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o) oF: A&Z fo|¢tstol=gto] =91 5-(2,5-dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic - anhydride
(DOCDA)$} 4,4'-diaminodiphenyl ether (ODA)IA 4" ol =es 7] 8o & &8 Egov =z <A o
°]23 DOCDA-ODA Egolr|=9] 7|A4| FHEH S Hrista FIEEE 7HHA7]17] $l814 DOCDA-ODA RH-g=df Al
7}A] dianhydride © %A ((4,4'-(hexafluoroisoproplidene)diphthalic anhydride (6FDA), 4,4-biphthalic anhydride (BPDA), 3,3’,
4,4’-benzophenone tetracarboxylic dianhydride (BTDA)E 27} 20 mol% #H71ste ¢458A 2 Fo@AE A4t
EgolvE FAol HFAHORE o] FAHSE FT-IRS &3 sy, 159 €454 L DSCE Fall dotrth Az
Zgoln =59 CO/CHyoll that 7| A EH =9} MHEE time-lagH S o &3te] 2459t 1 A3 41249 DOCDA-
ODA®] %% CO, FHE+ 1.71 barrer, CO/CHy AEEE 74359 48 FAEAS AT Al 7HA F53A 9 45
DOCDA-ODA| H3} CO, F# 5w =4 Uehd vl COy/CHy A EE 7433t 53], 6FDAE A7H 79 COy
CH, ¥ %+ DOCDA-ODART tha: Y& ZA3E YefAAT COo, FHE7 IA F7hetiee 98 5 A

Abstract: In this study, four soluble homo- and co-polyimides using 5-(2,5-dioxotetrahydrofuryl)-3-methyl-3-cyclo-
hexene-1,2-dicarboxylic anhydride (DOCDA) and 4,4'-diaminodiphenyl ether (ODA) monomers were synthesized to develop
the gas separation membrane with good CO,/CH4 separation properties. To prepare the copolyimides, 20 mol% of three dia-
nhydrides - (4,4'-(hexafluoroisoproplidene)diphthalic anhydride (6FDA), 4,4'-biphthalic anhydride (BPDA), 3,3’,4,4’-benzo-
phenone tetracarboxylic dianhydride (BTDA) - were added in DOCDA-ODA monomer mixture, respectively. All the synthe-
sized homo- and co-polyimides were characterized by FT-IR. Their thermal properties were analyzed with differential scan-
ning calorimeter (DSC). Dense membranes were prepared from these copolyimides to check their gas permeation properties
for CO, and CH, gases using a time-lag method. The permeation testing results are as follows; DOCDA/ODA homopolymer
showed 1.71 barrer of CO, permeability and 74.35 of CO,/CH4 selectivity. The three polyimide copolymers (DOCDA/
6FDA-ODA, DOCDA/BPDA-ODA, DOCDA/BTDA-ODA) showed lower CO,/CHj4 selectivities and higher CO, per-
meabilities than the homopolymer (DOCDA-ODA). DOCDA/6FDA-ODA showed twice times higher CO, permeabilities
without severe CO»/CH, selectivity loss than the DOCDA-ODA.
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Fig. 1. The scheme for synthesis of DOCDA-ODA based copolyimde.
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Fig. 2. The schematic diagram of gas permeation testing equipment.
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Fig. 3. Typical graph of Time-lag test results.
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Fig. 4. FT-IR absorption spectrum of copolyimides.
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Table 1. Intrinsic Viscosities of Copolyimides and Commercial
Gas Separation Membranes

polymers int
DOCDA/6FDA-ODA 0.41
DOCDA/BPDA-ODA 0.33
DOCDA/BTDA-ODA 0.34
DOCDA-ODA 0.45
Polysulfone 0.49
Matrimid 0.62

P84 0.43

3.1. E2lojn|= STEH 54

08

7t

3.1.1. 7=&4

F4E ZTolr = FFEAY FT-IR 2#E Fig. 4
o Uetiigitt. Zeloln= FEFA w3 HTA
PAAY &FW9 O-H stretch (3,200 cm™)$} N-H
stretch (3,350 cm™)7F #ZE A 49ka, 1,780 cm™'3}
1,710 cm ol A Egjolm=o] AFZQ 3= wthH
C=0 stretch I3 W% C=0 stretch 3=, 1,380
em' oA C-N-C stretch 327} #&g o] g} Zg o
N FEFAF FEHATS FlstA

3.1.2. IRdz

Table 19 43 DOCDA/6FDA-ODA, DOCDA/

ne &%

A g4 5 w0t e s £ EA 5

Table 2. Thermal Analysis of Copolyimides and Polyimide

Ta(°C)
Polymers Ty(°C)
Ist 2nd
DOCDA/6FDA-ODA 247 315 530
DOCDA/BPDA-ODA 250 295 507
DOCDA/BTDA-ODA 251 266 542
DOCDA-ODA 251 307 553

DOCDA-ODA

DOCDA/6FDA-ODA

DOCDA/BPDA-ODA

DOCDA/BTDA-ODA

0 100 200 300 400
Temperature (C)

Fig. 5. DSC thermograms of copolyimides and polyimide.
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Membrane Journal Vol. 24, No. 1, 2014



=
o

ofo
)

o

Aot

Table 3. Solubility of Copolyimides and Commercial Gas Separation Membranes

Polymers NMP DMAc DMF DMSO THF AC CF EA MC TOL
DOCDA/6FDA-ODA ++ ++ ++ ++ - - ++ - ++ -
DOCDA/BPDA-ODA ++ + T+ r . . + . + 3
DOCDA/BTDA-ODA ++ ++ ++ ++ - - - - - -

DOCDA-ODA ++ ++ ++ ++ + + + + ++ -
PES(polyethersulfone) ++ ++ ++ ++ - - + - ++ -
P84 ++ ++ ++ + - - - - + -
PSF(polysulfone) ++ ++ ++ - ++ - ++ - ++ -

Matrimid ++ ++ ++ ++ ++ - ++ - ++ -
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Table 4. Pure Gas Permeabilities and Ideal Selectivities of
Copolyimides and Polyimide

<3

IME STTA S 3 vig/olitstda £254 7

Table 5. Pure Gas Permeabilities and Ideal Selectivities of
Commercial Gas Separation Membranes

Pure gas

Pure gas

o Selectivities o Selectivities
permeabilities permeabilities
Monomer pair (Barrer) (aam) Monomer pair (Barrer) (aam)
Pcoz Pcna Pcoa/Pera Pcoz Pcna Pcor/Pcha
DOCDA/6FDA-ODA  3.65 0.06 60.83 Matrimid
(Huntsmann Co., USA) 8.91 0.25 35.64
DOCDA/BPDA-ODA  1.76  0.043 40.93
P84
DOCDA/BTDA-ODA  1.95 0.031 62.90 (Evonik Co., Germany) 1.52 0.049 31.02
DOCDA-ODA 1.71 0.023 74.35 PES
49 0.12 40.83
(BASF Co., USA)
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