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Abstract : Rubber O-rings are widely used in hydrogen fuel cell vehicles and hydrogen refueling stations to prevent leakage
and safely store high-pressure hydrogen. This study developed an in-situ high-pressure permeation measurement system
capable of accurately evaluating the hydrogen permeation properties of rubber O-rings used under high-pressure hydrogen
environments. The devised system consists of a permeation cell designed to safely apply hydrogen pressures up to 100 MPa
to the test O-ring and a measuring part that quantitatively evaluates hydrogen permeation using a portable compact
manometer based on the manometric analysis method. The measured hydrogen permeation data over time after high-pressure
hydrogen injection were analyzed using a self-developed permeation-diffusion analysis program, enabling the evaluation of
permeation properties, such as permeability, diffusivity, and solubility. Permeation properties of EPDM rubber O-rings were
evaluated under pressure conditions ranging from 5 MPa to 70 MPa to validate the practical applicability of the developed
system.
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(a) Cross-sectional view of O-ring permeation cell
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Fig. 1 Internal structure of the high-pressure hydrogen permeation cell for O-ring specimen. (a) Cross-sectional assembly view

illustrating upper cell, lower cell and insert with gas flow paths. (b) Enlarged view showing O-ring mounted within the

groove. The red line indicates the high-pressure hydrogen injection path. The blue line represents the permeated

hydrogen released path. The yellow region in the enlarged view indicates the insert. The O-ring shape shown here is
conceptually illustrated to represent the condition under applied high-pressure hydrogen.
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(a) High-pressure H, injection system
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Fig. 2 Overall system for the high-pressure hydrogen permeation test to evaluate the permeation properties of polymer
materials. (a) Schematic of the high-pressure hydrogen injection process and the temperature control system for the
permeation cell. (b) Manometric method for the quantitative measurement of permeated hydrogen.
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Fig. 3 (a) A diffusion-permeation analysis program for determining H, diffusivity, permeability and solubility using Eq. (3), (4)
and (5), respectively, in EPDM O-ring under injection pressure of 70 MPa, (b) replotted result showing diffusivity (D),
permeability (Pe) and solubility (.5), obtained by diffusion-permeation analysis program.
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Table 2 Uncertainty sources and expanded uncertainties in
manometric analysis method

Factor of uncertainty Relative
value (%)
Repeated measurements 3.8
Thickness measurement for the sample 0.8
Standard deviation between data and Eq. (3) 3.0
Accuracy of digital pressure gauge 0.6
Resolution of digital pressure gauge 0.02
Variation of temperature 0.01
Accuracy of portable sensor 0.06
Resolution of portable sensor 0.002
Volume deviation of portable sensor container 0.9
Combined standard uncertainty, . 5.0
Coverage factor, & 2.1
Expanded uncertainty, U = ku, 10.6
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