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Gas Permeability of Biodegradable Polymer “BIOPOL®"Film

Tsutomu NAKAGAWA®, Michiaki ANDO*

Recently much attenfion has been paid for bicdegradable polymers, especially films for
packaging, because of environmental problem. A lot of information about the biodegradation
reactions. However, the most important property for food packaging is the barrier properties
for oxygen and/or water vapor permeation. The gas permeability, especially oxygen
permeability of the biodegradable polymer, “BIOPOL®was investigated. Normally, “BIOPOL®"
contains inorganic additives. The gas permeabilities investigated here are those of the pure
polymeric film. The permeability coefficient of the “BIOPOL®"at 30°C is 1.19x 1072 [cm®
(STP) cm,/cm?+sec * cmHg], which is better barrier value than the synthetic polyester, poly
(ethylene terephtharete), PET film. Both diffusion and solubility coefficients of oxygen in
“BIOPOL®"film are about one second, comparing with those of PET film. The permeability
of oxygen dissolved in water at 30°C is 2.6 X 1072 Therefore the small amount of water
in the film did not influence remarkably for the oxygen permeability.
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Fig. 1 Chemical structure of BIOPOL®
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Table 1 Analytical data of BIOPOL
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a) : Composition was determined from 400MHz'HNMR spectra
b) : Tg and Tm were measured by DSC at 20K,/min
¢) : Determined by X-ray diffraction
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Fig. 2 Temperature dependence of permeability
coefficients for various gases in BIOPOL
film

(O:He, ¢ :H,,0:0;,,A:CO;, ll: Ny

10°

106

]0-8 F

-IO- (] ] 1
1073, 3.1 32 33

/7)< 10° [K™1]

[em?/sec)

Diffusion coefficient

Fig. 3 Temperature dependence of diffusion
coefficients for various gases in BIOPOL
film

(D:He-’:Hz.O:Oz.A:COz..:Nz)

LVBERIEOVTIA —F—FO#EERT R,
RYxzFLvyFUL749L— bR WA
ANy y—PERL7,

Z I T, BEoRENLSaEME s LTH

=

0———g——— 00—

q U
i
e O -]

Solubility coefficient
[em?® (STP) /cm?® + emHg]
=)

—
S,
ES

v ! 2
10 3.0 3.1 3.2 33

(/T +10° (K]

Fig. 4 Temperature dependence of solubility
coefficients for various gases in BIOPOL
film
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Table 2 Permeability coefficients for various films

Film Temp.[C]  P*(0;)X10° P (CO;) X 10°
Poly (acrylonitrile) 25 0.0002 0.0008
Poly (methacrylonitrile) 25 0.0012 0.0032
Lopac (Monsanto) 25 0.0035 0.011
Poly (vinylidene chloride) 30 0.0053 0.029
Barex (Sohio) 25 0.0054 0.016
Biopol (ICI) 30 0.012 0.066
Poly (ethylene terephthalate) 25 0.035 0.17
Nylon 6 30 0.038 0.16
Poly (vinyl chloride) (unplasticized) 25 0.045 0.16
Poly (ethylene) (d =0.964) 25 0.40 3.60
Cellulose acetate (unplasticized) 30 0.78 240
Butyl rubber 25 1.30 5.16
Poly (propylene) 30 2.30 9.20
Poly (styrene) 25 2.63 105

a) : Unit ; [cm® (STP) * cm,/cm? » sec » cmHg)

Table 3 Comparison with crystalline poly (ethyl
ene terephthalate) for the oxygen perme-

ability, diffusion and solubility coefficients

at 30°C
PET BIOPOL
P? x 10% 43 1.1
DY x10° 47 24
S$? x 10 9.1 46

a) : Unit ; [cm® (STP) « cm/cm? « sec * cmHg)
b) : Unit ; [cm?sec]
¢) : Unit ; [cm® (STP) /cm?®+ cmHg)

Table 4 Comparison with crystalline poly (ethyl-
ene terephthalate) for apparent activation
energies of oxygen

PET BIOPOL
Ep¥ % 9.0
Ep® 110 100
AHs® -31 -11
De¥ 043 0042

a) : Unit ; [kcal /mol]
b) : Unit ; [cm?/sec)
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