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Synopsis :

Diffusion coefficients of hydrogen in steels are measured by the electrochemical
permeation method. Discussions are carried out on conditions of the measurement of
diffusion coefficient. Furthermore, in order to evaluate the trapping effect of lattice
defects upon hydrogen diffusion, the influences of cold work, its recovery processes in
annealing and alloy elements are examined. The results obtained are summarized as
follows. (1) The diffusivity of hydrogen in full annealed iron is determined to be
D=1.53%x10-3exp(-1700/RT). (2) The diffusivity of hydrogen is significantly decreased by
cold work. (3) Decrease in diffusivity of hydrogen by cold work is explained in terms of
trapping effect due to dislocations. (4) The trapping effect due to alloy elements is
smaller than the effect due to dislocations.(5) Using the trapping theory, the binding
energy of hydrogen with dislocations is given as 6600 cal/mol. (6) An estimation method

of dislocation density using the apparent diffusivity of hydrogen is established.
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Diffusion coelficients of hydrogen in steels are measured by the electrochemical permeation method.

Discussions are carried out on conditions of the measurment of diffusion coefficient. Furthermore, in

order to evaluate the trapping effect of lattice defects upon hydrogen diffusion, the influences of cold

work, its recovery processes in annealing and alloy elements are examined. The results obtained are

summarized as follows.

(1) The diffusivity of hydrogen in full annealed iron is determined to be

D=1.53x 107*exp {—1 700/RT).

(2) The diffusivity of hydrogen is significantly decreased by cold work.

{3) Decrease in diffusivity of hydrogen by cold work is explained in terms of trapping effect due to

dislocations.

{4) The trapping effect due to alloy elements is smaller than the effect due to dislocations.

(5) Using the trapping theory, the binding energy of hydrogen with dislocations is given as 6600

cal/mol.

(6} An estimation method of dislocation density using the apparent diffusivity of hydrogen is established.
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Fig. 1 Published data for the diffusion coefficient of hydrogen in iron and steels
Table 1 Published data for the diffusion constants of hydrogen in iron and steels
- SE— | — iz - S -
Method of Temp. range | s | ! ) 2 |
investigation ‘ °C) | Dy(cm?/sec) @{cal/mol} | Dy 00(cm?/sec) ‘ Reference
N 400—900 ‘ 2.2x10°0 2000 | 1.64%107 | Geller (1950
Permeability . I i o [ ‘ T
] ]
and | 400900 ' 0.76x107 ‘ 2300 ‘ 1.56x107% - Sykes (1947)
solubility 400900 | 1.2x10° ! 2 900 ‘ 8,91 107 ‘ Stross (1956)
e e e . O
Electrolysis © 20 .80 | 11.0x10°% 8740 | 4.28x10% | Barrer (1940)
time lag | |t , | BT ] Bamer CRAD
‘ 150-900 | 0.89x 10 ‘ 2050 5.1010% | Stross (1956)
Vacuum . AT R ——. [ e
GHASIE | g00 780 | Lax10® | 3200 | 6.32x10° | Johoson (1955)
Gas phase time lag 126693 | 0.387x107 1080 | 6.26x10° | Bryan (1963)
Vacuum - L e B ‘ RN T
degassing | 25 ‘ - ! — ‘ 5.0 10-1 ‘ Baranow?lliém)
i ) o \ ! T
Electric discharge i__ 35_(0_2mm) | T . WEX 19 _ . Palczwska
time lag \ 35 (0.8mm) - ‘ - | 2x10-6 | (1961)
| 25—200 120x 1073 7 820 I 2.2x 1077 \ Johnson (1955
v |
acuum _ o B . e R
degassing | 0.93x 1078 2700 | 9.57x 107 Elc““*‘“g’l’%g)
_ -3 -5 o
Blectrochemical | 10770 0-6x17 130 BEmeaem Bockeis (1966)
method | 570 1.5+ 100 1 700 7.98<10~  Present work
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