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Fig. 1 Synthetic route of diamine monomer TBAHS.
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Fig. 2 Preparation process of PEI and TR membranes.
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Fig. 3 '"H-NMR spectra of (a) TDS, (b) TBNHS and (c)
TBAHS.
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Fig. 4 FTIR spectra of PEI membranes (a) and TR membranes (b).
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Fig. 5 XPS spectra of PEI(TBAHS-6FDA) and TR(TBAHS-6FDA): (a) full scan spectra, (b) Cls fitting curves, (c) Nls fitted

curves.
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Fig. 6 XRD patterns of PEI membranes (a) and TR

membranes (b).
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Table 1 Physical properties and FFV values of PEI and TR membranes.
Sample Density (g/em’) Molar mass M, Molar volume  van der Waals volume  Fractional free
(g/mol) Vo (cm?/mol) V, (cm3/mol) volume (FFV)
PEI(TBAHS-CBDA) 1.3388 728 543.63 369.0 0.117
PEI(TBAHS-BPDA) 1.3054 826 632.7 428.44 0.119
PEI(TBAHS-PMDA) 1.3185 750 568.69 384.14 0.122
PEI(TBAHS-ODPA) 1.3348 842 630.8 433.9 0.106
PEI(TBAHS-BPADA) 1.3023 1052 807.95 558.48 0.101
PEI(TBAHS-6FDA) 1.2463 976 783.1 471.0 0.218
TR(TBAHS-6FDA) 1.1330 873 770.5 446.3 0.247

Note: Assuming a 100% conversion for imidization and thermal rearrangement.

Fig. 7 Structural transformation simulation from PEI(TBAHS-
6FDA) to TR(TBAHS-6FDA).
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Fig. 9 Stress-strain curves (a) PEI membranes, (b) TR(TBAHS-
6FDA) membranes obtained at different rearrangement
temperatures. (The online version is colorful.)
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(TBAHS-PMDA) A1 TR(TBAHS-CBDA) ]S /4%
VA R . BR AL, TR(TBAHS-6FDA)H T
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WZMAEBARR, RIHEESHSEBER, X
CO,v Hyv O, N, [353E 5047 15 31 806.22
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Table 2 Gas separation performances of PEI and TR membranes.

Gas permeabilities %/Barrer P

Ideal selectivities ©

Sample

co, H, 0, N, CO,/N, 0,/N, Hy/N,

PEI(TBAHS-6FDA) 21.36 27.90 3.72 0.955 22.37 3.90 29.22
PEI(TBAHS-BPADA) 7.66 10.08 1.09 0.335 22.87 3.24 30.09
PEI(TBAHS-BPDA) 19.65 25.23 4.06 0.983 20.00 4.13 25.68
PEI(TBAHS-CBDA) 11.25 16.55 2.49 0.663 16.96 3.75 24.95
PEI(TBAHS-OPDA) 7.07 9.83 1.02 0.260 27.14 3.93 37.74
PEI(TBAHS-PMDA) 17.27 22.20 3.47 0.822 21.02 422 27.01
TR(TBAHS-BPADA) 194.8 219.6 30.6 8.1 24.05 3.78 27.11
TR(TBAHS-BPDA) 407.2 4352 120.3 252 16.16 477 17.27
TR(TBAHS-CBDA) 304.5 320.8 50.5 10.4 29.28 4.86 30.85
TR(TBAHS-OPDA) 156.5 197.1 242 8.0 19.56 3.03 24.64
TR(TBAHS-PMDA) 349.8 395.2 108.2 212 16.50 5.10 18.64
TR(TBAHS-6FDA) 806.2 869.0 180.7 277 29.10 6.52 31.37
TR(TBAHS-6FDA)-400 533.1 547.1 112.0 19.8 26.91 5.66 27.62
TR(TBAHS-6FDA)-425 569.3 585.8 133.8 20.6 27.66 6.50 28.47
TR(TBAHS-6FDA)-475 875.2 902.6 199.6 35.1 24.94 5.69 25.72

2 All gas permeation results were measured at 30 °C and 0.01 MPa; ® 1 Barrer = 3.35x107'® mol-m/m?-s-Pa; © Ideal selectivity

was obtained by the ratio of the permeability of the two gases.
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Fig. 10 Separation performance of TR membranes (a) O, permeability versus O,/N,, (b) CO, permeability versus CO,/N,.
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Research Article

Preparation and Gas Separation Properties of Thermally Rearranged
Membranes Containing Spirobisindane Structures

Xian-zhi Wang!, Yun-hua Lu'*, Guo-yong Xiao'*, Meng-jie Hou?, Lin Li?, Tong-hua Wang?
(!School of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051)
(°Carbon Research Laboratory, State Key Laboratory of Fine Chemicals, School of Chemical Engineering,
Dalian University of Technology, Dalian 116024)

Abstract Firstly, a new type of diamine monomer 3, 3, 3', 3'-tetramethyl-6, 6'-bis(3-amino-4-hydroxyphenoxy) -
1,1'-spirobisindane (TBAHS) was synthesized, and then polymerized with six kinds of dianhydride monomers in
equal molar ratios. After coating, a series of hydroxyl containing polyetherimide (PEI) membranes were prepared

by thermal imidization at 300 °C. Subsequently, the corresponding thermal rearrangement (TR) membranes were
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obtained by heat treatment at 450 °C. The testing results show that due to the introduction of the spirobisindane
structure, all the six PEI membranes exhibited excellent mechanical and thermal properties, with glass transition
temperatures of 317-352 °C . After thermal treatment, the mechanical properties of the TR membranes
significantly decreased, but the gas permeabilities were greatly improved. In particular, the gas permeabilities of
the TR(TBAHS-6FDA) membrane for CO,, H,, O,, and N, reached 806.2, 869.0, 180.7, and 27.7 Barrers,
respectively. Meanwhile, the ideal selectivity of O,/N, was 6.52, and the separation performance was close to the
upper limit of 2015. The selectivity of CO,/N, was 29.10, exceeding the 2008 Robeson upper limit. Therefore, the
introduction of the spirobisindane structure into polymer chains can effectively improve the gas separation
performance of membrane materials.
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