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Preparation for intermetallic powders of Cu-Sn and Cu-Ni-Sn systems via
solid-liquid reaction milling technique
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Abstract: The Cu-Sn binary intermetallic powders were obtained via a patented reaction ball milling technique. The Sn melt reacted
with the solid-state Cu during the milling process at different temperatures for different intervals. Two kinds of binary intermetallics
were obtained. For 12 h, CusSns was prepared by milling Sn melt at 573 K while Cu;Sn by milling Sn melt at 773 K. And a mixture
of CugSns and CuzSn was fabricated at 673 K. All these intermetallic powders had mean grain sizes of less than 100 nm. A finer
microstructure was obtained by milling Sn melt blended with 20%(mass fraction) Ni powders at 573 K for 12 h. The reaction
mechanism and advantages were discussed in comparison with that of high-energy ball milling. The results show the solutionizing of

Ni powders in the CugSns intermetallic.
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1 Introduction

The effects of external fields such as the magnetic
field, the electric field and the force field on the
solidification behavior of melts induced much finer and
more uniform solidification microstructures[1-3]. As a
result, the mechanochemical field, which combines the
force field with the chemical field, has attracted much
attention in recent years. Mechanochemical technique
has been widely employed in preparing nano powder,
nano composites and dispersion-strengthened structural
alloy. As a dry, high-energy ball milling technique,
mechanical alloying has been adapted to produce a
variety of commercially useful and scientifically
interesting materials such as supersaturates solid
solutions, crystalline and quasicrystalline intermediate
phases and amorphous alloys[4—6]. Solid-liquid reaction
milling technique based on mechanochemistry and
mechanical alloying is a novel technology for material
preparing. Due to the effects of both aspects, good
microstructures were obtained via this reaction ball
milling technique. Up to now, pure binary intermetallic
powders of Fe-Sn, Ti-Al, Ni-Al and Fe-Al systems such

as FeSn, Fe;Sn,, Ti;Al, Ni,Al; and Fe;Al, and ternary
intermetallics of Al-Cu-Fe, Al-Fe-Si, Al-Cu-Co and
Al-Cu-Ni alloy systems such as Al;Cu,Fe, Alj;;CuyFe;,
AlgsCupFers,  AlgFe,Si,  AlL;FeSi,  AlgsCoysCuy,
AlgoCoy5Cuq, Ap;CuyNi and Alg,5CuggoNip-[7—11] have
been successfully prepared. In this contribution, the
Cu-Sn and Cu-Ni-Sn alloy systems were selected and
binary intermetallics were prepared.

2 Experimental

The solid-liquid reaction milling process was
conducted at the selected temperatures in a milling
device (as shown in Fig.1), in which a sealed milling
cylinder of d300 mm in diameter rotates in a resistance
heated furnace equipped with the thermostatic system.
Both the balls and the milling cylinder were made of the
same starting material to prevent the melt from
contamination.

Moreover, the whole device can be operated in
vacuum or an inert gas atmosphere. Usually, the milling
cylinder was evacuated first and then filled with pure
inert gas to avoid oxidation.

The metal with the higher melting point such as Cu
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acted as the starting material, while the metal with the
lower melting point such as Sn served as the reactant.
The rotational speed was controlled at 80 r/min. The
mass of the reactant was approximately 50 g. The mass
ratio of the balls to the reactant was 20:1. The milling
temperature was chosen higher than the melting point of
the reactant based on Cu-Sn phase diagram[12] and thus
it was in a molten state during the milling process.
Powdery Ni with an average size of less than 74 L m was
added to study its effect on the reaction during the
solid-liquid milling process. In addition, conventional
mechanical alloying of Cu-Ni-Sn system was carried out
in a high-energy planetary ball miller under the same
conditions for comparison. The mass ratio of
ball-to-powder was maintained 10:1 and the rotation
speed was controlled at an angular velocity of 41.9 rad/s
(i.e. 400 r/min). Blended powders of Cu, Sn and Ni
served as the reactant.

The as-milled products were examined by X-ray
diffraction (XRD), scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). For the
X-ray diffraction we used Cu K, radiation.

Fig.1 Schematic diagram of milling device: 1 Thermoelectric
couple; 2 Thermostatic system; 3 Electric furnace; 4 Milling
cylinder; 5 Vacuum value; 6 Shaft coupling; 7 Motor; 8 Milling
ball

3 Results

3.1 Cu-Sn system
3.1.1 Milling Sn melt at 573 K

The as-milled products by milling Sn melt at
different temperatures for different intervals are shown in
Table 1. The XRD patterns are shown in Fig.2. After
milling at 573 K for 6 h, Cu¢Sns intermetallic was
prepared. But there is still some Sn in the system. As
seen from Fig.2(b), after milling for 12 h powders
obtained are still CusSns intermetallic and a little Sn.
3.1.2 Milling Sn melt at 673 K

As seen from Fig.3, the pure powders of CueSns
were obtained only after milling for 6 h. In comparison
with the results above, the higher temperature
accelerated the reaction. After milling for 12 h, the

Cu3Sn intermetallic was prepared. But the powders
obtained are a mixture of CugSns and Cu;Sn
intermetallics.

Table 1 As-milled products by milling Sn melt for different
time at 573 K, 673 K and 773 K

e Product
Temperature of milling/K
6h 12h
573 CugSns, Sn CugSns
673 Cu68n5 Cu6Sn5, Cll3SIl
773 CusSn, Sn CusSn
I o — CugSn;
+— Sn
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Fig.2 XRD patterns of as-milled products at 573 K for 6 h(a)
and 12 h(b)
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Fig.3 XRD patterns of as-milled products at 673 K for 6 h(a)
and 12 h(b)

3.1.3 Milling Sn melt at 773 K

As seen from Table 1, Cu;Sn intermetallic already
started to synthesize after milling for 6 h, and there is no
Cu¢Sns intermetallic. The pure CuszSn powders were
obtained after milling for 12 h, as shown in Fig.4.

3.2 Cu-Ni-Sn system
3.2.1 Adding powders of Ni to Cu-Sn system at 573 K
CueSns intermetallic powders were obtained by
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adding the powders of Ni to the Cu-Sn system at 573 K.
No ternary alloy powders were fabricated. The XRD
patterns of milling for 12 h is shown in Fig.5. The
diffraction peak of Ni can not be found and the
diffraction peak of Cu¢Sns deviates to the high-angle
orientation. The Ni powders must enter the Cu¢Sns
lattice.
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Fig.4 XRD pattern of as-milled product at 773 K for 12 h
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Fig.5 XRD pattern of as-milled product CusSns by adding Ni
powders to Cu-Sn system at 573 K for 12 h

3.2.2 Cu and Ni balls milling Sn melt at 573 K

The starting materials contained both the Cu and Ni
balls. After milling the Sn melt at 573 K for 12 and 24 h,
the as-milled products are CugSn;sintermetallic powders.
The XRD patterns for 12 h is shown in Fig.6. As seen
from it, the diffraction peak of Ni still can not be found
and the diffraction peak of CueSns deviates to the
high-angle orientation.

3.3 Microstructures of as-milled products

The SEM and TEM images of the as-milled
products of the Cu-Sn and Cu-Ni-Sn systems are shown
in Figs.7-9, which indicate that these powders are
composed of agglomerated particles with a mean grain

size of less than 100 nm. And as seen from Figs.7-9, a
homogeneous and finer microstructure is obtained by
adding the powders of Ni to Cu-Sn system.

*— Cu55n5

I
20 4{0 60 SIG 100 ]é{] 140 160
20/(°)

Fig.6 XRD pattern of as-milled product CusSns at 573 K for
12 h with starting materials of both Cu and Ni balls

Fig.7 SEM(a) and TEM(b) images of CusSns prepared by
solid-liquid reaction milling

4 Discussions

4.1 Mechanism of solid-liquid reaction milling

The  high-temperature =~ phases  of  pure
nanometer-sized intermetallic CugSns and Cu;Sn were
obtained via a solid-liquid reaction milling technique.
The formation mechanism can be explained as follows.
During milling processing, the newly formed reaction
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Fig.8 SEM(a) and TEM(b) images of CusSn prepared by solid-
liquid reaction milling

Fig.9 SEM(a) and TEM(b) images of CusSns prepared by
adding powders of Ni during solid-liquid reaction milling
process

product on the surface of the balls peels off and breaks
into fine particles during the continuous collisions among

the balls and between the balls with the wall of the
cylinder. The fresh surface when the intermetallic peels
off helps to accelerate the solid-liquid reaction rate to
form new intermetallic layer. These cycles will not stop
until the melt is consumed. The added metal powders
provide the larger reaction surface area to further
accelerate the reaction rate. Finally, the formed particles
deposit in the melt.

4.2 Effect of Ni powders

Addition of Ni powders to Cu-Sn system leads to a
more uniform and finer microstructure. The solutionizing
of Ni powders in CusSns lattice (through a energy
spectrum analysis) hinders the growth of the grain. On
the other hand, the Ni powders may be smashed into
smaller sizes in the process, which makes them possible
to become the nucleating particles. And the increase of
the number of the nucleating particles decreases the grain
size.

4.3 Mechanically alloyed powders of Cu-Ni-Sn system
The XRD patterns powders prepared by
conventional mechanical alloying are shown in Fig.10.
After milling for 3 h, the diffraction peak of Sn
disappears. And the diffraction intensity of Ni is
weakened markedly after milling for 8 h. Then after
milling for 20 h, all the Ni and Sn enter the Cu lattice.
This is remarkably different from the experiment of
Cu-Ni-Sn system above in which Ni powders enter the
CueSn;s intermetallic. The solid-liquid reaction milling
involves a direct reaction while the mechanical alloying
involves a kneading and diffusion of the powders.
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Fig.10 XRD patterns of as-milled products prepared by

conventional mechanical alloying for different intervals

The experimental results show that the phase
formation regularities during solid-liquid reaction mill
processing is different from that of the conventional
mechanical alloying methods, such as high-energy ball
milling and tumbler milling. The former involves a direct
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reaction between the balls and the melt, while the latter is
kneading and diffusion of powders in nature[4].
Consequently, solid-liquid reaction ball milling
possesses a higher reaction speed than mechanical
alloying, which is confirmed by the investigation result
of other groups and the present study[13—14].

Furthermore, when alloy systems with intermetallic
phases in the phase diagrams are treated by high-energy
ball milling, amorphous alloys rather than intermetallics
are obtained in most cases after milling for a long time
and the intermetallics form directly in comparatively few
alloy systems, In a sense, the solid-liquid reaction mill
processing can result in an intensive solid-liquid
reaction[6].

5 Conclusions

1) The high-temperature phases of pure CugSns and
Cu3Sn are obtained via a solid-liquid reaction milling
route. The CugSns and CusSn also can be obtained during
mechanical alloying, which needs much more time.
Consequently, the reaction speed of solid-liquid reaction
ball milling is higher than that of MA.

2) Addition of Ni powders to Cu-Sn system leads to
a more uniform and finer microstructure, but does not
change the phases obtained. It is found the solutionizing
of Ni powders in CusSns lattice.
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