = b 3 Nat i34
(R i | AS AR 9 38 1k 5% P L 750 0% e o, At R A A 400, BF
FEA B F 32 B2 T, CL ) B & o2 i A
Na' [0 iR & B I .

1)CI [n] 5% % 1 2 e

CI 115 25 1198 U 1 190 2% Fh PH 5 7 38 48 B 11 1
AR MR 11 PR O % AS [] 174 BH 8 - 52 4 i, UA%% CI
(1935 W 18 B0, 300 mL A k% 7K i BH A% & ,300 mL
) &S AL AN IR W (0.10 mol - L) g BA AR e, FHH
B, IS S A5 4, 4 11 FL U 2 B Ol 260 A -m?,
VA R 2 e () ) BH B 7 38 46 A RE 43 1) 2E B TR-
JCM \N2030 F1 JCM-I1, HLfi# 6 h, FI HL il 0 32 0
AR E  CI A& 6 25 R 3k 3 R,

HLf# 6 h J5 , TRICM B4 14 T i 4 = Cl ik
B A %) 343 mg-L',N2030 54 F /) Cl e EALH
49 mg L', Cl ()i &t 433 4 2.90 mmol 1 0.41
mmol. T JCM-II 454 F /9 CI ¥k & 2L F 52 50
H R I A T R PR JE R AR AT ELAR B
B PH B 7 22 e B X C W B IR A & JCM-IT >
N2030>TRICM I 7.

2)Na' [ 2 % 1% T

Na* [7] B2 % 1995 I 17 00 2 i 9] 85+ 28 46 st 11
PERESZ W1, Bk B T OSR]I B S sS4 LA
WLEE Na* i3 I i 0. 300 mL 75 0% /K 4k B e
ST o R R rh CL 7E B AR B 3 % 2 S Ak R i
FeAE 2 SR A 300 mL 1 B R VA R (0.05 mol - L)
Sk BA AR W, BH AR R BRBR , BRI AR R AN 5 B, 42 il FRL 3
BN 260 A-m?, PR v R] B R 52 4 A R
I35 e TRIAM 1 JAM-IT, Hi /% 6 h, FHES 1 (0 3%

3 AT BB T BT I by CF & &
(PAA7 mg-L)
Tab. 3 CI concentration in cathode compartment with

different cationic membranes (unit: mg-L™")

Time/h TRICM N2030 JCM-II
0.0 NA NA NA
0.5 NA NA NA
1.0 NA NA NA
1.5 NA NA NA
2.0 NA NA NA
2.5 49 NA NA
3.0 98 NA NA
3.5 98 NA NA
4.0 98 NA NA
4.5 98 NA NA
5.0 196 NA NA
5.5 294 NA NA
6.0 343 49 NA

1 NA FoR P b CE % AR T A R .49 mg- L.

R4 R BB 1 A3 IR T FHAR % iy Na™ & i
(¥ ;mg-L")
Tab. 4 Na' concentration in anode compartment with

different anionic membranes (unit: mg- L")

Time/h TRIAM JAM-1I
0.0 132.69 1.64
0.5 131.78 1.84
1.0 135.95 1.77
1.5 127.09 1.90
2.0 123.29 1.86
2.5 119.98 1.93
3.0 117.36 2.04
3.5 114.13 2.08
4.0 112.01 2.15
4.5 105.44 2.17
5.0 104.73 2.06
5.5 105.89 2.02
6.0 112.45 2.07

P A 2 Na™ B9 & 1, 45 R a3k 4 iR,
S FE b f ) TRIAM 4648 T 1935 5 )
FH % 2 i ) Na* #1100 mg- L', i 78 £
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JAM-II 2504 F BHA 2 /) Na* #9328 1B (U 2 mg- L
A A7 Na™ (i 8 & 4 51 24 1.47 mmol 1 0.03
mmol. 7 T JH 5 Na® )\ H 75 3% 361 kL 5 i ik
A5 2SO RS FE HORY POl R A A
U 4K % B EE 2.0 h F1 16.0 h J5 , B3R T
HH HORE 35S AR e 09 Nat % 5255 i Na
BRI 5 52 AR /N (2 5). Rt Na® 35 2 TRIAM Ji
5 U 2 PH A 2 9 R B O G KT JAM-TL R R B, 156
B JAM-II BB Na* 2R % T TRIAM.

F 5 OMAKES 9

Tab. 5 Blank experiment with ultrapure water

Time/h 2.0 16.0

Na” content/(mg- L") NA 1.51

2.5 BFXHEMER R

H T JAM-II %} Na* (% B & 2% 2R = T TRIAM
(Na* B9 iE %% &2 43 %]~ 1.47 mmol 1 0.03 mmol),
7 BH 5 7 22 # J5 N2030 F1 JCM-TT BHFE Cl 2 1 fE
FIHIE (CI AT & 4391 4 0.41 mmol A1 NA). A it
¥ N2030 F1 JCM-IT BH &5+ 52 46 JIEE 7 01l 5 BRI 5
(BPM-1) Fll JAM-II [ 85 3¢ 4 B 41 45, iz H 31 3L
W B b g b, SR AN B K ok i 77 S E
FHLEAPERE. S804 105 2.2 h SEE0 451 AH
[, B tE L s o A 2 L R K, B 5
400 A-m?,7E 25 °C Ni#FATH BN, & 0.5 h [ =
ORI AR I K 4 4 AR AR FRIR A 2 L.

2‘5 A ‘—-.—-.
201 i
_— ] ‘S B )-r/ " _ﬁ;):?':%:r"-\.‘--.-"-—-- —
> Vi
'E 1.0F g”/ . C,,(CM)
g 0‘5 d —— C‘Nar)H (JCM)
—o Cyy; (N2030)
0.0 —_— CN:::)H (NZO]O}
-05 = : 3 - 1 I 1 1
-1 01 2 3 4 5 6 7 8
Time/h

M7 (A) AT LA Y 43 500 7 BH S - 32 4 JiE
N2030 Fl JCM-IT #:AE 2500, HR = $h R vk & A
il = A A BV B AR A R AR AL, LR 7(B)
) FEL ISR 1 AR AL AL 2. (H R I 7(B) L FE AR
AT, AE A [ B R] 5 B BH 25 7 38 3 B N2030 11
FLFERA 2 5 T JCM-IL X2 A 7E 25 °C, BHES 158
e N2030 [ JCM-IT A 53 e 14 B r B Jr A 5 350
S R BH G, R B 3 K. JCM-IT A N2030 5% 4
N L FE 2 ) 3.58 kW -h-kg'! Fil 418 kW -h-kg™.
254 2% % i JAM-I/BPM-I/JCM-11 41 4 B}
ROR B b AR RN, 16 3.5 h 5 iy T B B T
&4 5 N2030 7 FiL I %% B2 1H 2 Oy 400 A-m? &1
TR R R R KRR, e
ANBEHEAT P ARAE , 0 T O L, 3.5 h J5 A
PO AR AR TR
2.6 EiTHaMH

T BB 5 i R 0 R K B R A BR
TR Z AN, A2 A3 AR M A PR R TR
il 10 5 T2 KT B L KRR B R 9B AT e i
B A e IR T A B A R U R B A
P8, I B 138 B P RE A4 3R, LR R T %K
143 B BUR.

ANTF A, B 22 a2 X S o R AR —
E B GV G R R o R R Y
K, 5 B MR R Y K. L, BT R Y
REAF IR B TR BLZE LDtk b i R B A i T
Y h L.

L3 Z RS, U I FEL VB BT S 50 S R M v
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e
4 10.6
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104 =
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Fig. 7 Changes of product concentration (A), and current efficiency and energy consumption (B) with time for different cation ex-

change membranes.



% 6 3 BB A UMK R B T 1 A TN R R K <717 -

[ 8 JCM-II(A)Fl JAM-I1(B) i 15 4L 1 il
Fig. 8§ Membrane fouling of JCM-II(A) and JAM-1I(B)

JCM-II [ JAM-IT 22 1H 15 Ge A% B2/ (] 8). X J&
F T 2 K v B A R Yk R R S A L Lk
KA W ER W A, R IIER TS
2 FI R (JAM-ID) & i, e H R T s 4R, REm 6
EMFEAE JAM-IL b i JAM-IT 5 80 48 (4. [R1
JAM-IL (1 R B IR T Lo sy, X2 T
AN EAE K+ FEEWERT , HERE
RN O R (TIPS ES R O <8115 e e Rl WA RV 1K
TS WL v 5 o v TR kb s S 0 T R

HAR JAM-IL R A GRS, (HREd 2
WELHG R, SCE s Ryl B8 M JAM-T L
) €6, 38 B 25 0 P B 1) e # 5 m R RL BR X T
TR K B A BRS04 B T A S JAM-TY
BPM-VICM-II J& 1l 47 1.
3 & ®

A5 R FH RURR 5 FL 328 T 3 o 36 £ M 8 46
BHE KT AL B FEAN G AFT GG LT, A 3
R T I b E e, IR R A AR B E A I E Y
PR AR, 24— R PEAL B 3 L R KI, RIE T 21
S FREFIR] AT LR R A S A B R BN 158.42
g L FEARE] 1.90 g- L', i3 285K 5] 99.4%, [F] i %k
TR e B BE A 2] 1.93 mol - L, S48 AL B B0 vk JE fig 15
£ 1.70 mol- L Ze A7, A5 iR 2 A 0 48U Fb 0 7 P U
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30 308 2o 1) 5 R R I K AR R A A [ A
Ty 2, Yo ay 41 ] 26 == v A SRR B B RN B AR
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JEHE AU . BHRE CI BTN K E, HE 7
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Bipolar-Membrane Electrodialysis Method to
Treat Industrial High Saline Perfume Wastewater

ZHANG Jian, NIU Dong-fang, HU Shuo-zhen, ZHANG Xin-sheng’
(State Key Laboratory of Chemical Engineering,East China University of Science and Technology,
Shanghai 200237 , China)

Abstract: Large amount of organic saline wastewater is generated from various chemical industries. The contents of organic
saline wastewater are more and more complicated as they are created from different types of industries. Directly discharging the or-
ganic saline wastewater without pre-treatment can generate severe environmental problem and waste useful resources. It is necessary
to use an economical method to treat the organic saline wastewater and recover the salt into useful materials to achieve resource
reuse. Bipolar-membrane electrodialysis (BMED) is one of the methods that can remove salt from the wastewater and convert it into
certain acid and base with higher value than salt. After BMED process, the organicsleft in the treated wastewater can be further re-
moved by normal methods. This research focuses on treating an industrial saline perfume wastewater, which contains high contents
of NaCl and organic compounds, with BMED method. The purpose is to reduce the NaCl concentration and convert it into high val-
ued acid and base with high concentrations. When 3 liters of wastewater were treated, the processing time is guaranteed. The con-
centrations of recovered acid and base were 1.93 mol-L" and 1.70 mol-L", respectively. The desalination rate reached 99.4%, and
current efficient and electricity consumption were 30.7% and 2.58 kW -h-kg™, respectively. By adding waste water raw material and
NaCl solid in the salt compartment, the reduction of NaCl concentration in salt compartment could be inhibited, and the concentra-
tion of NaOH was increased significantly, and the degree of the latter became more obvious. For cathodic exchange membranes,
their ability to prevent Cl- penetration decreased as following order: JCM-II>N2030>TRJCM. For anodic exchange membranes,
JAM-II had better Na* penetration preventing ability than TRJAM. JCM-II had lower membrane resistance, so that it consumed less
electrical energy than N2030. Overall, a combination of JAM-II/BPM-I/JAM-II membranes showed the best performance and least

electricity consumption.

Key words: bipolar-membrane electrodialysis; high saline content perfume wastewater; desalination rate; salt concentration
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