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Dissolution Rate of Copper in Lead and Aluminum Melts

Katsumi Mori, Toshiro Kitanara and Kunihiko NakasHma

Synopsis : In order to clarify the kinetic behavior of dissolution of solid copper into liquid lead and aluminum, the change in radius
of cylindrical copper specimen with time was examined under static or rotating condition in the temperature range from
500 to 900°C.

It was found that the dissolution rate increases with increasing rotating speed. This fact supports that the diffusion
of copper in a liquid metal is a rate-limiting step. As a result of kinetic analysis based on the film theory, the following
non-dimensional correlation was obtained for each flow condition.

Under rotating condition in lead melt,
Jo( =k/U+Sc?3)=0.014  Re~*?

Under static condition in both melts,
Sh(=Fk/D)=0.015 + (Gr,,* Sc)*+*

Apparent activation energies for dissolution were calculated to be about 10 kJ/mol at 200 rpm, and 35-40 kJ/mol for
static condition. These values are comparable to those ebtlmated from the temperature dependence of physical
properties of liquid metals.
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Fig. 1. Decrease in the radius with time of Cu cylin-
der dipped into Pb melts at 700°C.
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Fig. 2. Decrease in the radius with time of Cu cylin-
der dipped into Al melts at 700°C.
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time for dissolution of Cu into Pb melt under 200 700 17.6
dynamic conditions at 700°C. 400 27.1
‘600 43.7
. — . Al-20Cu 200 | 15.7
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Fig. 7. Non-dimensional correlation between /o and
Re for dissolution of rotating copper cylin-
der in liquid metal bath.

Table 2. Physical properties of liquid metals'®.

Metal | Density (g/cm?) | Diffusivity of Cu (cm?/s) | Viscosity (mPa*s)
Pb 1 0.269°10-+exp (-12,400/RT)*® |0.5078exp (8,142/RT)
Al 2.70 - 0.33410°T | 1.05°10-%-exp (-23,800/RT) 0.2565+exp (13,080/RT)
Cu 8.75 - 0.657-10°T 0.5287-exp (23,850/RT)
Sn 7.33 - 0.63-10°T | 0.18-10"%exp (-17,600/RT) 0.4670exp (5,833/RT)
Bi 10.714-1.222-107*T x2 0.5035+exp (5,192/RT)

*1) 10.665—1.264+107% (T —Tm) +10.084-10~%(T —Tm)% Tm is melting

point

* 2) Diffusivities of Cu in Al-Cu alloys and Bi were estimated
from viscosities by using Stokes-Einstein relation.

* 3) The estimation of viscosities of Al-Cu alloys was made
based on the equation by Hirai®®.
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Fig. 9. Temperature dependence of mass transfer
coefficient %4 of copper into Pb and Al melts
under static and dynamic conditions.

Table 3. Activation energies for dissolution of cop-
per into liquid metals under static and
dynamic conditions.

Eos | Es | Ey? | B | Enap
Pb (Dynamic) | 9.5 | 12.2 7.3 12.4 —
Pb (Static) | 38.6 | 29.2 7.3 | 12.3 | 43.2
Al (Static) 34.7 | 253 | 11.7 | 23.8 | 15.4*

* Values estimated on the base of phase diagrams”
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