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and Its Properties as Separation Membrane
by
Tomonori ANDO* !, Tsuyoshi SUGIYAMA*?, Yu NAGASE*?

(Received on March 31, 2005 & accepted on May 20, 2005)

Abstract
The synthesis of siloxane-grafted poly(amide-imide) with an aromatic backbone was carried out by a macromonomer method.
3,5-Bis(4-aminophenoxy)benzyloxypropyl-terminated polydimethylsiloxane (BABP-PDMS) was used as a macromonomer. BABP-PDMSs
with different chain lengths were prepared by the hydrosilylation of allyl 3,5-bis(4-nitrophenoxy)benzyl ether with hydrosilyl-terminated
polydimethylsiloxanes using Pt catalyst, followed by hydrogenation reduction of the terminal dinitro groups. The polycondensations of
BABP-PDMSs with trimellitic dianhydride chloride yielded the desired siloxane-grafted poly(amide-imide) copolymers (PAI-g-PDMS).
PAl-g-PDMS membranes were prepared by the solvent casting method from NMP solutions, and the gas permeability and the

pervaporation property of these membranes were evaluated. As a result, higher organic-permselectivity was observed in both of the gas

and liquid permeations with increasing siloxane content of the graft copolymer membranes.
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H-NMR, 0 (400MHz, CDCls, ppm): 0.02 (6m+3)H, s), 0.11
(6H, m), 4.63 (1H, m).
IR, v (KBr, neat, cm'): 2963 (C-H), 2127 (Si-H), 1261 (8i-C),
1028 (Si-0-Si), 800 (Si-C), 689.
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J=5.86Hz), 5.34 (1H, t, J=5.74Hz), 6.88 (1H, s), 6.95 (2H, s),
7.17 (4H, m), 6.95 (2H, s).
IR, v (BBr, neat, cm'): 3518 (O-H), 3107, 3076 (C-H),1578,
1506, 1487 (C=0), 1342 (NOy), 1223 (C-0-0), 1032, 847.
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IH-NMR, 0 (400MHz, DMSO-ds, ppm): 4.08 (2H, m), 4.58
(2H, s), 5.22 (2H, m), 5.95 (1H, m), 8.32 (4H, m), 7.09 (1H, s),
7.10 (2H, s), 7.28 (4H, m).

IR, v (KBr, neat, cm'): 3086, 2835 (ar. C-H), 1605, 1580
(C=0), 1344 (NO3), 1236 (C-0-C), 1165, 1117, 845, 750.
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(2H, m), 1.56 (2H, m), 3.41 (2H, t, /=3.48Hz), 4.43 (2H, s),
6.65 (1H, t, &~2.20Hz), 6.90 (2H, d, J~2.19Hz), 7.00 (4H, m),
8.16 (4H, m).
IR, v (XBr, neat, cm'l) © 2963, 2905, 2875 (ar. C-H), 1521,
1344 (NOy), 1448, 1412 (Si-C), 1254 (Ph-0-C), 1015 (Si-O-Si),
787 (8i-C), 687.
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6.37 (1H, t, J&=2.20Hz), 6.40 (2H, d, /=1.95Hz), 6.57 (4H, m),
6.78 (4H, m).
IR, v (KBr, neat, cm'l) : 3369 (-NHa), 2963, 2873 (ar. C-H),
1261 (C-0-C), 1022 (Si-0-Si), 800 (Si-C).
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1H-NMR, 0 (400MHz, DMSO-ds, ppm) : 0.02 (m, Si-CHa),
0.50 {(m, -CHs-), 1.54 (m, -CHz"), 2.76 (m, -CHz), 4.42 (m,
-CHgz), 6.58 (m, -Ph-), 6.71 (m, -Ph-), 7.01 (m, -Ph-), 7.43 (m,
-Ph-), 7.82 (m, -Ph-), 8.19 (m, -Ph-), 8.40 (m,-Ph-), 10.5 (s,
NH) .

IR, v (KBr, neat, cm'®) : 2963, 2907, 2874, 1724, 1508, 1452,
1385, 1261, 1225, 1169, 1096, 1022, 800
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Scheme 1 Synthesis of PDMS macromonomer.
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Scheme 2 Preparation of PDMS-grafted poly(amide-imide).

Table 1 Results of the syntheses of H-PDMS.

m*1
Sample Mole ratio of Theo. | Obs.
code [(Dsl/
[(CHa)3Si0H]
H-PDMS (1)*2 - 1.00 1.0
H-PDMS (2) 1/1 4.00 6.4
H-PDMS (3) 3/1 10.0 10.9
H-PDMS (4) 5/1 16.0 15.8

*1 The theoretical value of the average degree of polymerization

(m) was

[Ds})/[(CH3)sSiOH]}+1,

calculated from the

and

equation; m

determined on the basis of the 'H-NMR spectra,
* 2 Pentamethyldisiloxane (H-PDMS(1)) was purchased
from Shinetsu Silicon Chemicals.

= 3 X

the observed value of m was
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Table 2 Results of preparations of PAI-g-PDMS by using PDMS macromonomer.

Yield m of PDMS content
Sample code (%) PDMS ® (wt. %) Mnx10™® Mwx10? Mw/Mn ®
PAI-g-PDMS(1) 64.6 1.00 29.5 1.65 17.3 10.5
PAI-g-PDMS(2) 68.9 6.4 51.2 2.87 19.1 6.66
PAI-g-PDMS(3) 57.6 10.9 67.5 2.63 19.8 7.53
PAI-g-PDMS(4) 71.4 15.8 71.1 2.25 17.4 7.72

a) Average degree of polymerization of PDMS component in PAI-g-PDMS.

b) Number-average molecular weight (Mn) and weight-average molecular weight (Mw) were determined by

gel-permeation chromatography using DMF as eluent.
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Table 3 Solubility of PAI-g-PDMS membranes (1)~ (4) in various organic
solvents. (O: soluble, A: partially soluble, X: insoluble)

MeOH | EtOH | Acetone

CHCl3

THF | DMF | DMSO | NMP

X X X A

A A X O

BER OB OB E TR % Table 31TRY. /EHL
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Table 4 Gas permeabilities of PAI/PDMS graft copolymer membranes® at 30°C.

Permeability (Barrer®) Selectivity
H. CO: (oP) N: CH. C.Hs Oz/Nz COZ/ N. Csz/NZ
PAI/PDMS (1) 3.48 0.942 0.183 0.0296 0.0357 0.00349 6.18 3.18 0.118
PAI/PDMS (2) 176 656 134 56.0 184 450 2.39 11.7 8.04
PAI/PDMS (3) 237 979 198 89.7 266 731 2.21 10.9 8.13
PAI/PDMS (4) 346 2000 302 142 2040 3340 2.13 14.1 23.5

a) PAI/PDMS (1) thickness :

B 1 Barrer =1 x 10710 ¢m3STP) * cm/cm? * s * cmHg.

160 £ m, PAI/PDMS (2)~(4) thickness :

210 4 m.
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Table 5 Results of pervaporations of aqueous organic liquid solutions through PAI-g-PDMS(2)~ (4) membrane at 50°C. (PAI-gPDMS (2)
membrane thickness: 263 7m, PAI-g-PDMS (3) membrane thickness: 212 7m, PAI-gPDMS (4) membrane thickness: 213 7m,)

Membranes Csio Organic Composition{wt. %) o Jx102kgm'2 | Px 106kg m m'2
(wt. %) liquid in feed in permeate h-1 h'l
PAI-gPDMS (2) 51.2 MeOH 8.16 14.5 1.91 0.733 1.93
PAI-gPDMS (3) 67.5 MeOH 6.71 28.7 5.58 2.59 5.48
PAI-gPDMS (4) 71.1 MeOH 7.11 36.7 7.58 2.31 4.92
PAI-g-PDMS (2) 51.2 EtOH 7.42 8.45 1.15 0.529 1.39
PAI-gPDMS (3) 67.5 EtOH 6.10 34.8 8.22 1.91 4.03
PAI-gPDMS (4) 71.1 EtOH 6.25 39.5 9.78 2.64 5.62
PAI-gPDMS (2) 51.2 Acetone 11.2 34.3 4.12 1.62 1.27
PAI-gPDMS (3) 67.5 Acetone 10.7 76.1 26.6 6.14 13.0
PAI-gPDMS (4) 71.1 Acetone 9.24 81.0 41.8 8.84 18.8
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Fig. 1
PAI-g-PDMS (2)~(4) membranes.
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