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2 o AHEL F2E I FFHA ZeoEE o] &ste 1EH, 1AEAY JA Begs Azt AT =
S5 Eo)7] Y3 FFEQU 2,2-bis(3,4-carboxylphenyl) hexafluoropropane® F F&2] o}WlQl 2,4,6-Trimethyl-1,3-phe-
nylenediamine¥} 4,4-Methylenedianilines AH-8-3to] Al Zgjo|n| =& 438t Th. Triethylamine¥ Acetic anhydrideE Ab-&-
ato] 318ty ojmest Wi o R FFEAE FAsIHoH, FFEAZFL 100,000 g/mol °F= YERAT FAE LEAS
A 5S4 Z4E& o7l Hell AAFALFADSC)St ATFENTNTCAE FA4S st eH, fFrefdol&E(TyE 300°C,
L5+ 500°C7F A Hold WEA S YRSt 7IARAE 54 time-lag AR5 AHESH o 11 A, duky
ojm=e] A9 thEE 7IAFHAET} 1 barrer 0|8t FXE Ho|A R dAH LA A9 AHAFAE 10.10 barrer

dE 5 B 53082 18H dAEEE Yehlo] 74 Zed Zokll A& JheAe AT + AT &
B2 5 7IAFAEE] ¥ 58 5 ZToHEE AHEsto FIAE A xS, ol F ol &3t JAFAEA

Abstract: We synthesized novel polyimides with high gas permeability and selectivity for application of gas separation
membrane. 2,2-bis(3,4-carboxylphenyl) hexafluoropropane dianhydride (6FDA) and two kinds of amines with high perme-
ability and solubility were used to prepare the novel polymide. 2,4,6-Trimethyl-1,3-phenylenediamine (DAM) was used to
improve gas permeability and 4,4-Methylenedianiline was used to improve the gas selectivity respectively. The polyimide co-
polymers were synthesized by commercial chemical imidization method using Triethylamine and Acetic anhydride and their
average molecular weights were over 100,000 g/mol. The glass temperature (Tg) and the thermal degradation temperature
were characterized using differential scanning calorimeter (DSC) and thermogravimetric analysis (TGA). The synthesized co-
polymers showed high Tg over 300°C and high thermal degradation temperature over 500°C. The gas permeation properties
were measured by time-lag equipment. Although general polyimides showed very low gas permeability, synthesized poly-
imide copolymer showed high O, permeability of 10.1 barrer with high O./N; selectivity around 5.3. From this result, we
confirm that these membranes have possibility to apply to gas separation membrane.
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Fig. 1. Repeat unit structure and synthesis process of
6FDA-pMDA-DAM.

Fig. 2. Picture of polyimide dense film.
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Fig. 3. Schematic diagram of hollow fiber spinning
apparatus.
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Table 1. Conditions of Hollow Fiber Spinning

Flow rate of dope solution (cc/min) 3.0
Flow rate of bore liquid (cc/min) 1.8
Temp. of dope solution (°C) 50
Temp. of 1%, 2™ bath and winding bath (°C) 30
Winding speed (m/min) 24

Air gap (cm) 5, 10, 15, 20
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Fig. 4. The test module and housing for hollow fiber
membrane.
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Fig. 5. NMR spectra of the copolymer (6FDA-pMDA-DAM).
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Fig. 6. FT-IR spectra of the copolymer (6FDA-pMDA-DAM).
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Fig. 7. Thermal decomposition curves of synthesized poly-
imide of 6FDA-pMDA and 6FDA-pMDA-DAM.

= Zgolvs 3 EAY A& sty p-MDAZ DAM
7 9.1:: 09 HIEE §48 2 AT + A
gt FT-IRS o] &3ty FA4E w&A] tsty F+x2&
Xo] o]ZolHom 1723 cm’ FZA olmE 159

LA

C=0 =A% 1367 cm’' FZoJA o= gFFz
C-N-C 937} g o=zy Zgojuey) 4" AL

FAd 4 USATh(Fig. 6).

F 71 A EEete EAHIY 227

Table 2. Physical Properties of 6FDA-pMDA and 6FDA-
pMDA-DAM

QB3
Molepular Density d-spacing Tg ZE\; U
weight (e- Cm.3) A) ©C) =5
Mw)  ® )
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6FDA-
pMDA- 142,472 1.376 5.46 310 572
DAM
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2
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2-theta
Fig. 8. XRD patterns of synthesized polyimide.
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Table 3. Gas Transport Properties of 6FDA-p-MDA and 6FDA-p-MDA-DMA Polyimide Membranes

Permeability (Barrer®) Selectivity
Sample code
H, CO, 0O, N2 Hy/ CO, CO»/N, 0/N;
6FDA-pMDA 62 14.48 7 1.4 43 10.34 5
6FDA-pMDA-DAM 85.15 222 10.10 1.9 3.84 11.7 53
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Table 4. Gas Permeance (GPU) and Selectivity of Hollow Fiber Membranes for Pure Gas Test

Permeance (GPUb) Selectivity

Sample

SFs CO» 0O, N, N»/SFs CO/N,; 02/N,
HFO05 0.55 174.1 58.2 8.30 15.1 21.0 7.01
HF10 0.47 170.2 56.2 7.92 16.9 21.5 7.10
HF15 0.44 167.9 54.2 7.59 17.3 22.1 7.14
HF20 0.41 164.3 53.8 7.37 18.0 22.3 7.30
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