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Abstract: Microstructures and element distributions of the as-cast, hot-rolled and cold-rolled Cu−Mg−Te−Y alloys were studied. 
Effects of rolling process and annealing temperature on the properties of the Cu−Mg−Te−Y alloys were correspondingly investigated. 
The results indicate that the Mg element is homogeneously distributed in the matrix and the fragmentized Cu2Te phase is dispersed in 
the matrix after hot rolling. Then, the Cu2Te phase is further stretched to strip shape after the cold rolling process. The 
microstructures of the cold-rolled alloy keep unchanged for the sample annealed below 390 °C for 1 h. However, after annealing at 
550 °C for 1 h, the copper alloy with fibrous microstructures formed during the cold rolling process recrystallizes, leading to an 
obvious drop of hardening effect and an increase of electrical conductivity. The Cu−Mg−Te−Y alloy with better comprehensive 
properties is obtained by annealing at 360−390 °C. 
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1 Introduction 
 

High-strength and high-conductivity copper alloys 
with excellent physical and mechanical properties are 
widely applied in many high-tech fields such as 
integrated circles (IC), high speed railways, aerospace 
[1−5]. A plenty of researches and commercialized 
production for series of promising copper alloys, such as 
Cu−Ag, Cu−Fe−P, Cu−Cr−Zr, Cu−Sn and Cu−Ni−Si 
alloys have been proceeded since 1970s [6−10], 
especially in some major producers and exporters in 
Germany, Japan and America. In China, high-strength 
and high-conductivity copper alloy products still depend 
on import or imitation because of a low yield of our 
national advanced products, and hence a new type of 
high performance copper material development will 
surely put the field towards a more important strategic 
and realistic meaningful stage for building with 
independent intellectual property rights system and 
preparing technology of advanced materials. 

Cu−Mg alloys are recently developed as a new type 
of high-strength and high-conductivity copper alloys. 
With trace addition of Mg, the copper alloys will be not 

only evidently lightened and strengthened with a little 
increase of resistivity, but also improved for high- 
temperature properties [11,12]. Besides, the 
deoxygenization function of the copper liquid     
during melting process is also contributed to the addition 
of Mg. With the excellent performance, Cu−Mg alloys 
are now widely used in high-speed railway contact wires 
[13,14]. Many researchers [15−19] had made certain 
achievement on the Cu−Mg alloys. A new type of 
high-strength and high-conductivity Cu−Mg−Te−Y alloy 
composed of Mg, Te and rare earth Y was designed on 
account of the special function of the adding elements. 
The addition of Te provides a new thought of preparing 
high performance copper alloys based on the 
improvement of machinability, corrosion-resistance and 
arc-resistance [20,21] without any influence on 
mechanical properties or electrical conductivity [22,23]. 
A very small addition of rare earth Y into copper   
alloys can not only refine grains, but also effectively 
improve the mechanical properties and electrical 
conductivity by removing some certain low-melting- 
point impurities. 

The aim of this work is mostly to study how the 
rolling process and annealing affect the microstructures, 
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mechanical properties and electrical conductivity of the 
new type of Cu−Mg−Te−Y alloys, to provide further 
efforts and references for microstructure reforming and 
property improving of new type high-strength and 
high-conductivity copper alloys. 
 
2 Experimental  
 

Under atmosphere condition, Cu−Mg−Te−Y alloys 
were prepared in an SPZ−15 medium-frequency 
induction furnace with starting materials of small pieces 
of oxygen-free electronic copper (OFEC, 99.99%), 
Cu−20% Mg master alloy, Cu−66.7% Te master alloy 
and Y (99.9%), which were molten in sequence in a 
graphite crucible. Cu−14.3% P master alloy and CaB6 
were used as deoxidant agent and flake graphite was 
used as covering agent. High-purity argon was used to 
purify the liquid alloy in the graphite crucible. At 
(1200±10) °C, copper liquid was poured into the mold 
made of H13 hot die steel (60 mm×90 mm×80 mm). The 
composition of the present copper alloy measured by 
XRF−1800 type of X-ray fluorescence spectrometer is 
listed in Table 1. The samples were preheated at 850 °C 
for 1.5 h in an KSL−1000 type chamber electric furnace, 
and then 70% of samples were hot-rolled by d250 mm 
double-roller mill, followed by water-quenching at 25 °C. 
Cold-rolling with the deforming rate of 70% was 
subsequently proceed. Finally, the cold-rolled sheets 
were annealed at 350−550 °C for 1 h. 
 
Table 1 Chemical composition of Cu−Mg−Te−Y alloy (mass 
fraction, %) 

Mg Te Y Others Cu 

0.52 0.18 0.04 0.05 Bal. 

 
The microstructures of the samples were observed 

by MEF−4 optical microscope (OM) after etching at 25 
°C for 7−10 s with a mixture of ferric chloride (3 g), 
hydrochloric acid (30 %, 10 mL) and distilled water (100 
mL). The distribution of elements was analyzed by 
EPMA−1600 type of electronic probe microanalyzer 
(EPMA). The microstructures and fracture behaviors 
were examined by Zeiss Supra55 type of scanning 
electron microscope (SEM). Phase composition was 
analyzed by energy dispersive spectrometer (EDS). 
Tensile test samples prepared according to 
GB/T228−2002 were used for tensile strength test at a 
strain rate of 2 mm/min by CSS−2205 tensile machine at 
25 °C. Electrical conductivity of the samples was 
measured by D60K digital electrical instrument (20 mm× 
20 mm × 10 mm). These measurements were carried out 
three times for each sample. 

 
3 Results and discussion 
 
3.1 Effects of rolling on microstructures 

The microstructure of the as-cast Cu−0.52Mg− 
0.18Te−0.04Y alloy is shown in Fig. 1(a). Some 
asymmetry particle phases randomly distributed in the 
coarse grain crystals or near the thin grain boundaries 
were easily observed under OM. At room temperature, 
the copper alloy matrix is mainly composed of Cu−Mg 
α-solid since the solubility of Mg in Cu is only around 
1.0%. As shown in Fig. 2, the chemical composition of 
the particle phases was measured by EDS. On the basis 
of Cu−Te phase diagram, the particle phases can be 
approximately recognized as Cu2Te intermetallic 
compounds. The solid solubility of the element Te in the 
copper is very little and the melting point of Cu−Te 
intermetallic compounds is higher than that of the copper  
matrix, which lead to a fact that the Cu−Te compounds 
will preferentially aggregate near the grain boundaries 
during the solidification. Thus, as shown in Fig. 1(a), the 
typical  
 

 
 
Fig. 1 Optical images of Cu−Mg−Te−Y alloy at different 
preparation processes: (a) As-cast; (b) As-cast+70% hot-rolled; 
(c) As-cast+70% hot-rolled+70 % cold-rolled 
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Fig. 2 EDS analysis of particle phases in as-cast Cu−Mg−Te−Y 
alloy 
 
microstructure of the as-cast Cu−Mg−Te−Y alloy 
consists of Cu−Mg α-solid and Cu2Te phases. The 
microstructure of hot-rolled copper alloy with the 
deformation rate of 70% is shown in Fig. 1(b). The 
microstructure is obviously refined as the coarse column 
grain turns smaller with the grain size decreasing from 1 
mm to 90 μm, presenting areas of dynamic 
recrystallization twin crystal structures. The Cu2Te 
phases are also degraded and uniformly distribute in  
the matrix. A fiber structure of cold-rolled copper alloy 

with the deformation rate of 70% shown in Fig. 1(c) is a 
typical work-hardened structure with a large number of 
slip bands and blurred grain boundaries. The grain 
crystals present flattened and elongated along the axis of 
the cold rolling [24]. 

The microstructures and element distributions of 
Cu−Mg−Te−Y alloy are shown in Fig. 3. It can be seen 
that segregation of Mg at or around the grain boundaries, 
resulting from the heterogeneous diffusion of Mg atoms 
during the rapid solidification is detected. Mg atoms in 
the copper liquid are hardly complete uniform 
distribution while consequently segregate at the grain 
boundaries. Cu2Te particle phases of non-uniform sizes 
are dispersed in the grain or at the boundaries of the 
Cu−Mg α-solid matrix. 

The segregation of Mg disappeared because of 
homogenous redissolution of Mg in the copper matrix 
after the grain refinement and grain boundary rearrange- 
ment of hot rolling. In addition, after heat preservation at 
850 °C for 1.5 h, the hot rolling followed by quenching 
served as the solid solution treatment which provided 
extra energy for Mg diffusion. The Cu2Te particle phases 
in the hot-rolled copper alloys become smaller and more 
uniformly distributed compared with the as-cast alloy. 
Since the Cu2Te particle phase is the brittle phase with 
low hardness, some little bigger ones are easily crushed 
into pieces during the deformation. 

 

 
Fig. 3 SEM images and element distributions of Cu−Mg−Te−Y alloy: (a1, a2, a3, a4) As-cast; (b1, b2, b3, b4) As-cast+70% hot-rolled; 
(c1, c2, c3, c4) As-cast+70% hot-rolled+70 % cold-rolled 
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The following cold rolling does not affect the 
distribution of element Mg. The band-like Cu2Te phases 
elongated along the rolling direction disjunctively 
distributed during cold rolling. As shown in Fig. 4, the 
original Cu2Te particles are surely flattened and crushed 
along the rolling direction. The deformable Cu2Te phases 
with low hardness are cut by the piped up dislocations. 
The typical band-like distribution with the increase of 
cold rolling deformation shows up. In the presence of 
gradually high density of dislocations, the Cu2Te phases 
are easily cut into pieces and shattered. Moreover, pieces 
of Cu2Te phases will deform together with the copper 
matrix and then distribute along the rolling direction. The 
other continuous Cu2Te phases are dispersive at the grain 
boundaries, while the disjunctive Cu2Te phases are 
isolated inside the grain crystals. 

 

 

Fig. 4 SEM image of Cu2Te in cold-rolled Cu−Mg−Te−Y alloy 
 
With the low content of Y, the distribution of 

element Y has hardly obvious changes. In addition, the 
distribution of element Y is very uniform compared with 
other added elements. 
 
3.2 Effects of rolling on properties 

The effects of rolling on the mechanical properties 
and electrical conductivity of the Cu−Mg−Te−Y alloy 
are listed in Table 2. Compared with the as-cast alloy, 
there is a notable increase in both tensile strength and 
elongation of the hot-rolled alloy, mainly resulting from 
the defect elimination and significant grain refine 
strengthening with small homogenous equiaxed crystals 
instead of bulky columnar crystals. Besides, during the 
1.5 h heat preservation before hot rolling, the 
decomposition of the Cu−Mg interstitial phase left in the 
solidification and the redissolution of the Mg atom both 
are beneficial for the solid solution strengthening. Also, 
due to the sufficient redissolution of Mg, the lattice 
distortion becomes more serious, leading to the decrease 
of electrical conductivity of copper alloys. According to 
Matthiessen’s rule described as follows, 
 
ρ=ρ0+ΔρC+K                                (1) 

Table 2 Properties of Cu−Mg−Te−Y alloy by different 
processes 

Preparation process σb/MPa δ/% 
Electrical 

conductivity 
/%IACS

As-cast 220 33.7 62.5 

As-cast→hot-rolled 284 49.5 58.9 

As-cast→hot-rolled→cold-rolled 520 6.8 54.6 

 
where ρ0 is the resistivity of solid solution component; C 
is solute atom concentration; Δρ is the additional 
resistivity resulting from 1% addition of solute atom; K 
is relative to temperature and concentration. The higher 
the concentration of solute atom is, the lower the 
electrical conductivity of alloy will be. On the other hand, 
the increase of the grain boundary owing to the grain 
refinement by hot-rolling will lead to a rise of electron 
scattering probability, which is another reason that gives 
rise to the decrease of the electrical conductivity of the 
copper alloys [25]. 

The tensile strength of the cold-rolled samples is 
obviously improved, while the elongation decreases a lot. 
The deformation resistance of the α-solid is enhanced 
because of the dislocation accumulation and 
entanglements after cold rolling. The cold-rolled alloy 
with large lattice distortion degree and more crystal 
defects has higher electrical resistivity because the 
increasing vacancy concentration causes the 
inhomogeneity of electric field, which leads to an 
exacerbation of the electron scattering [26]. And the 
change of interatomic distance caused by cold rolling 
will decrease electrical conductivity. 

The fracture morphology of as-cast Cu−Mg−Te−Y 
alloy is shown in Fig. 5(a). A plenty of dimples indicate a 
typical ductile fracture of the copper alloy. Many particle 
phases are at the bottom of the near-circular dimples. The 
particle phases in the SEM images measured by EDS are 
surely Cu2Te phases. A lot of microvoids form when the 
external applied forces are high enough to separate the 
small particles from the copper matrix at the interface. 
As the local stress increases, the microvoids grow and 
coalesce into large cavities. Eventually, the contact areas 
are too small to support the load and the fractures occur. 
The dimples finally show up with the particles at the 
central bottom. As brittle phases, the Cu2Te particles are 
easily cut into pieces of small parts being the origin of 
some microvoids under load [27]. 

The fracture morphology of hot-rolled Cu−Mg− 
Te−Y alloy is shown in Fig. 5(b). Compared with the 
as-cast alloy, dimples become more and smaller. The 
refined equiaxed crystals and the small pieces of particle 
phases after hot rolling will effectively resist dislocation 
motion. The refined Cu2Te particles inside the dimples 
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also have positive effects on the morphology of the 
tensile fracture. The fracture morphology of cold-rolled 
Cu−Mg−Te−Y alloy is shown in Fig. 5(c). The whole 
section is a shear plane. Compared with the fracture 
dimples after hot rolling, the present fracture dimples are 
much smaller, deeper and well-distributed. Dimples are 
elongated along the rolling direction instead of equiaxed 
ones. This is because that the smooth aking slip patterns 
with large deformation become ripple and a plenty of 
thin dimple walls consequently form. 
 
3.3 Effects of annealing temperature on micro- 

structures and properties 
The microstructures of Cu−Mg−Te−Y alloy 

annealed at different temperatures for 1 h are shown in 
Fig. 6. Annealing at 350 °C for 1 h, the microstructure 
still remains fiber-like and strip-like without any changes. 
Changes between the microstructures of annealed and 
cold-rolled alloys are still difficult to distinguish at the 
recovery stage of the annealing. Even the temperature 
increases to 400 °C at the starting stage of the 
recrystallization, the fiber structure still exhibits few 
orthoscopic new nuclei. When the temperature 
continuously increases to 450 °C, a number of equiaxed 
grains and annealing twin crystals show up in the 
absence of the fiber-like structures. Annealing at 550 °C, 
full recrystallization structure displaces the fiber 

structure with grain growth in partial region. 
The mechanical properties varying with annealing 

temperature of the double-rolled Cu−Mg−Te−Y alloy are 
shown in Fig. 7. The tensile strength decreases with the 
increase of the annealing temperature. When the 
temperature is below 390 °C at the recovery stage, point 
defects annihilate and dislocations rearrange as the 
copper alloy holds high dislocation density with few 
changes [28] of mechanical properties: tensile strength of 
cold-rolled alloy decreases from 520 MPa to 485 MPa, 
and elongation increases from 6.8% to 13%. When the 
temperature is beyond 390 °C, coming into 
recrystallization stage for the present alloy, dislocations 
vanish with recrystallizing when annealing temperature 
increasing, resulting in a sharp decrease in tensile 
strength and increase in elongation of the alloy. When the 
temperature is over 500 °C, the cold-hardening effect 
disappears entirely and tensile strength is lower 
compared with the hot-rolled alloy. When the alloy is 
annealed at 550 °C for 1 h, the elongation increases up to 
50%. 

The electrical conductivity of the Cu−Mg−Te−Y 
alloy increases with the annealing temperature  
increasing, as shown in Fig. 8. At recovery stage below 
390 °C, compared with the cold-rolled alloy, the 
electrical conductivity increases significantly because the 
high electrical conductivity depends on the decrease of 

 

 
Fig. 5 SEM images showing fracture morphologies of Cu−Mg−Te−Y alloy by different processes: (a) As-cast; (b) As-cast+70 % 
hot-rolled; (c) As-cast+70% hot-rolled+70% cold-rolled 
 

 
Fig. 6 Optical images of Cu−Mg−Te−Y alloy annealed for 1 h at different temperatures: (a) Original state; (b) 350 °C; (c) 400 °C;  
(d) 450 °C; (e) 500 °C; (f) 550 °C 
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Fig. 7 Mechanical properties of Cu−Mg−Te−Y alloy annealed 
for 1 h at different temperatures 
 

 
Fig. 8 Electrical conductivity of Cu−Mg−Te−Y alloy annealed 
for 1 h at different temperatures 
 
defect concentration which contributes to the atom 
diffusion to the grain boundary and annihilation with 
energy at the recovery stage. Varying with the annealing 
temperature beyond 390 °C at recrystallization stage, the 
electrical conductivity continuously increases slowly. 
Although the defect annihilating results in the increase of 
the electrical conductivity, the grain refinement with the 
increase of new grain boundary strongly scatters the 
motion of electrons that goes against with the 
conductivity increasing. The copper alloy will 
recrystallize more sufficiently with the rising annealing 
temperature. When the copper alloy is fully recrystallized 
at 550 °C, the electrical conductivity reaches 61% IACS, 
improved by the amplitude of 10 %. 
 
4 Conclusions 
 

1) The element Mg dissolves in the copper matrix, 
while Cu2Te intermetallic compounds are precipitated at 
the grain boundary or inside the grain crystal. The 
morphologies of Cu2Te particles are different by hot and 

cold rolling. 
2) The tensile strength of double-rolled copper 

alloys is improved from 220 MPa to 520 MPa with 
obvious work-hardening effects. Annealing at 360−390 
°C for 1 h, copper alloy with tensile strength above 485 
MPa and elongation above 13% is acquired. However, 
the tensile strength drops sharply when the annealing 
temperature is beyond 390 °C. 

3) The content of element Mg is the major factor 
that affects the electrical conductivity of the copper 
alloys. The electrical conductivity decreases after rolling 
process. Annealing at 360−390 °C, the electrical 
conductivity increases sharply at the recovery stage but 
slowly at the recrystallization stage. After annealing at 
550 °C for 1 h, the electrical conductivity is improved 
from 55% to 61%. 
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轧制和退火对 Cu−Mg−Te−Y 合金组织和性能的影响 
 

陈 亮，韩建宁，周秉文，薛彦燕，贾 非，张兴国 
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摘  要：研究 Cu−Mg−Te−Y 合金在铸态、热轧态、冷轧态的组织和元素分布；讨论不同退火温度对 Cu−Mg−Te−Y

合金组织的改变；分析轧制和退火温度对 Cu−Mg−Te−Y 合金性能的影响。结果表明，不同的轧制工艺获得的合

金组织与铸态合金组织相比差别明显，轧制后合金中 Mg 元素分布比铸态合金的更加均匀，Cu−Mg−Te−Y 合金热

轧后 Cu2Te 相被挤碎，尺寸变小，分布更加弥散，继续冷轧后 Cu2Te 相则被拉长、压扁，呈细条状。冷轧后的

Cu−Mg−Te−Y 合金在 390 °C 以下退火 1 h，组织变化不明显，在 550 °C 退火 1 h 后，冷变形产生的纤维状组织发

生完全回复再结晶，加工硬化效果消失，抗拉强度大幅度下降，导电率上升。退火温度在 360~390 °C 范围内，

Cu−Mg−Te−Y 合金可以获得较好的力学性能。 

关键词：Cu−Mg−Te−Y 合金；组织；轧制；退火；力学性能；导电率 
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