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Fig. 3 Scanning electron micrographs of surface morphology of PVA-DABCO-COOH series AEMs M1~M4
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Fig. 4 Field emission scanning electron microscopy images of cross-sectional morphology of

PVA-DABCO-COOH series AEMs M1~M4
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Fig. 5 Thermal degradation curves of
PVA-DABCO-COOH series AEMs M1~M4
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Fig. 6 Water uptake (Wg), linear expansion ratio (LER) (a) and ion exchange capacity (IEC) (b)
of PVA-DABCO-COOH series AEMs M1~M4
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Fig. 7 Dialytic performance of PVA-DABCO-COOH series AEMs M1~M4 for

acid recovery: dialysis coefficients of H" and Fe?' (a); separation factor (b)
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Table 2 Diffusion dialysis performance Up+ and S compared with other reported membranes

JEEE AL Uyt /(X10 *m+h ") S 25 R
ImPECH/PVA 8.56 27.33 [7]
QDAB/PVA 18.6~29.5 24, T~44.1 (8]
PPO-X35Y20 21 34.52 [9]
BPPO/TEOA 33 35. 6 [10]
(QPECH)/PVA 11.1~30. 1 24. 79~42. 24 [11]
PVA/EVOH/PyPECH 11~35.5 35~50 [12]
DF-120 9 18 [21]

PVA-DABCO-COOH 21.1 44.5 AT AE

3 %

Shy SR Tl v R R TR ) A AR 5
il 28 TR ILIBMA 0 = M — e B £k A DABCO
-COOH., 315 PVA R il & 1 HLA7 W2 [ R i
PVA-DABCO-COOH F I 185 F 3¢ i, o it
PEfE UE 47 4 VA, B LER 4 F 22, 20% ~

* >N

35.07%., TS 4+ T 57. 6 ~ 45. 2 MPa, E, /¢ T
144. 2% ~185. 3% . Wr 4+ T 61. 59% ~167. 21%
IEC 4+F 0. 87~1. 57 mmol/g. 7 DD ik, i
FIE U {HA T 10. 510 ° ~33. 3X10° m/h,
SAHAN T 23. 2~44. 5, Hr il M2 2R &Pk Re R AE .
SR DE-120 AH L, ) 48 04 58 A B 5 A2 46 I A
PERE BA T WA T AR IR [m] e 4o Je 3 R



94 WOR

55 46 %

(RS I TT 6

A 5E il 25 19 PVA - DABCO - COOH % %]
AEM FER UL R U 2 K r 26 B HE A S 1) 1 [ g
RE » L1 A B 2 HAE S Bn Tk K i g v . J5 42
WFFE AT A LAR J7 R AT R - Xk 2R F A [] 45 44 4 5%
BRI AN R 2 B LA B 1 7 2 I B R R A T
WA BT IZ IR T s i - B i e T2
HHE) S B TPERE » LASR R AR 52 2 S BR T00 v B3 1
.

S 30k

[1] Zhao X, Zhang L, Liu B, ez al. Recycling of stainless
steel pickling wastewater and polyethylene terephthalate

of metal-organic

framework[ ] ]. Prog Nat Sci: Mater Int, 2023, 33(4) .

478-485.

IR, BRI, RAEAE S5 DLBRRVE IR W R} il &

FeCl, T[] HAERIE ST, 2024,17(1)

44-47,

Nodeh Z P, Beni A A. Development of evaporation

plastic: A total-waste synthesis

[2]

technique for concentrating lead acid wastewater from

the battery recycling plant, by nanocomposite ceramic

substrates and solar/wind energy [ J]. ] Environ

Manage, 2023, 328: 116980.

FERTRE, XNLLH, EJE K 5. B 728t g 2 A4

ARG R R b k) Tl B LT ). B Rdm S

FIF, 2021, 41(3); 60-65.

Lin J, Huang J, Wang J, et al. High-performance
porous anion exchange membranes for efficient acid
recovery from acidic wastewater by diffusion dialysis
[J]. J Membr Sci, 2021, 624; 119116,

[6]Lin J, Dan X, Wang J, et al.

porous

In-situ cross-linked
with  high
performance for efficient acid recovery[]J]. J Membr
Sci, 2023, 673 121499.

Gong Y, Chen W, Shen H, ez

interpenetrating  polymer-network

anion exchange membranes

[7] al. Semi-

anion  exchange
membrane based on quaternized polyepichlorohydrin and
polyvinyl alcohol for acid recovery by diffusion dialysis
[J]. Ind Eng Chem Res, 2023, 62(13); 5624-5634.

Ashraf M A, Islam A, Muhammad A B.

Quaternized diaminobutane/poly (vinyl alcohol) cross-

(8]

et al.

linked membranes for acid recovery via diffusion dialysis
[J]. Membranes, 2021, 11(10). 786.
[9] Wang L, Zhang F, Liao J, etal. Mixed-charge poly(2,

6-dimethyl-phenylene oxide) anion exchange membrane
for diffusion dialysis in acid recovery[ J]. ] Membr Sci,
2018, 549. 543-549.
[10] Cheng C, Shen H, Gong Y,
functional group diffusion dialysis membranes for acid
recovery[ J]. J Polym Sci, 2022, 60(21): 3043-3053.
Chen W, Shen H, Gong Y, et al. Anion exchange

membranes with efficient acid recovery obtained by

et al. Auxiliary

[11]

quaternized poly epichlorohydrin and polyvinyl alcohol
during diffusion dialysis[J]. ] Membr Sci, 2023, 674
121514.

Gong Y, Shen H, Zhao H,
dimensional stability anion exchange membrane based
on PVA/EVOH/PyPECH for recovery by
diffusion dialysis[ J]. ] Environ Chem Eng, 2024, 12
(2). 112315.

Pawar C M, Sreenath S, Dave V., et al. Chemically
stable and high
membrane[ J]. Polymer, 2022, 251 124915.

DA R OIRIEZRAL = 206 B B sS4 I ) 1
& MR MW 9T D], 3R « g K%, 2024,

Bk, & 58 BRESC, A SR B I 65 45 4 1)
BT SRR Y h £ Be e v e AR LT ). B s
SR, 2022, 38(3): 193-204.

Khan M I, Shanableh A, Manzoor S, et al. Design of

tropinium-functionalized anion exchange membranes

Excellent

[12]

et al.

acid

[13]

acid recovery anion exchange

[14]

[15]

[16]

for acid recovery via diffusion dialysis process [ ] ].
Environ Res, 2023, 229; 115932.
You X, Chen ],

functionalized porous anion exchange membranes for

[17] Pan S, et al. Piperazine-
efficient acid recovery by diffusion dialysis [J]. ]
Membr Sci, 2022, 654; 120560.

(18] 5 2. BB b I I 101 Wi 91 B3 5 460 i 1 i 4%

SEHSPERERT YLD, T ARRFBE TR, 2020.

Huang Z, Jia H, Muyden A P, et al. Sustainable,

reshapable

[19]
surfactant-polyelectrolyte plastics
employing water as a plasticizer[ ] |. ACS Appl Mater
Interfaces, 2019, 11(34); 31311-31316.

Mondal A N, Cheng C, Yao Z., et al. Novel
quaternized based hybrid PVA
membranes for acid recovery[ J]. ] Membr Sci, 2015,
490.29-37.

Emmanuel K, Erigene B, Cheng C, er al.

[20]

aromatic amine

[21] Facile
synthesis of pyridinium functionalized anion exchange
membranes for diffusion dialysis application[J]. Sep

Purif Technol, 2016, 167 108-116.



414 Ve I i 55 - I LRI = 0 — T B s - SR 4 ] o SR B P RE BT 52 © 95 -

Preparation and acid recovery of polyvinyl alcohol hybridized
triethylene diamine anion exchange membranes

PANG Meijing', ZHANG Liging', MA Yandong',
WANG Jia', YUAN Zhiming*

(1. School of Civil Engineering and Architecture, University of Jinan, Jinan 250022, China;
2. Shandong Huankeyuan Environmental Engineering Co. ,Ltd. , Jinan 250109, China)

Abstract: Anion exchange membranes (AEMs) are the core components of diffusion dialysis technology.
In this study. the novel AEMs were prepared by using polyvinyl alcohol (PVA) and a carboxyl-containing
quaternary ammonium material based on 1, 4-diazabicyclo[ 2. 2. 2 Joctane (DABCO - COOH), and the
physical and chemical properties of the membranes were tested by Fourier transform infrared spectroscopy
and other characterization methods, and its application in acid recovery was evaluated. The research
results showed that the overall performance of the membrane M2 obtained when the DABCO - COOH
addition amount was 0. 4 g was the best. At this time, the water content (Wg) of the membrane was
91.55%, linear expansion rate (LER) was 25. 43%, and the ion exchange capacity (IEC) was 1. 054
mmol/g, with tensile strength (TS) value of 53. 4 MPa, elongation at break (E,) value of 158. 5%,
dialysis coefficient (Uy* ) and separation factor (S) values of 21. 1 X107* m/h and 44. 5, respectively. The
performance of the new ion exchange membranes is better than that of commercial DF-120 membrane, and
it shows high application potential in the field of acid recovery.

Key words: anion exchange membranes; acid recovery; diffusion dialysis; DABCO-COOH
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