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Multi-phase diffusion in the Cu-Zn system
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Abstract

Multi-phase diffusion in the Cu-Zn system was investigated in a temperature range of
300° to 400°C.

All of the three intermediate phases, namely 8, 7 and &, existing in the equilibrium phase
diagram, were observed in the diffusion zone within the limit of this experiment.  The rate
of layer growth for § phase was very slow compared with the rate of the other two phases.
It may safely concluded that the growth of each intermediate phase was controlled by the
process of volume diffusion since the rate of layer growth obeyed the parabolic low. The
apparent activation energies found for the growth of 7 and & phases are 12.7 and 22.3 kcal/mol,
respectively.

The interdiffusion coefficients for ¥ and & phases at each temperature increased with the
increase of Zn concentration, and this tendency was most remarkable at v phase. The activation
energies for interdiffusion in r and e phases were estimated from the temperature dependence
of the interdiffusion coefficients.  The energy for 7 phase decreased with the increase of Zn
concentration from 28 to 19 kcal/mol. On the contrary, it can be considered that there is a
lesser effect of concentration on the activation energy for & phase.

The Kirkendall effect showed that Zn atoms diffused predominantly in this system.

The concentrations of the phase boundaries in 7 and & phases shifted to the zinc side by

about one or two atomic percent compared with the equilibrium values.
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Table 1 Characteristics of phases in Cu-Zn system at 600°I

Phase B T €
Homogeneity range
(atomic fraction) 0.045 0.095 0.090
Width of adjoing two-phase 0.10 0.095 0.120
regions (atomic fraction) 0.095 0.120 0.120
Crystal structure (0];'(12}2;1) r-brass structure Closed-packed hexagonal
Interdiffusion coefficient _ 1018 - -9
(cm?/sec) 10-1 108 —10-° 10
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Table 2 Boundary compositions at the phase interface

1 phase ¢ phase
Experimental value Equilibrium value Experimental value Equilibrium value
(Zn at %) (Zn at %) (Zn at %) (Zn at %)
400°C 60.9 67.3 58.4 66.6 79.6 88.3 78.4 86.8
380°C 60.9 67.7 585 66.5 79.4 87.8 785 86.4
360°C 61.0 67.3 58.7 66.5 79.4 88.1 78.6 86.3
340°C 62.1 68.1 58.7 66.5 79.4 87.8 78.7 86.3
320°C 62.4 68.0 58.7 66.5 80.0 879 78.7 86.3
300°C 62.5 67.8 58.7 66.5 79.7 87.6 78.8 86.3
4. # &

AREROKERABRET S &

(1) #fi Cu L§0 Zn A BECAINECHS & U o HHIRELC R VO, BB A i S E BRI BE R
RENASFBOPRMAE B, v, e MTTABLUehs, B M OHBURE Y TRV,

@) HAHEOHRE I EDEINT R, RS ORISR TR R TR EIN D,

k:=4.7%10"* exp(— 12700/ RT)
ki=8.1x 1072 exp(—22300/RT)

3) 7 R IV e HTOMEBRBEIIAACIR AL TR Y, Zn JE1 T 21 oh
THFOHEPEIR LT B,

4) MELEBOFEE{= A F — 13 ¢ JHPTC 19 keal/mol 75 28 keal/mol ¥ C#L LTk
D, Zn PEEEOEME & LT TOHEALD Do —JF & HTIHH 18 keal/mol & (51T —IE DH
Wils» T b,

GY BEWHRT EERL =34 F — O, v HT In Dy=12@Q/T.)—264, ¢ ¢
In Dy=0.65(Q|T,) —20.1 Tk & 1 B BIRR AL LT B,

(6) ARTOEBUX LI CITh I, Zn T 03— Ibmnc & - T& PO
BT T b,

(7 7 Mk XU & MHOMEE ML T L SPIFILBI ENT Zn RS L TV 5,
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