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Table 1 Parameters of HKY-001 diffusion dialyzer.

Uik FER ki AR S ME B RS B R BRERARTAR A A AR
HKY-001 TWDDA3S 200 mmx400 mmx1.1 mm 200 mmx400 mm 40 5k 0.05 m? 2 m?
<2 TWED-2-10S B4 ANk £k i is i 48 240
Table 2 Parameters of TWED-2-10S mono valent selective electrodialyzer.
EEe) B 5 FH g2 = B R WE AR R E
TWED-2-10S TWEDAIR TWEDCIS-1 10 mmx20 mm 10 % 0.084 m? 4V
#3 TWED-2-10 BT S 4L
Table 3 Parameters of TWED-2-10 electrodialyzer.
A ) itRes FH T 5 JE RS X ISECE Y QIE AN S LN
TWED-2-10 TWEDAIR TWEDCIR 10 mmx20 mm 10 % 0.084 m? 4V

KHZH “yREHT+RENR” 4512
WFAL R RER, LZRBEmE 1 iR,

FRIE R WE e e i — Ry BB i R 9K K
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Figure 1 Process flow diagram and water balance diagram.
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Figure 2 (a) Acid recovery rate and AI** rejection rate at different flow rates;(b) Acid recovery ratio and nitric acid residue

ratio at different flow rates;(c) The change of the concentration of nitric acid and aluminum salt in the recovery solution at
different flow rates;(d) The change of the concentration of nitric acid and aluminum salt in the residual solution at different

flow rates.
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Figure 3 (a) The concentration of acid and alkali in the chamber changes with time;(b) The concentration of acid and alkali in
the chamber changes with time;(c) Acid recovery rate and A13* rejection rate change with time;(d) Acid-base mass ratio and

current efficiency change with time.
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Table 4 Secondary diffusion dialysis operation data.

HKEEENR R FRHNO,  FIGIR AIINO,), BRI HNO;, R AIINO,),  HNO;[EUEE AP S
(mL/min) W (g/L) W (g/L) WRE(g/L) R (g/L) (%) (%)
12 25.1 29 2.0 9.1 92.6 75.8
15 23.8 2.7 2.3 9.3 912 775
20 20.1 24 3.1 9.5 86.6 79.8
22 19.5 23 3.8 9.6 83.7 80.7
25 16.5 2.1 6.5 9.7 71.7 82.2
30 12.6 1.9 10.2 10.1 55.3 84.2

R HSHT R R, Ratb B THED,
KR RHA B B 1T A% S R AR R K
SEIOE I, & YRR KRR, AR TR
HEEARIR RN AR R RIORT 2 A0 B T 0 S
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e IR AR, KR 2 5 — Ay sk
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Table 5 Secondary electrodialysis operation data.

14T A . WHERR  RUER O BRSE KY4EE AIINO,); R ILE AINOS);
. HLIL(A) HUE(V) . . , .
(min) WRE(gL)  WE(g/L) (%) R (g/L) WE(g/L)
0 3.0 14.0 0.5 0.50 0 38.5 38.5
5 26 14.0 0.6 0.40 87 49.2 29.9
10 2.1 14.0 0.7 0.30 89 58.6 212
15 15 14.0 0.8 0.20 89 65.5 14.6
20 1.0 14.0 0.9 0.10 88 69.8 8.8
30 0.5 14.0 0.9 0.10 83 73.6 42
40 0.1 14.0 1.0 0.05 84 76.1 1.0

S NEFEAT 2 40 min B, R HTIM 3.0 A FF
FO.1A, RUEPHIRIKERFE]0.05g/L, HK
TR T RER 1.0 g/L, —ZRB MR 2
FHN970 ps/em, TR A N IRTIE ER AN R A5
HAEFEAR, IR 2 I8 BB B UK B AR
F, &S, AR g B ITIR g =525
1.0 g/L iR 76.1 g/L i FR R 1) — 2 BTk 4

W2, HmREs REE, THEEAZRR
GAFEIEIRES, (E R .

MRS R AT AN, BT R R AT
W, HIASCR — BEARFRE 80% LA, il
B 4R FLB AT I R IR 4 ROR BT, AT LUK Y R
R — ks, HLR)E i 38.5 o/L ik 4 2
76.1 g/L, WRFERAEL 15, 155 SR
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Table 6 Analysis of processing effects of each unit.

T T %EEZ) g;zﬁ S IT;EW mmgﬁ?%%
REIRRR R 31.50 49.7 — Ry BET
A — s
— 4 BT ;gg; ;ﬁ) ﬁj :;?;;% 96.7 85.7
W2 22.50 23 T
— AT igg 3.80 9.6 %?gig;& 723 507
SHESH s oo i mans

BERMERREZ R “Y EBN+83
Br” TG, 99.2% [ AE R #5% 51 F 1k ik
Ak B, AR AR 1 B A R IA B 83.6%
AR PSS, 2R R KRR Ak K AT (A F]
ER TBRESMA.

5 it

SR FH 8 7 2 i i Bl B3 R AR B A RS2 57 TR TR
W, &Ry BB BT B SR,

Al R 191 A0 2R 0K 99.2%, il R 0 8 B %18 83.6%.
ok e S Gl £(3psi ) i & 1= LD A2 S i M 1
HERRITZ, 19300 5 RS T AE v El = &
W, B 23.8 g/L AiF R I [mT W0 I 2811 1 9 g e
LB, Z&RKMEAAKEZEEE CTRER
i . AR T 4% G 28 R VR R R A B4 A 9
SRR, A R T2 0 e T R [ R P A
SR EETCTE Yo 3K MR 96 Al IR A 1 IR TR 1) %
R FHFIE “2%7 HERGR AL 7R %

S 30Hk

U PR, S ] P A AR H A A P B AR 8 (I TR (0], R4 5 ik 4, 2021, 40(17): 1348-1351.

Soc, 1991, 138(1): 48-54.

Wiersma B J, Hebert K R. Observations of the early stages of the pitting corrosion of aluminum [J]. J Electrochem



43 KA : R AR 2 A AL 3 A 98 o R TR v ) I FH A 5 337

3  Zhang X, Li C, Wang X. Recovery of hydrochloric acid from simulated chemosynthesis aluminum foils
wastewater: an integration of diffusion dialysis and conventional electrodialysis [J].Journal of Membrane Science,
2012(409/410): 257-263.

4  HaradaY, Yamazaki K, Nikawa M. Method for processing of waste hydrochloric acid: JP 2000282272 [P]. 2000.
Xu J, Fu D F, Lu S G. The recovery of sulphuric acid from the waste anodic aluminum oxidation solution by
diffusion dialysis [J]. Separation and Purification Technology, 2009, 69: 168-173.

6  Zhang X,Wang X L,Li C R. A preliminary study on electrically assisted diffusion dialysis [J]. Separation and
Purification Technology, 2014 (122): 331-340.

7  LuoJ, WuC M, Xu T W.Diffusion dialysis-concept, principle and applications [J].J Membr Sci, 2011, 366: 1-16.
ik I, ARSI B B R TE Tl PR /K B AR A b gt 7t i [J]. Ao T 22, 2021(6): 35-37.

9 N4, LIRS, &R . BIBHTIE L B e AR RIS R A ALY (7). A 5 R4, 2013,32(7): 50-52.

10 B8, DR, HRGWE . SOIBIE WK A HME B AR WL 22 BB AR ik e [J]. Tk K AL 52, 2017, 37(1): 22-26.

11 Biatas W, Stangierski J, Konieczny P. Protein and water recovery from poultry processing wastewater integrating
microfiltration, ultrafiltration and vacuum membrane distillation [J]. /nt J Environ Sci Tech, 2015, 12(6): 1875-1888.

12 ENE, LR, QIR 3 HES L RO R TR M R TR R IR B AN SRR [J]. oL AR AL T, 2019(19): 240-242.

13 5K i, EBRAR, B § OB ik SO T TR R ()], A S B K, 2017, 37(3): 85-88.

14 Zhuang J, Chen Q, Wang S. Zero discharge process for foil industry waste acid reclamation: coupling of diffusion
dialysis and electrodialysis with bipolar membranes [J]. J Membr Sci, 2013, 432: 90-96.

15 ZEREHE), AR, IG5 AR BN R ER K/ A A I [J]. TR A2, 2021, 41(9): 56-59.

16 JA, Wiz, B58 . 3 BUS TR G BR IR e IR Th 21K [T]. & F s 5 o8, 2023, 39(5): 409-418.

17  An W, Zhao J, Lu J G. Zero-liquid discharge technologies for desulfurization wastewater:a review [J].Journal of
Environmental Management, 2022, 321: 115953.

18 BRR, FRAER, AR . KRR Y BB I FEWE AT (). AT 54K, 2022, 42(1): 110-114.

19 Liao J, Chen Q, Pan N. Amphoteric blend ion-exchange membranes for separating monovalent and bivalent anions
in electrodialysis [J]. Separation and Purification Technology 2020, 242: 116793.

Technology and Application

Application of Ion Exchange Membrane Integrated Technology in the
Treatment of Waste Nitric Acid from Aluminum Foil Production

ZHANG Li'3, LOU Yu-feng?**, LAN Jing*, LIU Zhao-ming?3, FU Rong-qgiang®, ZHANG Zhi-lei*>, ZHANG Pan?
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Abstract Formed foil is the primary raw material for aluminum electrolytic capacitors. During the forming process
of aluminum foil, a large amount of etching wastewater containing nitric acid and AI** is generated. This wastewater
discharge results in , the release of nitrate into sewage disposal systems, leading to serious environmental pollution.
To address the challenges posed by low recovery rates and large volumes of etching wastewater, a project was
undertaken to achieve zero discharge and cyclic utilization of nitrates from aluminum foil etching wastewater,
employing a combination of multiple diffusion dialysis and electrodialysis. The project investigated the effects of
flow rate and reaction time on the recovered acid concentration, acid recovery ratio, and Al** rejection ratio. The
results revealed that in the process of diffusion dialysis, the recovered acid concentration and acid recovery ratio
decreased with an increase in flow rate, while the AI** concentration increased. Conversely, in the process of
electrodialysis, an increase in reaction time led to higher acid recovery ratios, reduced AI** rejection coefficients, and
improved average current efficiency. As a result of these processes, 99.2% of the HNO; was reused in the production
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of aluminum foil, while 83.6% of AI(NO;); was obtained as a by-product. Moreover, desalinated water from
electrodialysis was recycled as cleaning water and receiving water in the purification process. This innovative
approach not only offers a solution for achieving zero discharge of aluminum foil etching wastewater but also pave
the way for the widespread implementation of membrane-integrated processes in the treatment of such wastewater
on a large scale.
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