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Abstract

Under the backdrop of the “Dual Carbon” strategy, methanol is gaining increasing importance as a
clean energy source and energy storage medium. The swelling of sealing materials in its long-distance
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pipeline transportation has become a critical challenge. This paper systematically investigates the
swelling behavior and changes in mechanical properties of nitrile rubber (NBR), fluororubber (FKM),
and silicone rubber (VMQ) in a methanol environment containing formic acid. The results indicate
that formic acid significantly inhibits rubber swelling but also induces material degradation. Silicone
rubber exhibited “negative swelling” due to the hydrolysis of Si-O bonds. Elevated temperatures in-
tensified the competing effects of swelling and degradation, while high pressure generally suppressed
the swelling process. Mechanical tests revealed that the tensile strength of fluororubber decreased
by up to 45.9% in the formic acid environment, whereas nitrile rubber demonstrated the optimal sta-
bility. This study provides important insights for the selection and safety assessment of sealing mate-
rials in methanol transportation systems.
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Figure 1. Volume and mass swelling of NBR with different formic acid contents at room temperature and pressure
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Figure 2. Volume and mass swelling of fluororubber at room temperature and pressure with different formic acid contents
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Figure 3. Volume and mass swelling of silicone rubber at room temperature and pressure with different formic acid contents
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Figure 4. Volume and mass swelling of NBR in 0.5 mol/L formic acid at normal pressure and different temperatures
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Figure 5. Volume and mass swelling of fluororubber in 0.5 mol/L formic acid at normal pressure and different temperatures
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Figure 6. Volume and mass swelling of silicone rubber in 0.5 mol/L formic acid at normal pressure and different temperatures
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Figure 7. Volume and mass swelling of NBR in 0.5 mol/L formic acid at normal temperature and different pressures
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Figure 8. Volume and mass swelling of fluororubber in 0.5 mol/L formic acid at normal temperature and different pressures
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Figure 9. Volume and mass swelling of silicone rubber in 0.5 mol/L formic acid at normal temperature and different pressures
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Figure 10. Study on the tensile properties of three materials after swelling
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Figure 11. SEM images of the surface of nitrile rubber before and after swelling
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Figure 12. SEM images of the cross-section of nitrile rubber before and after swelling
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