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A Consideration on VTrapping Effect on Hydrogen Diffusion in Metals

Yoshiichi SAKAMOTO*, Koumei BABA* and Junko FURUKAWA*

The expression of apparent diffusivity of hydrogen in a generalized trap model of “two energy level”

has been obtained on the basis of an assumption of a system of low. occupation probability of hydrégen

on normal lattice and trap sites.

A good point of the derived apparent diffusivity of hydrogen compared with the conventional expres-

sion is as follows : (i) The traps have not only the characteristic trap density and depth but also the

trap “width”. (ii) The peculiar trapping and release rates are taken into consideration in the sites

involved. (iii) It is taken into account that the characteristic diffusivity within the traps as well as

the dimension of trap, and those of normal lattice site can affect the total diffusion flux.

The validity of the resulting apparent diffusivity equation has been examined on the experimental

data of cold worked specimens of palladium, nickel, iron and Pd-Ag solid solutions in which the dis-

solved silver atoms in palladium are expected to act as traps for hydrogen atoms.
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Fig. 1 Energy steps necessary to the diffusion
of hydrogen atom through metal lattice

for trap model of “two-energy-level’’
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Specimens fe AGH -2 / kJ-mol™ -1
cold rolled Pd 2.9 x 1072 -8.4
cold rolled Ni 3.1 x 107> -30.2
19.4 % pre~strained iron* 5.4 x 1012 -82.9
Pd-39.9 at% Ag 6.5 x 10-1 -6.6
Pd-49.9 at? Ag 9.9 x 10-1 4.9
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ESzOMER (2> 7) O3DEREL, RIHTH
Ty 70N #ERT 5L, HIEPS BLUNIY T
A2 7 =0.320mTH D, 19.4%51E D FEEE
2780 B & U22% BT L AR 120w Tk 2=
0.14nm TH-o7= 2wz, wihoaFis bsv 7
D MMIIEEITNE L, FHITIZEN Y v~ 7 HEEE
IHELTWw3DEEZ 5N A,

2. Pd—39.9 at%Ag £&H LU Pd—49.9 at % Ag
HEEDBEE™ D Dovs. T
BHRFIZEZ 7y T2ROBIE LTHEEIL /2 Pd
—39.9at% Ag 54" H LU Pd—49.9at% Ag®™ DE
HHE & FEE e DEAMEE 2N FNFig 6 BLUTIC
RY. BEBEIOBRE, HBOLII fi=fi: LEL,
EfE%REMEHE UTHEL 2. BOAEAF—212
Pd—39.9at%Ag 44" D,=3.28X 10 exp[— 21130
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Fig. 6 Temperature dependence of apparent diffu-
sivity in Pd-39.9 at% Ag alloy®™. The pres-
ent model of eq.(11) was fitted to the ex-
periment as a function of E; values.
(Dv+D3)/Di=1 X 107% Dy/Di=1x10"%
----- : Oriani’s model, —-——:McLellan’s
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Fig. 7 Temperature dependence of apparent diffu-
sivity in Pd—49.9 at% Ag alloy™. The pres-
sent model of eq.(11) was fitted to theex-
periment as a function of E; values.

(Ds+ D)/ Di=1 X107%, Da/Di=1 x107°

-——: McLellan’s

model.

(J-mol™)/RT]1(m?s™'), [Cr]=1.02exp[23410(J-mol™)

/RT}(mol'm™), Pd—49.9at% Ag&&* . D,=1.11
X exp [—14850(J-mol™)/RT (m*-s™*), [Cr]=2.32
X 10%exp [12160(J-mol*)/RT J(mol ‘m™®) TH Y, F 7=
D, [ClEIX EROBESL 24 Pd D2 1™ & [EH—
Th 3.

Pd—39.9at% Ag A& DH AT (Di+ D)/ Di= 1 X
107, D%/D;=1X107T, E;=18~19%J-mol™ D&
BECEAE EAET 5. Pd—49.9at% Ag A& DS
X (D5+D3y)/Dy=1X107%, Da/Di=1%x10"°7T, E.
=14~15kJ - mol " DFEFH CHEAIE L MAET 5. BT
DPL, AHHAIT Oriani® LU McLellan®™ D3
WAL CEAE: OBEAESRFTHS. 22T,
by TOMREELE rORKRO L O LREL, HiE
LEMEICED T RBEHET AL, 39.9a%Ag BE
Tk 2r=1.20m, 49.9at% AgHE TEHM 27=
42.20m k% A, Zh@z, BIED Iy 7 to“m”
A BN Y v v TIRRE, R D2 MUK 150 BAL Y
v IS L TWB 2 EDTh R 3.
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UMBCEE 2B L Twa. (Nt 7y 7 - 44 PHIZY
KEOBRENRIZLIHEIFEL, ThEIFLHE
IZHEBLTWE, 22T, b5y 7 A SABRITK
Koo THALTHY, HERRICHELIRITSE
WERET S &, AL TEY U /ILE05 2R3 McNabb-
Foster’ ®Z L& [A—& %1, RHNF OHBHHOE
AL Oriani? O Z & —F¥ 3.
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