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Abstract — Characteristics of polypropylene films commercially available in biaxially oriented and cast forms were ex-
amined to determine the permeability, diffusivity and solubility of oxygen by electrochemical system composed of lab-made
membrane-covered electrode and on-line monitoring PC units. Resultant values were statistically compared with ones from
pressure gradient method. It shows that the present electrochemical measurement is more fast and reliable method for the
study of oxygen transfer.
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Fig. 1. One dimensional model of oxygen flux to cathode surface.
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Fig. 2. Schematic diagram of experimental arrangement.
1. Gas tank 6. Electrode
2. Rotameter 7. Potentiostat
3. Water circulator 8. Personal computer
4. Magnetic stirrer 9. Strip-chart recorder
5. Water jacket reactor 10. Data acquisition card
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Fig. 3. Schematic diagram of membrane-covered electrode.
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Fig. 4. Polarogram of 25um Teflon at various partial pressure of
oxygen.
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Fig. 5. Partial pressure of oxygen vs. steady state current of mem-
brane-covered electrode for biaxially oriented polypropylene
with various thickness.
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Fig. 6. Partial pressure of oxygen vs. steady state current of mem-
brane-covered electrode for cast polypropylene with various
thickness.
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Table 1. Permeability of oxygen for biaxially oriented polypropyl-
ene with various thickness

Permeability[barrer}”
Membrane thickness(fim) A) ASTM B) Electrochemical error®
D3985 method
15 0.528 0.680 28.8
20 0.804 0.643 20.0
30 0.667 0.734 9.1
40 0.570 0.689 209
mean +standard deviation 0.642+0.123  0.687+0.037
nie’ {&J(S—T—P)—Cm} 2) (A-B|/A)x 100
cm? - s - cmHg

Table 2. Permeability of oxygen for cast polypropylene with various

thickness
Permeability[barrer]” %
Membrane thickness(um)  A) ASTM  B) Electrochemical err(‘;rz)
D3985 method
30 1.224 1.356 10.8
40 1.145 1.257 9.8
60 1.590 1.656 4.2
mean + standard deviation 1.320-+0.237 1.423+0.208
3 .
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Fig. 7. Normalized current vs. time for biaxially oriented polypro-
pylene with various thickness.
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Fig. 8. Normalized current vs. time for cast polypropylene with vari-
ous thickness.
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Fig. 9. Extrapolative determination of time-lag for 15 um thick biax-
ially oriented polypropylene.
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Table 3. Diffusivity and solubility of oxygen for biaxially oriented
polypropylene with various thickness

r 1 L.
2
Diffusivity | 10~ <™ Solubility
Membrane L s ] — ]|
thickness(im) non-linear . [10 2 CmISTP) ’
- lime-iag cm® - cmHg J
regression L

15 (1.933 0.921 0.735

20 1.612 1.565 0.299

30 2.061 2.077 0.356

40 3.079 3.140 0.224

=+ standard
mean =Sandard 9310000 192640938 0.428+0.217
deviation

Table 4. Diffusivity and solubility of oxygen for cast polypropylene
with various thickness

- = =
Diffusivity [1g-em Solubility
Membrane L s |
. . . - , cm%STP)
thickness(tum) non-linear . 102
. time-lag cm® - cmHg
regressmn
30 3.009 2.954 0.451
40 6.122 5.856 0.205
60 8.184 8.309 0.202
an+
mean tstandard o000 59142468 0.268+ 0.143
deviation
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Fig. 10. Distribution of diffusivity with thickness for BOPP and
CPP.
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Fig. 11. Morphological pattern by scanning electron microscope for
15 um BOPP(A) and 40 pm BOPP(B).
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P :partial pressure of oxygen [cmHg]

t, :time at steady state [s]

X : distance from cathode to bulk liquid [cm]
d,  :thickness of membrane {cm]

n : pumber of electrons per mole of oxygen
F  :Faraday constant [96500C/mol]

A :diffusional area of cathode fem’]

P, :membrane permeability of oxygen CmXSTP) - cm
cm?- s - cmHg
S, :membrane solubility of oxygen —-C—Tﬁ))—
cm?® - cmHg

D,

3

2
:membrane diffusivity of oxygen {-Crsn—:l

Q. :electrical quantity [C]

I, :current at steady state [A]
L : current at unsteady state [A]
az2(0|A 25t

0 : time-lag [s]
nEs
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