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IMA Analysis of Diffusion Coefficients of Cu and Al in Ni

by

Masayuki HASAKA*, Tatsuji FURUSE**, Tetsuya WATANABE***,
Yasuo UCHIYAMA®* and Hideto KOGA*

With a secondary-ion micro-analyser (IMA), diffusion coefficients of Cu and Al in polycrystalline
Ni were investigated for temperatures ranging from 1269K to 723K, namely from 0.727T% to 0.42 T,
where T» is a melting point of Ni. The activation energies and the frequency factors of lattice
diffusion observed at high temperature were :
—— @Q; = 256k]/mol, Do = 0.52cm?/s above 919K for Cu,
—— @Q: = 244k]J/mol, D, = 0.24cm?/s above 938K for Al
These activation energies agreed well with the values which were theoretically estimated from energies

of vacancy formation and atom migration. The activation energies and the frequency factors of the

short circuit diffusion observed at low temperature were :
— Q: = 67kJ/mol, Do =14X 10~"'cm?/s below 872K for Cu,
— @ = 90kJ/mol, D, =12X10"%cm?/s below 919K for Al.
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Fig.1 Substrate Ni was coated with Cu or
Al, and then with Ni.
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Table1l Crater depth obtained by two methods.
Crater depth was measured by using
SEM images seen at different angles.
Crater depth was estimated from multi-
plying the time of sputtering each sam-
ple by the sputtering velocity which
was. given by using a Ni foil.

Sample 1035K 938K
x49.2ks |  %1220ks
Method (um) (gm)
SEM 8.4 1.2
Ni Foil 9.6 1.4
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Fig.2 Variation of the intensities of Cu ion
with the depth of Ni. Iio, is total of
ion current.
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Fig.3 Logarithmic plot of intensities of Cu

and Al ions versus x°.
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Fig.4  Arrhenius representation of the diffu-
sion coefficients of Cu and Al in Ni.
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Table 2 Arrhenius parameters of Cu and Al
diffusion in Ni.

T/K Do/em? s | Q/kJmol ™!
919~1269 | 0.52 256 | this work
Cu| 722~872| 1.4x107" 67 | this work
1327~1632 | 0.57 258 | Kadoma et al.'»
938~1269 | 0.24 244 | this work
Al 722~919 | 1.2X10*° 90 | this work
1116~1623 | 1.6~1.8 257~259 | Akimova et al.'?
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