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Abstract Intermetallic dendrite particles, such as
CugSns compound, possible anode materials for high
power lithium-ion batteries, can be synthesized by using
solution technique. Solution route method can induce the
formation of the compound by performing a redox reac-
tion between metal chloride salts and metallic reducing
powder in a suitable solvent. The morphological features
and single-phase formation corresponding to different
processing conditions including solvent type, reducing
agent particle size, and reaction temperature, were
determined. The X-ray diffraction (XRD), scanning
electron microscopy (SEM), and transmission electron
microscopy (TEM) results illustrate the dendritic mor-
phology of CueSns particles with small amount of
impurities, which can be synthesized by using ethylene
glycol as solvent and zinc powder as reducing agent.
Reducing agent particle size and reaction temperature
have a very small effect on the formation of the CugSns
dendrite powder.

Introduction

Rechargeable lithium battery has long been known as a
state of the art because of its high energy density in a
portable size. The microstructure properties of a positive
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and a negative electrode material make this type of battery
outstanding among other types of battery. Commercially
rechargeable lithium battery is composed of LiCoO, as a
positive electrode and graphite as a negative electrode.
These electrodes were considered as intercalation elec-
trodes because they act as a host lattice structure for
lithium insertion/extraction without significant change in
lattice parameters. Graphite electrode delivers about
360 mAh/g or about 700 mAh/cc. The outstanding feature
of this electrode is that the volume expansion of the alloy
phase is only about 6% [1]. However, there is concern
about the safety of this cell because of the fact that lith-
iated graphite electrodes, Li,Cq, reach the lithium poten-
tial when cells approach a fully charged state, as well as
the presence of a highly oxidizing Li;_,CoO, electrode
and a flammable organic electrolyte [2]. Recently, alter-
native negative electrodes with the zinc-blende structure
that operate a few hundred millivolts above lithiated
graphite have been proposed [3]. Like the LiCoO, struc-
ture, the zinc-blende compounds contain vacant interstitial
sites for lithium ions to be inserted reversibly without
dramatic volume expansion. Recently the idea of an
intermetallic compound MM’ was introduced by M.M.
Thackeray group [3-5], where M is an active alloying
element and M’ is an inactive element (or elements). -
CueSns (space group P63/mmc), which has NiAs and
Ni,In structures (similar to zinc-blende), was considered
as an intermetallic insertion electrode [3]. The electro-
chemical investigation of this intermetallic compound
electrode shows that it has excellent properties (about
275 mAh/g or about 1900 mAh/cc) and is potentially safer
over graphite electrode [2, 3, 6].

Mechanically alloying or ball milling process was
reported [6] for the preparation of CueSns compound.
Small particle sizes are usually obtained by this method.
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However, due to high pressure applied during the process,
this may introduce some disordered or amorphous phase in
the product as well as particle agglomeration due to high
reactivity surfaces [7], which will result in poor cycle
ability. Smaller particles with relatively low crystal defects
may be required to improve the cell performance. Solution
route method was introduced here as an alternative way of
making crystalline intermetallic compounds at ambient
temperature with size approaching nanometer scale. Initial
experiment [8, 9] showed that the precipitate was formed in
a specific morphology with dendrite structure, which is
composed of very fine particles. The reaction conditions
are considered to have an influence on the dendrite for-
mation. This research will explore the effect of processing
parameter, such as solvent, reducing agent particle size,
and reaction temperature, to the dendrite formation of
CugSns compound.

Experimental

The general idea of solution route method may be repre-
sented as an oxidation—reduction reaction between metal
chloride salts and a reducing agent in a non-aqueous
solution. Processing parameters such as solvent, reducing
agent particle size, and reaction temperature were varied in
order to examine the effect of the processing parameters to
the dendrite formation (shown in Table 1). Polar solvents
with various viscosities such as ethylene glycol (EG, JT.
Baker, purity 99.0%), dimethyl sulfoxide (DMSO, Sigma
Chemical) and dimethyl formamide (DMF, Labscan Asia,
99.8% v/v) were chosen. Size of reducing agent particle
(Fluka, 10 and 45 u particle size) may be involved in ki-
netic process and affect the size of the dendrite particles.
However, due to an exothermic reaction, some oxide
compounds may be introduced in the product. The reaction
temperature was then controlled at 0°. In contrast, a reac-
tion above room temperature may introduce the driving
force for the phase transformation to occur as more inter-
metallic phase will be obtained. In this experiment, the
reaction temperature of zero, ambient, and 50° will be
investigated.

Table 1 Processing parameters for the synthesis of CugSns

compound

Reaction Solvent Particle Temp (°C)
types size of Zn (p)

EGZn45TR EG 45 Room

EGZn45T0 EG 45 0

EGZn10TR EG 10 Room

EGZn45T50 EG 45 50

DMSOZn45TR DMSO 45 Room

DMFZn45TR DMF 45 Room
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The preparation of CugSns was conducted and coded
according to the processing parameters as shown in
Table 1. The detail of the preparation for the first experi-
mental condition is described as follows. Stoichiometric
amounts (Eq. (1)) of CuCl, (Sigma-Aldrich, purity 99.0%)
and SnCl,2H,0 (Sigma-Aldrich, purity 99.99%) were
dissolved in ethylene glycol (EG, JT. Baker, purity 99.0%)
at room temperature. Zinc powder, a reducing agent, was
gradually added to the solution. The reaction was contin-
uously stirred for over 1 h before it was filtered and washed
by methanol (Merck, commercial grade). Finally, it was
dried in an oven at 65 °C for 30 min.

6CuCl,+5SnCl,+11Zn + CugSns+11ZnCl, (1)

Phases present were examined by powder X-ray dif-
fraction (XRD, siemen D500/D501, CuK,, (11.54) Ni filter,
20 = 10-80°) technique, as well as by quantitative analy-
ses. Secondary electron microscopy (SEM) equipped with
energy dispersive spectroscopy (EDS) (JEOL JSM-6335F)
technique was used to observe the morphology of the
product powders. Finally, the nanometer scale morphology
directly related to the crystallography of the phase present
was determined by transmission electron microscopy
(TEM, JEOL JEM-2010) technique.

Results and discussion

Powder XRD patterns (Fig. 1) from the preparation of
CueSns indicated the occurrence of CugSns hexagonal
structure (JCPDS card no 02-0713) in all conditions using
ethylene glycol (EG) as solvent, although it is varied in
concentration (Table 2) due to the presence of Sn metal as
impurity. The concentration of CugSns and Sn phases were
calculated as percentage volume fraction by direct com-
parison method using the integrated intensities of CugSns
(101) and Sn (101) peaks [10]. The calculated volume
fractions of CugSns phase were slightly different in the four
conditions (EGZn45T0, EGZnl0TR, EGZn45T50, and
EGZn45TR). However, these small differences may not be
significantly counted as the effect of processing parame-
ters. It is remarkable that alloy, such as CueSns can ther-
modynamically be produced at ambient temperature with a
short period of time by this method, an impossibility
according to the phase diagram at this temperature. How-
ever, as the contaminated Sn phase exists, annealing in
inert gas atmosphere at about 400 °C may be required to
improve intermetallic purity. For other observations, only
Zn and Cu metals were detected in XRD patterns in the
conditions using dimethyl sulfoxide (DMSO) and dimeth-
ylformamide (DMF) solvents. The disappearance of
CugSns compound in DMSO and DMF conditions can be
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explained by the possibility of Sn** ion preferably coor-
dinating with these solvent molecules, which act as ligands
through their oxygen atoms to form stable coordinated
ions, [(CH3)4$2C1402$n]4+ [11-13]. The formation of these
coordinated ions hindered the reduction Sn** ion to a metal
form. Thus, unreacted Zn powder remained after the
reaction had finished.

After the XRD data had been obtained, the SEM tech-
nique for morphological study was employed. The SEM
micrographs of product powders synthesized from all
conditions for CugSns are revealed in Fig. 2. Dendrite
particles are found in conditions using EG as solvent. Plate-
shape particles were obtained with conditions using DMF
and DMSO solvents corresponding to Cu metal, identified
by EDS spectrum. The SEM result, which was in consis-
tency with XRD data, indicated the appearance of the
remained Zn metal as equiax white particles located on top
of the Cu plates. It should be noted that the reactions in
DMF and DMSO solvents could not be used to stimulate
dendrite intermetallic phase. Due to large distribution of
dendrite particle sizes in both conditions (EGZn45TR and
EGZn10TR) as illustrated in Fig. 2, the effect of reducing
particle size to dendrite formation is not diverse enough to
be measured.

The microstructure of the dendrite particles was con-
firmed by TEM technique. Figure 3 shows the TEM

Table 2 Percentage calculated

. Reaction Volume fraction
volume fraction of CugSns and (%) CugSns:Sn
Sn phases from XRD data using oS
integrated intensities of CugSns EGZn45TR  97.48:2.52
(101) and Sn (101) peaks EGZnlOTR  99.66:0.34

EGZn45T0 99.73:0.27
EGZn45T50  99.50:0.50

2 Theta

micrographs of dendrite particles synthesized from condi-
tion EGZn45TR, EGZnlOTR, EGZn45T0, and
EGZn45T50. The inserted figures are the consequent se-
lected area diffraction pattern from the dendrite area, which
gives diffraction spots correspond to the crystallographic
planes of CugSns hexagonal structure. The SAD patterns of
both single and polycrystalline crystals suggest crystalline
dendritic morphology of CueSns phase obtained. The
previous SEM results illustrate dendrite morphology
observed in all conditions using EG as solvent, which was
verified by TEM images associated with SAD patterns as
CugSns compound. Therefore, it can be summarized that
the intermetallic CugSns compound prepared by this
method is considered to appear as dendritic configuration.

The dendritic growth morphology is of particular
importance to the application of the compound materials as
a component in the Li ion negative electrode. The high
surface area to volume ratio inherent in the dendrite mor-
phology acts to reduce the interface overpotential by
reducing the current density. It is not obvious, however,
why a dendritic morphology is stabilized in this method of
synthesis. The ‘point efffsect of diffusion’ is the mecha-
nism that has been considered for the stabilizing of the
dendrite morphology during solidification. However, when
electric potentials are involved, there is also a contribution
from the point effect of the electric field. The proposal put
forth here is that the compound dendrites nucleate on the
Zn powder, acting as electrodes for the reduction of the Sn
and Cu ions. The proposed mechanism is illustrated in
Fig. 4. The electrochemical overpotential at the solution/
precipitate interface will produce an electric field acting to
focus the ionic current to the dendrite tip. This idea has
been considered previously as a rationalization for dendrite
formation during electroplating [14].
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Fig. 2 SEM micrographs from the synthesis of CugSns with conditions (a) EGZn45TR, (b) EGZn10TR, (¢) DMFZn45TR, (d) DMSOZn45TR,
(e) EGZn45T50, and (f) EGZn45TO0

Conclusion salts with zinc powder in an inert polar non-aqueous solvent

such as ethylene glycol. Particle size of zinc powder, a
The nanometer crystalline dendrite CugSns powder was  reducing agent, did not affect the size of dendrite particles,

successfully synthesized by reacting copper and tin chloride ~ nor the reaction temperatures in the range of 0-50 °C has
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Fig. 3 TEM micrographs and
the corresponding diffraction
patterns from the synthesis of
CueSns with conditions (a)
EGZn45TR, (b) EGZn10TR, (c)
EGZn45T0, and (d)
EGZn45T50
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Fig. 4 Schematic diagram of the mechanism of the dendrite
nucleation

significant effect on the formation of the intermetallic phase.
Thus, the solution route method is an economic, convenient,
and powerful technique for making dendritic morphology
intermetallic compounds.
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