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Structural and mechanical properties of CuZr/AlN nanocomposites 
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Abstract: Powder metallurgy method was used to prepare copper alloy nanocomposites (CuZr/AlN) with high strength and 
conductivity. Optical microscopy, high-resolution transmission electron microscopy and other methods were adopted to study the 
impact of different sintering technologies on the structural and mechanical properties as well as the impact of solution and aging 
treatments on the mechanical properties of CuZr/AlN. The result shows that the specimen has a dense structure, and the size of the 
crystal grain is around 0.2 µm. The Brinell hardness of the specimen increases with the increase in re-pressing pressure and sintering 
temperature. The Brinell hardness of specimen also increases with the increase in zirconium content. However, above 0.5% (mass 
fraction) of zirconium content, the Brinell hardness of the nanocomposites is reduced. The buckling strength of the specimens 
increases with the increase in re-pressing pressure and sintering temperature. The buckling strength is the highest when the zirconium 
content is 0.5%. The Brinell hardness is lower after solution and aging treatments at 900 °C. The Brinell hardness of the CuZr/AlN 
series specimen after the aging treatment at 500 °C or 600 °C increases. The specimen was also over aged at 700 °C. 
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1 Introduction 
 

The component, structure, and property of materials 
are closely related. For the Cu−Zr series alloy, copper 
and zirconium can form numerous intergranular 
compounds. These copper alloys are widely applied due 
to their high strength and conductivity [1−3]. These 
alloys are mainly characterized by high electric 
conductivity [4,5]. ARNBERG et al [6] prepared a 
copper zirconium alloy, and Cu−0.15Zr alloys have 
excellent comprehensive properties by a high-pressure 
helium ultrasonic atomization method. The yield strength 
values of the alloys are as high as 406 MPa. The tensile 
strength values are as high as 460 MPa, and the electric 
conductivities are up to 91% (International Annealed 
Copper Standard). The Cu−Cr−Zr alloy is a copper alloy 
and has wide applications due to its high strength and 
electric conductivity. The chromium bronze has high 

mechanical, thermal, and electric conductivity properties. 
With a higher crystallization temperature and better heat 
resistance, the alloy is stable below 400 °C. To improve 
the strength of the alloy, deformation treatment and RS 
treatment are often adopted [7,8]. Cu−Cr−Zr has a better 
comprehensive property than Cu−Cr or Cu−Zr alloy 
which are widely used at present [9,10]. However, many 
of the Cr and Cu3Zr particles are precipitated by aging 
and dispersing [11]. Many reports discussed the impact 
of the microstructural changes of alloy after quenching, 
deformation treatment, thermochemical treatment, 
solution and aging treatments on the mechanical 
properties and revealed its application potential [12−16]. 

The current work adopted the powder metallurgy 
method and combined this with the re-pressing and 
re-sintering process to prepare high-strength and high- 
conductivity copper alloy nanocomposites (CuZr/AlN). 
Optical microscopy (OM) and high-resolution 
transmission electron microscopy (HRTEM) were used  
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to investigate the impact of different sintering processes 
on the structural and mechanical properties of the 
nanocomposites as well as the impact of solution and 
aging treatments on the mechanical property of the 
nanocomposites. 
 
2 Experimental 
 

Cu powder (grain size 47 μm, purity 99%) and Zr 
powder (grain size 40 μm, purity 99%) were mixed with 
AlN nanopowder (~50 nm) in composition (mass 
fraction, %) of Cu−0.3Zr−0.1AlN, Cu−0.5Zr−0.1AlN, 
Cu−1Zr−0.1AlN, Cu−3Zr−0.1AlN, and Cu−5Zr−0.1AlN. 
The products were named CZA1, CZA2, CZA3, CZA4, 
and CZA5. The samples were ball milled with a GN-2 
type high-energy ball mill. A GCr15 bearing steel ball 
was used for ball milling after thermal refining. The 
mass ratio of the grinding media to the material was 101׃. 
Argon was used as protection during ball milling. The 
powder obtained after ball milling for 10 h was used in 
the experiment. The 769YP−40C performing machine 
was used for pressing. Products were sintered in a 
SK2−4−12 tube-type sintering furnace and protected 
with H2 gas. The H2 flow rate was controlled at 25 to 
30 mL/s during sintering. Before heating, H2 was fed into 
the furnace for 10 min. Heat flow was increased at a rate 
of 10 °C/min. Re-pressing and re-sintering temperatures 
were 800 °C and 900 °C, respectively, and sintering time 
was 90 min. Solution and aging treatments were 
conducted in vacuum at 900 °C for 1 h. Then, the 
materials were quenched at room temperature under 
high-purity and high-speed N2 flow. After the solution 
treatment, the specimens were aged at 500, 600, and 
700 °C for 1 h. The HB−3000C electric Brinell hardness 
tester was used to measure the hardness of the specimens. 
The hardness was the average of three points in the 
experiment. The MTS 809 axial/torsional test system 
was adopted for the bending-resistance test. An optical 
microscope and a JEM−2010 type high-resolution 
transmission electron microscope were used to observe 
the microstructure of the nanocomposites. 
 
3 Results and discussion 
 
3.1 Microstructure  

Figure 1 shows the OM image of the CZA2 
specimen after re-sintering at 800 °C. An obvious 
contrast grade was caused by the uneven plane during the 
sample milling. Figure 2 shows the TEM image of the 
specimen after re-sintering at 800 °C. Based on Figs. 1 
and 2, the specimen has a dense structure, and the grain 
size is around 0.2 µm. 

 

 
Fig. 1 OM image of CZA2 after re-sintering at 800 °C 
 

 

Fig. 2 TEM image of CZA2 after re-sintering at 800 °C 
 
3.2 Mechanical properties 
3.2.1 Hardness analysis 

Using the same component and re-sintering 
temperature, the Brinell hardness of composites 
increased with the increase in re-pressing pressure. Using 
the same component and re-pressing pressure, the Brinell 
hardness increased with the increase in sintering 
temperature from 800 °C to 900 °C. The increase in 
re-pressing pressure or sintering temperature improved 
the density of materials. After sintering at 900 °C, the 
grains became large and the Brinell hardness was 
reduced. However, the increase in density is the major 
factor that influences the Brinell hardness. Thus, if 
sintering temperature is increased, the Brinell hardness 
will be also increased. Figure 3 shows that the Brinell 
hardness of the nanocomposites increased with the 
increase in zirconium content. However, when the 
content of the zirconium was more than 0.5%, the Brinell 
hardness of the nanocomposites decreased. This 
phenomenon is explained by the particle strengthening 
theory. The nanophase and matrix phase blocked the 
dislocation because of the difference in material 
properties and spatial distribution. Considering the 
higher strength of the strengthening phase, the 
dislocation could not occur easily. Moreover, the spatial 
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Fig. 3 Relationship between re-pressing pressure and Brinell 
hardness of CZA composite: (a) Re-sintering at 800 °C; (b) 
Re-sintering at 900 °C 
 
distribution of the strengthening phase changed, 
impelling the direction of the dislocation. The co-actions 
of the two factors improved the overall resistance of the 
materials to deformation. Given the difference of 
material properties, differences should exist in all phases 
during plastic working. To maintain the continuity of the 
materials, a certain line defect should be increased to 
achieve a certain plastic deformation amount. The 
interaction of a large amount of line defect blocks the 
sliding deformation of materials and improves the flow 
stress of materials. Therefore, the strength of materials is 
increased, which is reflected by the increase in Brinell 
hardness. However, when the content of the nano- 
particles is more than 0.5%, oxygen appears at the grain 
boundary because of the oxidation of zirconium. Thus, 
cuprous oxide is generated. This factor has great 
influence and reduces the Brinell hardness. 
3.2.2 Bending strength 

Figure 4 shows the relation curve of the re-pressing 
pressure and bending strength of the CZA composites. 
For the specimens with the same component, the bending 
strength increased with the increase in re-pressing 

 

 

Fig. 4 Relationship between re-pressing pressure and bending 
strength of CZA composites: (a) Re-sintering at 800 °C; (b) 
Re-sintering at 900 °C 
 
pressure. The bending strength also increased with the 
increase in sintering temperature. Using the same 
re-pressing and re-sintering process, the bending strength 
was the highest at 0.5% zirconium. Further increase in 
zirconium content resulted in a reduced bending strength. 
When the zirconium content increased, the oxidation of 
zirconium induced oxygen to generate cuprous oxide at 
the grain boundary, destroying the bending strength of 
the composites. The re-pressing and re-sintering process 
increased the bending strength of the specimen. Based on 
an existing empirical formula, bending strength is half 
the ultimate tensile strength. Thus, the maximum 
ultimate tensile strength of the CZA composites was 
around 440 MPa. 
3.2.3 Impact of solution and aging treatments on 

mechanical property of CZA specimens 
Figure 5 shows the relation curve of the solution 

and aging treatments and hardness of the CZA specimens 
that were re-sintered at 900 °C. The Brinell hardness 
after solution treatment at 900 °C was lower than that 
before the solution treatment, which indicates that the 
zirconium atoms were melted in the lattice of copper to  
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Fig. 5 Relationship between solution and aging treatments and hardness of CZA composites re-sintered at 900 °C: (a) After solution 
treatment at 900 °C; (b) After aging treatment at 500 °C; (c) After aging treatment at 600 °C; (d) After aging treatment at 700 °C 
 
generate a copper−zirconium solid solution with face- 
centered cubic lattice structure. Thus, the Brinell 
hardness was reduced. As seen in Figs. 5(b) and (c), the 
Brinell hardness of the CZA specimens increased after 
the aging treatment at 500 °C or 600 °C. As seen in   
Fig. 5(d), the Brinell hardness of the specimens after the 
aging treatment at 700 °C was reduced, which shows that 
overaging occurred at this temperature. 
 
4 Conclusions 
 

1) CuZr/AlN nanocomposites were prepared by 
powder metallurgy. The structure of CuZr/AlN 
nanocomposites is dense, and the size of the crystal grain 
is around 0.2 µm. 

2) The Brinell hardness of CuZr/AlN 
nanocomposites increased with the increase in 
re-pressing pressure, sintering temperature or zirconium 
content. 

3) The bending strength of the specimens increased 
with the increase in re-pressing pressure or sintering 
temperatures. The bending strength was the highest when 
the zirconium content was 0.5%. 
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CuZr/AlN 纳米复合材料的组织与性能 
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摘  要：采用粉末冶金方法制备高强高导铜合金基纳米复合材料(CuZr/AlN)。采用光学显微镜(OM)和高分辨率透

射电镜(HRTEM)等方法研究不同烧结工艺对复合材料组织与性能的影响，研究固溶时效对 CuZr/AlN 力学性能的

影响。结果表明：试样的组织致密，晶粒大小在 0.2 μm 左右；试样的布氏硬度随着复压制压力和烧结温度的升高

而升高；试样的布氏硬度开始随着锆含量的增加而升高，但当锆颗粒含量大于 0.5%时，复合材料的布氏硬度开始

降低。试样的抗弯强度随着复压制压力和烧结温度的升高而提高，抗弯强度在锆含量为在 0.5%时最大。900 °C

固溶后的布氏硬度比固溶前的布氏硬度低，试样在 500 °C 和 600 °C 时效后，布氏硬度增加，在 700 °C 发生过时

效现象。 

关键词：CuZr/AlN 纳米复合材料；粉末冶金；力学性能 
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