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Study on Mutual Permeation of Hydrogen Isotope through Metal

- Mutual Permeation of Hydrogen and Deuterium through Inconel 600 -

Tetsuaki TAKEDA and Jin IWATSUKI*

Department of Advanced Nuclear Heat Technology
Oarai Research Establishment
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Permeation of hydrogen isotope through a high-temperature alloy as used heat exchanger and
reformer tubes is an important problem in the hydrogen production system connected to be the high-
temperature engineering test reactor (HTTR). The objective of this study is to investigate an effect of
mutual permeation process of hydrogen (H,) and deuterium (D) on an amount of permeated D, through a
metallic tube. This paper described experimental and numerical results regarding of mutual permeation of
hydrogen and deuterium through Inconel 600. In the present experiment, the partial pressure of D; in the
tube inside was kept at 10~100Pa and the one of H, in the tube outside was maintained higher than the one
of D, in the tube inside. From the results obtained in the experiment, the amount of permeated D, in the
case of mutual permeation was less than the one in the case of single component permeation. The amount
of permeated D, decrease with increasing the partial pressure of H; in the tube outside. The amount of
permeated D, could predict quantitatively by the model, which is taking into account of the production of

the hydrogen isotope (HD) and atom fraction at the tube surface.

Keywords: Permeability, Hydrogen, Deuterium, Mutual Permeation, Hydrogen Production System,

HTTR, Metallic Tube, Experimental Study, Numerical Model, Atom Fraction
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HTTR Hydrogen Production System
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Fig. 1 Tritium and hydrogen permeation process in the HTTR hydrogen production system
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Table 1 Experimental condition (partial pressure and temperature)

D, partial pressure = 102.3 [Pa]
Ha partial 3 4 4 5
pressure [Pa] 0 1.05%x10 1.01x10 5.07x10 1.01x10
750[°C] 9 - - 10 -
800[°C] 6 - 7 8 -
850[°C] 1 2 3 4 5
D, partial pressure = 55.5 [Pa]
H, partial 0 | 4.18x10° | 1.01x10* | 3.11x10* | 5.07x10* | 8.09x10*
pressure [Pa] ) ) . : :
850[°C] 11 - 12 13 14 15
D, partial pressure = 9.9 [Pa]
H2 partlal 3 3 4
pressure [Pal] 1.05%x10 4.18x10 1.01x10
850 [°C] 16 17 18 19

Table 2 Activation energy and pre-exponential factor of H, and D, permeability

Gas High- Temperature Partial Activation Pre-exponential factor

species | temperature [°C] pressure | energy [cm3(NTPg-cm'1-s'1-Pa'
Alloy [Pa] [kd-mol™] ®

H, Inconel 600 669-819 | 1.05x10° | 69.1+1.2 (1.9+0.4)x10*

Ha Inconel 600"” | 800-1000 - 66.14 2.22x10™

H, Incoloy 80077 | 800-1000 - 69.07 2.13x10™

D, Inconel 600 669-819 | 9.98x10? | 74.7+0.5 (2.5+0.3)x10™*

D, Incoloy 800 649 - 74.1 9.77x10°
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Table 3 Experimental results (D, partial pressure in the test tube = 102.3Pa)

No. |Tae | Meas.tube | . Testtube[Pa] [ ! Powm._ ... Measuring tube [Pa]
[°C] P2 Puzr | Pror | Poer | Por | 102.3 | Puam | Puom | Poom | Pom
[Pa] -Por
1 818 0 0 0.4 | 82.3 | 82.5 19.8 04 0.4 | 19.7 | 19.9
2 819 1.05x10° - - - - -| 885.3 423 | 0.5]| 21.7
3 819 1.0x10% | 323.0| 125.3| 21.4| 84.1 18.2 R.O.| 36.0°| 0.1
4 819 5.1x10%| 461.7| 166.6 | 13.3| 96.6 5.7 R.O.| 176.7°| 0.2
5 821 1.0x10° | 656.8| 168.0| 9.0 93.1 9.2 R.O.| 362.7°| 0.6
6 770 0 - - - - - 0 0.7 ] 15.6 | 16.0
7 772 1.0x10% | 206.2| 109.8| 29.3 | 84.2 18.1 R.O.| 275 | 041
8 772 5.1x10*| 653.2| 156.1| 13.8| 91.9 10.4 R.O.| 154.0°| 0.2
9 720 0 - - - - - 0 0.7 ] 11.6 [ 11.9
10 | 722 5.1x10*| 405.6| 1285 27.8 | 92.0 10.3 R.O.| 140.6"| 0.1
*: Measurement error suspected by large amount of H,
Table 4 Experimental results (D, partial pressure in the test tube = 55.5Pa)
No. | Tave | Meas.tube | Testtube [Pa] | . Pom__| ] Measuring tube [Pa]
[°C] P2 Puar | Prot | Poar | Por | 55.5 Phaw | Puom | Poam | Pom
[Pa] -Por
11 819 0 - - - - - 0.30 0.42 | 5.52 | 5.74
12 819 1.01x10*| 121.7| 78.4 | 11.1| 50.3 5.25 R.O.| 14.87] 0.08
13 819 3.11x10%| 242.0| 87.6| 7.41| 51.2 4.29 R.O.| 49.6°] 0.09
14 820 5.07x10*| 328.2| 93.8| 6.10 | 53.0 2.53 R.O.| 128.17 | 0.06
15 819 8.00x10*| 4241 96.9| 5.22 | 53.7 1.84 R.O.| 340.9° | 0.16
*: Measurement error suspected by large amount of H,
Table 5 Experimental results (D, partial pressure in the test tube = 9.9Pa)
No. | Tave |Meas.tube | . Testtube [Pa] | . Pom__[......] Measuring tube [Pa]
[°C] Pz Puzr | Prot | Pozr | Por 9.9 Prhav | Puom | Poam | Pom
[Pa] -Ppr
16 818 0 0.30| 0.38| 7.68 | 7.88 1.99 0.31 0.39 | 2.05| 2.24
17 819 1.05x10° 39.7| 13.56| 1.03| 7.77 210 | 907.2 4331 0.05| 2.21
18 819 4.18x10°| 100.1| 16.6| 0.75| 9.05 0.82 R.O.| 4.317|0.04
19 819 1.01x10*| 160.7 | 17.0 | 0.50 | 8.99 0.88 R.O.| 874" | 0.05

*: Measurement error suspected by large amount of H,
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Table 6 Experimental resuits of the ratio of permeated D2

No. Tave Test tube Meas. tube Permeated of Ratio of D,
CCl | Dy . D,-mutual
Pb2 P2 Pp2 Dz-ordinary
[Pa] [Pa] [Pa]
3 819 102.3 1.0x10* 18.2 0.922
8 772 102.3 5.1x10* 10.4 0.655
5 821 102.3 1.0x10° 9.2 0.467
12 819 55.5 1.01x10* 5.25 0.916
13 819 55.5 3.11x10* 4.29 0.749
14 820 55.5 5.07x10* 2.53 0.497
15 819 55.5 8.00x10* 1.84 0.412
19 819 9.9 1.01x10* 0.88 0.404
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Experimental results : O, A, [
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