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Abstract: To promote the solution of chromium in copper and the purity of copper-chromium (Cu-Cr) alloy, vacuum continuous
casting (VCC) process was employed to fabricate the Cu-Cr alloy required for electrode material. Cu-0.6Cr (containing 0.6%(mass
fraction) chromium) alloy bar with a diameter of 12 mm was cast with a constant rate of 250 mm/min. The microstructure,
mechanical properties, and physical properties were discussed. After solid solution strengthening and aging treatments, Cu-0.6Cr
alloy fabricated by VCC process has higher tensile strength (6==314 MPa), elongation rate (6=34%), conductivity (=80.5% IACS),

and hardness (80 HRB) compared to the as-cast alloy.
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1 Introduction

Cu-Cr alloy series are often used as electrode
material for the welding of resistors and widely applied
for spot welding material. Electrode is a key component
that determines the quality and lifespan of the electric
resistance welding[1]. Consequently, looking for a better
electrode, traditional copper alloy is replaced by a heat
and wear resistant copper-chromium (Cu-Cr) alloy to
improve the number and performance of the spot
welding. After heat treatment[2—3], Cu-Cr alloy
(containing 0.6%—1.2%(mass fraction) chromium) has
good mechanical properties and conductivity. Therefore,
it can be used as conductive material such as connector,
switch, lead frame, electrical conductor for electric cars
and trains, direction indicator of electric tools,
large-scale high-speed turbine generator rotor conductor
and ring collector that require high conductivity and high
tensile strength. In particular, Cu-Cr alloy has great
potential as a high-power and vacuum-high-pressure
switch. It can also be used as wear resistant material such
as bearing, carriage, screw bolt, and high tensile-strength
cable.

Cu-Cr alloy is often melted in vacuum[4] because
chromium is easy to oxidize and absorb gas. Also, the

solubility of chromium in copper is very low (only about
0.6%—-0.7%) due to the high melting point of chromium.
For these reasons, it is difficult to produce Cu-Cr alloys.
Thus, it is very desirable to combine the vacuum furnace
and continuous caster to integrate melting and
continuous casting into one process[5]. The advantages
of the apparatus are good quality and high cleanliness
because it combines the benefits of vacuum furnace and
continuous caster, and symmetrical shape as well as
homogeneous structure of the cast due to the vertical
continuous casting process[6]. It can drastically reduce
the contamination of the alloy and improve its yield. It is
anticipated that the incorporation of various melting
techniques with vacuum will become a very important
manufacturing process for a wide variety of alloys in the
future.

2 Experimental

The experiments conducted in this study used Cu-Cr
alloy and vacuum continuous casting equipment as
shown in Fig.1. Pure Cu and mother alloy of Cu-Cr were
placed in the crucible and melted under nitrogen gas
atmosphere. A mandrel was used as the withdrawal
facility to manufacture a 12 mm-diameter Cu-0.6Cr alloy
cylindrical bar. The cast bar was cut into several small
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pieces. The ingots were then subjected to various solid
solution treatment (960 C, 1.5 h) and aging treatment
(480 C, 1, 4, 6, 8, 10 h). After the heat treatments,
samples with 2—3 cm in length were then ground,
polished, and etched with a solution (2 g K,Cr,04+8 mL
H,SO,4+4 mL HCI+100 mL H,O) for 3 s. Microstructures
of the samples were observed by optical microscope
(OM). A Rockwell hardness tester and specific
conductivity meter were also used to measure the
hardness and electrical conductivity.

Fig.1 Vertical vacuum continuous casting equipment
3 Results and discussion

Traditional manufacturing methods for Cu-Cr
alloy[7] such as mechanical alloying method[8], laser
surface alloying method[9] are not suitable for this
purpose. Therefore, the vacuum continuous casting
process is used to fabricate the Cu-Cr alloy. Fig.2 shows
the microstructures of the horizontal and vertical sections
of the Cu-0.6Cr cast bar fabricated by the vertical
vacuum continuous casting process [10] at a constant
casting rate of 250 mm/min. The volume of cooling
water is 8 L/min. After grinding, polishing, and etching,
the horizontal cross section is shown on the left and
vertical section on the right. The metallograph clearly
indicates that the grains structure is columnar, which is a
more ideal grain structure. Fig.3 shows the OM
micrograph of the vertical section of the Cu-0.6Cr cast
bar fabricated by the vacuum continuous casting process
and a columnar grain structure is also found.

MA et al[l1] indicated that when melting Cu-Cr
alloy, the evaporation loss of Cr easily occurred due to
the high melting point of Cr and the recovery rate of Cr
was then reduced rather significantly. In this study, a
quantitative analysis of the chemical composition of the
Cu-Cr alloy cast bar was conducted and the results are
shown in Table 1. In the experiments, 0.6% of Cr is
added. When it is compared with the content of Cr in

Table 1, the recovery rate of Cr is closed to 949. This is
much higher than that fabricated by traditional Cu-Cr
alloying methods, where the recovery rates are 80%—
90%.

Fig.2 Microstructures of horizontal and vertical sections of
Cu-0.6Cr cast bar fabricated by vacuum continuous casting
process

Fig.3 Metallograph of vertical section of Cu-0.6Cr cast bar
fabricated by vacuum continuous casting process

Table 1 Chemical composition of copper-chromium alloy
(mass fraction, %)

Cr Cu Fe

0.563 2 99.4357 0.001 1

The strengthening of Cu-Cr alloy mainly results
from solid solution strengthening and precipitation
strengthening  mechanisms[12—14].  Solid solution
strengthening improves the strength of the Cu-Cr alloy
by increasing the solution content of Cr. Precipitation
strengthening makes use of aging treatment to precipitate
Cr particles from the over-saturated Cu-Cr alloy via
either natural aging or artificial aging treatment. The
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purpose of precipitation strengthening is achieved by
producing a uniform distribution of Cr particles. This
study used solid solution treatment (960 C, 1.5 h) and
various aging treatments (480 C, 1, 4, 6, 8, 10 h) to
improve the mechanical and physical properties of
Cu-0.6Cr alloy cast bar. Firstly, solid solution and
quenching treatment make the Cu-Cr alloy to reach a
over-saturated state. After aging treatment at constant
temperature, Cr particles are precipitated from the Cu-Cr
alloy. Fig.4 shows the microstructure observed after solid
solution treatment and the aging treatment under 480 ‘C
for 4 h. It shows that the Cr particles are precipitated and
distributed evenly.

Fig.4 Micrograph after solid solution and aging treatment under
480 °C for4 h

Figs.5 and 6 illustrate the relationships between
hardness and electrical conductivity with respect to
holding time of the aging treatment. As shown in Fig.5,
the hardness increases with the increase of holding time
during aging in the beginning. When the holding time
reaches 6 h, the maximum hardness is obtained. After 6 h
the hardness decreases with the increase of holding time.
This is mainly because of the increase in the size of the
precipitates. Reducing the distance among the
precipitates results in an increase in hardness for the
short aging time. When the holding time reaches 6 h, the
precipitates have the optimal distribution and maximum
resistance to the dislocation movement. When aging time
exceeds 6 h, over-aging phenomenon is observed and
precipitates begin to coarsen. It is because the
precipitates try to decrease the surface area to reduce the
surface energy. Large precipitates grow larger and
small precipitates reduce in size and finally disappear.
Eventually, it results in larger size and smaller number of
the precipitates as well as wider distance among the
precipitates. Then, lower hardness is observed because of
the lower resistance to the dislocation movement. In
terms of electrical conductivity, it increases with the
increase in the holding time of aging as shown in Fig.6.
The electrical conductivity increases mainly because the
over-saturated Cr precipitates effectively in the solution
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to reduce lattice distortion and the scattering ratio of
electrons is decreased. Therefore, the electrical
conductivity is improved[15—16].
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Fig.5 Relationship of hardness and aging time after solid
solution and aging treatment
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Fig.6 Relationship of electrical conductivity and aging time
after solid solution and aging treatment

4 Conclusions

1) By employing the vacuum continuous casting
process, higher Cr recovery rate and Cu-Cr purity are
achieved.

2) After solid solution treatment and aging treatment,
the mechanical strength and electrical conductivity of
Cu-Cr alloy are improved.
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