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Abstract: The long-term durability of an FKM O-ring used as parts of a hydrogen station was investigated by exposing
it to high-pressure gaseous hydrogen for 1, 3, and 7 days at room temperature. Changes in its sealing force were subse-
quently measured at 150°C using intermittent compression stress relaxation (CSR). No changes in the tensile properties of
FKM O-ring were observed, but its initial and overall sealing forces at 150°C significantly decreased with increasing expo-
sure time to hydrogen gas. Microvoid formation in the FKM O-ring upon exposure to high-pressure hydrogen was min-
imized over time after the ring was exposed to atmospheric pressure at room temperature, which prevented changes in its
tensile properties. However, applying heat accelerated FKM O-ring oxidation, which decreased its sealing force. These
results indicated that identifying changes in the sealing force of rubber materials using intermittent CSR is not sufficient
for monitoring changes in mechanical properties under high-pressure hydrogen atmospheres; however, it is suitable for eval-
uating the long-term durability of sealing materials for hydrogen station applications under similar conditions.
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Figure 1. The application of rubber composite for hydrogen station.

Figure 2. Image of FKM O-ring used in this study.
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Figure 4. Load vs. displacement behavior of FKM O-ring from
intermittent CSR at 25°C.
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Figure 5. Initial sealing force of FKM O-ring after exposure to
94.5 MPa hydrogen gas at 25°C.
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Table 1. The Change of Mechanical Properties of FKM/Carbon Black Composite Before and After Exposure to 94.5 MPa Hydrogen Gas

at 25°C for 24 hours
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Figure 6. Residual sealing force of FKM O-ring after exposure
to 94.5 MPa hydrogen gas at 25°C.
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Figure 7. Time for FyF, = 50(%) of FKM O-ring after exposure
to 94.5 MPa hydrogen gas at 25°C.

Figure 8. The fracture surface of FKM O-ring after exposure to 94.5 MPa hydrogen gas at 25°C ((a) neat FKM-Oring, (b) Exposure

to hydrogen for 1 day, (c) 3 days, (d) 7 days)
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