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Permeation of CO, was investigated by using synthetic polymeric mem-
branes having a tertiary amine moiety, 2-(N,N-dimethyl)aminoethoxycarbonyl
group. Permselectivity of the present membranes for CO» was achieved.
Through the DMAEMA/AN-199 membrane, separation factor towards CO» for
CO2/N2 separation ranged from 60 to 90.

Removal and concentration of CO2 by artificial membranes from the CO2 emission sources
such as power stations, steelworks, and chemical industries are an important subject. The devel-
opment of novel membrane materials, which membranes efficiently separate CO» from the combus-
tion gas, is indispensable to establish the membrane separation technique feasible in the industries.

There have been three kinds of artificial membranes that can be used to remove or concen-
trate CO5: Liquid membranes?!,2) (mobile carrier membranes), polymeric membranes,3-5) and
fixed carrier membranes®-10) (immobilized carrier membranes). From the practical viewpoint, the
adoption of a polymeric or a fixed carrier membrane must be more suitable than the use of liquid
one because of the superior durability. There are two possible ideas for designing membrane ma-
terials having CO» permselectivity: One is the raising of the solubility of polymeric materials to-
wards COp, the other is the increasing of diffusivity of CO in the polymeric membranes. In gener-
al, diffusivity of a given gas is primarily determined by shape and molecular weight of gas itself, but
it is hard to obtain the polymeric membranes possessing suitable diffusivity. On the other hand, the
introduction of a moiety into polymeric membranes that may cause a specific interaction to rec-
ognize CO» selectively may lead the increase in solubility without difficulty.

On the basis of this idea, acid-base interaction was adopted as a molecular recognition inter-
action to CO» so that solubility of polymeric materials towards CO» can be improved. We intro-
duced tertiary amine moieties 2-(N,N-dimethyl)aminoethyl methacrylate, which are easily copolym-
erized by radical polymerization, as a fixed carrier into polymeric membranes and investigated the
feasibility of selective separation of CO» through these synthetic polymeric membranes newly pre-
pared.
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Membrane materials, poly{2-

(N,N-dimethyl)aminoethyl meth- CHs s GHs
acrylate-co-acrylonitrile} (DMAE —(CH"’_‘I:i-"T(CHz_?Ht —(CHZ_? Z’m_(CHz_?_n
MA/ AN) and poly{2-(N,N-dimeth- o_o CN g” g—
yl)aminoethyl methacrylate-co- (!:Hz tltHz (|:H2
2-ethylhexyl methacrylate} (DM (!:Hz éHz (":H-CHz-CH:,
AEMA/2EHMA), were synthe- ! A éHz
Isuzed ‘by ?he usual radlcf?\l copo- Cﬁs \CH3 Cﬁg \CH3 ¢H2
ymerization of 2-(N,N-dimethyl)- CH,
aminoethyl methacrylate (DMAE cle

MA) and corresponding vinyl
monomer acrylonitrile (AN) or 2- DMAEMA/AN DMAEMA/2EHMA

ethylhexyl methacrylate (2EHMA)
initiated by 2,2'-azobis(2-methyl-

propionitrile) at 45 °C. All chemi- m n

cal structures are shown in the DMAEMA/AN-199 0.199 0.801
scheme. DMAEMA/AN mem- DMAEMA/AN-107 0.107 0.893
branes were obtained by casting DMAEMA/2EHMA-205 0.205 0.795
from N,N-dimethylformamide solu- DMAEMA/2EHMA-095 0.095 0.905

tion. Membranes from DMAEMA/

2EHMA were prepared by casting from chloroform solution. Thickness of the DMAEMA/ AN mem-
branes thus obtained was 20 - 30 um and that of DMAEMA/2EHMA membrane was 50 - 60 um.
The permeation of CO», O, and Np through the present membranes were measured at 25 °C and
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Fig. 1. Pressure dependence of the permeability coefficients of COs, O,
and Nz through DMAEMA/AN membranes at 25 °C.
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under prescribed pressures. From the steady-state straight line of the permeation curve, the perme-
ability coefficient was evaluated.11) Separation factors Bcoz/02 and Bcoz/nz were defined by12)
ﬁCOz/gas = F:'COZ/Pgas

where the subscript gas is either O or No.

The steady state permeability coefficients of various gases in the DMAEMA/AN-107 and
DMAEMA/AN-199 membranes are presented in Fig. 1 as a function of upstream driving pressure p.
As for permeability coefficients of Oz and N2 for these two membranes, they were independent of
upstream pressure. In contrast, the permeability coefficient of CO2 for these membranes showed
upstream pressure dependence. Pco2 increased with decrease in upstream driving pressure as
shown in Fig. 1. From these results and the dependence of P on p reported for glassy poly-
mers,13) we deduced the following: The fixed carrier, tertiary amine moiety, incorporated into poly-
acrylonitrile does not show specific interaction towards Oz and No. On the contrary, the fixed car-
rier does show specific affinity towards CO» as designed.

Figure 2 shows the relationships between the permeability coefficients of various gases in
DMAEMA/2EHMA membranes and upstream driving pressure. P2 and P2 for these membranes
were independent of upstream pressure. Pgo2 for these membranes also showed upstream pres-
sure independence even though DMAEMA/2EHMA membranes carried tertiary amine moiety. This
might be due to the difference in environment surrounding tertiary amine moiety.

It was impossible for our permeation apparatus to obtain permselectivities of binary gas mix-
tures. So we evaluated theoretically separation factors (). Figure 3 shows the predicted separa-
tion factors as a function of CO» partial pressure under the condition that the total upstream pres-
sure was 1 atm and the downstream pressure was assumed to be negligibly small together with

experimentally
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Fig. 2. Pressure dependence of the permeability coefficients of COg, Op,
and No through DMAEMA/2EHMA membranes at 25 °C.
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obtained permeability coefficients. Separation 100
factors, selectivities towards CO» increased
with a decrease in partial pressure of COa.
DMAEMA/AN-199 membrane yielded a
Bcoz/ne value of 90. DMAEMA/AN-199 mem-
brane is one of membranes,3:5.8) which gave
high Bcoz/n2 value, when it is compared with
those for a number of polymers. CO3 is clas-
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sified as Lewis hard acid.14) It seems likely 40r
that the interaction between CO2 and the fixed

. . . . . . DMAEMA/2EHMA-205
carrier, tertiary amine moiety incorporated into 20
the DMAEMA/AN membrane plays an impor- I DMAEMA/2EHMA-095
tant role to realize high permselectivity towards

0 A L i 1 A ol i

COa. 0 20 40 60 76

The present work was partly supported by the Partial pressure of CO, / cmHg
Ministry of Education, Science and Culture (Mon- . . .

y veat cience and Culture ( Fig. 3. Predicted separation factors
busho) under grant 03203235 and 04203104, (Bcoz/nz) at 25 °C. (Total
which are gratefully acknowledged. upstream press., 76.0 cmHg.)
References

1) W.J. Ward, Il and W. L. Robb, Science, 156, 1481 (1967).
2) S. L. Matson, C. S. Herrick, and W. J. Ward, lll, Ind. Eng. Chem., Process Des. Dev., 16, 370
(1977).
3) O.H. LeBlanc, Jr., W. J. Ward, S. L. Matson, and S. G. Kimura, J. Membr. Sci., 6, 339 (1980).
4) M. Kawakami, H. lwanaga, and S. Kagawa, Chem. Lett., 1980, 1445,
5) K. Okamoto, N. Umeo, S. Okamyo, K. Tanaka, and H. Kita, Chem. Lett., 1993, 225.
6) M. Kawakami, H. lwanaga, Y. Hara, M. lwanaga, and S. Kagawa, J. Appl. Polym. Sci., 27, 2387
(1982).
7) M. Kawakami, Y. Yamashita, M. Yamasaki, M. Iwamoto, S. Kagawa, J. Polym. Sci. Polym. Lett.
Ed., 20, 251 (1982).
8) M. Kawakami, H. lwanaga, Y. Yamashita, M. Yamasaki, M. lwamoto, and S. Kagawa, Nippon
Kagaku Kaishi, 1983, 847.
9) M. Yoshikawa, T. Ezaki, K. Sanui, and N. Ogata, Kobunshi Ronbunshu, 43, 729 (1986).
10) M. Yoshikawa, T. Ezaki, K. Sanui, and N. Ogata, J. Appl. Polym. Sci., 35, 145 (1988).
11) T. Nakagawa, Maku (Membrane), 6, 197 (1981).
12) W. J. Koros, R. T. Chern, V. Stannett, and H. B. Hopfenberg, J. Polym. Sci., Polym. Phys. Ed.,
19, 1513 (1981). ‘
13) D. R. Paul, Ber. Bunsenges. Phys. Chem., 83, 294 (1979).
14) R. G. Pearson, J. Chem. Educ., 45, 581 (1968).
(Received October 12, 1993)



