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Abstract
Solution route is a technique that was uscd for the synthesis of binary

compounds, InSbh, Cu.Sns, and CusSh. These three compounds were proposed as
anode materials for lithium-ion battery, which provide high volumetric capacities over
commercially carbon based anode. Solution route method 1s the method that used
redox reaction hetween two metal salts dissolved in suitable solvent and metal powder
reducing agent. This synthesis method gave product powders with physical
morphelogy of dendrite particles forming by the nanometer intermetallic particles
arrangement. This research studied the effect of processing parameters which were
solvent. reducing agent particle size. and reaction temperature, to the formation of
intermetallic compounds and the formation of dendrite morphology. Moreover the
dendrite formation mechanism was also studied to verify the hypothesis proposing
that intermetallic compounds will nucleate on reducing agent particle and grow into
dendrite structure induced by an electric field. After the processing parameters were
studied, the products were charactenization by X-ray ditfraction, morphological
studied by scanning clectron microscopy. and nanometer morphology directly related
to crystallographic structure studied by transmission clectron microscopy techniques.
Additionally. infrared spectroscopy was used for verity the disappearance of
organometallic compounds which may occur and left in the products. It was found
that different type of solvents atfected the intermetallic and dendrite structure
formation differently. Ethylene glycol solvent gave the most dendritic intermetallic
compounds compared with other two solvents. Reducing agent particle sizes, which
were 45 and 10 pm zinc powders, had less effect for the synthesis of InSb and CusSn;
than the synthesis of Cu;Sb compound. Smaller reducing agent particle size gave
relatively higher product powders. For reaction temperatures, which were 0, room,
and 50°C, only significantly affected the synthesis of Cu,Sb compound, similar to the
effect of reducing agent particle size. Finally, the dendrite formation studied was
conducted by stopped the reaction before the disappeared of reducing agent, which
were at the point of 1, 2, 3, 3, 4, and 5 minutes after adding reducing agent to the
solution for dendrites development determination. It was found that intermetallic
compound started to nucleate on reducing particle and grown into dendrites. After the
zinc metal had completely transferred into zinc ions, dendrite particles were found to

disperse in the solution. This result is consistence with the proposed hypothesis.
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LN — Ethylene Glycol Dimethyformamide  Dimethysulfoxide

(EG) (DMEF) (DMSO)

Physical Properties

-Empirical formulas C>Hs0; HCON(CH3)2 C,HeSO

-Molecular weight 62.07 73.09 78.13

-Boiling point(°C) 198 153 189

-Melting point(°C) -13 -61 18.5

Solvent properties

-Dipole (D) 2.31 3.8 3.96

-Polarity (water 100) 79.0 40.4 44.4

-Absolute viscosity@25°C 20 0.82 2.0
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Low Temperature Synthesis of Intermetallic- and
Composite Electrodes for Lithium Batteries

T. S. Sarakonsri'", C. S. Johnson®, J. T. Vaughey’, N. Li%, -

S. A. Hackney' and M. M. Thackeray®

' Depariment of Metallurgical and Materials Engineering,
Michigan Technological University
Houghton, Michigan 49931, USA
? Chemical Engineering Division
Argonne National Laboratory
Argonne, lllinois 60439, L/SA

*Current address: Department of Chemistry, Chiang Mai
University, Chiang Mai 50200, Thailand

Over the past ten years, there has been a renewed
interest in metal alloys and intermetallic compounds for
replacing graphitic carbon as the anode of choice in
lithium-ion batteries. These compounds react with
lithium in several ways:

1) by lithium insertion that occurs with little or no
extrusion of any metal atoms from the host structure as it
occurs in pure metal systems such as Al, St and Sn, that
form discrete Li,Al, Li,Si and Li,Sn phases, respectively
[1]. Examples also include the intermetallic compounds
CugSns and MnSb that form Li,CuSn [2] and LiMnSb 3],
respectively.

2) by lithium insertion into, and metal displacement
from, an intermerallic host structure. The host can be
comprised of elements, all of which react with lithium,
such as SnSb [4], InSb [5] or Ag;Sb [6], or of elements,
only some of which react with lithium, such as FeSna [7],
Cu,Sb [8] and CoSb, [9].

Electrochemical reactions of lithium with metals or
intermetallic compounds are typically accompanied by an
increase in volume. Repeated expansion and contraction
during electrochemical cycling pulverizes the electrode
particles, In attempts to overcome this problem, nano-
composite intermetallic electrodes have been fabricated,
for example, by high-energy bali-milling [7, 10] in order
to control lithium diffusion lengths within the metal
matrix and to minimize the loss of particle-to-particle
contact during the electrochemical pulverization process.

We are using a solution technique as an alternative
method to making small intermelallic particles at room
temperature. We have been depositing these particles
onto a carbon or graphite matrix in an attempt to increase
the capacity advantage that the metal component offers
and the structural stability of the carbon component. This
approach yields similar results to those obtained by Dailly
et al in which Sb metal was deposited onto graphite by
reduction of SbCls with potassium-intercalated graphite
(KCg) [11].

In this presentation. we report the morphological
features and the electrochemical behavior of InSb, Cu,Sb,
and CusSns electrodes when synthesized by the solution
route on their own and in the presence of carbon or
graphite.  Salts of the appropriate metals (typically
chlorides) were dissolved in ethylene glycol and reduced
with metallic zinc powder. Products were isolated and
anncaled at 220°C under an inert atmosphere to
homogenize the materials. Intermetallic compounds
prepared by this technique tend to crystallize with high-
surface area dendritic structures, as shown in Figure 1 for
an InSb sample. Apart from a large irreversible capacity
loss on the initial cycle, CusSb electrodes prepared by the
solution technique deliver more than 80% of their

theoretical capacity with excellent cycling stability
(Figure 2) in good agreement with previously reporwed
data for ball-milled Cu;Sb samples [8]).
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Fig. 1. A TEM image showing the dendritic
morphology of InSb formed from a solution route.
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Fig. 1. Cycling stability of a Li/Cu,Sb cell with an
annealed Cu,Sb electrode formed from a solution route.



The investigation of the formation of dendrite CusSns powder, synthesized by
solution route method
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Abstract

Dendrite CueSns powders. anode material for lithium-ion batteries [1. 2]. can be
synthesized by performing a redox reaction between stochiometric amount of metals
chloride and zinc in cthylene glycol solvent [3]. The formation of dendrite morphology
was investigated by varying two processing parameters. Reducing agent, which were zinc
powders (45 pm) and zinc plate. was the first parameter. Reaction time varying from 1-5
minutes was the second one. From the characterization of the product powder by SEM
and TEM techniques. CueSns compound was confirmed to nucleate on reducing agent
particles and grown into dendrite structure. showed in figure 1. More dendrite structure
with long branches was tound consequently when letting the reaction went for longer
time. Finally. only dendrite particle have found to disperse in the solution.

Keywords: Cu,Sns. lithium-ion batteries. synthesis. dendrite structure, and electron
microscopy
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Figure 1 SEM micrograph dendrite structure from the synthesis of CugSns by zinc
powder for 1 minute



Solution Route Synthesis of Dendrite CusSng Powders,
Anode Materials for Lithium-ion Battery
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Abstract

Intermetallic dendrite particles. such as CusSns compound. possible anode materials
for high power lithium-ion batteries. can be synthesized by using solution technique.
Solution route method can induced the formation of the compound by performing a
redox reaction between metal-chloride salts and metallic reducing powder in a
suitable solvent. The morphological features and single phase formation
corresponding to ditferent processing conditions including, solvent type, reducing
agent particle size, and reaction temperature, were determined. The XRD, SEM, and
TEM results illustrating the dendritic morphology of CueSns particles with small
amount of impurities can be synthesized by using ethylene glycol as a solvent and
zinc powder as a reducing agent. Reducing agent particle size and reaction
temperature has a very small effect on the formation of the CugSns dendrite powder.

Keywords; Lithium-ion battery, intermetallic alloys and compounds, synthesis,
electron microscopy, and CugSns
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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 and a negative electrode materials. makes this type of battery outstanding
among other types of battery. Commercially rechargeable lithium battery composes of
LiCoO, as a positive electrode and graphite as a negative electrode. These electrodes
were considered as intercalation electrodes because they act as a host lattice structure
for lithium insertion/extraction without significant change in lattice parameters.
Graphite electrode delivers about 360mAh/g or about 700mAh/cc. The great thing
about this electrode is that the volume expansion of the alloy phase is only about 6
percent [1]. However, there is a concem about the safety of this cell because lithiated
graphite electrodes, Li\Cs, reach the lithium potential when cells approach a fully
charged state, as well as, the presence of a highly oxidizing Li;..Co0O; electrode and a
flammable organic electrolyte [2]. Recently, alternative negative clectrodes that
operate a few hundred milivolts above lithiated graphite have been proposed [3] with
the zinc-blende structure. Like the LiCoOas structure. 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). n-CusSns (space group
P63/mmc). which has NiAs and Ni.In structures (similar to zinc-blende). was
considered as an intermetallic insertion electrode [3]. The electrochemical
investigation of this intermetallic compound electrode shows excellent properties
(about 275mAh/g or about 1900mAh/cc) and potentially safer over graphite electrode

[2.3. 6]



Mechanically alloying or ball milling process was reported [6] for the
preparation of CusSns compound. Small particles size usually receives by this
method. However, due to high pressure applied during the process may introduce
some disordered or amorphous phase in the product as well as particles agglomeration
due to high reactivity surfaces [7], which will associate 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 as small as nanometer scale. Initial experiment [8] showed that the
precipitated was formed in a specific morphology with dendrite structure, which
composed of very fine particles. The reaction conditions are considered to have an
influence on the dendrite formation. This research will explore a study of the effect of
processing parameters, 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 represented as an oxidation-
reduction reaction between metal chloride salts and 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 processing
parameters to the dendrite formation (shown in table 1). Various viscosity and
polarity solvents 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 45y particle

size) may involve in kinetic process and affect the size of dendrite particles. However,



due to an exothermic reaction some oxide compounds may be introduced in the
product. The reaction temperature was then controlled at zero degree. In contrast,
reaction above room temperature may introduce the driving force for the phase
transformation to occur as more intermetallic phase will be received. In this
experiment, zero, room temperature and 50 degree reaction temperatures will be
investigated.

The preparation of CusSns was conducted and coded according to the
processing parameters as shown in table 1. The detail of the preparation for the first
experimental condition is described by dissolving stoichiometric amounts (equation
(1)) of CuCl;, (Sigma-Aldrich, purity 99.0%) and SnCl,.2H;0 (Sigma-Aldrich, purity
99.99%) in ethylene glycol (EG, JT. Baker, purity 99.0%) at room temperature. Zinc
powder, a reducing agent, was gradually added to the soluticn. The reaction was
continuously stirred for over 1 hour before it was filtered and washed by methanol

(Merck, commercial grade). Finally, it was dried in the oven at 65°C for 30 minutes.

6CuCl, +55nCl, +11Zn — Cu,Sn, +112ZnCl, (1)

Phases present were examined by powder X-ray diffraction (XRD, siemen

D500/D501, Cu Ka (A1.54) Ni filter, 20 = 10-80°) technique as well as the quantitative

analyses. Secondary Electron Microscopy (SEM) equipped with Energy Dispersive
Spectroscopy (EDS) (JEOL JSM-6335F) technique was used to observe morphology
of the product powders. Finally, nanometer scale morphology directly related to the
crystallography of the phase presents was determined by Transmission Electron

Microscopy (TEM, JEOL JEM-2010) technique.



