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Rapid solidification and mechanical alloying are
being employed to develop high-strength, high-
conductivity Cu alloys because they offer advantages
not achievable by conventional ingot metallurgy
practice. Most attention has been focused on rapid-
solidification processing due to the beneficial effects
of this technique on the structure and properties of
such materials and as an alternative route to the
production of engineering components. The effects
of rapid solidification on structure include (among
others) solid-solubility extension of alloying addi-
tions that are relatively insoluble at equilibrium and
size refinement.

Cu alloys developed (with the aim of achieving
high strength and high conductivity) via rapid
solidification [1-9] include binary Cu-Cr [1,5, 7],
Cu-Zr [1,3,9], Cu-B [7] and ternary Cu-Cu-X
(X =Zr, Ti or Mg) [5,7], and Cu-Nb and Cu-Cr
[8] via mechanical alloying.

This letter reports the mechanical and electrical
properties of rapidly solidified Cu—Cr, Cu-Cr-Zr
and Cu-Cr-Be alloys via microhardness and con-
ductivity measurements before and after heat treat-
ment. Lattice parameter determination and X-ray
diffraction give details of the solid-solubility exten-
tion achievable in those alloys.

Cu alloys were prepared from oxygen-free high-
conductivity Cu (99.99% purity), electrolytic Cr
(99.8%), sponge Zr (99.99%) and ribbon of Be
(99.99%) by induction vacuum melting. The chem-
ical compositions were confirmed by wet analysis to
an accuracy of + 0.02% solute, as shown in Table I.
Samples were melt-spun on to a Cu wheel at
3000 r.p.m. under an Ar atmosphere. The resultant
ribbons were 3 mm wide and about 50 um thick.
Chemical analysis presented no significant losses of
solute on remelting and spinning. Isochronal heat
treatments were carried out on rapidly solidified
ribbons 10 cm long, these ribbons being wrapped in
Cu foil and sealed under Ar in silica capsules 15 mm
in diameter. The specimens were then heat-treated
in Ar in their capsules for 60 min at 100, 200, 300,

400, 500 and 600 °C in a resistance furnace. The
capsules were then broken and the specimens
directly water-quenched. X-ray diffraction was used
with the purpose of determining the lattice para-
meter of the alloys and to identify any second phases
in both the as-rapidly solidified and heat-treated
conditions. A Siemens D500 X-ray diffractometer
was used with Cu radiation. Vickers’ microhardness
measurements were made on transverse sections of
the splats to evaluate their microhardness. Micro-
hardness testing was performed using a Matzusawa
MHT?2 miniload Vickers’ microhardness tester with
a 10 g load. Microhardness values were the average
of at least 20 measurements positioned so as to avoid
occasional second-phase inclusions. The electrical
resistivity was determined by measuring the resist-
ance of the ribbon samples with a Hewlett—
Packard 419 2A impedance analyser.

Table Il shows the lattice parameter data for
Cu-Cr, Cu~Cr-Zr and Cu-Cr-Be (data for as-
rapidly-solidified pure Cu are also included) alloys
with and without heat treatment. The lattice para-
meter, ag, for the three alloys in their as-rapidly-
solidified condition showed an increase compared
with data for as-rapidly-solidified pure Cu. When
the alloys are heat-treated up to 400 °C for 1 h, the
values of g, for the three alloys were almost the
same. At 500 °C the alloys showed a decrease in aq
similar to the value of the as-rapidly-solidified pure
Cu. Second phases identified by X-ray diffrac-
tometry in the three alloys at 500 °C were as follows:
in the Cu-Cr and Cu—-Cr-Be alloys only a Cr-rich
phase was detected and for the Cu—Cr-Zr alloy the
Cr-rich phase plus CusZr were detected. These
values of lattice parameter, a,, together with se-
cond-phases identification at 500 °C showed that
extension of the solid-solubility of solute elements
(Be, Cr or Zr) in the fcc a-Cu has already been

TABLE II Variation in lattice parameter, a, (nm) for the fc ¢
a-Cu alloys as a function of temperature of heat treatment (1 h)

As-rapidly-

Alloy (wt %) solidified 200°C  400°C  500°C
TABLE I Chemical analysis of the Cu alloys Cu 3.6148

Cu-1.02Cr 3.61484 3.6188 3.6187  3.6147
All Cr (wt % Zr (wt5 B t %

il r(wt%) r(ts) e (wt%) Cu2.72Cr-  3.6205 3.6210  3.6205  3.6150

Cu-Cr 1.02 0.25Zr
Cr-Cr-Zr 2.72 0.25 Cu-0.98Cr- 3.6175 3.6175 3.6172  3.6147
Cu-Cr-Be 0.975 0.215 0.2Be
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achieved by rapid solidification and retained in solid
solution up to 400 °C.

Table III shows the microhardness Vickers re-
sponse of the three melt-spun Cu alloys in their
as-rapidly-solidified condition and after heat treat-
ment at 100, 200, 300, 400, 500 and 600 °C for 1 h.
These data are plotted in Fig. 1, which shows that
the Cu—Cr—Zr alloy was the alloy which showed the
best response to the ageing treatment, with a peak
hardness of 261 kgmm? at 400 °C. The same figure
includes microhardness data for an argon-atomized
Cu~—10Ni-8Fe alloy [10] in which the microhardness
value is at its maximum in the as-rapidly-solidified
condition (about- 159 kgmm™2) and then decreases
progressively as the temperature of heat-treatment
increases, being its value of microhardness at 400 °C
(1h) 56% lower than that obtained for the
Cu-Cr-Zr alloy under the same conditions of
heat-treatment.

Fig. 2 shows data for electrical conductivity (Inter-
national Annealed Copper Standard; % IACS) of
melt-spun Cu alloys as a function of temperature up
to 600 °C (1 h) of heat-treatment. The Cu-Cr and
Cu-Cr-Zr alloy showed similar behaviour of electr-
ical conductivity (and superior to that of Cu-Cr-Be
alloy) up to 600 °C. It was in all cases the Cu-Cr
alloy that showed better values of electrical conduc-
tivity than the other two alloys and its value was
superior (by 15%) to that reported in [1] for Cu—-Cr
alloy.

The lattice parameter and microhardness data
shown in Tables IT and III indicate that a metastable
extension of the maximum solubility up to 2.7 wt %
Cr and 0.25 wt % Zr can be achieved in melt-spun
Cu-alloy ribbons. As mentioned above, the mi-
crohardness values for the Cu—Cr-Zr alloy increase
as the heat-treatment temperature increases up to
400 °C, and alloys of the Cu—Ni-Fe type under
similar conditions of rapid solidification show the
opposite behaviour, which gives the advantage to
Cu-Cr-Zr alloys in order to be consolidated in its
softest condition and its full strength to be developed
by a subsequent age-hardening treatment. As shown
in Fig. 2, the values of electrical conductivity in-
crease as the heat-treatment temperature increases,
but the resultant electrical conductivities are lower
than that desired for industrial applications, such as
resistance-welding electrodes in which an electrical
conductivity of approximately 90% IACS is desired,
but this set of alloys have shown better values of
electrical conductivity (76% IACS for the
Cu—Cr-Zr alloy at 600 °C) than those reported in [1]
for Cu-Cr and in [9] for Cu-Zr alloys.
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Figure 1 Microhardness Vickers’ response of melt-spun Cu alloys
in their as-rapidly-solidified condition and after heat treatment at
100, 200, 300, 400, 500 and 600°C (1 h heat treatment). (O)
Cu-Cr, (&) Cu~Cr-Zr, (O) Cu—Cr-Be and (A) [10].
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Figure 2 Electrical conductivity of melt-spun Cu alloys as a
function of temperature up to 600 °C (1 h) heat treatment. (O)
Cu-Cr, (&) Cu-Cr-Zr and (0) Cu-Cr-Be.

In conclusion, an extended solid solution of Cr,
Cr—Zr and Cr—Be in Cu has been achieved by rapid
solidification. A peak age-hardening temperature of
400°C was found for the rapidly solidified
Cu-Cr-Zr alloy, being at its peak hardness 56%
higher than alloys of the Cu-Ni-Fe type under
similar conditions. Finally, the electrical conduct-
ivity values of alloys of the Cu~Cr and Cu-Cr-Zr
types were superior to those reported for Cu—Cr [1]
and Cu-Zr [9], but still need to be improved for
industrial applications.
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TABLE III Microhardness Vickers (10 g load) response of melt-spun copper alloys in their as-rapidly solidified condition and after

heat treatment at 100, 200, 300, 400, 500 and 600 °C (1 h).

Microhardness (kg mm—2)

Alloy (wt %) As-rapidly 100 °C 200 °C
solidified

Cu-1.02Cr 127.6+9 1044+ 8 157.4+9

Cu-2.72Cr-0.25Zr 1204 + 4 1413+ 4 1491+ 6

Cu-0.98Cr-0.2Bc 100.6 +9 109.5+7 130.3+7

300°C 400 °C 500 °C 600 °C

168.6 + 11 261.3+13 205.2+13 162.2£7
159.1+6 199.4 £ 13 243.4+12 166.7 + 8
138.8+8 200.5+ 14 143.8 + 14 1294+ 9
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