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Figure 1 The synthesis route of QAPI membranes.
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Figure 2 Diagram of the measurement device of ion

conductivity of membrane.
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Figure 3 ATR-FTIR spectra of PI and QAPI membranes.
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Figure 4 'H-NMR spectra of (a) PI-70 and (b) QAPI-70 membranes.
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Ji7n. QAPL-70 IR EIE T3, HEARL B AFM ZCR W& 5(e) AE 5() Fras . PI-70 fl
38— sehh, S el R B R, QAPI-70 JE [ 2 1 R RS E Z3 il O 1.541 nm Al
HEMMALH . Tk, FEECRMAEME  2.527nm, TR & A i I s K
H, QAPI-70 AU S5 M e A R PH I CO> M OMRERE, AHLMAES R Fph STk B R o),

e =T [un)

e = e [1n]
5 (a-b) QAPI-70 i (1L I JEHH; (c-d) QAPI-70 BERIWT IHi T 55; (e) PI-70 LA AFM JE 31, (f) QAPI-70 LR AFM K5 .
Figure 5 (a-b) Surface morphology of QAPI-70 membrane; (c-d) cross-sectional morphology of QAPI-70 membrane; (e)
AFM image of PI-70 membrane; (f) AFM image of QAPI-70 membrane.

34 BHERES T 4 #H 7 OFBAPB 1 APABI Lt 491 i) QAPI I 1) U, 1

PLAI QAP AL PERE LR 1. ZEATA PIA & T PUBERY, XIHEE T QAPL k(2= ik (A ol A1
QAPI £ 9, QAPI-70 I B A 55 K 1 U, (13.8%)- A48 i (1) 3 K PEROL, 6 4h,  PLAT QAPI S R,
B 5 DK P LA B ) 3G I, PLRERS) U, 3BT 38 H5H U B G HLER . BT PLEA & 45
X T KM R R A BRI S K . RN, R , H B 7 A2 % & (Ion Exchange Capacity,



4 3 KPR . THI 7] F A CO, I 5 I FH 1R 25 i A SR I J . 14 1) 6 B P I 9 317
F1 PIFIQAPIEAELLIERE .
Table 1 Physico-chemical properties of PI and QAPI membranes.
Thickness R, U, C; OH™ conductivity
Membrane
(um) (%) (%) (mmol g™!) (25 °C, mS cm™)

PI-50 38+2 4.3+0.2 7.4+0.2 - -

PI-60 37+2 5.8+0.2 9.6+0.2 - -

PI-70 38+2 7.8+0.2 11.1+£0.2 - -
QAPI-50 39+2 4.9+0.2 9.1+0.2 0.63+0.03 9.85+0.1
QAPI-60 3942 6.3+0.2 10.3+0.2 0.78+0.03 10.74+0.1
QAPI-70 3942 9.6+0.2 13.8+0.2 0.960.04 14.77+0.2
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Figure 6 (a) Mechanical properties of Pl and QAPI membranes. (b) Mechanical properties of QAPI-70 membrane after

immersion in a 0.1 mol+ L' KHCOj solution for 1~3 days.
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Figure 7 (a) OH- conductivities of QAPI membranes at different temperatures; (b) CO;%, HCO," and OH- conductivities of
QAPI membranes.
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Figure 8 (a-b) ECR performance of H-type cell with QAPI membrane; (c) ECR performance of MEA reactor with QAPI membrane.
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Figure 9 (a) ECR stability of H-type cell with QAPI-70 membrane at potential —1.4 V; (b) ECR stability of MEA reactor with
QAPI-70 membrane at partial current density —60 mA +cm?; (¢) ATR-FTIR spectra of QAPI-70 membrane before and after
stability test in H-type cell and MEA reactor.
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Research paper

Preparation and Properties of Quaternized Polyimide Membranes for
Electrocatalytic CO, Reduction Application

ZHANG Bo, ZHANG Xin-ai, LIU Xue-ling, CHEN Liang, LI Jin-chao®, ZHANG Ya-ping"
(State Key Laboratory of Environment-friendly Energy Materials, Engineering Research Center of Biomass
Materials (Ministry of Education), School of Materials and Chemistry, Southwest University of
Science and Technology, Mianyang 621010, China)

Abstract The development of high cost-effective ion exchange membrane that can be applied in electrocatalytic
CO, reduction (ECR) is very crucial for efficient carbon resource utilization. Herein, a series of quaternized
polyimide (QAPI) membranes were successfully prepared by introducing flexible alkyl side chain containing
quaternary ammonium groups into synthesized polyimide backbone through ring-opening reaction. The chemical
structure, morphology, physico-chemical properties and ECR performance of QAPI membranes were investigated
in detail. Among all QAPI membranes, the QAPI-70 membrane exhibits the highest OH™ conductivity and ECR
performance. Besides, the QAPI-70 membrane has excellent stability in the ECR environment. These results
demonstrate the QAPI-70 membrane has a promising application in electrocatalytic reduction of CO, to CO.
Keywords Membrane, Polyimide, Quaternization, Electrocatalytic CO, reduction
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