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Fig. 2 The FTIR spectra of monomer, PUA and PUA/PA (a); the viscosity of the PUA casting solution (b)
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Table 3 Comparison of proton conductivity and hydrogen
permeability coefficient of different proton exchange

membranes under optimal conditions

FirHSR/  dRBE 2%

LSS (mSe+cem ') ZHE/Barrer Rk
Nafion115 190 10. 8 [23, 24]
Nafion117 120 41 r25, 267
Nafion212 219.5 47 [27]

sPES-c1-Nafion 223.3 ~39 [27]
sPES-b3- Nafion 193.8 ~45 [27]
hBN/Nafion 18.7 29.6 [26]
TA5/SCON-37.5 490. 1 10. 7 [28]
NPP95 77.4 15.8 [29]
CQD-cNafion—2. 0 240. 3 46. 5 [30]
SPAES50 158 27.3 [31]
G-sPSS-1. 47 210 24 [32]
G-sPSS-1. 95 290 28 r32]

PUAS8/PA 351.4 1. 86 ARTAE
PUA6/PA 261.9 1. 84 KRTAE
PUA4/PA 170. 1 1. 68 AR TAE
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membrane electrode at 60 “C and 100% relative humidity
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Structural design and performance study of high hydrogen barrier
polyurethane-polyurea proton exchange membranes
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(1. College of Chemistry and Chemical Engineering, Qingdao University, Qingdao 266071, China;
2. Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Sciences,
Qingdao 266101, China)

Abstract: Low hydrogen permeability coefficient of proton exchange membrane (PEM) is critical for
ensuring operational safety and high energy efficiency. This paper proposed a novel phosphoric acid (PA)-
doped block polyurethane-polyurea (PUA) proton exchange membrane, which exhibited excellent proton
conductivity while significantly suppressing hydrogen permeation. The rigid block, copolymerized from
bisphenol A (BPA) and methylene diphenyl diisocyanate (MDI), provided mechanical strength to the

membrane, whereas the flexible block, polymerized from N-aminoethylpiperazine ( AEP ) and
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Simulation and experiment of gas separation performance
of fluorinated polyimide

NING Wenchao's WANG Qiang', MA Cheng', MA Yinping',
WU Xian', WANG Yanshan®, ZHANG Song*

(1. School of Petrochemical Engineering, Liaoning Shihua University, Fushun 113001, China;
2. Shenghong Refining & Chemical (Lianyungang) Co. ,Ltd. , Lianyungang 222248, China)

Abstract: Fluorinated polyimide films are of great significance for high-efficiency and low-energy carbon
dioxide capture. In this work, an “experimental + simulation” approach was adopted to investigate the
effect of the copolymerization ratio of hexafluorodianhydride (6FDA) and hexafluorodiamine (HFBAPP)
on the properties of the membrane material, and its characterization and related performance were studied.
The results showed that the di-anhydride-excess FPI-3 exhibited good thermal stability (glass transition
temperature up to 262 ‘C), tensile properties, and gas permeability, with a CO, permeation rate of
2. 963 0 Barrer, but showed poor separation performance for the CO, /N, system. The ideally proportioned
FPI-1 demonstrated performance lower than that of FPI-3 but better separation performance for the CO,/
N, system, with a selectivity of 16. 54. The diamine-excess FPI-2 performed lower than FPI-1 in all
aspects. The gas permeation process in the membrane was simulated using MATLAB code, which further
validated the excellent gas permeation performance of FPI-3.

Key words: fluorinated polyimide; gas separation; monomer ratio; molecular simulation; solution-diffusion

mechanism
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hexamethylene diisocyanate ( HDI), contained abundant tertiary amine functional groups serving as the
primary doping sites for PA. The proposed PUA membrane achieved a maximum proton conductivity of
351.4 mS/cm at 80 °C and 98% relative humidity, and a hydrogen permeability coeffcient of only 1. 86
Barrer. Furthermore, fuel cell membrane electrode assemblies were fabricated by introducing PFSA
protective layers on both sides of the PUA membrane, achieving a power density of 54, 72 mW/cm?’.
Owing to the low monomer cost, facile synthesis route, and mature membrane fabrication process of this
PUA material, this study offers a new design pathway for the industrial scale-up of high-performance,
low-cost proton exchange membranes.

Key words: polyurethane; proton exchange membrane; hydrogen barrier; proton conduction



