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Abstract : In the present work, temperature dependence of oxygen diffusivity in the polyvinyl chloride (PVC) film
Dy formed on gold electrode was investigated using steady-state rotating disk electrode (RDE) technique and mod-
ulated electrohydrodynamic (EHD) impedance technique. Both the diffusion rate defined as the ratio of oxygen dif-
fusivity in the PVC film to the film thickness D#8, and the time constant 6f2/Df for oxygen diffusion through the
PVC film were obtained from plot of the limiting current versus disk rotation speed and from fitting the EHD imped-
ance spectra experimentally measured to those theoretically calculated on the basis of the diffusion equation for mass
transport through the non-conductive and porous film, respectively. By combining measured D/3; with 37D, we
determined 8 and Dy at room temperature separately. As temperature increased, it appeared that the Dy value measured
for the PVC film-covered gold RDE was enhanced more rapidly than that D, value in the solution measured for
the PVC film-free gold RDE. This means that the pores growing with increasing temperature act as effective diffusion
paths within the film. The present in-situ steady-state and modulated EHD measurements prove to be effective for
determining & and Dj, separately and at the same time the porosity of the PVC film at temperatures below glass
temperature T, of the film.
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Fig. 1. Schematic diagram of the concentration profile of reacting
species across the porous film-covered metal electrode and electro-
lyte.
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system.
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Fig. 6. Variation of EHD impedance Bode diagrams for PVC film-
free Au RDE (O), theoretically calculated based upon Eq. (32) with
different diffusion time constants &/D; : (], 0.01; A, 0.1; @, 1, using
input constants of Sc = 600, Q = 120 rpm, and Dy#d;= 3.52x107>,

180

1

150 |-

-
N
(=]
1
|

phase shift, 8 /deg.
8
T

D
o
1

30

10°

dimensionless frequency, p/ -
Fig. 7. Variation of EHD impedance Bode diagrams for PVC film-
free Au RDE (QO), theoretically calculated based upon Eq. (32) with
different disk rotation speeds: [, 120; A , 240; @ , 360 rpm, using
input constants of Sc = 600, D/8;= 3.52x107, §/D;= 0.1.
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Fig. 8. EHD impedance Bode diagrams obtained from PVC film-
free (O) and -covered Au RDE specimens in 0.1 M NaClO,+ 0.001
M NaOH solution at different rotation speeds of: (1, 120; A, 240;
@, 360 rpm.
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Fig. 9. Dependence of temperature on the oxygen diffusivities in the
bulk solution (O) and PVC film ((J).
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Fig. 10. Change in calculated porosity n of the PVC film with tem-
perature.
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