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Table I Mechanical properties ol polyimide hybrid materials

Content of Mechanical properties
Polymer mem_l Stress Strain Modules
organic at break at break (10°MPa)
complex{wit%} (MPa) (%) 2
H-M-1 0 84.3 5.03 2.07
H-M-5 2 87.4 4.65 2.36
H-M-10 5 84.2 4.98 2.33
B-M-2 i} 75.6 5.23 2.19
B-M-15 2 75.3 5.20 2.18
B-M-9 5 72.6 5.71 1.82
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Table 2 Chemical resistance of polymide hybrid materials

Content of Initial After 10 days After 20 dzys
Polymer additive Solvent weight Weight Weight lost Weight Weight lost
(wt%) (mg) (mg} (%) (mg) (%)
H-M-1 0 Ethanol 138.9 136.7 1.6 136.1 2.0
Acetic acid 111.0 109.7 1.2 109.1 1.7
Toluene 138.4 138.0 0.3 137.7 0.5
Petroleum ether 119.6 119.0 0.5 118.2 1.2
DMF 175.2 158.8 9.4 152.6 12.8
H-M-19 1.5 ethanol 129.9 128.8 0.8 128.6 1.0
Acetic acad 123.5 122.7 0.6 122.0 1.2
Toluene 115.6 114.7 0.8 114.7 0.8
Peuoleum ether 154.5 153.0 1.0 151.8 1.7
DMF 130.0 127.4 2.0 127.2 2,2
H-M-10 5 Ethanodl 126.7 125.5 0.9 125.2 1.2
Acetic acid 160.0 158.8 0.8 157.6 1.5
Toluene 129.0 126.9 1.6 125.9 2.4
Petroleum ether 122.5 120.6 1.5 120.6 1.5
DMF 121.8 120.8 0.8 119.6 1.8
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Table 3 Themal resistance of polyimide hybrid materials

Content of Content of
Decomposition T, Decompasition T
Polymer additive . Polymer additive
temperature('C } (T) temperature( T ) ()
(wt%) (wt%)
H-M-1 0 442.0 237.1 B-M-2 0 504.8 -
H-M-21 1 453.3 235.0 B-M-21 1 496.5 248.8
H-M-5 2 440.6 247.2 B-M-15 2 482.9 247.9
H-M-10 5 442.1 245.3 B-M-9 5 491.6 232.4

* Decomposition temperature (initial weight lost in Ny}
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Table 4 The 28 and d-space of HQDPA series polyimide hybrid

material

Content of metal organic complex (wt% )

1] 0.3 1 1.5 2 2.5 5
28(*) 17.2 16.8 16.4 15.7 15.8 16.0 16.0

d{nm) 0.515 0.527 0.540 0.564 0.560 0.553 0.553
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Table 5 The density of polyimide hybrid material

Content of metal Content of metal
Density Density
Polymer organic complex Polymer organic complex
(g/cm3) (g/cm3)
(wt%) {w1%}

H-M-1 0 1.390 B-M-2 0 1.384
H-M-24 0.5 1.386 B-M-20 0.5 1.379
H-M-21 1.382 BM21 1 1.376

H-M-5 2 1.376 B-M-15 2 1.372
H-M-18 2.5 1.378 B-M-8 2 1.368
H-M-10 5 1.378 B-M-9 5 1.373

*B-M-8 contains 2% Cr{ArBuw;),
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Talhe 6 The gas permeating properties of HQDPA series polyimide hybrid materiat
Content of metal Permeability coefficients{ barrers) Separation factors «
Polymer organic complex{wt% } H N, o, CH, H; /N, O, /N, H, /CH,
H-M-1 1} 1.743 0.0187 0.144 0.0275 93.2 7.7 63.4
H-M-22 0.5 1.938 0.0213 0.167 0.0359 91.0 1.8 54.0
H-M-21 1 2.230 0.0249 0.196 0.0423 B89.6 7.8 52.7
H-M-19 1.5 2.473 0.0260 0.189 0.0405 95.1 7.3 61.0
H-M-5 2 2.463 0.0273 0.215 0.0414 90.2 7.9 59.5
H-M-18 2.5 2.354 0.0261 0.205 0.0429 90.1 7.8 54.9
H-M-10 5 2.328 06.0259 0.194 0.0410 89.9 7.5 56.8
1 barrer=7.5% 10" e’ (STP) * cm/cm’ *s* Pa
Table 7 The gas permeating property of BTDA series polyimide hybrid material
Content of metal Permeability coefficients( barrers} Separation factors o«
Polymer anic complex{wt) R, N, o CH, BN, O/N,  H/CH,
B-M-2 0 2.049 0.0196 0.160 0.0326 104.5 7.9 62.8
B-M-20 0.5 2.355 0.0234 G.172 0.0425 100.6 7.4 55.4
B-M-21 1 2.745 0.0252 0.199 0.04%6 108.2 7.9 55.3
B-M-15 2 2.970 0.0276 0.218 0.0523 107.6 7.9 56.8
B-M-9 5 2.826 0.0258 0.198 0.0480 105.9 7.7 58.9
B-M-8 2* 2.716 0.0257 0.220 0.0563 105.6 8.2 54.4
*B-M-8 contains 2% Cr{ ArBy, ),
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Fig. 1 The relatonship between permeability coefficients
and d-spacing
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STUDY ON TRANSITIONAL METAL ORGANIC COMPLEX-POLYMIDE
HYBRID MATERIAL FOR GAS SEPARATION MEMBRANES

SHI Deqing, KONG Ying, YANG Jinrong, DU Hongwei

( Department of Chemical Engineering, University of Petroleum , Dongying 2570762)
Abstract A novel polymide hybrid composite material for gas separation membrane was prepared by
thermal imidisaton of the blend of poly(amic acid) and transitional metal organic complex. The poly(amic
acid) was synthesized by condensation polymerization of hydroquivone diphthalic anhydride or
bistolueneketone dianhydride with methylene dianiline. The performance of obtained metal organic complex-
polyimide hybrid materials was investigated. The results showed that all the obtained hybrid materials kept
the traditional advantages of polyimides in mechanical properties, thermal resistance and chemical resistance.
The structure of obtained polymide materials was characterized by WAXD and liquid balance. The
experimental results indicated that the addition of transitional metal organic complex can increase the d-
spacing of polymide molecular chains. As a result, compared with the corresponding polyimide, the
permeability coefficients of the obtained polyimide hybrid materials can increase about 40% and the
permeation selectivity varied slightly.

Key words Polyimide, Metal organic complex, Hybrid material, Gas separation membrane



