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Development of Measurement Technology for Uptake and Diffusivity of
Hydrogen Gas in Rubbers by Electronic Balances
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TCorresponding author :

jkjung@kriss.re.kr Abstract >> We developed an ex-situ technique to determine the uptake and dif-

fusivitiy of hydrogen gas dissolved in rubber by employing electronic balances
Received 22 January, 2021 and diffusion analysis program. This method is applied to rubbers such as nitrile
Revised 1 April, 2021 butadiene rubber (NBR), ethylene propylene diene monomer (EPDM), fluoroelas-
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tomer (FKM), which are used as hydrogen gas seals in hydrogen infrastructures.
After exposure to hydrogen gas of high pressure at 35 MPa and 70 MPa, the up-
take and diffusivity (D) of hydrogen is obtained together with measured uncertainty.
NBR and EPDM shows two kinds of hydrogen diffusion bebaviors; the fast dif-
fusion is due to the H, adsorbed in the main polymer network, the slow diffusion
is due to the Hy trapped in the carbon black filler. Whereas the FKM appears sin-
gle diffusion behavior
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Table 1. Uncertainty budget for the diffusivity of NBR rubber (diameter: 49 mm, thickness: 2.3 mm) exposed to 35 MPa (Unit: %)

Permeation Uncertainty factor
U Vers k U
property Uy Wy U Upy Up, U U
Diffusivity 5.0 0.001 0.003 6.9 2.6 0.6 1.0 9.0 73 2.0 18.0

Table 2. Uncertainty budget for the diffusivity of EPDM rubber (diameter: 49 mm, thickness: 2.3 mm) exposed to 35 MPa (Unit: %)

Permeation Uncertainty factor
U, Ve ff k U
property U 4 Up Upy U ps Wn Wiz Ups
Diffusivity 42 0.001 0.003 6.9 1.7 0.6 1.0 83 93 2.0 16.7

Table 3. Uncertainty budget for the diffusivity of FKM rubber (diameter: 49 mm, thickness: 2.3 mm) exposed to 35 MPa (Unit: %)

Permeation Uncertainty factor
u, Verr k U
property Uy Up Upy Ups Upy Ups Upg
Diffusivity 3.0 0.001 0.003 6.9 16.8 0.6 1.0 8.8 149 2.0 17.6
> St AN XSS =28 HI32H HM2s 20214 43
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Table 4. The diffusivity of hydrogen molecules in NBR,
EPDM, and FKM rubbers

. Diffusivity
Specimen Pressure | Charging amount (m¥s, x10%)
. (MPa) :
fast slow fast slow
35 256 755 1.0 0.3
NBR
70 618 893 1.1 0.2
35 549 273 2.1 0.4
EPDM
70 853 612 3.6 0.4
35 344 0.3
FKM
70 504 04
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Fig. 8. The one diffusion behavior of residual hydrogen contents over time in FKM sample with CB filler exposed to 35 MPa (left) and

70 MPa (right)
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