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Hydrogen Permeation through Iron, Nickel, and Heat Resisting

Alloys at Elevated Temperatures

Kanji MAsul, Heitaro YOsHIDA, and Ryoji WATANABE

Synopsis:

Hydrogen permeabilities of several metals and allo

ys were measured over the temperature range of 200~

1 000°C and some factors affecting the hydrogen permeability were discussed. Materials studied were iron,
nickel, 80Ni-20Cr alloy, 50Fe-30Ni—20Cr alloy, HK 40, Incoloy 800, Hastelloy X, and Inconel 600. The
hydrogen permeability of nickel was proportional to the square root of the pressure and inversely proportional
to the membrane thickness. The activation encrgy and pre-exponential factor for the hydrogen permea—
tion through these metals and alloys were derived from the temperature coefficient. The hydrogen permea—
bility of nickel was larger than that of iron (7)> and the permeabilities of the heat resisting alloys were between
those of nickel and iron (y). There was a close correlation between the hydrogen permeability and nickel
content in the alloys, that is, the permeability increased with the increase of the nickel content in the alloys.
The formation of the oxide film on the alloy surface in wet hydrogen resulted in a remarkable reduction
of the hydrogen permeability at elevated temperatures.
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Table 1. Chemical composition of metals and alloys (wt%).

Metals and alloys Ni Cr Fe \ Si \ Mn ﬂ C Other elements
Fe — — bal. tr. 0.003 | 0.005
Ni bal. — tr. tr. — 0.002
80Ni 20Cr bal. 19.52 { 0.05 — — 0.006
50Fe 30Ni 20Cr | bal. 20.01 | 48.77 — — 0.01
HK 40 22.0 23.0 bal. 0.67 0.53 0.40
Incoloy 800 31.59 | 20.72 | bal. 0.48 0.93 0.04 Ti:0.35 Al :0.45
Hastelloy X 47.97 | 21.22} bal 0.50 0.60 0.09 Mo :8.82 Co:1.27 W :0.59
Inconel 600 73.25 | 15.91 | bal. 0.41 0.34 0.05
17:T—th‘ 7zo ZRNEY B A EZEAREEETE, KEROMREKE
Ti B i G X b S4EEC 7 v A D ERBLWEEE ik
=
L, #0714 0KEBEICKE P LE IET

g}?'ifi‘_‘t’_._.}%._é“ """" 11l
= j— |
——130_.J s

270

Fig. 1. Specimen and specimen holder.
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5
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(1) Bubbler (11) Union

2) Saturator (12) Bellows union
(3) Silica gel (13) Liquid nitrogen trap
(4) Molecular sieve (14) Mercury diffusion pump
(5) Reserve tank (15) Mercury trap
(6) Mercury manometer (16) McLeod gauge
(7) Pirani gauge (17) Dew point meter
(8) Rotary pump (18) A.C. thermo couple
(9) Specimen (19) Measuring tank

(10) Furnace

Fig. 2. Measuring device for hydrogen permeation.
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Fig. 3. Hydrogen permeability of nickel as a

function of the square root of hydrogen
pressure.
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Fig. 4. Hydrogen permeability of nickel as a func—
tion of inverse thickness of membrane.
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Fig. 5. Hydrogen permeability vs. reciprocal tem-
perature on nickel, iron and Ni-Cr(-Fe)
alloys.
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Table 2. Experimental values of activation energy (Ep) and pre-exponential factor (Po)
for the hydrogen permeation through various metals and alloys.

P=Pyexp(—Ep/RT)
Metals and alloys Temperature range (°C)

P,[ cm?(NTP) mm/cm?-h-atm¥2] | Ep (cal/ mol)

l
Ni 13407580 13 000 500 300~1 000
Fe(a) 118+30 8190+ 340 200~.850
Fe(7) 16307879 16 900 = 4 800 930~1 000
80Ni 20Cr 1900 +79 15 400300 500~1000
50Fe 30Ni 20Cr 21707350 16 600 - 400 500~1 000
HK 40 2230 16 800 800~1 000
Incoloy 800 2 440 16 500 800~1 000
Hastelloy X 2 290 16 000 800~-1 000
Inconel 600 2 540 15 800 800~1 000
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Fig. 6. Hydrogen permeability vs. reciprocal tem-
perature on heat resisting alloys.
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Fig. 7. Change in hydrogen permeability of alloys
with elapsed time.
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Photo. 1. Electron diffraction pattern of the oxide
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tion at 800°C for 10h in wet hydrogen
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Fig. 8. X-ray diffraction patterns of various alloys
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