RIERETERUIEREE185  BMSTE LA 79

BLRILFEREBEICLD Pd fOKZED
PR B D PNE T DR ST

RA F—*emE R—*

The Determination of Hydrogen Diffusivity in Palladium

by the Different Electrochemical Permeation Methods
by

Yoshiichi SAKAMOTO and Taichi NISHINO

(Department of Materials Science and Engineering)

The following three electrochemical hydrogen permeation methods; (1) Hydrogen
permeation current method (2) Hydrogen potential method, (3) Current pulse-
hydrogen potential method have been compared in order to determine the exact
diffusion coefficient of hyﬂrogen in both annealed and as cold rolled Pd at room
temperature, especially in view of the fitness of observed permeation transient with
theoretically predicted one. ’

The experimental permeation transients obtained by the hydrogen permeation
current method with galvanostatic charging for both Pd specimens were fitted better
to the theoretical curve derived under the constant hydrogen concentration directly
beneath the cathodic surface than the theoretical curve obtained under the constant
hydrogen flux charged at the cathodic surface, regardless with the cathodic current
densities, On the other hand, both the hydrogen potential and the current pulse-
hydrogen potential methods under galvanostatic charging did not show the close
fitness between the experimental transients and theoretical one.

The method of determination of the hydrogen diffusivity and concentration of
hydrogen by using the relation of log (4t -J;) vs. 1/t from the permeation transient
obtained by the hydrogen permeation current method is the most useful for the

* simplicity and the precision of data handling.
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Fig. 1 Hydrogen permeation current transients
for annealed and as cold rolled Pd
(Top), and comparison of the normal-
ized data of the experiments with the
theoretical transients for some boundary
conditions (Middle and Bottom).

: constant hydrogen concentration
directly beneath cathodic sur-
face (Laplace. transform solu-
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—.—: constant hydrogen flux charged
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Fig. 2 Effect of the repeated runs on hydrogen
permeation current transients for an-
nealed and as cold rolled Pd (Top), and
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Table 1 Effect of cathodic polarization current density and repeated runs on diffusion
coefficient and hydrogen concentration beneath the cathodic surface in annealed
and as cold rolled Pd. Temp.=26+1°C, L=100+3ym.

Specimens ofN fﬁn 0.1lmA/em? | 1,0mA/cm? | 10mA/cm?
1st |1.540.2%1071,7:£0.2%10-7 2.240.3% 107

D 2nd |1.520.2%10°71.7+0.2x107 2,403 107

(cm?/s) 3rd |1.440.2x1071.620.2x1077 2.3-40.3% 107

ANNEALED

1st |3.9405%x10% 4,440 5x1042.7:-0. 4105

Co ond |4.14-0.5x103 4.3+0.5x10-4 2.4--0,4x 108

(mol/em?) 3rd |4.3405x1054.440.5x104 2,540,410

1st [5.0406x1081.24+0.2x1072.14+0.2x107

b 2nd |5.240.5x1081,2+0,2x107 2,140,2x 10
(cm?/s) 3rd |5.5:£0.5x108 1.240.2x107 2.2:-0.2% 107

AS COLD ROLLED

1st |1.420.2x104 7.420.6x104 2,740 41073

Co 2nd |1.340.2x104 7.2:40.6x 104 2.5+0. 4 103

(mol/em?) 3rd |1.340.2x1047.040.6x10°4 2,540,410
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Fig. 3 Hydrogen potential transients for an-
nealed and as cold rolled Pd obtained by
the hydrogen potential method (Upper),
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Table 2 Comparison of diffusion coefficient of hydrogen observed by various methods for

annealed and as cold rolled Pd.

Temperature=26+1°C, L=1004+3um, i;=1,0mA/cm?, * z'c =50mA/cm?, 1s.

Il\)fFI}II‘\I/{IECZ)&l’)I‘ION CURRENT POTENTIAL METHOD 1I\’/Il}{:I’_,FSI_I'I)O(I‘,)I;){RRENT
Annealed |As cold rolled] Annealed |As cold rolled: Annealed |As cold rolled
(cn?z/s) 1.740.2x1071,.24+0.2x1077 1.5+0.2x 1077 8 804X 109 4.5+0.3x 107 2.0i0.35<10'7
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Fig. 5 Hydrogen permeation current transients
for annealed and as cold rolled Ni
(Upper), and comparison of the exper-
imental data with the theoretical tran-
sients (Lower). :

: Laplace transform solution.

------------ : Fourier transform solution.
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Table 3 Diffusion coefficient and hydrogen concentration in annealed and as cold rolled Ni
observed by analyzing various hydrogen permeation current methods.
Temperature=27+1°C, ic=1,0mA/cm? L=30+1pm.

Ji/Jo ws. log t method

Logyt -J; vs. 1/t method

Z; vs. t method

Annealed

As cold rolled] Annealed

As cold rolled] Annealed |As cold rolled

(e [5-40.5X 10903 220, 610705, 60,2 10192, 7:+:0, 3% 10-106,3:£0, 3 X 1003220, 4x 10710

C,

(mol/ocm3) 3.24+0,5x10* (8,540,610 |3,1+0,3x10*11.3+0.4%x103|2.740.4x10*1.14+0.4x103

T
BRAEMBREIC K > TERICEBY 28 LU
I Pd th D IEFEID KR DI ERE AR B 1o die, 4
ICER IR & BERER S OWAICEAE BN TED
wif&kiU%ﬁﬁ&iomfﬁﬁ&ﬁbﬁ
BEdlis K OWBAE Pd & HICESREICIZEEETE LT
D miﬁﬂg—i”®%#fﬁ%ﬁ EM BRI X
BIKRFBERE THE LK ESBHEEIT 2 0ms
HiRE Db, DUARBEEE TO KERE—E’
DEREMTH 2 BBAEMEOBGRIGRE OB
DHWERIFTH B, KREMES ZOBR v 2~k
RENIRIC X 2 EAFEBH I TR & OB
B, BBERHOFMIZBENELENEELLNS
“break through-time T ITRS RN HETH B,
EEREMIC & 5K RBBEHRE B 7 158
ﬁ#b@ﬁﬁFﬁk&U*?ﬁ@z@@ﬁilwa
Jo) vs. 1/t QBRGSO 1T8 D HHED 7 — 2 LB E
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