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Abstract

Nano-scale (<100 nm) CusSne powders were prepared by a chemical method that used a NaBH, solution to reduce the metal ions. A
significant improvement in capacity retention was obtained in the nano-scale CugSns alloy, compared to the alloy having micron-sized
particles. The volumetric capacity of the nano-scale CugSns alloy at 100 cycles was almost twice the theoretical capacity of graphite.
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1. Introduction

In recent years, there has been a renewed interest in the
use of metals such as Al, Bi, Sn, Si and Ge that alloy with Li
as replacement anodes for graphite in Li-ion batteries [1-5].
Alloys offer significant advantages such as higher specific
capacity and improved safety compared to graphite. How-
ever, there is one major problem that must be solved before
they can be used in commercial and military applications.
The major problem with alloys is the very large change in
volume on charge and discharge which leads to stresses that
cause the alloy to fracture and hence, disintegration of the
anode. One potential solution to solve the fracture problem
is to surround the alloy with an inert metal/ceramic/polymer
matrix [1-14].

In this regard, work has been recently conducted on the
CueSns alloy in the Cu—Sn system to study its electroche-
mical reaction with Li and cycle life [15-18]. It has been
shown as Li is inserted into CueSns it first reacts to form
Li;CugSns, with further Li addition Li;CueSns decomposes
into a Li—Sn alloy (Li4 4Sn) surrounded by a Cu matrix [15—
17]. The volumetric capacity of the CugSns alloy made by
melting Cu and Sn powders and then grinding and sieving
the melted material to less than 38 pm was about twice that
for graphite after 10 cycles when cycled between 0.0 and
1.2 V [16]. Another study prepared the CusSns alloy by a
variety of techniques: mechanical alloying, gas-atomization
and melt-spinning [18]. Of the three techniques, the highest
capacity retention after 60 cycles was observed in the
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mechanical alloyed material when cycled between 0.0
and 1.5 V. The volumetric capacity of the mechanical
alloyed material was about three times that for the melted
CueSns alloy [16], after 25 cycles. It was suggested that one
possible reason for the improved capacity retention was a
result of the shorter-diffusion path in the mechanical alloyed
material compared to the melted material. The mechanical
alloyed CugSns exhibited a flake morphology, with <1 pm
thickness. Consequently, it is of interest to determine if a
further improvement in capacity retention of the CugSns
alloy can be obtained when the particle size is reduced to the
nano-scale range (<100 nm).

It is the purpose of this paper to investigate the capacity
retention of the CugSns alloy, when the particle size is
reduced to the nano-scale (<100 nm) and compare it to that
for the melted and mechanical alloyed CugSns materials.

2. Experimental

Nano-scale CugSns powders were synthesized by a che-
mical method, which involved reducing a methanol solution
of CuCl, and SnCl, (1.2/1 volume ratio) with NaBH, in a
14 M NaOH solution under constant stirring at room tem-
perature. Twice the amount of the NaBH, solution was
added to the methanol solution containing the Cu and Sn
ions to ensure complete reduction of the metal ions. Upon
addition of the NaBH, solution a black precipitate was
observed immediately. The black precipitate was washed
with distilled water and filtered until the pH of the filtrate
was the same as that of the distilled water. The precipitate
was then dried at 100 °C under vacuum.
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Fig. 1. X-ray diffraction pattern of the as-precipitated material.

The powders were characterized by X-ray diffraction,
scanning electron microscopy (SEM) and transmission elec-
tron microscopy (TEM). Powders for TEM were prepared by
dispersing them in methanol and while in an ultrasonic bath
a drop of the suspension was placed on a Ni grid covered
with an amorphous carbon film.

The cycle life of the CugSns powders were evaluated in
half-cells at room temperature. CugSns positive electrodes
were prepared by mixing 85 wt.% alloy powders, 5 wt.%
carbon and 10 wt.% polyvinylidene fluoride dissolved in N-
methylpyrrolidinone. The mixture was coated onto a Cu
substrate. The electrodes were dried under vacuum. Metallic
lithium was used as the negative electrode. The electrolyte
solution was 1 M LiPFq:ethlylene carbonate/dimethyl car-
bonate/diethyl carbonate (5/4/1 by volume). The cells were
cycled at a constant current density of 0.1 mA/cm? between
0.0 and 1.0 V.

3. Results and discussion

Fig. 1 is an X-ray diffraction pattern of the CugSns powders
after precipitation. From Fig. 1, it can be observed that
the precipitate was single-phase CugSns. No other Cu—Sn
phases or pure component (Cu or Sn) peaks were exhibited in
the X-ray diffraction pattern. The average crystallite size
calculated using the Scherrrer formula [19] was 10 nm. X-ray
microanalysis on particles that were cold-mounted and
polished revealed the Cu and Sn were uniformly distributed
with a Cu/Sn of about 1/1, which is in good agreement
with the desired Cu/Sn of 1.2/1 for the CugSns alloy. SEM
analysis revealed the particles exhibited an equiaxed mor-
phology with all particles less than 100 nm. The average
particle size determined using the line intercept method [20]
on more than 200 particles, was estimated to be about 40 nm.
TEM confirmed that all particles were nano-scale (<100 nm).

Fig. 2 is a TEM photomicrograph of some nano-scale CugSns
powders. It shows equiaxed particles with a size between 30
and 40 nm.

The voltage versus time profile for the first two cycles of
the nano-scale CugSns alloy are shown in Fig. 3. From Fig. 3,
two important points are noted. Firstly, the discharge curve
for the first cycle is longer than that for the second cycle. The
extra length of the discharge curve for the first cycle
compared to the second cycle is most likely associated with
irreversible Li loss (i.e. Li,O formation) as a result of the

Fig. 2. Transmission electron photomicrograph of some nano-scale
CugSns powders.
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Fig. 3. The first and second cycle charge/discharge curves for the Li/CugSns cell.

reduction of metal oxides (i.e. metal oxide — metal + Li, O,
upon initial Li titration) that are formed when the powders
were handled in air during subsequent processing steps after
precipitation and also from the reduction of the electrolyte
solvent to form a solid electrolyte interphase on the particle
surface. The second point is that the shape of the discharge
curve is different from that observed for the micron-sized
CueSns powders that were prepared by melting, when dis-
charged at a similar current density. From Fig. 3, it can be
seen that there is a lack of well-defined plateaus in the
second cycle discharge curve. In contrast micron-sized
CueSns powders, prepared by melting, exhibit a well-defined
plateau around 0.4 V in the discharge curve [15-17]. A
similar result has been observed in another metal-based
composite system, where the effect of particle size on
discharge performance was evaluated [21]. In Sn-based
metallic composites it was found that as the particle size
decreased, that well-defined plateaus observable in coarse

powders (<45 um) were impossible to distinguish in the
finest powders (<0.2 um) [20]. These results are in good
agreement with the results for the CugSns alloy, which also
show that as the particle size is reduced, in this case to the
nano-scale range, that well-defined plateaus observable in
micron-sized powders disappear.

The volumetric capacity of the nano-scale CugSns alloy
(=40 nm) versus cycle number is plotted in Fig. 4. Also
shown in Fig. 4, is data for the melted (<38 pm) [16] and
mechanical alloyed (<1 pm) [18] CugSns materials. The
current density for the melted and nano-scale materials
was 0.1 mA/cm? It was 0.25 mA/cm? for the first five
cycles, then 0.5 mA/cm? for the remaining cycles of the
mechanical alloyed material. From Fig. 4, it can be observed
that the extrapolated capacity approaches zero at about 45—
50 cycles for the melted alloy and 80-85 cycles for the
mechanical alloyed material. In contrast, at 100 cycles the
nano-scale CugSns powders still have a significant amount of
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Fig. 4. Volumetric capacity versus cycle number for the nano-scale, melted [16] and mechanical alloyed [18] CusSns materials cycled in the voltage range

0.0-1.0 V (nano-scale and melted) and 0.0-1.5 V (mechanical alloyed).
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reversible capacity. This result shows that a large improve-
ment in capacity retention of the CugSns alloy is obtained
when the particle size is reduced to the nano-scale range.
The volumetric capacity of the nano-scale CugSns alloy at
100 cycles (=1450 mAh/ml) is almost twice the theoretical
capacity of graphite (=850 mAh/ml) [15].

4. Conclusions

The results of this study reveal that a significant improve-
ment in capacity retention can be obtained when the particle
size of the CugSns alloy is reduced from the micron to the
nano-scale range (<100 nm). The volumetric capacity of
the nano-scale CugSns alloy at 100 cycles is almost twice the
theoretical capacity of graphite.
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