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Ductile Chromium in Heavily Cold-Drawn Cu75Cr25
Alloy
YANLI CHANG, ZHIMING ZHOU, ZIQIN GUO, and YAPING WANG
Microstructure evolution, gas content, and properties of the heavily cold-drawn Cu75Cr25 alloy
were studied. Results showed that the oxygen and nitrogen contents of Cu75Cr25 alloy prepared
by vacuum induction melting in calcia crucibles were low, about 320 and 20 ppm, respectively.
The Cu75Cr25 material with low gas content can be cold drawn to lines with diameter less than
0.1 mm, in which Cr phase displays thin and curving morphology. The coherent interface, forming between Cu(111) and Cr(110) during the heavily cold-drawing process, constrained Cr phase and greatly improved its deformability as well as increased the strength of the
Cu-Cr alloy. The breaking strength and electrical conductivity of the Cu75Cr25 alloy were about
577 MPa and 60 pct IACS, respectively.
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I.

INTRODUCTION

CHROMIUM is always considered as inherently
brittle metal. Numerous studies have shown the eﬀects
of various impurity elements on the deformation properties of chromium.[1] It is reported that the deformability of chromium can increase to about 2 pct when the
purity was improved.[2]
Binary Cu-Cr alloys have been widely used in
electrical contacts and high strength and high conductivity ﬁelds because of their high mechanical strength
and electrical conductivity.[3–9] Because of limited solubility in the Cu matrix (close to zero at room temperature) and high stability of precipitation particles below
673 K (400 C), Cr is an eﬀective reinforcing phase for
Cu-based composites.[10] In order to achieve Cu-Cr
alloys with higher strength, higher Cr content in Cu-Cr
alloys is expected. However, the strength does not
improve obviously with the increase of Cr content
because of the weak strengthening eﬀect of Cr dendrites
in Cu matrix. On the other hand, Cu–Cr alloys with Cr
content higher than 15 wt pct are diﬃcult to prepare by
conventional casting and plasticity deformation processes.[11,12] One reason is that the temperature of
completely smelting Cu-Cr alloys with increased Cr
content is higher (about 2273 K), which may induce
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signiﬁcant reaction of liquid Cr with crucible materials
and then the chromium compounds forming in the
reaction could decrease the plasticity of Cu-Cr alloys.
Another reason is that the increased Cr content may
decrease the plasticity of Cu-Cr alloys.
Up to now, the preparation and mechanical property of
Cu-Cr alloys with Cr content as high as 15 wt pct are
reported.[13–17] For Cu-Cr alloys with higher Cr content,
the eﬀect of microstructure on mechanical strength,
plasticity, and deformation behavior has not been mentioned.[18,19] On the other hand, the deformation mechanism of Cr phase in the Cu-Cr alloys is still not clear.[20]
In this work, Cu75Cr25 (with 25 wt pct Cr) ingots are
prepared by vacuum induction melting (VIM) in calcia
crucible. It is expected to reduce oxide pollution during
the smelting process because of the lowest Gibbs energy
of CaO in the metal oxides, and therefore, the reaction
inclination between crucible materials with Cu-Cr melt
is low,[21–24] which increases the purity of the casting
Cu75Cr25 alloy. The deformation and strengthening
mechanism of the Cr phase in the Cu75Cr25 alloy are
investigated.

II.

EXPERIMENTAL PROCEDURES

Cu75Cr25 alloy was prepared by VIM. Cu blocks and
Cr blocks with mass ratio of 73:27 were selected as
charge materials for oﬀsetting the more vaporization of
Cr component during the vacuum smelting process. For
reducing nitrogen content of the ingots, the raw Cr
material was degassed in advance by annealing in a
vacuum furnace at 6 9 10 3 Pa and 1573 K (1300 C)
for 4 hours and then cooled to room temperature in
vacuum. The charge materials were melted in a calcia
crucible in vacuum atmosphere, about 5 9 10 2 Pa, at
an induction frequency of 2500 Hz. As all Cr particles
melted, the Cu-Cr melt was reﬁned for 15 minutes at
about 2073 K (1800 C) and then poured into a crystallizer made of pure copper, which is cooled by
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circulating water. Cu75Cr25 ingot, with a weight of about
27 kg and the diameter about 150 mm, was extruded at
about 1120 K (847 C) to three sticks with a diameter
about 10 mm. The sticks were drawn to wires of about
0.1 mm in diameter with two times process annealing.
The accurate Cr content of the Cu-Cr ingot was
determined by chemical analysis which was performed
according to the Chinese industry standard of JB
7098-2002.[25] The concentrations of N2 and O2 were
measured in a LECO TCH-600, all on a dry basis.
Mitutoyo MVK-H3 machine was used to determine the
Vickers hardness of Cu75Cr25 alloy. Electrical conductivity was measured in four-probe conductivity. Tensile
test was carried out in WDW-100KN universal tensile test machine under the displacement speed of
0.1 mm/minutes at room temperature in air. The tensile
test specimen was cut from the chuck part of the wire
specimen and polished into the smooth type.
The microstructure of the Cu75Cr25 alloy was
observed by the scanning electron microscope (SEM)
and transmission electron microscope (TEM). The
energy dispersion spectrum (EDS) attached to the
SEM and the selected area electron diﬀraction (SEAD)
attached to the TEM were used to investigate the
detailed interface microstructure of Cu-Cr phases. The
TEM samples were prepared as follows: Cu75Cr25 wire
was cold pressed into sheet. This sheet was ground until
its thickness reaches less than 0.02 mm. Then the
thickness of the grinding sheet was reduced further by
twin-jet electropolishing device. The fracture surface
after tensile experiment was also observed by SEM.

III.

RESULTS AND DISCUSSION

The chemical composition, density, hardness, gas
content, and electrical conductivity of Cu75Cr25 alloy are
listed in Table I.
Compared with commercial Cu-Cr electrical contacts,[26] oxygen and nitrogen contents of Cu75Cr25 ingot
prepared by VIM were low, about 320 and 20 ppm,
respectively, conﬁrming the low reactivity of the calcia
crucible with Cu-Cr melt.
Composition, density, electrical conductivity, and gas
content have no obvious change during extrusion of
ingots and subsequent drawing processes. The hardness
decreases to about 95 HB during the annealing and
extrusion of ingots at 1123 K (850 C) because of Cu
precipitation from Cr solutes and then increases to
about 120 HB by drawing process.
Figure 1 shows the backscattered electron image of
Cu75Cr25 ingot. Cr phase is darker than Cu matrix.
Table I.

Some Cr phase particles are dendritic with secondary
arms or even third arms. On the other hand, the
columnar Cr phase can also be found. The dimension of
dendritic Cr (including dendritic arms) varies from 20
um to 60 um while the size of columnar Cr is smaller, in
the range of 5 to 20 lm.
Figure 2(a) shows the longitudinal cross-section
microstructure of the Cu75Cr25 alloy after hot extrusion.
It can be seen that most of Cr phase particles have been
elongated into claviforms. Figure 2(b) is the transverse
cross-section image. The diameter of Cr stick is around
10 um. Comparing with Figure 1, it is evident that the
size of the undergrown dendrites is reduced and the Cr
phase distribute more uniformly in Cu matrix.
Figure 3 shows the longitudinal cross-section
microstructure of the Cu75Cr25 wires. It can be seen
that the Cr calviforms have been elongated into long
thin ﬁbers with a few residual knurs, which may come
from the some larger Cr dentritic particles or the
inhomogeneity of the plasticity. Figure 3(b) shows that
the Cr phase closely bonded with Cu matrix and no
crack could be found in their interface.
The interface microstructure of Cu-Cr phases investigated by TEM is shown in Figure 4. Figures 4(a) and
(c) are the high-resolution TEM images. Figure 4(b)
shows the detailed enlarged microstructure of
Figure 4(a). Figure 4(d) shows the fast Fourier transform of Figure 4(c). Interplanar spacing of Cr phase and
Cu matrix can be read from FFT spectrum. From
Figure 4(d), it can be seen that interplanar spacing of
Cr(110) face is 2.02 Å and interplanar spacing of
Cu(111) face is 2.10 Å. According to the theoretical of
Basic Materials Science and experimental investigations,[27–29] if misﬁt d = (ab aa/aa) £ 0.25, it is

Fig. 1—Microstructure of Cu75Cr25 ingot.

Parameters of Cu75Cr25 Alloy

Gas Content
(ppm)
Cr Content
(Weight Percent)

O2

24.7

320

N2

Hardness
(HB)

Electrical
Conductivity
(IACS pct)

Density
(g/cm3)

20

95

58.5

8.32
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Fig. 2—Microstructure of Cu75Cr25 material after hot extrusion (a) the longitudinal cross-section microstructure and (b) the transverse cross-section image.

Cu phase

Cr phase

(a)

(b)

Fig. 3—(a) the longitudinal cross-section microstructure of Cu75Cr25 wires and (b) the larger version of (a).

inclined to form coherent or semi-coherent interface
between fcc and bcc crystals. The misﬁt of Cr(110) and
Cu(111) is less than 0.25, so there is opportunity to form
a coherent interface between Cu(111) and Cr(110) faces.
Figure 5 shows the electron diﬀraction patterns of
Figure 4. It can be seen that the diﬀraction spots of
Cu(111) and Cr(110) faces are nearly at same position,
conﬁrming the parallel coherence of Cu(111) and
Cr(110) faces. The crystallographic lattice matching
induces lower strain energy and surface free energy of
interface as well as concerted deformation of Cu and Cr
phases, which increase greatly plasticity extension of Cr
phase and strength of the Cu75Cr25 alloy.
Figure 6 is the transverse cross-section microstructure
images of Cu75Cr25 wire with diameter of 0.1 mm. It can
be seen that most of Cr particles display thinner and
curving morphology which indicate that the deformation of Cr particles increases further during heavily
cold-drawing process. The Cr particles extend and
deform in a triaxial compression stress state imposed
by the coherent or semi-coherent Cu matrix. The
dendrite arms of Cr phase start to curve and even curve
METALLURGICAL AND MATERIALS TRANSACTIONS A

over 90 deg. It can also be seen that there are still a few
Cr bulks in the microstructure because of uneven
deformation of Cr particles.
Chromium is a kind of intrinsic brittle metal, which
can be easily smashed to powders by conventional ball
milling technology. However, it exhibits great plasticity
deformation in the vacuum smelted Cu75Cr25 alloy. The
reason may be as follows: Firstly, oxygen and nitrogen
content in the Cu75Cr25 alloy are lower owing to the
vacuum smelting in the calcia crucible. The low gas
content can increase the plasticity of Cr phase. Secondly,
there is well-bonded interface between Cr phase and Cu
matrix, and therefore, Cr phase actually is wrapped
tightly by Cu matrix. This could induce a triaxial
compression stress around Cr phase, and the plasticity
of Cr is therefore enhanced, and it can be even curved
over 90 deg. During the heavily cold-drawing process,
Cu phase and Cr phase could coordinate their relationship automatically to keep consistency of deformation.
Because the ﬂuidity of Cu is better than that of Cr, Cu
phase can feed into the vacancy and defects induced by
solidiﬁcation process, which make interface of Cr ﬁber
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Fig. 4—TEM images of Cu75Cr25 wire (a) and (c) the high resolution TEM images, (b) the detailed enlarged microstructure of (a) and (d) the
fast Fourier transform of (c).

Fig. 5—Electron diﬀraction patterns of Figure 4.

and Cu matrix bonds better and gradually forms the
coherent interface between Cu(111) and Cr(110). The
compress stress state and coherent interface could
improve greatly the plasticity deformation ability of Cr
phase and strength of the Cu75Cr25 alloy.
Figure 7(a) shows the tensile curve of Cu75Cr25 wire
(d = 1 mm) which was prepared by VIM and then was
extruded and drawn to wires. The basic property of data
can be drawn from the diagram, i.e., rb = 577 MPa,
E = 67.99 GPa and e = 5.31 pct. Figure 7(b) shows
the tensile curve of Cu75Cr25 wire (d = 1.1 mm) which
was prepared by inﬁltration and was processed into
wire.[30] From Figure 7(b), it can be drawn that
rb = 298 MPa, E = 52.61 GPa and e = 2.96 pct.
Compared to Figure 7(b), it can be seen that the
plasticity deformation ability of Cu75Cr25 wire is
increased because of triaxial compression stress state
around Cr phase and the coherent interface between
Cu(111) and Cr(110), which could also improve the
METALLURGICAL AND MATERIALS TRANSACTIONS A
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Fig. 6—(a) transverse cross-section microstructure of Cu75Cr25 wire and (b) the larger version of (a).

Fig. 7—Tensile curve (a) VIM and (b) inﬁltration.

strength of the Cu75Cr25 alloy by interface
strengthening.
Figure 8 shows the fracture surface morphology of
Cu75Cr25 wire. Figure 8(a) is the macroscopic fracture
surface after the tensile test. Fracture morphology of
Cu75Cr25 wire displays the cup feature and cone-shaped
fracture. The convex pattern is shown in the left
photograph, while the concave pattern is seen on the
right one. The interface of convex/concave part is
considered to be the crack origin. The micro-cracks
form because of the disaccord distortion of Cu/Cr
phases. The crack propagates in the direction perpendicular to specimen axis. Figure 8(b) shows the microscopic fracture surface morphology. Small gray-dotted
craters are observed. It suggests that the fracture
morphology of Cu75Cr25 wire is a dimple pattern,
indicating a plasticity fracture feature with the mechanism of micro-porous aggregation.[9,31–33]
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IV.

CONCLUSIONS

The Cu75Cr25 alloy was prepared by vacuum induction melting (VIM) and plasticity deformation processes. Cu75Cr25 alloy with low gas content and
reduced pollution of oxide were obtained by smelting
in CaO crucible. During extrusion and drawing processes, granular chromium particles were drawn to thin
ﬁbroid, petaloid, and even curved over 90 deg. The
increased plasticity deformation ability of Cr phase was
attributed to the well-bonded interface between Cr
phase and Cu matrix, triaxial compression stress state
around Cr phase, and the coherent interface between
Cu(111) and Cr(110), which could also improve the
strength of the Cu75Cr25 alloy by interface strengthening. The breaking strength and electrical conductivity
of the Cu75Cr25 wire were about 577 MPa and 60 pct
IACS, respectively.
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Fig. 8—Fracture surface morphology of Cu75Cr25 wire (a) the
macroscopic fracture surface morphology and (b) the microscopic
fracture surface morphology.
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