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Sorption and Transport Behavior of Carbon

Dioxide in Polyimide Films

Kazuhiro TANAKA, Osamu YOKOSHI, Hidetoshi KITA and Ken-ichi OKAMOTO

Abstract
Sorption and permeability and diffusion time-lag of carbon dioxide in three types of polyimide were
measured in the range from 35C to 110°C and upto 3 MPa. For polyimides used, the sorption isotherms

were concave to the activity axis and the permeability coefficients decreased with an increase in activity.

The experimental results were analyzed according to the dual-mode sorption and transport model. The

sorption and transport behavior of carbon dioxide in polyimides were satisfactorily described by the

fugacity-based expressions of the dual-mode model rather than by the four-mode mobility model

proposed by Barrer.
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Fig. 1 Chemical structures of polyimides
used.
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Fig. 3 Schematic diagram of permeation
apparatus.
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Fig. 4 Sorption isotherms for CO, in Upilex-R.
The solid lines were calculated from Eq.2
using the sorption parameters listed in

Table 1.
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Fig. 5 Sorption isotherms for CO; in Ultem and

JSR-P1. The solid lines were calculated
from Eq.2 using the sorption parameters
listed in Table 1.

Table 1 Dual-Mode Sorption Parameters Based on Fugacity for CO, in Upilex-R,

Ultem and JSR-PI.

Polyimide C (f =20atm?) ki cyt b* K? k*
[a*STP)am®]  [a]  [an®STP)am™®]  [atm*] (-] (a]
Upilex-R
35°C 24.1 0.706 10.9 0.548 8.46 6.68
50°C 19.0 0.538 9.30 0.397 6.86 4.23
80°C 12.1 0.389 5.09 0.299 3.91 1.91
110°C 8.0 0.289 2.79 0.192 1.87 0.82
Ultem
50°C 26.7 0.881 10.1 0.454 5.22 5.47
80°C 16.4 0.593 5.21 0.338 2.97 2.35
110°C 12.6 0.405 3.19 0.203 1.60 1.05
JSR-P1
50°C 47.1 1.14 26.5 0.565 13.1 16.1
80°C 30.2 0.644 20.4 0.286 9.07 6.49
110°C 21.0 0.563 12.0 0.213 4.52 3.10

[a] : cm¥(STP)em2atm™!, K*=C*b*/kE, k*=ki+CLtb?
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Table 2 Sorption Enthalpy Changes for the
Henry’s Law and Langmuir Modes and
for the limit C -0.

Polyimide AHY AHy* AHY._,
[kJ/mol]  [k]J/mol)  [kJ/mol]
Upilex-R —11.6 -13.1 —-27.4
Ultem —13.5 —-13.8 —28.6
JSR-PI -12.4 -17.0 -28.6
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Fig. 7 Activity dependence of CO, permeabil-
ity based on (a) pressure (b) fugacity
driving force for Upilex-R. The solid
and dotted lines in Fig. 7(a) were cal-
culated from Eqs. 3 and 6, respective-
ly, using the parameters listed in
Table 1 and 3. The solid and dotted
lines in Fig. 7(b) were calculated from
Egs. 4 and 5, respectively.
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Fig. 8 Activity dependence of CO, permeabil-
ity based on (a) pressure (b) fugacity
driving force for Ultem. The solid
lines in Fig. 8(a) were calculated form
Eq.3. The calculated lines from Eq.6
almost overlapped with the corre-
sponding solid lines. The solid and
dotted lines in Fig.8(b) were calculated
from Egs.4 and 5, respectively.
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Fig. 9 Activity dependence of CO, permeabil-
ity based on fugacity driving force for
JSR-P1. The solid line was calculated
from Eq.4.
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Fig. 10 Plots of CO, permeabiltiy based on

pressure driving force according to
Eq.3. The solid lines were deter-
mined by linear least-squares analy-
sis of experimental points. For com-
parison, the calculated curves from
Eq.6 are also shown by the dotted
lines.
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Eq.5. The solid lines were deter-
mined by linear least-squares analy-
sis of experimental points.
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Table 3 Transport Parameters in three Dual-Mode Mobility Models and a Modified
Model.

Upilex-R
3°cC P-C 1.40 0.125 1.32
fC 1.34 0.072 1.18
fu 1.29 0.052 1.45
Barrer 1.40 -0.016 0.127 1.35
50°c P-C 2.34 0.200 3.79
fC 2.22 0.144 1.75
fu 2.06 0.140 0.95
Barrer 2.20 0.372 0.158 2.78
80C P-C 6.29 0.592 4.42
fC 5.89 0.417 2.35
fu 5.57 0.429 2.29
Barrer 6.10 0.486 0.488 3.70
110°c P.C 16.1 1.52 3.72
fC 15.3 0.852 1.94
fu 14.8 0.976 2.57
Barrer 14.6 2.93 0.637 2.13
Ultem
50Cc P-C 12.6 2.00 31.6
fC 12.3 1.61 23.2
fu 11.2 1.45 27.6
Barrer 12.7 —0.125 2.04 32.6
80C P-C 30.9 4.97 30.7
fC 29.9 3.80 24.7
fu 27.9 3.69 36.2
Barrer 30.5 0.742 4.83 29.9
110 PC 66.6 12.2 28.3
fC 64.5 9.03 24.9
Su 61.0 9.89 32.9
Barrer 66.7 —0.125 12.3 28 .4
JSR-PI
50C fC 15.2 0.316 19.7
80°c fC 38.9 1.24 26.0
1100 f-C 67.1 2.28 37.6

a) Dy and Dy for p-C type, D“D and D’fq for f-C type D%, and D% for f-u type and
Dpp and Dy, for Barrer type ; 10-°cm?/s

b) Standard Error o was calculated from the equation
0= [2(Pr-Peare)?] */m
where P, is the experimental permeability and P, is the calculated values of
permeability and # is the number of experimental data points
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Fig. 13 Temperature dependence of the trans-
port parameters, DY and Df.
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Ultem, and JSR-PI, respectively.
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Table 4 Activation Energies of Diffusions for the
Henry’s Law and Langumuir Modes.

Polyimide AE(D%) AE(D‘;{)
(kJ/mol] (kJ/mol]
Upilex-R 32.2 32.6
Ultem 28.4 29.5
JSR-PI1 25.6 34.2
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Fig. 14 Concentration dependence of effec-
tive diffusivity of CO, through
Upilex-R, Ultem, and JSR-Pl. The
solid lines were calculated from Eq.9
using the sorption and transport
parameters listed in Table 1 and 3.
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Fig. 15 Fugacity dependence of diffusion
time lag of CO, through Upilex-R and
Ultem. The solid lines were calcu-
lated from Eq.10 using the sorption
and transport parameters listed in
Table 1 and 3.
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