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Fig. 5 XRD patterns of (a) PI membranes and (b) TR( BAHXBA-6FDA) membranes
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Fig. 6 Thermal performance of PI membranes:(a) TGA-DTG curves; (b) tan 6-f curves
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Fig. 7 Stress-strain curves of (a) PI membranes and (b) TR( BAHXBA-6FDA) membranes
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Tab.1 Gas separation performance of PI and TR samples

Gas permeabilities’/barrer” Ideal selectivities®
Samples

H, Co, 0, N, CO,/N, 0,/N, H,/N,
PI(BAHXBA-BPDA) 14.88 10.89 2.96 0.91 11.97 3.25 16.35
PI( BAHXBA-PMDA) 10.36 5.22 1.84 0.75 6.96 245 13.81
PI( BAHXBA-6FDA) 18.45 12.11 3.78 0.98 12.36 3.86 18.83
PI(BAHXBA-BPADA) 13.27 8.83 2.01 0.63 14.02 3.19 21.06
PI( BAHXBA-ODPA) 5.28 3.28 1.32 0.42 7.81 3.14 12.57
PI(BAHXBA-CBDA) 6.89 4.79 1.59 0.54 8.87 2.94 12.76
TR(BAHXBA-BPDA) 692.34 518.84 173.18 33.50 15.49 5.17 20.67
TR(BAHXBA-PMDA) 656.85 572.29 220.44 40.08 14.28 5.51 16.39
TR(BAHXBA-6FDA) 966.32 873.33 265.72 41.62 20.99 6.39 23.22
TR(BAHXBA-BPADA) 692.55 675.64 195.72 37.00 18.26 5.29 18.72
TR(BAHXBA-ODPA) 405.37 318.78 111.79 26.81 11.89 4.17 15.12
TR(BAHXBA-CBDA) 585.62 385.88 180.92 25.80 10.43 4.89 15.83
TR(BAHXBA-6FDA ) -400 826.60 631.72 172.38 34.62 18.25 4.98 23.88
TR(BAHXBA-6FDA ) -425 944.86 774.48 199.71 38.12 20.32 5.24 24.79
TR(BAHXBA-6FDA ) -475 1226.22 944.75 285.85 48.62 19.43 5.88 25.22
TR(BAHXBA-6FDA ) -500 1332.73 1149.75 286.93 66.12 17.39 4.34 21.67

* all gas permeation results were measured at 30 C and 0.01 MPa (0.1 atm) ; ° 1 barrer=10""" cm’( STP)-cm/ ( cm™s-cm Hg) = 3.35x

107" mol-m/(m™s-Pa) ; © ideal selectivity was obtained by the ratio of the permeability of the two gases
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Fig. 8 Separation performance of TR membranes: (a) CO, permeability vs. CO,/N,; (b) O, permeability vs. O,/N,
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Preparation and Performance of Crosslinkable Polyimides and
Their Thermally Rearranged Membrane Materials

Dian Sheng', Lijie Gao®, Guoyong Xiao', Lupeng Wei', Lin Li’, Tonghua Wang’, Yunhua Lu'
(1. School of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051, China;
2. Changxing Materials Industry (Tongling) Co., Ltd. Tongling 313199, China;
3. School of Chemical Engineering, Dalian University of Technology, Dalian 116024, China)

ABSTRACT: To further improve the gas separation performance of membrane materials, this study developed a
diamine monomer, 2-(3, 6-bis(4-amino-3-hydroxyphenoxy ) -9H-xanthen-9-yl) benzoic acid (BAHXBA) , capable
of undergoing both thermal rearrangement and crosslinking reactions simultaneously. Subsequently, this monomer
was polymerized with six equimolar dianhydride monomers, namely 3, 3’, 4, 4’-biphenyltetracarboxylic
dianhydride (BPDA) , pyromellitic dianhydride (PMDA) , 4, 4'-( hexafluoroisopropylidene ) diphthalic anhydride
(6FDA), 4, 4'-(4, 4'-isopropylidenediphenoxy ) diphthalic anhydride ( BPADA), 3, 3’, 4, 4’-diphenyl ether
tetracarboxylic dianhydride ( ODPA ), and 1, 2, 3, 4-cyclobutanetetracarboxylic dianhydride ( CBDA ).
Crosslinkable polyimide ( PI) membranes were prepared via thermal imidization, followed by heat treatment at
450 C to yield the corresponding thermal rearrangement (TR) membranes. The experimental results demonstrate
that all six PI membranes exhibit excellent mechanical and thermal properties, with glass transition temperatures
ranging from 297 T to 336 C. Owing to the occurrence of thermal rearrangement and decarboxylation
crosslinking reactions, the mechanical properties of the TR membranes decrease significantly, while their gas
permeability is substantially enhanced. In particular, the TR membrane derived from BAHXBA and 6FDA
monomers display permeability coefficients of 966.32 barrer, 873.33 barrer,265.72 barrer and 41.62 barrer for H, ,
CO,, O, and N,, respectively. Meanwhile, the ideal selectivity of CO,/N, reaches 20.99, which is close to the
Robeson upper bound reported in 2008, and the ideal O,/N, selectivity is 6.39, approaching the upper limit
published in 2015. Therefore, the synergistic effect of thermal rearrangement and crosslinking could effectively
improve the gas separation performance of membrane materials.

Keywords : polyimide, membrane materials; thermal crosslinking; thermal rearrangement; gas separation



