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MOLECULAR MOTION-PERMEABILITY RELATIONSHIPS IN
POLYCARBONATE/LIQUID CRYSTAL (EBBA) COMPOSITE MEMBRANE

Tisato KAJIYAMA, Yasuhisa NAGATA, Eiji MAEMURA and Motowo TAKAYANAGI
Department of Applied Chemistry, Faculty of Engineering,
Kyushu University 36, Hakozaki, Fukuoka 812

The diffusive permeability coefficient to water for the polymer/
EBBA composite membrane reveals a distinct jump in the vicinity of the
crystal-liquid crystal phase transition temperature of EBBA. The per-
meability coefficients to hydrocarbon gases increase 1007200 times
over several degrees in the phase transition temperature range.

The permeation of gas and liquid through polymer films has been studied in
consideration of chemical structure, aggregated state, thermal motion of molecular

1.2) and so on. The effect of the thermal molecular motion for permeation

chains
characteristics is an interesting problem from a stand point of the diffusion be-
haviour of permeable molecules. In the previous papers3), the relationship between
permeability of water and the thermal molecular motion of poly(y-methyl L-glutamate)
films was reported, that is, permeability to water abruptly increased at the
temperature range of the primary relaxation process of the membrane polymer. In
this paper, thermal molecular motion-permeability relationship was studied for the
composite membrane of the polymer/liquid crystal system. We found the discontin-
uous jump on permeability to water or gases in the vicinity of the transition tem-
perature from crystalline to mesophase structure.

Polymer/liquid crystal composite membranes were cast from tetrahydrofuran or
dichloroethane solutions of polycarbonate (PC) and N-(4-ethoxybenzylidene 4'-n-

butylaniline) (EBBA), of which chemical structures are mentioned below.
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N- (4-ethoxybenzylidene-4'-n-butylaniline)
polycarbonate (PC) (EBBA)

The PC/EBBA composite membranes contain EBBA of 15, 30, 45 and 60 wt%. These cast
films were dried in vacuo at about 333 K for 3 days. Two endothermic peaks due to
crystal-nematic phase transition (304 K) and nematic~isotropic phase one (355K)
were apparently observed for the PC/EBBA composite membranes in the case of EBBA
fraction above 45 and 60 wt%. On the basis of DSC and the wide angle X-ray measure-
ments, fairly homogeneous dispersion of EBBA was confirmed for the 15 wt% EBBA blend
film, while existence of EBBA crystal domains for the 45 and 60 wt% EBBA blend
films?) .
1. Water Permeation of PC/EBBA Composite Membrane

5)

The pervaporation system reported by Hung and Lin was refered to the
apparatus for the measurement of the hydraulic permeability of water. The permea-

tion cell was maintained in a water bath regulated by a temperature controller.
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Figure 1 shows the Arrhenius plot of the dif-

fusive permeability coefficients (P) for the PC and

the PC/EBBA composite membranes. The diffusive per- sol \¥ 1.0 PC:EBBA=40:60
meability coefficient was calculated from the ) %C\\ 29 PC:EBBA=55:45

39 PC:EBBA=70:30
hydraulic permeability coefficient (K) determined in 49 PC:EBBA=85:15

a temperature range of 273-333 K. P was calculated SePC

through the equation of K=PV/RT, where V is the
molar volume of water, R is the gas constant and T
is absolute temperature, respectivelyG). The logP
-1/T plots for the 45 and 60 wt% EBBA composite mem-

branes reveal a distinct jump at about 304 K corre-

log(Plertsec)

sponding to the crystalline~nematic phase transition
temperature. The magnitude of P increases by about
two and half times within an interval of a few de-

grees in the vicinity of the phase transition tem- 30 ] 32 34 36
10°KIT

Figure 1. Arrhenius plot of

perature. This striking increase of P may be
arised from the results that the transition of

EBBA from crystal to nematic phases induces activa- diffusive permeability co-

tion of the thermal molecular motion of PC and/or efficient to water.
increase of vacancy fraction around the domain boundary of EBBA. Indeed, these
behaviours make the flux of water increased remarkably. This apparently indicates
that the temperature dependence of P is in close relation to the thermal molecular
motion of the components composing the membrane. The thermo-mechanical measure-
ment was carried out in a home-made water bath after the permeation tests3). The
sharp tan § peak appears at about 300K for the 60 wt% EBBA composite membranes.

This tan § peak associates with the onset of the molecular motion induced by the

phase transition of EBBA domain in the composite mem-

brane. On the other hand, the tan § peak was not ob- -7t ;:scc;:::g::
served for PC film, which is in accord with the DSC 2°:CCIE;-;‘A-CH4
o -

result. The PC film does not exhibit a discontinuous . 50 PC - C3He
variation of P in the temperature range studied here. ‘ﬂ‘\
This result is in accord with the thermal behaviour
detected by DSC measurement or the thermo-mechanical
analysis.

2. Permeability of PC/EBBA Composite Membrane to Gases

The permeability and the diffusion constants of

log(Plemitste)-cri* sec'cmibg)
ey

gases were measured by the volumetric method (the high
vacuum method) originally developed by Barrer7). Fig- \\‘\\;i\\\\
ure 2 shows the Arrhenius plot of the permeability co- Mr o~
effecients of methane, propane and butane for the PC/
EBBA composite membrane containing EBBA of 45 wt% (the 44;7 \\\i

30 32 34

45 wt% EBBA composite membrane). The drastic jump or 36
10°KIT

the slope change on logP vs. 1/T plot for the 45wt% Figure 2. Arrhenius plot of

EBBA composite membrane suggests a change in the P to hydrocarbon gases for

mechanism of the permeation of hydrocarbon gases 45 wt$ EBBA composite mem-

across the crystal-nematic liquid crystal phase brane.
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transition temperature of EBBA. The slope of logP vs. 1/T for the PC membrane
remains constant in the temperature range studied here, corresponding to absence of
any thermal transition. In the case of the PC membrane, the magnitude of P to CH,
is bigger than that to CyHg. On the other hand, the magnitudes of P decrease in
reverse order of the number of carbon atom, that is, P to C4H10 is much higher than
that to CH,. These opposite tendencies on P of the PC and the PC/EBBA composite
membranes should be discussed in terms of the diffusion and the solubility coeffi-
cients, D and S. If the permeation characteristics are controlled by the solubility
and diffusion processes in the case of the homogeneous membrane without holes as

well as validity of Fick's and Henry's laws, the following relationship among P, D

and S should be hold. P =SD (1)

Figure 3 presents the Arrhenius plot of the diffusion

coefficient, D to CH, and CyHg for the PC and the PC/ -7 ;_: gg:g::.

EBBA composite membranes. The magnitude of D is cal- 2e PC - CH,

culated by the equation. 4e PC - C3Hg
p=1%/61 (2) -

where 1 is the time lag, i.e., the intercept on the ?' ‘G:::f:t:t

time axis of the experimental pressure-time plot and 1

7 is the thickness of the membrane. In the case of § -ST \4k\

the PC membrane, D to CH4 shows a value two to seven ? - z

times as much as that to C3H8. In the case of the PC/ ok \\%\\‘\\\\\\é\\‘\

EBBA composite membrane, the logDvs. 1l/T plot exhibits ~»

the discontinuous change in the vicinity of the crys- \\*\\‘

tal-nematic transition temperature of EBBA and also, kb \\5

the magnitudes of D to CH, and C;Hg are comparable

each other. There have been generally recognized that

the magnitude of D decreases with increaseg?f the re- 3b . 3} L i; L 3k

duced molecular diameter of the penetrants '. If as- 10°K/7

sumptions for equation (1) shoud be held, the solubil- Figure 3. Arrhenius plot of
D to hydrocarbon gases for

ity coefficient, S can be estimated from the results
45 wt% EBBA composite mem-

shown in figures 2 and 3 using equation (1). The
magnitude of S to C3Hg for the 45 wt% EBBA compos-
ite membrane is about three times as large as that to CH4, while S to CH, and C3Hg

brane.

for the PC membrane are almost the same in magnitude. Therefore, it may be explain-
ed by the solubility factor that the magnitude of P for the composite membrane de-
creases with increase of the hydrocarbon chain length. Also, it is apparent that
the crystal to nematic liquid crystal phase transition induces discontinuous in-
creases of the permeability, diffusion and solubility coefficients. The relative
magnitudes of P, D and S may indicate that the permeation of the PC membrane to
hydrocarbon gases is presumably controlled by diffusion process and that of the PC/
EBBA composite membrane by solubility process.

Figure 4 exhibits the Arrhenius plot of P to He gas and various hydrocarbon
gases for the 60 wt% EBBA composite membrane. The prominent jumps of P to these
gases were observed in the vicinity of the phase transition temperature, that is,

P to hydrocarbon gases increases by approximately 100 to 200 times over several
degrees in the phase transition temperature range of EBBA. Inasmuch as He gas is
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inert and then, the solubility property may not change
PC:EBBA=40:60

-6 1.6 n-CsHio

1 ~ 20 i=CiHio
\9\9\\ 3.0 c3H8
-7t *ﬁi 4 CH,

over the temperature range of the phase transition,
the discontinuous increase of P to He gas may be

attributed to the drastic increase on the diffusion
coefficient. This tendency may arise from increase 50 He
6.¢ N;

of the pore formation of which probability may be en-

hanced by the existence of a dynamic phase equilibrium
within EBBA domain going from the crystal to the

liquid crystalline state or vice versa. The dynamic

log(P/cm¥stpycmsec cmHg)
&
o

phase equilibrium means coexistence of solid and 3

liquid crystalline phases with respect to time and

position during the period of phase transition. The =10

magnitudes of P increase in the order of i-C4H10,

C3H8' n—C4Hlo and CH4 in the temperature range below 30 32 i& 3b
the phase transition of EBBA, while those do in the 10°KIT

order of CH,, C3Hg, i-C,H;, and n-C,H,, in the tem- Figure 4. Arrhenius plot of
perature range above the phase transition. Except P to hydrocarbon gases for
for n-C4H;,, the magnitudes of P to CH,, C,Hg and i- 60 wt% EBBA composite mem-—
C4H10 are reversed across the phase transition tem- brane.

perature. In other words, below the phase transition

temperature, P decreases with increasing the number of carbon atom except n—C4HlO

and this trend suggests that the permeability is predominantly governed by the

diffusion process. On the other hand, above the phase transition temperature of

EBBA, P increases with increase of the number of carbon atom. Generally speaking,

this tendency can not be explained by the diffusion control mechanism but it is

reasonably expected that the permeability is mainly governed by the solubility

process. It is very interesting that the permeability property of hydrocarbon

gases changes across the temperature range of the crystal-liquid crystal phase

transition of EBBA. Though there is disagreement in the results shown in figures 2

and 4 with respect to the relationship between the magnitudes of P and the number

of hydrocarbon atom in the temperature range below the phase transition, it is

apparent that the solubility process of hydrocarbon gases into the PC/EBBA composite

membrane is one of the important factors for the permeability, especially in the

temperature range above the crystal-liquid crystal phase transition temperature.
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