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Abstract : The addition of low molecular weight diluents to a certain polymer causes changes in
various properties of the polymer mixture associated with antiplasticization, i. e., reduction in glass
transition temperature and increase in stiffness. In this study, the effect of diluent on gas permeation
properties of polycarbonate(PC) was investigated. The gas permeability coefficients for He, Ha, O,
N, Ar, and CO; at 35C near atmospheric pressure have been measured for the mixture of PC/di-2-
ethylhexyl phthalate(DOP) and PC/tricresyl phosphate(TCP). The mobility for gas transport was
found to decrease with diluent addition. This propensity was qualitatively correlated with antiplasticiz-

ation attributed to the change of free volume.
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Table 1. Materials Used in This Study

Physical

Name Abbreviation . Source
chracteristics
Polycarbonate PC glassy, G. E. Lexan
T,=138¢C
Poly(methyl- PMMA  glassy, Rohm&Haas
-methacrylate) T,=1003C  Plexiglas
Di-2-ethylhexyl DOP  Liquid, Aldrich
phthalate T,=384C
Tricresyl TCP  Liquid, Merck
phosphate T,=265C
270
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Fig. 1. Schematic diagram of permeation cell.
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Fig. 2. Glass transition temperatures for PC/diluent
mixtures . () PC/DOP, (A) PC/TCP, and (--)
Fox’s relationship for PC/DOP.
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Table 2. Permeability Coefficients for Gases in PC/diluent Mixtures

HeZAG b H22.89 b C023'3 b P Ar34 b 023.46 b N23.64 b
PC 12.2 11.0 6.3 0.81 143 0.28
PC/DOP
5% 86 8.02 33 0.38 0.82 0.14
10% 7.8 7.38 2.0 0.26 0.62 0.08
15% 6.6 5.49 1.8 0.25 0.48 0.08
20% 6.6 5.88 2.1 0.29 0.55 0.11
25% 77 7.12 4.0 057 0.88 0.19
PC/TCP
10% 7.1 6.21 18 021 0.52 0.066
15% 55 463 1.2 0.14 0.35 0.045
20% 45 36 10 0.11 0.25 0.041
25% 44 344 1.0 0.12 0.25 0.040

2 10°Ccm*(STP)cm/cm?sec cmHg ]
b kinetic diameter[A]
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Fig. 3. Semilogarithmic plot of gas permeabilities at 35C vs PC/diluents :

PC/DOP, (A) PC/TCP.
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Table 3. Permeability Coefficients for Gases in PMMA/DOP Mixture

P T, Vi
He H, CO, Ar 0, N, () (cm®/g)
PMMA 7.62 4.04 0.34 0.03 0.09 0.01 100.3 0.0877
PMMA/DOP
10% 7.78 4.82 0.63 0.10 0.24 0.02 62.3 0.0932
20% 8.49 6.24 2.59 0.31 0.57 0.14 46.5 0.0957

21097 cm3(STP)cm/cm?sec cmHg ]

A7tHe A% AVt 5E371571(0] Aol
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AAstal 2 AE Table 4 2 Fig. 40 vehf
th. I B vk} o] DOP7} 8|M A7 ALg-
g A5, 2 §Ee] 15 wt% 74l = vl A o] A}
Ao o] 20wt% 7t H A oAl Ftehe A
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Table 4. Volumetric Characteristics of PC/diluent Mi-
xtures

p* A" ng Ve
[g/em®] [em’/g] [em®/g] [cm’/g]
PC 1.1870 0.8424 0.6942 0.1482
DOP
5% 1.1894 0.8408 0.7002 0.1406
10% 1.2024 0.8317 0.7062 0.1255
15% 1.2064 0.8289 0.7121 0.1168
20% 11928 08384  0.7181  0.1203
25% 1.1747 0.8513 0.7241 0.1272
100% 09810 10194 08138  0.2056
TCP
10% 1.2005 0.8330 0.6942 0.1388
15% 12012 08325 06942  0.1383
20% 12015 08325  0.6942  0.1381
25% 1.1949 0.8368 0.6942 0.1426
100% 11760  0.8503 06944  0.1599

2 Measured by Density column )
b Calculated from the Bondi's method™

PC/8lM A &AW HEA H7MA Y F54Y &
ol we} 4207} GebA e ojusin, 1 99e
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R #UY TEA B A9, 32 AR
2 (Ve 7 7A4E 239 Folgtn 7H4 g
Aoz ®7)=HP

V():(V())d : W+(v0)p * (1-W) (2)

d : diluent, P : polymer
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Fig. 4. Specific volumes for PC/diluent mixtures at 25
T : (W) PC/DOP, (a) PC/TCP.
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Fig. 5. Estimated specific free volumes for PC/diluent
mixtures at 25C : (l)) PC/DOP, (A) PC/TCP.

Table 5. Specific Free Volume of Materials

PC PMMA 100) TCP?

cm’/g 0.1482 0.0877 0.1399 0.1211
aref. 3.
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