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Synthesis of Electrical Conductive Polymer Blends Using
Supercritical Carbon Dioxide as Impregnation Solvent
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Abstract

For the potential of applying supercritical fluid
technology on polymer chemistry, this study
investigated the interaction of supercritical carbon
dioxide (SCCO,) ~ polycarbonate(PC) system. By the
Isco high pressure equipments and Fickian diffusion
model, the sorption and diffusivity of carbon dioxide
in the PC substrate have been measured. Based on
such results, this research also applied the SCCO, on
synthesizing conducting
poly(3,4-ethylenedioxyl-thiophene) (PEDOT) polymer
composites. The CO, — PC system is found to be well
fitted to the Fickian diffusion model. The solubility of
CO; in PC raises from 7.6 wt.% at high temperature
and low pressure to 14.7 wt.% at low temperature and

high pressure. The crossover of solubility isotherm has
been found when the SCCO, density is about 680
kg/m’, which indicates a change of sorption
phenomena. Contrary to previous author, the CO,
desorption diffusivities (D) is larger than the sorption
diffusivities (D) at low temperature range in this study.
The CO, plasticizing effect on polymer substrate can
be used to explain the antithetic result. And the CO,
plasticizing effect on PC has been verified by tensile
testing. Iron(I1I) perchloride is found to be a proper
aqueous oxidant and polystyrene (PS) is better
substrate than polymethylmethacrylate (PMMA) when
synthesizing conducting PEDOT via SCCO;. In this
study, the synthesizing conducting polymer
composites with and without SCCO, are compared.
Contrary to brittle PPy, PEDOT is soft and blending
with polymer substrate is not able to improve the
conductivity.

Keywords: Conducting polymer, Supercritical carbon
dioxide, and PEDOT
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Table 1 Comparisen of equilibrium sorption amount,

desorption diffusivity and sorption diffusivity
at various temperatures and pressures

T P Density M- Dg(10" D, (10"
(°C) (MPa) (kg/m’) (wt.%) m/sec) m’/sec)
40 20 830.04 1241 2.01 1.22
40 30 92842 1344 2.16 1.07
WA0__40_ 99250 1470  2.55_ 091
50 20 763.12 11.71 1.61 1.68
50 30 88024 13.13 1.85 1.19
S0__40 95302 1459 207 __163 _
60 20 694.03 10.87 1.67 3.36
60 30 83124 1298 1.70 1.59
60 40 913.09 1432 2.07 2.74

*evaluated by Peng-Robinson equation of state

Table 2 Conductivity of PEDOT composite using PS
and PMMA polymer substrate with various
oxidant solvents (S/cm)

With zero hour

With one hour

Polymer . b . b
impregnation time impregnation time

substrate Water Butanol Water Butanol

PS 0.260 0.049 0.010 0.012

PMMA 0.081 0.102 0.016 0.027
M-
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Fig. 1. Schematic illustration of the desorption
measurement and mass-loss analysis
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Fig. 2. Plot of the measured desorption weight fraction
{M,) against the square root of desorption time
{tg). PC specimen has been sorbed at 40°C and
30 MPa with various sorption times {t;).
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Fig. 3. Plot of the CO, sorption amount (M,) against
the sorption time (t,} at 40°C and various
pressures: 420 MPa, A 30 MPa, and @40
- MPa.
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Fig. 4. Plot of the CO, equilibrium sorption amount
(M) against the pressure at temperatures: 4



a0 @00

40°C, AS0°C, @60°C.
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Fig. 5. Plot of the COQ, equilibrium sorption amount
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(M=) against the SCCO; density at various
temperatures: €940°C, AS0°C, @60°C. (A\:
Literature data at 50°C [10])
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Fig. 6. Plot of the CO, desorption diffusivity (Dg)
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against the equilibrium sorption amount at

sorption temperatures: €40°C, A50°C, @60°C.
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Fig. 7. Variation of sorption diffusivity (D;) against

SCCO, temperatures at various pressures: 4
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20 MPa, A30 MPa, @40 MPa.
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Fig. 8. Photographs of specimens after sorption at
60°C and 40 MPa SCCO, at sorption times: (a)
zero, {b) 40min, (¢) 60min, (d) 120min, (e)
240min.
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Fig. 9. Photographs of specimens using in tensile
testing (a) neat PC, (b) neat PC after testing, ()
CO;-swollen PC, (d) COy-swollen PC after
testing under sorption at 40°C, 40MPa for 4
hours.
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