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bber seal materials (115 A12! AXH), Volumetric analysis method (I 2A4H),

A high-pressure in-situ permeation measuring system was developed to evaluate hydrogen permeation properties of
polymer sealing materials under hydrogen environments up to 100 MPa. This system could perform real-time monitoring of
hydrogen permeation following high-pressure hydrogen injection, employing the volumetric method for quantitative
measurement. By utilizing a self-developed permeation-diffusion analysis program, this system enabled precise evaluation of
permeation properties, including permeability, diffusivity and solubility. To apply the developed system to high-pressure
hydrogen permeation tests, hydrogen permeation properties of ethylene propylene diene monomer (EPDM) materials
containing silica fillers, specifically designed for use in high-pressure hydrogen environments, were evaluated. Permeation
measurements were conducted under pressure conditions ranging from 5 to 90 MPa. Results showed that as pressure
increased, hydrogen permeability and diffusivity decreased while solubility remained constant regardless of pressure. Finally,
the reliability of this system was confirmed through uncertainty analysis of permeation measurements, with all results falling

within an uncertainty of 10.8%.
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Table 1 Chemical compositions and density of silica-filled EPDM
composites. (Unit: %)

Chemical compositions EPDM-Silica

EPDM 45

Silica filler 45

Zinc oxide 1

Dicumyl peroxide 1
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Fig. 1 Internal structure of the high-pressure hydrogen permeation cell. (a) Assembly of the permeation cell, (b) Enlarged view of the insert.
The red line indicates the high-pressure hydrogen injection path, while the blue line represents the permeated hydrogen release path
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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 and (b) Volumetric method

for the quantitative measurement of permeated hydrogen
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Fig. 3 Real-time visualization monitoring and quantitative measurement results of permeated hydrogen using the volumetric method
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Project Information

Tag

Source Data | YM-BW20230525_K-E~48_90 MPa VM H 3,34 A 201,06,

Material Information

Elements [ |

Description [Seed material for all environrment spectrum data, this |

Measured Data Type  Transmissions
Material Shape Sheet

Dimension Thickness(mm Area(rmm™2) 201,06
Misc, AP (MPa)

. Diffusion Analyser V2 - Non-Named - m} X
File  Analysis Report Opticn Help
5000 10000 15000 20000 X10_6 /‘
T 3 30 /
I £
—0.0003 =
1 c
=]
T » 20
T -
T &
-+0.0002 =
+0.0001 e
1 5 10 15 20
1 Time (sec) x10°
: Fitting Option
8 5000 0000 15000 20000 TimeRange(sec) [= |~ [- | Datai 619~21840
[] Fitwith Log Value Dev=0006, FOM=04% Curve Fitting

[] Force Fin Pass Origin

Material Characteristic (Fitting Result)

Range Expand 10 7 %

2 | Multiplicity J§%4 1.000E-002 | 1.000E+000 | 1.000E+00 ~
3 | Sec Offset Jgv4l -1.000E+004 | 0.000E+000 | 1.000E+00
4| Flow Rate J524 -1.000E-010 | 0.000E+000 | 1.000E-01(
Unknown Parameter List
# min value max
1.000E-012 1.051E-010 1.000E-005
1.000E+001 3.829E+003 1.000E+004
Convergence Information
# what value
1 slope (mole/sec) 3.238E-008
2 intersection (sec) 9907.33
3 true intersection (sec) 9907.33
4 | D from conv. line (m*2/s) 1.051E-010
5 | perm. coef. (mol/m-s-MPa)) 4 473E-009
6 | solubility coef. (mol/m~3-M 42 5460 v

Fig. 4 Permeation-diffusion analysis program for evaluating hydrogen permeability, diffusivity and solubility using Egs. (4) and (5)
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Fig. 5 High-pressure hydrogen (a) Permeation rate, (b) Permeability, (c) Diffusivity, and (d) Solubility versus pressure in silica-filled EPDM

composites
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Fig. 6 Hydrogen uptake versus pressure in silica-filled EPDM
composites, calculated using Eq. (6)
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Table 2 Uncertainty sources and expanded uncertainties in VM

Relative

Factor of uncertainty value [%)]
0

- Repeated measurements 2.5
- Thickness measurement for the sample 0.8
- Maximum change in the sample thickness 1.7
- Standard deviation between data and Eq. (4) 4.0
- Accuracy of digital pressure gauge 0.6
- Resolution of digital pressure gauge 0.02
- Temperature variation of permeation cell 0.02
- Accuracy of graduated cylinder 0.3
- Resolution of graduated cylinder 0.2
Combined standard uncertainty, 5.1
Coverage factor, £ 2.1
Expanded uncertainty, U = ku, 10.8
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