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Preparation and properties of flower-like polyimide/polyimide and thermally rearranged

mixed matrix membranes

LIN Jiahong' , XIAO Guoyong, LU Yunhua™ , HOU Mengjie?, LI Lin*, WANG Tonghua®
(1. College of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051, China; 2. School of
Chemical Engineering, Dalian University of Technology, Dalian 114024, China)

Abstract: Mixed matrix membranes (MMMs) show strong competitiveness in the field of gas separation due to their
simple preparation method and excellent comprehensive performance. In order to improve the compatibility
between fillers and polymer matrix, a series of flower-like polyimide (PI)/polyimide and their thermally rearranged
(TR) mixed matrix membranes were prepared by in situ polymerization method, using the flower-like polyimide
synthesized from solvothermal method as fillers and the hydroxyl-containing polyimide as matrix, followed by
thermal imidization and thermal rearrangement treatment. The polyimide filler and matrix can form better compat-
ibility because of their similar chemical structures, and the mixed matrix membranes showed superior gas separa-
tion performance. When the doping content of the flower-like PI particles was 3wt%, the mixed matrix membrane
TR-3wt% exhibited a d-spacing value of 0.64 nm, and the gas permeabilities of H,, CO,, O,, CH, and N, were respect-
ively increased by 61.36%, 67.90%, 81.58%, 37.88%, and 51.72% compared to the TR membrane. Moreover, the ideal
selectivity of O,/N, was 5.49, close to the 2015 Upper Limit. The selectivity of CO,/CH, reached 22.36, exceeding the
2008 Robeson Upper Limit. Therefore, this design strategy will provide a certain reference for the interface design of
MMMs.
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PI—Polyimide; 6FAP—2,2-bis(3-amino-4-hydroxyphenyl) hexafluoropropane; PMDA—Phthalic acid dianhydride; DMAc—Dimethylacetamide;
6FDA—Hexafluorodianhydride; TR—Thermal rearrangement; PAA—Polyamic acid; HPI—Hydroxyl-containing polyimide; GC— Gas chromatography;
TCD—Thermal conductivity detectorl

K1 (a) RE BB HIS R (b) PEALlifE; (o) BB

Fig.1 (a) Preparation process of mixed matrix membranes (MMMs); (b) Thermal conversion process; (c) Gas permeability test unit
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B 712 PERE T P, b4, [ 4(c) S HPI-3wit% 7F
ASTRI TR BE R i & B TRIB A FE R, v LB B

/L
77/

Flower-like PI_ ®)
= W

TR-0.25wt%

TR-0.5wt%

TR-1wt%

Intensity

TR-3wt%
TR-5wt%
TR-10wt%

4000 1 500 1000
Wavenumber/cm™!

&2 ZI8MGIEE : (a) 464K PI(6FAP-PMDA) I HPI(6FAP-6FDA) IR-G A TR ; (b) #EHEAYLIR PI(6FAP-PMDA) Hil TR {R-G S F 5
Fig.2 FTIR spectra: (a) Flower-like PI(6FAP-PMDA) and HPI(6FAP-6FDA) MMMs; (b) Rearranged flower-like PI(6FAP-PMDA) and TR MMMs
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0.25Wt%0.5wt% 1 Wi% Swi% 10wt% 3wi%
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PMDA) iki; (c) HPI(6FAP-6FDA), x10 000; (d) HPI-1wt%, x10 000;
(e) HPI-5wt%, x10 000; (f) HPI-10wt%, x10 000; (g) HPI-10wt%, x1 000

Fig.3 (a) Digital photos of HPI MMMs; SEM images: (b) Flower-like
PI(6FAP-PMDA) particles; (c) HPI(6FAP-6FDA), x10 000; (d) HPI-1wt%,
%10 000; (e) HPI-5wt%, x10 000; (f) HPI-10wt%, x10 000;

(g) HPI-10wt%, x1 000
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No ATLAFH M, X2 TRIR A 35 <k B 5
FHR/NIF N P(H,) > P(CO,) > P(0,) > P(CH,) >
P(Ny). W, SES TR ¥ HERN, BiE
Rifim; MR, S HRER, BERBL,

2130, 2035, 483, 91 fil 88 Barrer, #X%f T TR IX
Iy B E T 61.36%. 67.90%. 81.58%. 37.88% I
51.72%. [FAf, O,:N,. CO, : N, #l CO, : CH, A%
PEAR VEREPE > 913K %) 5,49, 23.13 Fil 22.36, {H 2,
Bl A AEIR P BE S LA, B S e ss , RO
IR & BT AR B B ERRAL . b, ik —
A PEAL R B TAERR & M, 78 120d J5 58
T TR-3wt% 1A Bk RE, H Hy. CO,. O,

F1 TREGERBENSES EiEee
Table 1 Gas separation performance of TR MMMs

Gas permeability*/(10™"* mol-m™".s™"-Pa™")

Ideal selectivity”

Samples

H, Co, 0, CH, N, CO, : N, 0,:N, CO,:CH, H,:N,
TR 442 40.6 8.9 2.2 1.9 20.90 459 18.36 22.76
TR-0.25wt%  49.2 455 10.2 2.6 2.2 20.58 4.62 17.41 22.26
TR-0.5wWt% 55.8 52.1 11.7 2.8 2.4 21.30 4.78 18.51 22.84
TR-1wt% 63.6 59.5 13.3 2.9 2.7 21.66 4.84 20.18 23.15
TR-3wt% 71.4 68.2 16.2 3.0 2.9 23.13 5.49 22.36 24.20
TR-5wt% 57.3 55.3 12,5 2.6 2.6 21.91 471 20.91 21.63
TR-10wt% 51.5 475 9.9 2.4 2.3 20.85 434 19.42 22.63

Notes: * The experimental conditions were 30°C and the constant pressure was 0.01 MPa (0.1 atm);  Ideal selectivity is obtained by the ratio

of the permeability of the two gases.
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