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Abstract: The effects of annealing process on the electrical conductivity and mechanical properties of Cu-Te alloys were studied via
AG-10TA electronic universal machine, SB2230 digital electric bridge, SEM and EDS. The results show that recrystallization and
precipitation occur simultaneously during the annealing process of Cu-Te alloys. Tellurium precipitates as Cu,Te second phase. The
grain size increases with the increasing of annealing temperature and time. The electrical conductivity increases monotonously. The

tensile strength of Cu-Te alloy is higher than that of pure copper.
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1 Introduction

Pure copper and copper alloys are widely used due
to the high electrical conductivity, high heat transfer,
corrosion resistance and excellent formability[1-5]. But
the strength of pure copper is low and the strength gained
during cold working will decrease quickly after
annealing. So developing copper alloys, which not only
have high strength, but also keep high electrical
necessary[6-10].
However, high strength and high conductivity are a
contradiction for copper alloys. So the principle to
develop high conductivity and high strength copper

conductivity  simultaneously, is

alloys is adding low-solubility elements to pure copper,
forming super-saturation solid solution, and then making
added elements precipitate as the second phases after
annealing. Consequently, the electrical conductivity
improves quickly and the strength of alloys is still
high[11, 12]. Presently most researches are concentrated
on Cu-Cr, Cu-Fe and so on, while the studies on Cu-Te
alloys are limited[13—15]. The prior research showed
that the electrical conductivity of Cu-Te alloys can reach
94%—-103% IACS and Cu-Te alloys have special
properties, such as

anti-electric  corrosion, arc-

extinguishing synchronously[16, 17]. In order to get high
strength and high electrical conductivity, exploring the
annealing process is necessary. So the influence of
interaction between precipitation and recrystallization of
Cu-Te alloys during annealing process on their electrical
conductivity and mechanical property is investigated in
this paper.

2 Experimental

Cu-Te alloys were melted in a ZG-25A vacuum
induction furnace by adding different amounts of pure
tellurium to industrial copper in an argon protective
atmosphere. Tellurium content at different areas of Cu-Te
alloy ingots was detected by ICAP9000(N+M) plasma
spectrum. The nominal composition of Te is shown in
Table 1. Then the ingots were forged and hot-rolled to
copper stick with diameter of 8 mm and the copper sticks
were cold drawn to wires with diameter of 2 mm. At last,
the copper wires were annealed in the vacuum resistance
furnace. The tensile strength was measured by AG-10TA
electronic universal machine. The electrical conductivity
was measured by SB2230 digital electric bridge and the
microstructure was investigated by JSM-5900LV
scanning electronic microscope.
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Table 1 Nominal composition and measured composition of
Te in Cu-Te alloys (mass fraction, %)

Sample No. Nominal Measured
1 0 0
2 0.20 0.19
3 0.35 0.32
4 0.50 0.39
3 Results

3.1 Effect of annealing temperature on electrical
conductivity and tensile strength of Cu-Te alloy
wires
Figs.]1 and 2 present the effects of annealing

temperature on the electrical conductivity and tensile

strength of Cu-Te alloy wires after annealing for 2 h.
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Fig.2 Effect of annealing temperature on tensile strength of
Cu-Te alloys

It can be seen from Figs.l and 2 that with the
annealing temperature increasing, the electrical
conductivity increases monotonously, while the tensile
strength of Cu-Te alloys wire firstly decreases and finally

fluctuates within small range.

3.2 Effect of annealing time on electrical conductivity
and tensile strength of Cu-Te alloy wires
The variations in electrical conductivity and tensile
strength of Cu-Te alloy wires after annealing at 420°C
for different times are shown in Figs.3 and 4,
respectively.
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Fig.3 Effect of annealing time on electrical conductivity of
Cu-Te alloys at 420°C
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Fig.4 Effect of annealing time on tensile strength of Cu-Te
alloys at 420 C

As can be seen from Fig.3, with the extended time,
the electrical conductivity of Cu-Te alloy wires exhibits
consistent climb tendency. But a turning point appears in
Fig.4.

3.3 Effect of annealing process on microstructure of

Cu-Te alloys

The microstructures of sample 3 in cast, hot- rolled,
and cold-drawn state and annealed at different
for 2 h were observed by XIJP-6
metallograph, which are shown in Fig.5.

It can be confirmed that the recrystallization
happens after annealing at 390 °C for 2 h, but recrystal-

temperatures
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Fig.5 Effect of annealing temperature on microstructure of sample 3: (a) Cast; (b) Hot-rolled; (c¢) Cold drawn; (d) Annealed at 390°C
for 2 h; () Annealed at 420 ‘C for 2 h; (f) Annealed at 450 ‘C for2 h

lization is incomplete. With the increasing temperature,
the recrystallization process finishs and grains start to
grow up.

Fig.6 shows the microstructures of sample 3 after
annealing at 420 ‘C for 2 h and 6 h. It can be seen that
prolonging annealing time makes grain grow up.

To ascertain the composition of precipitation, the
engery dispersive spectrum (EDS) analysis were

conducted on sample 3 after annealing at 420 C for 6 h.

Combining the EDS results with Cu-Te alloy phase
diagram, the precipitation is determined to be Cu,Te.

4 Discussion

The main reason for the above changes lies on that
recrystallization and precipitation happen in Cu-Te alloys
simultaneously during annealing process. Firstly, trace
tellurium dissolved in copper can improve the
recrystallization temperature of copper because solute
atoms can decrease the nucleation rate and growth rate of

Fig.6 SEM morphologies of sample 3 after annealing at 420 ‘C
for different times: (a) 2 h; (b) 6 h



462 ZHU Da-chuan, et al/Trans. Nonferrous Met. Soc. China 16(2006)

recrystallization. Meanwhile, these solute atoms
congregate near dislocations, block the diffusion of
vacancy, thus the recrystallzation grain of Cu-Te alloys is
smaller than that of pure copper. With the annealing
temperature increasing, recrystallization occurs, then the
density of dislocation decreases and the deformation
recovers. At the same time, some added elements
precipitate as the second phase[18]. It is obvious that the
precipitation phase will affect the crystallization process
because the fine precipitations occur at dislocations and
subgrain boundaries primarily[19]. This blocks the
rearrangement of dislocations and movement of subgrain
boundary, leading to the formation of high densities area
of dislocation near the precipitation. These actions are in
favor of recrystallization nucleation. On the condition
that the annealing temperature is higher and time is
longer, the recrystallization and precipitation of Cu-Te
alloys continue, recrystallization grains grow up.
Meanwhile the precipitation in front of recrystallization
grain boundaries may resolve or grow up according to its
original size, thus accelerating or retarding recry-
stallization[20]. The reduction of dislocation density and
bigger grains make the scatter to electrons decrease, thus
the electrical conductivity increases. But the precipitated
second phase strengthens the Cu-Te alloy during
recrystallization process[21], so the tensile strength of
the Cu-Te alloys is higher than that of the pure copper.

5 Conclusions

1) Recrystallization and precipitation happen
simultaneously in Cu-Te alloys during annealing process.

2) With the annealing temperature increasing and
time prolonging, grains grow up, leading to the electrical
conductivity increase.
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