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Preparation and properties of copolymerized polyimide based thermally
rearranged gas separation membranes

LU Pengwei, LU Yunhua, LEI Min, XIAO Guoyong, ZHAO Hongbin, HU Zhizhi
(School of Chemical Engineering, University of Science and Technology Liaonong, Anshan 114051, China)

Abstract: Four kinds of copolymerized polyimide (PI) membranes were prepared through thermal imidization method after
solution polymerization between two kinds of self-made diamine monomers 9,9'-bis[4-(4-amino-3-hydroxyphenoxy) phenyl]
fluorene (BAHPPF) and 4- (4'-tertbutyl)phenyl-2, 6-di(4’-aminophenyl)pyridine (TPAPP) and 4, 4'- (hexafluoroisopropene)
phthalic anhydride (6FDA), and the molar ratio of BAHPPF and TPAPP is 91, 8:2, 7.3, and 6: 4, respectively. Then the
corresponding copolymerized thermal rearrangement (TR) membranes were obtained after heat treatment at 450°C . The
thermal, mechanical, and gas separation properties of the membrane materials were measured. The results show that the
glass transition temperature of the copolymerized PI membranes is around 350°C. As the molar ratio of TPAPP increases, the
tensile strength of the copolymerized PI membranes decreases. After thermal rearrangement, the mechanical properties of
the copolymerized TR membranes decrease significantly, while the d values increase. When the molar ratio of BAHPPF and
TPAPP is 8:2, the copolymerized TR membrane exhibits the best gas permeability, and the permeation coefficients for H,,
CO,, O0,, and N,, is 346.4, 304.5, 72.43, and 13.34 Barrer respectively. Meanwhile, the O,/N, separation performance of the
four TR membranes is close to the Robeson upper limit in 2008.

Key words: copolymerized polyimide; thermal rearrangement; gas separation membrane; pyridine ring; fluorenyl
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Fig.1 Preparation process of copolymerized PI and TR membranes
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Fig.2 FTIR spectra of copolymerized PI and TR membranes
350°C ZeAq , iX B A O Cardo 77 ZE €Y 24 it g
IG5 RIS AL B BCK , BRAS T 7 T 8E s o)), 1
T Ko 7 8ERIRIE s e Ah , 483 ¥ -OH 2 8] 7T &
BV, S9N 1 oy TR A BAE R, A AT T,
R$Em . MR 1IEF LA i, B3 TPAPP JBE /K 4 %
G, IR PII T, A i, REZE LB TY
TR Wb A 45 4 WA 3K, 2 TR A BELE R 0K, H
WD T RMERER-O-H & &, 7> THEBE ) 2 B,
Mmige T Z EM T,

B 4 LR PLIE ) TGA IR 45 5. MK 4(a)n]
LA 4 AL SR PLIR £ EER I IS B3 1) R H

—PIBT-9:1
--- PIBT-8:2

-—- PIBT-6:4

50 100 150 200 250 300 350 400
IE/,C

3 HEPIEH] tand-THIZL
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Table 1 Mechanical and thermal properties of copolymerized PI membranes
B i JE B /um e T/ C FLH 5 5 /MPa % KA 5 /GPa WA 22 /%
PIBT-9:1 61 348 414 119.8+£2.0 3.7+0.1 3.9+0.1
PIBT-8:2 58 351 410 109.3+1.0 3.3+0.2 3.7+0.2
PIBT-7:3 55 353 403 90.1+£2.0 3.2+0.2 3.4+0.1
PIBT-6:4 57 355 401 81.8+£3.0 2.6+0.1 3.2+0.2
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Table 2 Gas separation performance of
copolymerized TR membranes
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H, €O, 0, N,

2 N, N, N,
TRBT-9:1 253.6 223.1 52.41 8.85 25.21 5.92 28.65
TRBT-8:2 346.4 304.5 72.4313.3422.82 5.43 2597
TRBT-7:3 304.8 276.6 65.8411.9223.20 5.52 25.57
TRBT-6:4 210.5 243.6 48.86 7.98 26.38 6.12 30.52

TR(HAB-6FDA)450°C** 514.5 412.5 101.5 26.5 15.5 3.8 19.4
TR(BHAPPP-PMDA)*! 150.60 162.1135.41 7.24 22.39 4.89 20.80
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