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a b s t r a c t

Spherical shape Cu–Sn alloy powders with fine size for lithium secondary battery were directly prepared
by spray pyrolysis. The mean size and geometric standard deviation of the Cu–Sn alloy powders prepared
at a temperature of 1100 ◦C were 0.8 �m and 1.2, respectively. The powders prepared at a temperature of
ccepted 1 October 2008
vailable online 17 October 2008
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1100 ◦C with low flow rate of carrier gas as 5 l min−1 had main XRD peaks of Cu6Sn5 alloy and copper-rich
Cu3Sn alloy phases. Cu and Sn components were well dispersed inside the submicron-sized alloy powders.
The discharge capacities of the Cu6Sn5 alloy powders prepared at a flow rate of 5 l min−1 dropped from 485
to 313 mAh g−1 by the 20th cycle at a current density of 0.1 C. On the other hand, the discharge capacities
of the Cu–Sn alloy powder prepared at a flow rate of 20 l min−1 dropped from 498 to 169 mAh g−1 by the
20th cycle at a current density of 0.1 C.
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. Introduction

Many types of materials including alloy powders are studied
s the electrode materials with high capacity for lithium ion bat-
eries. Tin-based powders have been widely studied because of
ts high specific gravimetric capacity (about 990 mAh g−1) and
olumetric capacity (about 7200 mAh cm−3) [1,2]. However, the
oor cycleability due to large volume change (up to 360%) during
ycling makes it impractical to use pure tin metal as electrode for
echargeable lithium ion batteries [3]. To overcome this problem,
in-based intermetallic compounds SnxMy (M: inactive material)
ave been reported as promising electrode materials, including
u–Sn, Ni–Sn, Sb–Sn and Fe–Sn systems [4–9]. Among theses
lloys, the Cu–Sn alloy is one of the most promising anodes
f lithium ion batteries because of its low price, high conduc-
ivity, and good retention of capacity. In preparation of Cu–Sn
lloy powders, various preparation techniques including high-
nergy ball milling, chemical reduction in aqueous solution and
on-aqueous solution, and solid-state reaction have been studied
10–13].
Spray pyrolysis is thought to be an effective technique to pre-
are the alloy powders for short production time and homogeneous
omposition. The alloy powders prepared by spray pyrolysis had
pherical shape, narrow size distribution, fine size, homogeneous
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omposition and dense structure. Spray pyrolysis was applied to
he preparation of pure metal and alloy powders. The pure metal
nd alloy powders for displays and multilayer ceramic capacitors
MLCCs) were mainly studied in the spray pyrolysis [14,15]. The
lectrochemical properties of the alloy powders directly prepared
y spray pyrolysis were not well studied.

In this work, spherical shaped Cu–Sn alloy powders were
irectly prepared by spray pyrolysis under reducing atmosphere
H2/N2 = 10%/90%). The effects of preparation conditions on the

orphological and electrochemical properties of the alloy powders
ere investigated.

. Experimental

The spray pyrolysis system consists of a droplet generator, a
uartz reactor, and a powder collector. A 1.7-MHz ultrasonic spray
enerator with six vibrators was used to generate a large quan-
ity of droplets, which were carried into the high-temperature
ubular reactor by a carrier gas. The flow rates of reducing gas
H2/N2 = 10%/90%) used as carrier gas were 5 and 20 l min−1. The
roplets and powders evaporated, decomposed, and/or crystallized

n the quartz reactor. The length and diameter of the quartz reac-
or are 1000 mm and 50 mm, respectively. The reactor temperature

as fixed at 1100 ◦C. The spray solution was prepared by dissolving
stoichiometric ratio of copper nitrate hydrate [Cu(NO3)2·3H2O,
ldrich] and stannic chloride hydrate [SnCl2·2H2O, Aldrich] salts in
istilled water. The overall solution concentration of copper and tin
omponents was 0.5 M.

http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:yckang@konkuk.ac.kr
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Fig. 1. SEM images of the Cu–Sn alloy p

The crystal structures of the alloy powders were investigated
sing X-ray diffractometry (XRD, RIGAKU DMAX-33). The morpho-

ogical characteristics of the alloy powders were investigated using
canning electron microscopy (SEM, JEOL JSM-6060) and a high-
esolution transmission electron microscope (TEM, FEI, TECHNAI
00K). The capacities and cycle properties of the Cu–Sn alloy pow-

ers were measured by 2032-type coin cells. The electrode was
ade of 12 mg of Cu–Sn alloy powders mixed with 4 mg of a con-

uctive binder (3.2 mg of teflonized acetylene black and 0.8 mg of
raphite). The lithium metal and polypropylene film were used as
he cathode electrode and the separator, respectively. The elec-

3

p

rs prepared at different temperatures.

rolyte (TECHNO Semichem. Co.) was 1 M LiPF6 in a 1:1 mixture
y volume of EC/DMC. The entire cell was assembled in a glove
ox under an argon atmosphere. The charge/discharge characteris-
ics of the samples were measured through cycling in the 0.1–1.5 V
otential range at constant current densities of 0.1 C.
. Results and discussion

The characteristics of the alloy powders prepared by spray
yrolysis were affected by the preparation temperatures. A high
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ig. 2. XRD patterns of the Cu–Sn alloy powders prepared at different flow rates of
he carrier gas.

nough preparation temperature was necessary to prepare the alloy

owders with spherical shape, dense structure and fine size by
eduction and melting processes. Fig. 1 shows the SEM images of
he powders prepared at different temperatures. The flow rate of
he carrier gas was 20 l min−1. The prepared powders had spherical

Fig. 3. SEM and TEM images of the Cu–Sn alloy powders.
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ig. 4. EDAX spectra of the Cu–Sn alloy powders prepared at different flow rates of
he carrier gas.

hape irrespective of the preparation temperatures. However, the
ean sizes of the powders decreased with increasing the prepa-

ation temperatures. The mean sizes of the powders prepared at
emperatures of 900 and 1300 ◦C were 1.5 and 0.7 �m. The pow-
ers prepared at a high temperature had narrower size distribution
han the powders prepared at low temperature. The geometric stan-
ard deviations of the powders prepared at temperatures of 900
nd 1300 ◦C were 1.9 and 1.2. The powders prepared at a low tem-
erature of 900 ◦C had hollow inner structures, which could be
stimated from the collapsed morphology of the powders as shown
y arrows in Fig. 1(a). The size distributions of the powders pre-
ared by spray pyrolysis could be changed by a change of the size
istribution of droplets generated by the spray generator. The con-
entration gradient of precursors inside a large-sized droplet in the
rying stage is higher than that inside a small-sized droplet. There-
ore, the powders prepared at a low temperature of 900 ◦C from the
arge-sized droplets had a more hollow and porous structure than
hose prepared from the small-sized droplets. The different mor-
hologies of the powders obtained from the small and large-sized
roplets increased the size distribution of the powders prepared at
low temperature of 900 ◦C. However, melting of the alloy powders
ccurred at high temperatures above 1100 ◦C. Therefore, the pow-
ers prepared at high temperatures had dense inner structures and
arrow size distributions. The XRD patterns of the powders pre-
ared at low temperatures of 900 and 1000 ◦C had the main peaks
f SnO2 because of short residence time of the powders inside the
ot wall reactor. The residence times of the powders inside the hot
all reactor were 1.2 and 1.1 s at preparation temperatures of 900

nd 1000 ◦C. The XRD peak of metal phases appeared at a prepara-
ion temperature of 1000 ◦C. The peak intensities of metal phases

ncreased with increasing the preparation temperatures. However,
he XRD peaks of Cu6Sn5 alloy were not observed.

The residence time of the powders inside the hot wall reac-
or was increased by decreasing the flow rate of the carrier gas.



166 S.H. Ju et al. / Journal of Power Sources 189 (2009) 163–168

rs pre

F
p
5
r
c
a
o
d
t
h
d

t
5
t
r
o

H
b
p
p
h
s
a
a
c
d
p
p

Fig. 5. Dot mappings of the Cu–Sn alloy powde

ig. 2 shows the XRD patterns of the powders prepared at a tem-
erature of 1100 ◦C when the flow rates of the carrier gas were
and 20 l min−1. The powders prepared at low flow rate of car-

ier gas as 5 l min−1 had main XRD peaks of Cu6Sn5 alloy and
opper-rich Cu3Sn alloy phases. However, the powders prepared
t high flow rate of carrier gas as 20 l min−1 had main XRD peaks
f SnO2. Fig. 3 shows the SEM and TEM images of the alloy pow-
ers prepared by spray pyrolysis at a temperature of 1100 ◦C when
he flow rate of the carrier gas was 5 l min−1. The alloy powders
ad spherical morphology, dense inner structure and narrow size
istribution.

Fig. 4 shows the EDAX spectra of the powders prepared at a

emperature of 1100 ◦C when the flow rates of the carrier gas were

and 20 l min−1. In the EDAX spectra, the composition ratios of
he copper, tin and oxygen components were analyzed. The mole
atios of copper and tin components were well matched to that
f the spray solution irrespective of flow rate of the carrier gas.

s

p
w
d

pared at different flow rates of the carrier gas.

owever, oxygen contents of the powders were strongly affected
y the flow rate of the carrier gas. High intensity of the oxygen
eak was detected from the EDAX spectrum of the powders pre-
ared at high flow rate of carrier gas as 20 l min−1. On the other
and, low intensity of the oxygen peak was detected from the EDAX
pectrum of the powders prepared at high flow rate of carrier gas
s 5 l min−1. Fig. 5 shows the results of dot mapping of the Cu–Sn
lloy powders prepared at a temperature of 1100 ◦C. Cu and Sn
omponents were well dispersed inside the submicron-sized pow-
ers irrespective of the flow rate of the carrier gas. In the spray
yrolysis, alloy powders with homogeneous compositions could be
repared by micro-scale reaction within a droplet with submicron

ize.

The thermal analyses of the alloy powders prepared at a tem-
erature of 1100 ◦C were shown in Fig. 6. In the TG curve, the total
eight losses of the powders by evaporation of absorbed water and
ecomposition of residues below 400 ◦C were 3.76 and 8.71% when
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performance than those prepared at a high flow rate of 20 l min .
The discharge capacities of the Cu–Sn alloy powders prepared at
a flow rate of 5 l min−1 dropped from 485 to 313 mAh g−1 by the
20th cycle at a current density of 0.1 C. On the other hand, the dis-
charge capacities of the Cu–Sn alloy powder prepared at a flow rate
ig. 6. TG/DSC curves of the Cu–Sn alloy powders prepared at different flow rates
f the carrier gas.

he flow rates of the carrier gas were 5 and 20 l min−1. The weight
ncreases due to the oxidation of the alloy powders in the range of
emperatures between 185 and 400 ◦C were 14.86 and 5.32% when
he flow rates of the carrier gas were 5 and 20 l min−1. The weight
ncrease of the powders prepared at a flow rate of 20 l min−1 was
ow because of low content of the alloy phases. In the DSC curves,
he exothermic peaks due to the oxidation of the alloy powders
ere detected. The DSC curves had three exothermic peaks because

f the prepared alloy powders had several phases. The locations of
xothermic peaks moved to the high temperatures when the flow
ate of carrier gas increased from 5 to 20 l min−1. The difference
f alloy phases prepared at different flow rate of the carrier gas
hanged the locations of exothermic peaks.

Fig. 7 shows the initial charge/discharge curves of the Cu–Sn
lloy powders prepared at different temperatures. The flow rate
f the carrier gas was 20 l min−1. The initial charge and discharge
apacities of the Cu–Sn alloy powders were affected by the prepa-
ation temperatures. The initial discharge capacities of the Cu–Sn
lloy powders prepared at a temperature of 900, 1000 and 1100 ◦C
ere 436, 591 and 495 mAh g−1. However, the alloy powders pre-
ared at temperatures of 1200 and 1300 ◦C had very low discharge
apacities of 154 and 160 mAh g−1. The powders prepared at a tem-
erature of 1100 ◦C had more good cycle properties than those

repared a temperature of 1000 ◦C. The cycle properties of the
u–Sn alloy powders prepared at a temperature of 1100 ◦C with dif-

erent flow rate of the carrier gas were shown in Fig. 8. The Cu–Sn
lloy powders had similar initial discharge capacities irrespective

F
r

ig. 7. Initial charge/discharge curves of the Cu–Sn alloy powders prepared at dif-
erent temperatures.

f the flow rate of the carrier gas. However, the Cu–Sn alloy pow-
ers prepared at a low flow rate of 5 l min−1 had more good cycle

−1
ig. 8. Cycling performances of the Cu–Sn alloy powders prepared at different flow
ate of the carrier gas.
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f 20 l min−1 dropped from 498 to 169 mAh g−1 by the 20th cycle
t a current density of 0.1 C.

. Conclusions

Cu–Sn alloy powders were directly prepared by spray pyrolysis
t various preparation conditions. The preparation temperatures
nd flow rates of the carrier gas affected on the crystal structures,
orphological and electrochemical properties of the alloy powders

repared by spray pyrolysis. The optimum preparation temperature
o prepare the Cu–Sn alloy powders with fine size, spherical shape
nd high discharge capacities when the flow rate of the carrier gas
f 5 l min−1 was 1100 ◦C. The prepared Cu–Sn alloy powders with

mall amount of oxide impurities had homogeneous composition
nd crystal structures of Cu6Sn5 alloy and copper-rich Cu3Sn alloy
hases. The Cu–Sn alloy powders prepared at a low flow rate of
l min−1 had more good cycle performance than those prepared at
high flow rate of 20 l min−1.
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14] S. Gürmen, S. Stopić, B. Friedrich, Mater. Res. Bull. 41 (2006) 1882.
15] K. Nagashima, M. Wada, A. Kato, J. Mater. Res. 5 (1990) 2828.


	Electrochemical properties of Cu6Sn5 alloy powders directly prepared by spray pyrolysis
	Introduction
	Experimental
	Results and discussion
	Conclusions
	References


