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Abstract: Sn-Ni alloy films for Li-ion batteries were fabricated by electrochemical deposition with rough copper foils as current
collectors. The influence of electrochemical-deposition temperature and heat treatment were also investigated. By galvanostatic cell
cycling the film anodes can deliver a steady specific capacity. The morphological changes cause the differences in capacity retention.
After farther heat treatment, the film anodes present a better cycle performance, with a specific capacity of 314 mA-h/g after 100
cycles. This high capacity retention can be due to its smooth, compact surface formed in the heat treatment process.
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1 Introduction

Lithium-ion batteries have been commercially used
as a power supply for portable electronic devices, such as
cells. To meet the rapidly increasing demand on specific
energy density of Li-ion batteries for diverse applications,
the exploitation of new electrode materials with better
performances has become the key issue. Many kinds of
materials, especially tin-based compounds have drawn
considerable attention due to their much higher
electrochemical capacity compared with the traditional
graphic materials in Li-ion batteries[1-2]. However,
large volume expansion and contraction during the
charge—discharge cycling were still the obstacles for their
commercialization[3]. In the approaches adopted to
overcome the electrode deterioration, fabrication of
Sn,M, intermetallic compounds is a promising strategy.
In Sn,My intermetallic compounds the electrochemical
process in a lithium cell involves the displacement of Sn
metal, which forms the desired lithium alloy, Lis4Sn,
while the other metal, M, acts as an electrochemically
inactive matrix to buffer the volume variations during the

alloying process. It has been demonstrated that these
materials exhibited longer cycle ability than that of pure
tin electrode. So, a number of methods were used to
fabricate tin-based alloy materials, such as high-energy
ball milling[4—7], chemical reduction in aqueous
solution[8], sputtering deposition [9—-10], and solid-state
reaction[11-12].

Compared with these above ways, the
electrochemical deposition technique is relatively simple
and inexpensive, which provides an exquisite way to
fabricate tin-based alloys with specific morphologies
[13—23]. Using Cu foil as current collector in
electrochemical deposition, HASSOUN et al[14]
synthesized Sn-Ni film electrodes for Li-ion batteries
which showed a capacity of 530 mA-h/g after 40 cycles.
HASSOUN et al[24] also fabricated Ni-Sn nanostructured
electrodes by a template synthesis procedure, which
delivered a capacity of 500 mA-h/g after 200 cycles. KE
et al[21] fabricated macroporous Sn-Ni film electrodes
with polystyrene (PS) spheres as templates, which
retained a capacity of 500 mA-h/g after 70 cycles.

In this work, rough copper foils were chosen as
current collectors, fabricating compact Sn-Ni film
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electrode for Li-ion batteries by electrochemical
deposition. The influence of heat treatment was also
investigated. The integrity of the film electrode after
electrochemical cycle and the influence of the electrode
expansion were discussed.

2 Experimental

2.1 Fabrication of tin-based alloy film electrode by
electrochemical deposition

The electrodeposition solution was comprised of
SnCl,-2H,0 (30 g/L), NiCl,6H,O (22 g/L), K4P,07
3H,0 (150 g/L) and additive agent (10 g/L). All these
reagents are of analytical grade. The pH value of the
solution was adjusted to 8 by adding ammonia slowly.
Then, a commercial copper foil was cleaned with
absolute ethanol to serve as the working electrode in a
two-electrode electrochemical cell, and a graphite plate
was used as the counter electrode. Sn-Ni films were
electrochemically deposited at a constant current density
of 5 mA/em® for 20 min in a glass cell at room
temperature, which was strictly controlled by a
potentiostat/galvanostat (HDV—7C). After deposition,
the copper foil with Sn-Ni film was rinsed with absolute
ethanol and then dried in air at room temperature for
further analysis. It has been measured that the mass of
the deposited Sn-Ni alloy film is about 1.1 mg with a
thickness of about 2 um.

The influence of electrochemical-deposition
temperature and heat treatment on synthesis of Sn-Ni
film at 50 C in the electrochemical-deposition process
was investigated. At the same time, the Sn-Ni films
obtained at room temperature were sintered at 200 ‘C
for 2 h. Three different electrode samples were prepared
and named NiSn-1(room temperature), NiSn-2(50 C)
and NiSn-3(200 °C), respectively.

2.2 Electrochemical characterization of obtained

Sn-Ni alloy films

The electrochemical performances of the three
kinds of Sn-Ni alloy films were measured using
two-electrode coin cells (CR2032) of the Lijl mol/L
LiPF6 (EC):DEC=1:1)|Sn-Ni. These CR2032 cells were
assembled in an argon-filled glove box. Celgard 2400
microporous polypropylene membrane was used as
separator. These cells were cycled galvanostatically
between 0 and 1 V at room temperature on a
multi-channel battery test system (NEWARE BTS—610)
to analyze the electrochemical responses. The current
density was 0.4 mA/cm’.

2.3 Morphological and structural characterization of
Sn-Ni alloy films
The as-prepared samples were characterized by

scanning electron microscope (JEOL 6390), and X-ray
diffractometer (XRD, Philips X’Pert Pro Super X-ray
diffractometer, Cu K, radiation). Also X-ray
fluorescence spectroscope (XRF, XRF—-1800) was used
to make certain the surface composition.
The evolution of the crystalline
morphology of the electrode material during cell cycling

form and

were determined by means of an EX situ X-ray
diffractometer (XRD) and scanning electron microscope
(SEM). The assembled coin cells were firstly discharged
and charged to different stages on the battery test system
and then opened in the glove box. The electrodes were
washed with diethyl carbonate (DEC), sealed in thin,
transparent polyethylene bags, respectively, and then
delivered to the test of SEM.

3 Results and discussion

3.1 Structure and morphology of as-deposited Sn-Ni

alloy electrode

The XRD patterns of the as-deposited Sn-Ni alloy
electrodes are shown in Fig.1. As expected for samples
prepared for electrodeposition, the peaks of all samples
can be ascribed to both NisSn, phase and Ni,Sny
metastable phase according to literature data[14]. The
diffraction peak at 28° disappeared in NiSn-3 sample,
which should be due to the result of reaction at 200 C.
From the X-ray fluorescence spectroscope, the Sn-Ni
alloy electrode was composed of 71% Sn and 29% Ni (in
mass fraction), which should be corresponding to Ni;Sny
according to the molar ratio.
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Fig.l XRD patterns of Sn-Ni alloy films synthesized by

electrochemical deposition at different temperatures room
temperature

Fig.2 and Fig.3 show the morphologies of the three
as-deposited Sn-Ni alloy films with the Cu foil as
working electrode. Obvious differences among the
samples can be observed. As shown in Fig.2(a), sample
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Fig.2 SEM images of as-deposited S
NiSn-1; (b) NiSn-2; (c) NiSn-3

e

n-Ni alloy films: (a)

NiSn-1 has a compact, cauliflower-like morphology

consisting of pillars formed by aggregates of small grains.

The active material has a dense structure, and covers the
Cu foil without any gaps and voids. However, this
morphology gradually changes for the samples
electrodeposited at different temperatures. In the sample
NiSn-2 obtained at 50 °C, the surface is less dense due
to some excess, small particles appearing on
the top of the pillars. After being heated at 200 C, the

Fig.3 SEM images of Sn-Ni alloy film after discharge: (a)
NiSn-1 after 60 cycles; (b) NiSn-2 after 40 cycles; (c) NiSn-3
after 1 000 cycles

pillars are “polished”, as shown in Fig.2(c). This should be
due to re-reaction under the melting condition at 200 C.

3.2 Electrochemical performances of Sn-Ni alloy
electrode in lithium batteries
Fig.4 shows the voltage versus capacity profiles of
the Sn-Ni/Li cells at 0.2C cycling rate. For sample
NiSn-1(Fig.4(a)), the first discharge capacity of Sn-Ni
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Fig.4 Voltage vs capacity profiles for the first discharge

(Potential range of open circuit voltage to 0 V at current of 0.4

mA/cm?) and subsequent cycles (Potential range of 0—1 V, at
current of 0.4 mA/cm?): (a) NiSn-1; (b) NiSn-2; (c) NiSn-3

alloy electrode is 660 mA-h/g, corresponding to a
consumption of 16.1 Li" per NisSn, formula. This
consumption is lower than the theoretical value of 17.6
Li. The main reduction reaction in the first discharge
process takes place at a low plateau of 0.25 V, while in
the following discharge processes there are slope

plateaus beginning at 0.4 V. The capacity retention is
87% after the second discharge since 154 Li is
consumed in the second discharge process. This sample
delivers a capacity of about 550 mA-h/g after 50 cycles,
with a capacity retention of 83%. But the slow capacity
fading begins from the 50th cycle and the capacity keeps
at 500 mA-h/g after 60 cycles. For sample
NiSn-2(Fig.4(b)), the first discharge capacity of Sn-Ni
alloy electrode is 754 mA‘h/g, corresponding to a
consumption of 18.4 Li" per NisSn, formula. This
consumption is higher than NiSn-1 or the theoretical
value of 17.6 Li. This sample delivers a capacity of about
665 mA-h/g after 30 cycles, but the slow capacity fading
begins from the 30th cycle and the capacity keeps at 563
mA-h/g after 40 cycles. For sample NiSn-3(Fig.4(c)), the
first discharge capacity of Sn-Ni alloy electrode is
only 425 mA-h/g, much lower than NiSn-1 or NiSn-2.
But this sample delivers a steady capacity even after 100
cycles.

The electrochemical performances of the three
samples are also shown in Fig.5. The first discharge
capacity of NiSn-2 electrode is the highest, but the
capacity fading begins from the 30th cycle. The first
discharge capacity of NiSn-3 electrode is the lowest, but
it delivers a steady capacity (314 mA-h/g) even after 100
cycles.
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Fig.5 Specific capacity as function of cycle number for
Sn-Ni/Li cells (Charge-discharge in voltage range of 1.0—0 V at
0.4 mA/cm?)

By combining with the surface morphologies in
Fig.2 and Fig.3, the electrochemical differences of the
three samples can be investigated. The surface structure
of NiSn-2 is less dense and the aggregates of small
grains are less compact. So, in the first discharge process
the high surface area of the film enlarges to provide a
larger reaction area and activate a less lithium-active
portion of the film where Li" is hardly diffused deeply in
the film. This contributes to the high specific capacity in
the first discharge process. But this film surface is more
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incompact in the following electrochemical cycles, as
shown in Fig.3(b), which leads to the mechanical
disintegration of the electrode surface. The slow capacity
fading begins from the 30th cycle, validating its poor
cycle life.

By contrast with sample NiSn-2, sample NiSn-1 and
NiSn-3 have compact film structures. Their film surfaces
also keep integrity without active materials broke off
from the copper current, as shown in Fig.3(a) and
Fig.3(c). So, they can deliver steady capacity even after
multi-cycle. Especially for sample NiSn-3, its surface is
more smooth and the particles link each other compactly
after being sintered at 200 ‘C. This structure is not easy
to crack even after large volume change, which can take
on a better buffer function than the other samples and
avoid detrimental effect of volume changes of active
materials during cycling, such as electrode pulverizing or
capacity degrading. So, despite of its low capacity in the
first discharge process, sample NiSn-3 shows excellent
rate capability even after 100 cycles.

4 Conclusions

1) Using rough copper foils as current collectors,
compact Sn-Ni film electrode for Li-ion batteries was
fabricated by electrochemical deposition. The
morphological ~ changes  deeply influence the
electrochemical performances of the film electrode.

2) After heat treatment at 200 °C, this alloy film
electrode has compact surface structure and keeps
integrity after multi-electrochemical cycles. This alloy
film electrode delivers a specific capacity of 314 mA-h/g
even after 100 electrochemical cycles, which shows a
good capacity retention.
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