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Abstract: The influence of Al addition on the microstructure of Cu−B alloys and Cu−ZrB2 composites was investigated 
using scanning electron microscopy, X-ray diffraction and first-principles calculation. The results show that the eutectic 
B in Cu−B alloys can be modified by Al from coarse needles to fine fibrous structure and primary B will form in 
hypoeutectic Cu−B alloys. As for Cu−ZrB2 composites, Al can significantly refine and modify the morphology of ZrB2 
as well as improve its distribution, which should be due to its selective adsorption on ZrB2 surfaces. The first-principles 
calculation results indicate that Al is preferentially adsobed on ZrB2 (12

__

10), then on ZrB2 (101
__

0), and finally on ZrB2 
(0001). As a result, smaller sized ZrB2 with a polyhedron-like, even nearly sphere-like morphology, can form. Due to 
Al addition, the hardness of Cu−ZrB2 composites is greatly enhanced, but the electrical conductivity of the composites 
is seriously reduced. 
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1 Introduction 
 

Cu and its alloys have been widely used     
in many fields due to their excellent    
mechanical properties, electrical and thermal 
conductivities [1−3]. Nowdays, the requirements 
for Cu alloys are getting higher with the continuous 
development of related industries. In order to meet 
the increasing requirements, one of the widely used 
methods is reinforcement of Cu alloys by hard 
secondary phases [4,5]. In this case, the property of 
the reinforcement phases is one of the key factors to 
develope high performance composites [6,7]. 
Oxides, carbides and borides are considered to be 
good candidates as reinforcements due to their high 

melting point, high hardness, and good corrosion 
resistance and so on [8−11]. Among them, it has 
been reported that transition metal borides possess 
much higher electrical conductivity, lower thermal 
expansion coefficient and better wettability with 
molten copper, which makes them more suitable for 
fabrication of high strength and conductivity Cu 
matrix composites [12−14]. As one kind of the 
transition metal borides, ZrB2 has become an 
emerging candidate to develop Cu matrix 
composites [15−17]. It has been found that, 
compared with TiB2 which has been widely used in 
Cu matrix composites, ZrB2 possesses better 
wettability with molten Cu. Moreover, the solid 
solubility of Zr is very low in Cu matrix and there 
are few intermediate phases in Cu−Zr−B system,  
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which may offer a good interface bond in the 
ZrB2/Cu composites [18−20]. For example, 
ZHANG et al [19] have prepared the Cu−ZrB2 
composites with hardness higher than HV 120 and 
electrical conductivity higher than 70% IACS using 
a liquid metallurgy route; recently, they further 
prepared the Cu−ZrB2 composites with hardness 
higher than HV 100 and electrical conductivity 
higher than 85% IACS by hot-pressed sintering [20]. 
The Cu−ZrB2 composites with hardness of HV 180 
and the electrical conductivity of 42% IACS have 
also been prepared through green compact laser 
sintering by STASIC et al [21]. 

In our previous work, Cu−ZrB2 composites 
with high strength and good conductivity were also 
successfully prepared by in-situ synthesizing ZrB2 
in Cu melts [22]. However, it is found that the 
microstructure uniformity of the prepared Cu−ZrB2 
composites was very poor. The synthesized ZrB2 
particles tend to be seriously aggregated. In 
addition, the particle size was uneven and ranged 
from less than 1 μm to more than 10 μm. The 
non-uniform microstructures of the Cu−ZrB2 
composite seriously deteriorated the performance. 

Recently, it is found that the addition of Al can 
effectively improve the microstructures of Cu−ZrB2 
composites prepared by in-situ synthesizing ZrB2 in 
Cu melts. The detailed results are present in this 
work and its mechanism is also investigated. The 
work provids a useful method for controlling the 
microstructures of in-situ synthsized ZrB2 particles 
in Cu melts. 
 
2 Experimental 
 

Cu pieces(>99.9%), Zr pieces (>99.0%), Al 
pieces (>99.7%) and Cu−5B master alloy were used 
as starting materials. The main purpose of this work 
was to study the influnce of Al on the 
microstructures of Cu−ZrB2 composites; however, 
because the ZrB2 was in-situ synthsized by adding 
Zr into Cu−B or Cu−Al−B melts, Cu−0.75B, 
Cu−2Al−0.75B and Cu−6Al−0.75B master alloys 
were firstly prepared to examine the influence of Al 
addition on the microstructure of Cu−B master 
alloys. 

Then Cu−B or Cu−Al−B master alloys were 
then used to prepare Cu−ZrB2 composites. The 
Cu−3.15Zr−0.75B with Zr:B mole ratio of 1:2 was 
firstly prepared by adding Zr into Cu−B melts. 

Then, the other five kinds of composites with 
different Al contents which were Cu−1Al−3.15Zr− 
0.75B, Cu−2Al−3.15Zr−0.75B, Cu−3Al−3.15Zr− 
0.75B, Cu−4Al−3.15Zr−0.75B and Cu−6Al− 
3.15Zr−0.75B were prepared. During the prepartion, 
the related Cu−Al−B master alloys were firstly melt 
in quartz crucible by a SPG-20B high frequency 
induction heating furnace to 1200−1300 °C. Then, 
Zr was added into the Cu−Al−B melts and held for 
about 60 s. After that, the melt was poured into a 
steel die mould to obtain the composities. 

Specimens were then cut from the as-cast 
composites to carry out grinding and polishing 
through standard routines. The microstructures of 
the samples were then investigated by a 
metallurgical microscope, an X-ray diffraction 
(XRD, Moldel D/Max 2500 PC, Rigaku,Japan) with 
Cu Kα radiation and a scanning electron microscope 
(SEM) attached with an energy dispersive X-ray 
spectroscopy (EDS). To further study the 
morphologies of the in-situ synthsized ZrB2, the 
Cu−ZrB2 composites were also deeply etched in  
18 vol.% phosphoricacid solution for 30 s under the 
current of 5 A to etch off the surface Cu matrix and 
expose the ZrB2 particles. Then the etched samples 
were analyzed by SEM. 
 
3 Results and discussion 
 
3.1 Influence of Al on microstructures of Cu−B 

master alloys 
The influence of Al on the microstructures of 

Cu−B master alloys was firstly studied and the 
results are shown in Fig. 1. Figure 1(a) indicates 
that Cu−0.75B master alloy is composed of Cu 
matrix and euthectic B phase which distributes 
along Cu grains boundry. The euthectic B is 
needle-like as shown in Fig. 1(b). After addtion of  
2 wt.% Al, B is still in the form of eutectic phase in 
Cu−2Al−0.75B and no Al-containing boron phase, 
such as AlB2, is found. However, the morphology 
of eutectic B has been modified from coarse 
needle-like into fine fibrous structure, as shown in 
Figs. 1(c) and (d). Increasing the addtion amount of 
Al to 6 wt.%, the microstructure of Cu−0.75B is 
further modified. It is noticed from Figs. 1(e) and  
(f) that there is a new particle-like phase and the 
size of the particles ranges from 5 to 10 µm. The 
insert in Fig. 1(f) demostrates that the particle-like 
phase is actually polyhedral. 
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Fig. 1 Microstructures of Cu−B and Cu−Al−B master alloys: (a, b) Cu−0.75B; (c, d) Cu−2Al−0.75B;            

(e, f) Cu−6Al−0.75B (Insert figure in Fig. 6(f): exposed primary B after deeply etching) 

 
EDS results given in Fig. 2 confirm that the 

particles mainly contain B as well as a slight 
amount of Al and Cu, which indicates that the 
particles should be the primary B [23]. According 
to the Cu−B phase diagram given in Fig. 3, the 
eutectic composition of Cu−B alloy is about     

2.5 wt.% B. Therefore, the presence of primary B 
phase in Cu−6Al−0.75B proves that Al has a strong 
induction effect on the precipation of primary B. In 
addition, compared with Cu−2Al−0.75B, the 
eutectic B phase is much less in Cu−6Al−0.75B due 
to the formation of primary B phase and its size is  
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Fig. 2 EDS analysis results of primary B: (a) SEM image 

of deeply etching sample; (b) EDS analysis result of 

Point 1 
 

 

Fig. 3 Phase diagram of Cu−B alloy 
 
much smaller than that in Cu−0.75B, which further 
confirms the modifcation effect of Al on eutectic B 
phase. Besides primary and eutectic B phase, other 
B-containing phases are hardly found in 
Cu−6Al−0.75B master alloy. 

The above results demonstrate that Al has a 
significant modification effect on eutectic B phase 
in Cu−B master alloys and strong induction effect 
on the formation of primary B. It is interesting to 

notice that the modification effect of Al on 
euthectic and primary B of Cu−B alloys is very 
similar to that of Sr and P on eutectic and primary 
Si of Al−Si alloys. The modification effects of Sr 
and P on Al−Si alloys have been extensivly studied. 
As to the modification effect of Sr on eutectic Si, 
although there are still different suggested models, 
the commonly accepted one is that Sr tends to 
selectively adsorb on the growth surfaces of Si 
crystal and then retards the Si growth and changes 
the growth direction [24,25]. As to induction effect 
on the precipation of primary B by P, it has been 
confirmed that P will react with Al to form AlP 
particle which has a very simliar crsytal structure to 
primary Si and therefore can be an excellent 
heterogeneous nucleation site for primary Si, as a 
result, primary Si can be formed in hypoeutectic 
Al−Si alloys [26,27]. It is deduced that the 
modification mechanism of Al on B phase of Cu−B 
master alloys is same to that of Sr and P on Si. 
Based on the above results, it is considered that, Al 
tends to adsorb on the growth surfaces of eutectic B 
and retards its growth. As a result, the coarse 
eutectic B will be modified into fine fibrous 
structure. When there is sufficient Al in Cu−B  
melts, some small Al-containing particles that are 
most likely to the Al−B phase are formed in the 
melts or during the solidificaiton. These particles 
can act as nucleation sites for B phase, which is the 
reason for the formation of primary B in 
hypoeutectic Cu−6Al−0.75B master alloy. Unlike 
Sr and P which will interfere each other, the 
formation of Al-containing particles will not 
interfere the modification effect of Al on eutectic B, 
as a result, the united modification on both eutectic 
and primary B can be realized, like that in 
Cu−6Al−0.75B master alloy. 
 
3.2 Influence of Al on microstructures of Cu− 

ZrB2 composites 
Then Cu−ZrB2 composites were prepared by 

adding Zr into Cu−B or Cu−Al−B melts to study 
the influence of Al addition on the microstructures 
of Cu−ZrB2 composites. Figure 4 shows the XRD 
patterns of the prepared Cu−3.15Zr−0.75B, Cu− 
1Al−3.15Zr−0.75B, Cu−2Al−3.15Zr−0.75B, Cu− 
3Al−3.15Zr−0.75B, Cu−4Al−3.15Zr−0.75B and 
Cu−6Al−3.15Zr−0.75B composites, respectively. It 
can be seen that the composites mainly consist   
of Cu phase (α-Cu phase in Al-containing samples) 
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Fig. 4 XRD patterns of as−cast composites: (a) Cu− 

3.15Zr−0.75B; (b) Cu−1Al−3.15Zr−0.75B; (c) Cu−2Al− 

3.15Zr−0.75B; (d) Cu−3Al−3.15Zr−0.75B; (e) Cu−4Al− 

3.15Zr−0.75B; (f) Cu−6Al−3.15Zr−0.75B 

and ZrB2 phases, as well as some γ2 phase (Cu9Al4) 
in Al-containing samples. No other B-containing 
phase has been detected. The results indicate that 
ZrB2 has been successfully synthesized in all the 
composites. 

Figure 5 shows the metallurgical micrographs 
of the composites. It can be seen that there are 
amounts of particles in Cu matirx in all the samples. 
Based on the XRD results, these particles should be 
in-situ synthesized ZrB2. It is found from Fig. 5(a) 
that the distribution of ZrB2 in Cu−3.15Zr−0.75B is 
not uniform and most of the ZrB2 particles have 
been aggregated into agglomerations. After addition 
of Al, it is noticed that the distribution of ZrB2      

is signifcantly improved. According to Fig. 5(b), 
 

 

Fig. 5 Microstructures of as−cast composites: (a) Cu−3.15Zr−0.75B; (b) Cu−1Al−3.15Zr−0.75B; (c) Cu−2Al−3.15Zr− 

0.75B; (d) Cu−3Al−3.15Zr−0.75B; (e) Cu−4Al−3.15Zr−0.75B; (f) Cu−6Al−3.15Zr−0.75B 
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the ZrB2 distribution is more uniform in Cu−1Al− 
3.15Zr−0.75B than that in Cu−3.15Zr−0.75B. The 
effect of Al on the ZrB2 distribution is more 
obvious with Al content increasing. It is found from 
Figs. 5(c−f) that ZrB2 is much more uniformly 
distributed in Cu−2Al−3.15Zr−0.75B, Cu−3Al− 
3.15Zr−0.75B, Cu−4Al−3.15Zr−0.75B and 
Cu−6Al−3.15Zr−0.75B compoistes and the large 
agglomerations can be hardly found, especially for 
the composites of Cu−4Al−3.15Zr−0.75B and 
Cu−6Al−3.15Zr−0.75B. Furthermore, the size of 
in-situ synthszied ZrB2 is also decreased after Al 
addition. 

In order to further examine the distribution and 
size as well as morphologies of ZrB2, the prepared 
composites were deeply etched to remove the Cu 
matrix and expose ZrB2. The microstructures of the 

etched samples are shown in Fig. 6. It is more 
obviously observed from Fig. 6(a) that the ZrB2 
particles are seriously aggregated in Cu−3.15Zr− 
0.75B composite to form agglomerations with 
different sizes and some are even larger than 
100 µm. After addtion of 1 wt.% Al, as given in 
Fig. 6(b), although there are still some ZrB2 
agglomerations, both the quantity and size of ZrB2 
agglomerations are remarkably decreased , further 
confirming that Al addition can imporve the ZrB2 

distribution. By increasing Al amount, the 
modification effect becomes more significant. Like 
the results shown in Fig. 5, it can be seen from 
Figs. 6(c−f) that the large agglomerations almost 
disappeare and ZrB2 is uniformly distributed in the 
Cu matrix after the addition of more than 2 wt.% 
Al. 

 

 
Fig. 6 Microstructures of deeply etched composites: (a) Cu−3.15Zr−0.75B; (b) Cu−1Al−3.15Zr−0.75B;           

(c) Cu−2Al−3.15Zr−0.75B; (d) Cu−3Al−3.15Zr−0.75B; (e) Cu−4Al−3.15Zr−0.75B; (f) Cu−6Al−3.15Zr−0.75B 
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In addition, it is also confirmed from Fig. 6 
that, besides the distribution improvement, the 
addtion of Al has also decreased the size of ZrB2 
and changed the ZrB2 morphologies, which can be 
more obviously observed from the microstructures 
of the ZrB2 shown in Fig. 7. Figure 7(a) 
demonstrates that the size of ZrB2 in 
Cu−3.15Zr−0.75B composite ranges from less than 
1µm to larger than 10 µm. The size distribution was 
statistically measured and the result is shown in 
Fig. 8(a). It can be seen that about 45.72% ZrB2 
particles are larger than 2 µm and the mean size is 
about 2.34 µm. Moreover, most of ZrB2 in 
Cu−3.15Zr−0.75B composite is plates with small 
height-to-diameter ratio and most of them, 
especailly the smaller one, are regular hexagonal 
plates. It is known that ZrB2 has a hexagonal 

AlB2-type structure with P6/mmm space group. For 
the crystal with AlB2-type structure, the growth rate 
along 12

__

10 direction is usually higher than that 
along 101

__

0 directions, while both of them are 
higher than that along 0001 direction, therefore, 
the hexagonal plate-like particles with (101

__

0) and 
(0001) faces as well as small height-to-diameter 
ratio are usually formed [28]. After addtion of    
1 wt.% Al, although the morphology of ZrB2 has 
not changed too much and most of particles are still 
hexagonal plates, more particles with smaller size 
have been formed as shown in Figs. 7(b) and 8(b). 
The mean size of ZrB2 in the Cu−1Al−3.15Zr− 
0.75B composite has decreased to about 1.57 µm, 
indicating that Al has a refinement effect on ZrB2. 
The refinment effect of Al on ZrB2 size is more 
significant when increasing Al addition amount. It  

 

 
Fig. 7 Morphologies of in-situ synthesized ZrB2 particles in different composites: (a) Cu−3.15Zr−0.75B;           

(b) Cu−1Al−3.15Zr−0.75B; (c) Cu−2Al−3.15Zr−0.75B; (d) Cu−3Al−3.15Zr−0.75B; (e) Cu−4Al−3.15Zr−0.75B;      

(f) Cu−6Al−3.15Zr−0.75B (Insert figure: synthesized small ZrB2 particles) 



Hai-min DING, et al/Trans. Nonferrous Met. Soc. China 30(2020) 1335−1346 

 

1342

 

 

Fig. 8 Size and distribution of ZrB2 particles in Cu−3.15Zr−0.75B (a), Cu−1Al−3.15Zr−0.75B (b), Cu−2Al−3.15Zr− 

0.75B (c), Cu−3Al−3.15Zr−0.75B (d), Cu−4Al−3.15Zr−0.75B (e) and Cu−6Al−3.15Zr−0.75B (f) 

 

can be seen from Fig. 8 that the proportion of ZrB2 

particles larger than 2 µm decreases from about 
45.72% to 11.09% with Al content increasing from 
0 wt.% to 6 wt.%, while that of ZrB2 particles less 
than 1µm increasing from about 33.67% to 61.76%. 
Some ZrB2 particles with size smaller than 200 nm, 
even smaller than 100 nm have also be synthesized 
in Al-containing composities as shown in the insert 
of Fig. 7(f). As a result, the mean sizes of ZrB2 

decrease to about 1.25, 1.02, 0.93 and 0.88 µm in 
Cu−2Al−3.15Zr−0.75B, Cu−3Al−3.15Zr−0.75B, 
Cu−4Al−3.15Zr−0.75B and Cu−6Al−3.15Zr−0.75B 
compoistes, respectively. In addition, it is also 
found from Figs. 7(c−f) that the morphologies of 
ZrB2 are also been modified. Many particles in 
Cu−xAl−3.15Zr−0.75B (x=2, 3, 4 or 6) are not 
plate-like but changed into polyhedron-like, even 
nearly sphere-like, as shown in Figs. 7(e, f). 
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Based on the above results, it can be sure that 
Al can significantly improve the distribution of 
in-situ synthesized ZrB2 while refine the particle 
size and modify the morphlogy. The results given in 
Section 3.1 confim that there are no Al-containg 
particles which can act as nucleation sites for B 
phase in the Cu−2Al−0.75B melts. However, the 
modification effect of Al on ZrB2 is already 
significant in Cu−2Al−3.15Zr−0.75B composites. 
Therefore, the modification effects of Al on ZrB2 
should mainly contribute to the restricted growth 
effect. It is deduced that, like the modification of Al 
on eutectic B, Al tends to adsorp on ZrB2 surfaces 
which will retard the growth. The ZrB2 
morpologyies changed from hexagonal plate to 
polyhedron-like, even nearly sphere-like, indicating 
that the adsoption of Al should be selective, which 
means that the Al adsoption tendency on different 
ZrB2 planes is varied. 

In order to confirm the above deduction, the 
first-principles calculations based on the 
density-functional theory (DFT) used and the 
program package CASTEP were performed to 
examine the adsorption of Al on ZrB2 (0001) basal 
plane, ZrB2 (101

__

0) edge plane and ZrB2 (12
__

10) 
plane. The generalized gradient approximation 
(GGA) of Perdew and Wang (PW91) was utilized 
for energy calculation. As mentioned above, ZrB2 
was an AlB2-type crystal structure, which consisted 
of alternate stacking of a graphitelike boron layer 
and a close-packed metal layer [29]. Therefore, 
both the ZrB2 (0001) and ZrB2 (101

__

0) planes may 
be terminated by either the Zr layer or B layer, 
while ZrB2 (12

__

10) planes contain both Zr and B 
atoms. However, it was confirmed by many works 
that ZrB2 (0001) is usually terminated with the Zr 
layer [30,31]. Therefore, the Zr teminated ZrB2 
(0001) and ZrB2 (101

__

0) planes along with ZrB2    
(12

__

10) plane which were all with a slab of 6-layers 
and 20 Å of vacuum region in the z-direction were 
used. The adsorption of Al on the most possible 
positions, including the top, bridge and the center 
sites of ZrB2 (0001) and ZrB2 (101

__

0) planes, and Zr 
as well as B top sites and the center site of ZrB2  
(1 2

__

10), was calculated. The calculated Al 
adsorption sites were designated as Positions 1, 2 
and 3, as shown in Fig. 9. During the structural 
optimization, atoms in the two bottom layers of 
each slab were kept fixed at their bulk-like 
positions, whereas atoms in other layers were fully 

relaxed and the plane-wave cut off energy of    
380 eV was employed. 

 

 

Fig. 9 Possible sites for Al adsorption on different ZrB2 

planes: (a) (0001); (b) (101
__

0); (c) (12
__

10) (The possible 

sites for Al adsorption are designated as Positions 1, 2 

and 3) 

 
The adsorption energies were then calculated 

by 
 

2 2ads Al+ZrB ZrB Al( )E E E E                   (1) 
 
where 

2Al+ZrBE  is the total energy of the ZrB2 
(0001), ZrB2 (101

__

0) or ZrB2 (12
__

10) plane with a Al 
atom, 

2ZrBE  is the total energy of relaxed ZrB2 
(0001), ZrB2 (101

__

0) or ZrB2 (12
__

10) plane, EAl is the 
energy of single Al atom calculated by placing it in 
a large enough box. 

The calculated results are shown in Table 1. It 
can be seen that the adsorption energies of the Al 
atom on all the calcualted sites are negative, 
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indicating that it is theremally favorable for Al 
adsorption on ZrB2 surfaces. It is found that 
Position 3 which has the largest adsorption energy 
is the most preferrd Al adsorption position in all the 
planes. In addition, the results also demonstrate that 
the adsoption of Al on ZrB2 surfaces is selective. 
The Al atom is more preferentially adsobed on ZrB2 
(12

__

10) planes with the largest adsorption energy of 
−5.21 eV, then on the ZrB2 (101

__

0) with the medium 
adsorption energy of −4.38 eV, and finally on the 
ZrB2 (0001) planes with the smallest adsorption 
energy of −4.13 eV. The calculation results confirm 
the deduction that the modificaiton effects of Al on 
ZrB2 mainly contribute to the restricted growth 
effect by Al selective adsorption on ZrB2 surface. 
As mentioned above, before Al additon, the growth 
rate along ZrB2 12

__

10 direction is higher than that 
along 101

__

0 direction, while both of them are 
higher than that along 0001 direction. After Al 
addition, the growth rates along all the directions 
will be decreased due to the Al adsorption. 
Moreover, due to the selective adsorption, the 
growth rate decreases most along ZrB2 1 2

__

10 
direction, while the least along 0001 direction. As 
a result, smaller sized ZrB2 with polyhedron-like, 
even nearly sphere-like morphology, can be formed. 
Because the fast growth of ZrB2 is also the main 
reasom for aggregation, the restricted growth effect 
of Al will also imporve the ZrB2 distribution. 
 
Table 1 Adsorption energies of Al on ZrB2 (0001), ZrB2 

(101
__

0) and ZrB2 (12
__

10) (eV) 

Adsorption site ZrB2 (0001) ZrB2 (101
−
0) ZrB2 (12

−
10)

Position 1 −3.38 −2.90 −4.51 

Position 2 −4.02 −3.20 −2.36 

Position 3 −4.13 −4.38 −5.21 

 
Due to the addition of Al and its improvement 

effects on the microstructures, the mechanical 
properties of Cu−ZrB2 composites will be  
enhanced. However, because most of Al is dissovle 
in the Cu matrix, the electrical conductivity of the 
composites is inevitablely reduced. As shown in 
Fig. 10, the hardness of the composites has a great 
increase due to the addtion of Al, but the electrical 
conductivity of the Cu−3.15Zr−0.75 composites is 
decreased from 56.3% IACS to only 14.1% IACS 
with the addition of Al increasing from 0 wt.% to  
6 wt.%. This is a problem for developing Cu matrix 

composites with both high strength and electrical 
conductivity and additional measures are needed to 
solve it in the furture. 
 

 

Fig. 10 Hardness and electrical conductivity of prepared 

Cu−xAl−3.15Zr−0.75B composites 

 
4 Conclusions 
 

(1) For Cu−B master alloys, Al has a 
significant modification effect on eutectic B and 
strong induction effect on the formation of primary 
B. With sufficient Al, the coarse needle-like 
eutectic B will be changed into fine fibrous 
structure, and primary B will be formed in 
hypoeutectic Cu−B alloys. It is considered that Al 
adsorption on the growth surface of the eutectic B 
and the formation of Al-containing particles which 
can be nucleation sites for the primary B are the 
reasons for the modification. 

(2) When preparing Cu−ZrB2 compsites by 
in-situ synthesizing ZrB2 in the melts, the additon 
of Al into Cu−B melts can significantly improve the 
distribution of ZrB2 and refine them as well as 
modify the morphlogy. The effect is more 
significant with increase of Al content. 

(3) The effect of Al on ZrB2 is due to its 
selective adsorption on ZrB2 surfaces. It is calculted 
that it is thermally favorable for Al adsorption on 
ZrB2 surface. Morover, Al is preferentially adsobed 
on the ZrB2 (12

__

10) plane, then on the ZrB2 (101
__

0), 
and finally on the ZrB2 (0001) plane. As a result, 
smaller sized ZrB2 with a polyhedron-like, even 
nearly sphere-like morphology, can be formed. 

(4) Due to Al addition and its modificaton 
effects, the hardness of Cu−ZrB2 composites is 
greatly enhanced, but the electrical conductivity of 
the composites is seriously reduced. 
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Al 的添加对 Cu−B 合金及 
Cu−ZrB2复合材料显微组织的影响 
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摘  要：采用扫描电子显微镜、X 射线衍射以及第一性原理计算方法研究 Al 的添加对 Cu−B 合金及 Cu−ZrB2复

合材料显微组织的影响。结果表明，在 Al 的变质作用下，Cu−B 合金中的共晶 B 相由粗大针状转变为细小纤维状，

同时可以在亚共晶 Cu−B 合金中析出初生 B 相。对于 Cu−ZrB2复合材料，Al 能够细化合成的 ZrB2颗粒，改变其

形貌，同时改善其分布，这归因于 Al 在 ZrB2 晶面上的选择性吸附。第一性原理计算表明，Al 会优先吸附在     

ZrB2 (12
__

10)面上，其次是 ZrB2 (101
__

0)面，最后是 ZrB2 (0001)面，进而使复合材料中形成多面体状、乃至近球状细

小 ZrB2颗粒。Al 的加入使 Cu−ZrB2 复合材料硬度显著提高，但其电导率严重降低。 

关键词：Cu−B 合金；铜基复合材料；变质作用；显微组织 
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