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Abstract According to the characteristics of high COD, and high salt in reverse osmosis concentrated brine, the advanced treatment
and emission resource recovery scheme was proposed as follows: chemical softening — advanced oxidation — ultrafiltration — resin
softening — high pressure reverse osmosis — salt separation by nanofiltration — electrodialysis concentration — acid-base regeneration by
bipolar membrane electrodialysis. The optimum operating parameters of chemical softening, advanced oxidation, resin softening,
electrodialysis and bipolar membrane electrodialysis were investigated. Results showed that the optimum dosage of chemical softening
was 1.2 times of the theoretical value, which reduced the content of Ca®™ and Mg™ to 3.29 mg/L and 2.04 mg/L, respectively,
reaching the requirements of resin softening hardness. Advanced oxidation compared the effects of O, catalytic oxidation, Fenton
oxidation and 0,/H,0, composite oxidation. Among them, the effect of O,/H,0, composite oxidation was the best. The reaction time
was 1.0 h, the COD, removal rate was 66.41% , and the effluent COD, mass concentration was less than 100 mg/L, which met the
requirements of resin softening and subsequent membrane system water inlet. The existence of SO}~ would reduce the removal efficiency
of resin softening hardness, and the resin softening effect began to decline when the salt content exceeded 20 g/L. Because the system
resin softening inlet water was less than 20 g/L, in order to prevent the scaling of nanofiltration membrane, the nanofiltration salt was
set after the resin softening. In order to prevent excessive energy consumption, the concentrated water of electrodialysis only need to
reach 150 g/L.. At this concentration, the acid and base production of bipolar membrane electrodialysis could reach 73.2 g/L and 78. 5

g/L when reacted for 180 min. Secondly, when the current density was 50 mA/cm®, reaction time was 120 min, the energy
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consumption of acid and base was 3.1 kW-h/kg and 2. 7 kW -h/kg, respectively.

Keywords concentrated brine advanced oxidation bipolar membrane electrodialysis — acid-base regeneration zero discharge

i b 6 4 AL T T KA A ALY
MM B w5 R B EOK P &H —
FE TG ) oK BLAEHECZ X B SR AR AR 8 A
FEE R fEE

Wit 1 7K 2R T B 1 St B HEA T, HE A
ARGk TS 2 095G, HFE I ZHE
RA ZGRINGE DIZE L R B TR 5, H
th ZRINZE BUZE &5 R HITAZE IR s v 2 R K
AT W& TCHLER (BT 15 LR 4 B A v, AR
MEVE IR LA, 388 B SR SR 2 5 s AT A B
HSURK, AR L Y8 BT A 1) FH U B A e 7K 4 40
fifit >l H' 1 OH™ 5 kK P A BA PR 745 5 A2 A
AERY AR T , S5 PR B [P T , $& 51 1 7= S BINMEL . A%
TR M S35 155 MR K B T AL B TR B Ak BRI 7 el ] £
3 A J7 TS MR EL K TS YL i LB OB S HEL 2
Hrge At Il SRR Bk S H A4 3 5 BB FE , R0 BUR 5 v
BTAL B E R EK AT T IR T2 5%

1 MB5FE
1.1 K%t

TR R H 8 375 e R KA A K IR A TR B Ak 38
KGR RN, B SRR, ToILER AL A5 B
LTS B R0 AR R S B0k Eh AT e ik
FEFHE . I AR i A B T2 P B TR EE
LB e s KRR BB £ 3 Ty, WAL BT AL A AL
AL 2N Bt IR RS R A AL pH PR AR o,
A 2E 8R4k Bt 1 P8 5 Ca(OH), 1 Na,CO, #
i, HEEHX K Ca® \Mg™ S8 JL SRR 1952
M) 5 25 2 AL Ak B TCaE 1o %o LU AS [R) ) e g SR A s 1
VI 2 75 2 A ALER COD, MIFE AR, T4 BE ib J o
JCHLE IR IRl ARIE R RGBS kR K
A TURBE B AL S oy R W 4 Ab B, 0 PR 32 22 55 X
JE T R R K AR AL R, 4 301 R FH 40 06 7= /K I
UEFEIKANE I BE AR B E 7K, %5 SR TEHLER Fh S

RHACBOR 52 | 25 58 T & R 5 SR AR 4 Ak 1y
S MG T2 S 5000 e A BR 2, TR AR 1 1R Bk il
IO LB T SRR RS FRL B BT, W AL S
e ER K I — 20V 47 | L e WU B v 32 A I i )
R IF A R R R X B
SSRGS G R T & Wit ) A E LA

— 128 —

1.2 K w
IR XM RN 1 FiR, RBE WK (R
7K) ARG B AN 2 Fw
F 1 R LAk

Tab.1 Experimental Equipments and Materials
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Tab.2 Raw Water Quality of Experiment

s LCEE s HfH
Ca*/(mg-L™") 65. 35 S0Y/(mg-L™") 884. 13
Mg**/(mg-L7") 25.78 pH 7.96
Na*/(mg-L™") 1244 HSR/ (ps-em™) 19 580
ClI°/(mg-L™")  2046.42 | COD/(mg-L7") 195

1.3 SAE

Cl™.SO% R FH & 1 {0 3% 4 1CS - 5000 + £ 7 ;
Ca®™ \Mg™ R FiTHL B 7 45 T PO AL iCAP 6300
ARG 5 RSB FE P Y2 17 77 R e SR FH R BB 5 14 7
P SRR pH 43 B SR FH HL S AN (5230
SevenCompact conductivity , Mettler Toledo ) F1 pH i
(S220 SevenCompact pH/ion, Mettler Toledo ) #£47
i BERAR M (D) T R IKAY REAE (EC) Hi X
(2) T PR AR (ACE ) X (3) THF A

B,

S,
R= 1—S)x100% (1)

2

Hor: R— LB,

S, ——¥ WP D6 T G W R R
mg/L;
S,—— IR WAL )5 15 g W) o W R

mg/L,



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42, No. 3,2023
March 25th, 2023

| 0 Ulde

E.. =
e eoM(C,V, - C V)

/E\:EP:EEC AEFE, kW -h/kg;
U—— W2 B B s, V
[— KRR A
t—H 8], min;
M—TR/ T A EE /R BT i, ¢/ mol
Co—HITR T R/ BB IR e B, mol/ 1.
C,——t I 21 7 PR/ B JR VR FEE  mol/ L
V,—— VIR R/ IR AR, L

V1 2R R AR L,
ZF1 CVy - CV, |
M = x 100%  (3)

60NIA:
;H\:I:F‘ :nr_xcg_iiz‘iéj %%ﬁ&i%;

F——EH0E R 5, B 96 485 C/mol;
N——REXT 5L

At——H}[A] 22 min,

2 #RE5IT
2.1 T4bIE
2.1.1 fh2Eirdk

2z 3 R F 1) 2 K A& m Ca (OH),
Na,CO, , FEARIE K H Ca®™ Mg™ 25 R0 | i H i i 4
R B2 K BR824 1 o8 B (E 1Y
0.8.1.0,1.2. 1.3, 1.5 1.7 {5 X} Ca® Mg™ ZBx
RORMZ N, 2y AR g (4) 2 (5) 1R

4 12-13]
Rl

Ca(OH),+MgCl,— Mg(OH),+CaCl,  (4)
Na,CO,+CaCl,— CaCO,+2NaCl (5)

TRAL 24 345 i ok IR AR 2 8 B4 52 Wi 25 S 2
B 1 FR, BEEINZG R, oK Ca® Mg e Ji
PR B, 2N 245 2 A SR 1. 2 A5 B4 A,
Ca™ Mg™ W LB 18 TR,

X—HG e T PR Z Ca™ Mg™ Wk
FEREIR W BRI (LA A s R bt 2 N, 7
1.2 f5 N2 i i, Ca™  Mg™ U7 & V¢ B 43 591 Ry 3.29
2. 04 mg/L, [FHF Ca® Mg LBRFBMIF IR,
Ak hn 2500 X T s R F 0 I ek,
SSEFIWRE LR, B A 2 g R,

10 7 100%

Mg*/(mg-L")

-
80% g
#

470%

Ca>,

1 1 1 1 1 60%
0.8 1.0 1.2 1.4 1.6 1.8

ISR CER A 0 50
1 INZ AR AR A5 T
Fig. 1 Influence of Chemical Dosages on Softening Effect
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Fig.2 Influence of Reaction Time on Removal Rate of

Organic Matters by Advanced Oxidation
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Tab.4 Treated Water Quality of Each Treatment Unit
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Fig.5 Influence of Current Density on Electrodialysis Voltage
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