He TR0k 1 2 NG R) HL IS 1056 B 2
A g1 Y AUR RS X[
/{}% :}{5]&1,2,3, ﬁ%%],&él, g{/{ ,T 1,2,3, é 5&1,3,5’ é %J)‘L],Z,},*

(1. R T RF A FE TRER, =d 29 650500; 2. 64 AL TAT L E AT RAE R
BRAIEFRE TS, =& LW 650500; 3.8 EGES )BT RLEKZ LAFRE,
TG ¥ 5 337000; 4. FRALMAL A TRAE], EK 404100;
5.0V BB TR ARARASE, H # % 337000)

AR BRI AR T AW R (RERAN) B, BACF RAS T B TRACH A BAK, KR4
SR LT RERT REEH, Ak, BEAREFRIBBRAELS TR PG LR, K
SO F= Na #9582 5, IR 69 FIRACH R o 2 B KA ibek e rk Bt 85 4 1A B T 304 B AT
BOPE, VAR T IR MURR R B A Na it A4k, R R O B hede § Ce st 1 3 T 33 BEHEAT 2O,
HACTE 69 £ 45 My eSO 69 L BB E 4k ) o A 2 eb & #4050 K3 (FTIR) Anda g & F B4
(SEM) RAEZ R R, BUE)G W BT BB A & i v B 5385, LI HF £ A 4, BkE MK
FEMAAR R AR E, I, AR A MRS R AN, KL LRSS T RO FRNE, A TRIASFiT
ARR, IR T T, WA B BT RN Na' B8 R RWEIERI T 0.36%, % Skt
W& F RSO B ERERET 12.57%, #—F LB EHmAN, £BBELEH SOV, £BL
T, BOMERE LA R HL T 2FSOY Av Na 09 4 B s Ak 3R I, b 5 138 5] 99% ., 2it 6 KAFERM X,
BOMRBAES TRFEAISAE T @A D RIFOABTH, AT R T LEfF0E R, €lFHH%
Wl S AP T ik A B R T B F R BRI, BERI T SR A AR R
FP B EFBATREEN, FRERTA LS F AR E TR T T2HHE R L

e, B oA H S Tk KR IR R DR T A F
KER: BF M, A vk R@sk; TRAANA
FESES: X78 MEAFRIBAD: A

Process and Performance of Desulfurizing Thenardite Resource
Utilization Based on Electrodialysis with Modified

Ion Exchange Membranes
ZHAO Jie"*’, LIN Xiaofeng">*, ZHANG Wei">*, LIBo"*’, LIKai">""

(1. Faculty of Environmental Science and Engineering, Kunming University of Science and Technology,
Kunming 650500, China; 2. National-Regional Engineering Center for Recovery of Waste Gases from
Metallurgical and Chemical Industries, Kunming 650500, China; 3. Jiangxi Industrial Research
Institute of Waste Recycling Technology, Pingxiang 337000, China; 4. Chongqing Huafon Chemical
Co., Ltd., Chongging 404100, China; 5. Jiangxi Weilan Environmental Engineering

Y75 B #A: 2024-12-22 &8 B #5: 2025-02-26 3 HHA: 2025-03-03 DOI: 10.20078/j.eep.20250315

ESTEH: =0 4 AR T AL F A @ LK 8RB (202301AT070196) ; =& AAFE T EWA R IR F R —A " 2FEASF R
(202201BE070001-033); i & 4 & &K A5 &£ 4 F 4 £ 7817 B (20242BAB21020); iT % H 35 #0146 4 L it %)- L 2 F A F K i
Rl sk AR B (20243BCES1094)

F—1EH: A H(1990—), B, =LA, B0, TZHRT QAL BRARESA MG EEHN AR AR,
E-mail: zhaojie@kust.edu.cn

SEIMEE: F H(1986—), §, REA, #IK, T RHRTH @A RN ARAE SR T %424 P ey 5 AH R . B-mail: likaikmust@163.com

1


https://doi.org/10.20078/j.eep.20250315
mailto:zhaojie@kust.edu.cn
mailto:likaikmust@163.com

Technology Co., Ltd., Pingxiang 337000, China)

Abstract: A by-product thenardite (sodium sulfate), generated during wet flue gas desulfurization,
poses significant environmental and land-use challenges due to its stable chemical properties and low
resource recovery efficiency. This study addresses this issue by developing a novel approach that
leverages modified ion exchange membranes in the electrodialysis process to optimize the separation
efficiency of sulfate and sodium ions, facilitating the resource utilization of thenardite. Cation exchange
membranes were enhanced through modification with pyrrole and tetraethyl orthosilicate to improve
their mechanical strength and sodium ion migration performance. Anion exchange membranes were
treated with polyethyleneimine and dopamine to optimize their surface structure and increase selective
permeability for sulfate ions. Characterization techniques, including Fourier transform infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM), revealed that the modified membranes
exhibited a significantly enhanced surface negative charge, a more uniform pore distribution, and
improved structural compactness. Contact angle measurements indicated that these modifications
increased membrane hydrophilicity, thereby increasing ion migration efficiency. Experimental results
demonstrated that sodium ion permeability increased by 0.36% for pyrrole-modified cation exchange
membranes compared to unmodified membranes, while dopamine-modified anion exchange membranes
achieved a 12.57% improvement in sulfate ion permeability. Further electrodialysis experiments
showed that, under an applied voltage of 50 V at room temperature, the combination of modified
membranes enabled efficient separation of sulfate and sodium ions, achieving a purity of 99%. Notably,
after six testing cycles, the modified membranes exhibited excellent stability in ion selectivity and
migration efficiency, meeting the requirements for long-term industrial operation. This study
innovatively integrates multiple modification strategies to optimize ion exchange membranes,
significantly enhancing the separation efficiency and operational stability of the electrodialysis process
for thenardite resource utilization. The findings provide crucial technical support for the green resource
recovery of thenardite by-product and offer a reference for the treatment of complex industrial
wastewater.
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Fig. 10 Effects of different modification times and

temperatures of anion exchange membranes on

sulfate ion permeability
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Table 3 Performance comparison between modified membranes and common commercial membranes
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