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The effects of the solid solution and aging treatment on the microstructure, hardness and electrical conductivity of Cu alloys
containing 0.7 wt% and 1.8 wt% Be were investigated. These Cu-Be alloys contain Co, Si, Ni and Mn as alloying elements.
An horizontal continuous casting process was applied to obtain unidirectionally solidified billets. A solid solution treatment of
the sample was carried out at 865 oC and aging treatments were performed in the range 270-550 oC. For the Cu-1.8 wt% Be
alloys, the electrical conductivity generally increased as the aging temperature increased in the range of 270-370 oC. For the
Cu-0.7 wt% Be alloys, the electrical conductivity increased as the aging time increased in the range of 10-180 min.
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Introduction

Copper alloys containing beryllium have attracted
considerable interest because of their excellent combin-
ation of high electrical conductivity and high strength.
Many studies have been made on age hardenable Cu-
Be alloys, which have found their application in
developing electrical and electronic components, high
strength springs, diaphragms and forming tools [1-7]. It
has been known that if Cu-Be alloys were properly
alloyed or heat-treated, a yield strength exceeding 700
MPa could be attained in the hardened condition. Two
types of Cu-Be alloys have been commercially deve-
loped, described as high strength and high conductivity
alloys. With increasing beryllium content, the strength
increases, whereas the electrical and thermal conduc-
tivity decreases so that a compromised condition should
be found when both properties are needed.

In the case of most precipitation hardenable alloys, a
high strength is attained if the alloys are properly
solution-treated and aged. Experimental studies have
been primarily made on Cu-Be binary systems on a
laboratory scale and thus scare literature exists regard-
ing multi-alloying element systems and continuously
cast alloys [8-10]. The aim of the present study is to
give a contribution to the understanding of the effects
of the solid solution and aging treatment on the hard-
ness and electrical conductivity of the Cu-Be-x alloys
prepared by horizontal continuous casting. The present

investigation includes: (a) the influence of heat treat-
ment on hardness; (b) the influence of heat treatment
on electrical conductivity; and (c) the effects of the
beryllium content.

Experimental

The Cu-0.7 wt%Be alloy and Cu-1.8 wt%Be alloy
were prepared in order to investigate the effects of the
solid solution and aging treatment on their hardness
and electrical conductivity. These Cu-Be alloys contain
Co, Si, Ni and Mn as alloying elements. An horizontal
continuous casting process was applied to obtain uni-
directionally solidified billets. XRD analysis confirmed
that the billets were unidirectionally solidified. The
solid solution treatment of the samples was carried out
at 865 oC for 1 h and the aging treatments for Cu-0.7
wt%Be alloy were performed at 450 oC, 500 oC and
550 oC for 10 min, 30 min, 60 min, and 180 min because
the temperature for the maximum age hardening is
known to be 500 oC. The Cu-1.8 wt%Be alloy was
aged at 270 oC, 320 oC and 370 oC for the same time
intervals. For this alloy, the temperature for the maxi-
mum age hardening is known to be 315-345 oC. 

The metallographic samples of the beryllium copper
alloys were first mechanically wet ground using a
#1200 SiC grit paper, then polished with 3 μm diameter
Al2O3 powder, followed by etching in a mixture of
nitric acid and hydrogen peroxide (5 ml HNO3 + 15 ml
H2O2 at 25 oC). After etching, the specimens were
cleaned with distilled water, and then dried in air. Sub-
sequently, the specimen was examined in a scanning
electron microscope (SEM). The samples for hardness
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measurements were wet ground using #1200 SiC grit
paper, then tested on the Rockwell hardness B and C
scales, and finally converted to Vickers hardness values
for comparison. Electrical conductivity was measured
according to ASTM E 1004 with a FISCHER’s SMP-1
instrument.

Results and Discussion

Figure 1 shows the changes of electrical conductivity
of the Cu-1.8 wt%Be alloy as a function of aging
temperature and time. The electrical conductivity of the
initial specimen was 16%IACS. After aging at 320 oC
and 370 oC for 180 min, the electrical conductivity
increased to 21%IACS and 25%IACS, respectively. At
these temperatures, the electrical conductivity increased
almost linearly with the aging time. However, with
aging at 270 oC, the electrical conductivity did not
change even though the aging time increased. In the
present aging temperature range of 270-370 oC, a
higher electrical conductivity was attained at the higher
aging temperature.

Figure 2 shows the changes of electrical conductivity

of Cu-0.7 wt%Be alloys as a function of aging temper-
ature and time. In general, the electrical conductivity of
specimens increased as the aging time increased. The
initial electrical conductivity was 31%IACS and this
value was enhanced to 46%IACS after aging at temper-
atures 450 oC, 500 oC and 550 oC for 180 min. It is to
be noted that the highest electrical conductivity value
of Cu-0.7 wt%Be alloys was higher than that of Cu-1.8
wt%Be alloys by about 85%.

Figure 3 represents the variation of hardness of Cu-
1.8 wt%Be alloys as a function of aging temperature
and time. The hardness of the specimen slightly
increased from 222 Hv to 230 Hv after aging at 270 oC
for 10 min. However, further aging up to 180 min
increased the value to 310 Hv. Similarly, the hardness
of the specimens aged at 320 and 370 was enhanced up
to 372 Hv and 382 Hv after 180 minute aging, respec-
tively.

Figure 4 exhibits the relationship between hardness
and aging time for the Cu-0.7 wt%Be alloys. For the
aging at 450 oC, the hardness did not change up to 30-
min aging. Further aging to 180 min increased the
hardness from 74 Hv to 188 Hv. For the aging at 500

Fig. 1. Changes of electrical conductivity of Cu-1.8 wt%Be alloys.

Fig. 2. Changes of electrical conductivity of Cu-0.7 wt%Be alloys.

Fig. 3. Changes of hardness of Cu-1.8 wt%Be alloys. 

Fig. 4. Changes of hardness of Cu-0.7 wt%Be alloys. 
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oC, the hardness increased from 74 Hv to 151 Hv as the
aging time increased. For the aging at 550 oC, the hard-
ness remained the same even after 180 minute aging.
The hardness value was 97 Hv after aging for 180 min.

Conclusions

For the Cu-1.8 wt%Be alloys, the electrical conduc-
tivity generally increased as the aging temperature
increased in the range 270-370 oC and as the aging time
increased in the range of 10-180 min. Accordingly, the
highest electrical conductivity of 25%IACS could be
obtained by the aging at 370 oC for 180 min. For the
Cu-0.7 wt%Be alloys, the electrical conductivity increased
as the aging time increased in the range of 10-180 min.
The electrical conductivities were higher when the
alloy was aged at 500 oC than 550 oC up to 60 min,
however, the electrical conductivity increased to the
same value after 180-minute aging. When the Cu-1.8

wt%Be specimens were aged for 180 min, the hardness
was higher when the aging temperature was higher.
However, the hardness decreased as the aging temper-
ature increased for the Cu-0.7 wt%Be specimens.
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Table 1. Chemical composition of the specimens (wt%)

Alloy/
Element

Be Co Ni Si Mn Cu

Cu-0.7Be 0.71 1.72 0.08 0.03 0.07 Bal.

Cu-1.8Be 1.85 0.11 0.19 0.07 0.18 Bal.


