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Abstract : Polyamide 6(PA6) is widely used in fuel cell electric vehicles as a hydrogen tank liner. PA6 is known for its capacity to
absorb moisture in the air. The water absorption of PA6 specimens were predicted by using Fick’s law of diffusion. The effects of
test temperature and water absorption on the elastic modulus of PA6 were investigated. Dry specimens, as well as specimens
immersed in water for 3 and 16 days, were tested in order to find elastic modulus at temperatures from -60 to 95 °C. As the test
temperature increased, the elastic modulus decreased. As the water content increased, the elastic modulus decreased at temperatures
above freezing point because the absorbed water acted as a plasticizer. However, as the water content increased, the elastic modulus
increased at temperatures below freezing point. The water molecules that have been absorbed in PA6 have turned into ice crystals at
temperatures below freezing point. Furthermore, the high elastic modulus of the ice crystals increased the elastic modulus of PA6,
which absorbed the water molecules. The elastic modulus of PA6 was predicted at temperatures below freezing point by using the
rule of mixture. The result showed that the measured elastic modulus was higher than expected. This difference became larger as
the water content increased. The increased elastic modulus with the increased water content at test temperatures below freezing
point is due to the strong bonding force between the PA6 polymer chain structure and the ice crystals.
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Fig. 2 Ratio of mass of absorbed water at arbitrary time t to mass
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Table 1 Properties related to water absorption of PA6 specimens

Manufacturer A B C
Mass of PA6 that absorbed water (g), M in Figure 3(a)
3 Days in water 9.05 950  9.29
16 Days in water 926 9.79 9.54
Water absorption rate (%), Wassorbea in Eq.(1)
3 Days in water 234 319 276
16 Days in water 463 637 549
Time to substantial saturation (days) 69 52 60
Mass of absorbed water wl.len substantially 069 081 080
saturated (g), m_, in Eq.(3)
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