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bstract

Ni Sn and CoSn which are two Sn-based intermetallic compounds with different crystal structures have been tested as future negative electrodes
3 4 2

or lithium-ion batteries. Various two-step reactions occur during the first discharge of these two electrodes. The first discharge shows good specific
apacities: 515 mAh g−1 for the Ni3Sn4 electrode and 606 mAh g−1 for the CoSn2 electrode. These reactions lead to the formation of Li7Sn2, a
i-rich LixSn alloy characterized by 119Sn Mössbauer spectroscopy.
2007 Elsevier B.V. All rights reserved.
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. Introduction

As a negative electrode for Li secondary batteries, Sn pro-
esses a maximum Li uptake of Li4.4Sn corresponding to a
heoretical specific capacity of 993 mAh g−1, much higher than
hat of graphite (372 mAh g−1). The Sn anode application has
evertheless been hindered by rapid capacity decay upon the
harge and discharge cycles. The major problem is the severe
olume change during the alloying (LixSn) and dealloying
eactions. Research for improved electrode materials has led
o Sn-based amorphous oxides: SnO, SnO2, SnBxPyOz [1–3],
n–M–C (M = Fe, Mn) composites [4,5] and SnxMy alloys
M = Ni, Cu) [6,7]. These materials operate on the basis of
lloying reactions described as displacement reactions in which
n forms a lithium alloy (LixSn) and in which a nanosize
atrix is created. This matrix may buffer the volume expan-

ion of the LixSn active phase. Another interesting feature
f these negative electrode materials is the electrochemically
riven solid-state amorphisation that takes place during the first

lloying period. The interest in Sn-based anodes has increased
ince Sony recently developed a new hybrid lithium-ion bat-
ery, named NexelionTM [8]. This new battery uses a Sn-based
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morphous anode consisting of multiple elements such as tin,
obalt, carbon, where the elements are mixed at a nanometer
evel, inducing a 30% increase in capacity per volume ratio
ompared to conventional lithium-ion batteries.

In this work, two transition metal–tin-based intermetallics,
.e. Ni3Sn4 and CoSn2 were tested as future negative elec-
rode materials to use the large reversible lithium storage
apacity of tin as well as the inactive matrix effect of tran-
ition metals to improve cycling performances. Furthermore,
hese two compounds have different crystal structures. Indeed,
i3Sn4 crystallizes in the monoclinic system, space group C2/m,
hereas CoSn2 crystallizes in the tetragonal system, space group

4/mcm.

. Experimental

Elemental Ni (Merck, 99.5%), Co (Merck, 99%) and Sn
Aldrich, 99%) powders were mixed in the Ni3Sn4 and CoSn2
ompositions. The powder mixtures were then mechanically
illed for 10 min in a Pulverisette-7 planetary micro-mill with

gate balls and vials under argon atmosphere. Finally, the
echanically alloyed powders were fired in a tube-type furnace
nder controlled atmosphere. Temperature programs were 4 h at
00 ◦C for Ni3Sn4 and 5 h at 500 ◦C for CoSn2.

Samples were characterized by X-ray powder diffraction, for
hase identification and purity, with a Phillips θ–2θ diffractome-

mailto:sebastien.naille@univ-montp2.fr
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er using Cu K� radiation (λ = 1.5418 Å) and nickel filter. We
ave also determined the size of the X-ray coherent domains
rom the width of the powder diffraction peaks using the fun-
amental parameters approach proposed by Cheary and Coelho
9]. This procedure is based on the Scherrer method using the
ull width at half-maximum of the broadened peaks and taking
nto account experimental broadening due to instruments.

Electrochemical lithium insertion/extraction tests were
arried out with (Li/LiPF6 1 M (EC:PC:3DMC)/material)
wagelockTM-type cells assembled inside an argon-filled glove
ox. Cathodes were prepared as 7 mm diameter pellets by
ressing a mixture made up of 80 wt.% pristine materials,
0 wt.% PTFE binder, and 10 wt.% carbon black to improve the
echanical and electronic conduction properties. Electrochem-

cal discharge/charge curves were recorded on a multichannel
ac Pile II system under galvanostatic conditions at a rate of 1

i/20 h (C/20).
Pristine materials and electrodes at the end of the first dis-

harge were characterized by 119Sn Mössbauer spectroscopy
t room temperature in transmission mode with a classical
G&G constant acceleration spectrometer. The �-ray source
as Ca119mSnO3. The velocity scale was calibrated using the
agnetic sextet spectrum of a high-purity iron foil absorber and

7Co(Rh) as the source. The isomer shifts are given relative
o BaSnO3 which is used as the standard reference. As for the
lectrochemically inserted samples, the measurements were per-
ormed ex situ in a specific sample holder. All spectra were fitted
o Lorentzian profiles by the least-squares method [10] and the
uality of the fit was controlled by the usual χ2 test.

. Results and discussion

The X-ray diffraction patterns of the synthesized alloys are
iven in Fig. 1. Every diffraction peak was indexed for the

i3Sn4 phase (JCPDS no. 04-0845) with a = 12.187(13) Å,
= 4.055(5) Å, c = 5.216(7) Å and β = 105.19(5)◦ and also for

he CoSn2 phase (JCPDS no. 25-0256) with a = 6.364(2) Å and
= 5.456(1) Å.

ig. 1. X-ray diffraction patterns of Ni3Sn4 and CoSn2. The sizes of their coher-
nt domains have been estimated to be about 1444 and 1222 Å, respectively,
sing the Scherrer method from the width of diffraction peaks.

5
i
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e
e

ig. 2. Discharge–charge curves of Ni3Sn4 and CoSn2 electrode materials.

The charge–discharge curves of the Ni3Sn4 and CoSn2
amples are given in Fig. 2. The first discharge capacity is
15 mAh g−1 and the reversible capacity of the first charge cycle
s 282 mAh g−1 for the Ni3Sn4 electrode. In the case of the
oSn2 electrode, these capacities are 606 and 434 mAh g−1,
espectively. Fig. 3 illustrates the cycling behavior of the two
lectrodes. It can be seen that the specific capacity of Ni3Sn4
lectrode drops rapidly and continuously without stabilizing.

Fig. 3. Cycle performances of Ni3Sn4 and CoSn2 electrodes.
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Table 1
Hyperfine parameters obtained from the 119Sn Mössbauer spectra shown in
Fig. 4: the different types of tin sites used in the Mössbauer fitting procedure
and their relative intensity I, the values of the isomer shift δ, the quadrupole
splitting Δ and the line width at half maximum 2Γ

Sample Alloys Tin sites I (%) δ (mm/s) Δ (mm/s) 2Γ (mm/s)

(a) Ni3Sn4 4i 50 2.01 (4) 0.70 (6) 1.02 (4)
4i 50 2.02 (4) 1.18 (6) 1.02 (3)

(b) Ni3Sn4 4i 12 1.95 (12) 0.63 (27) 0.95 (3)
4i 12 1.98 (6) 1.37 (10) 0.95 (3)

Li7Sn2 4i 38 1.88 (5) 0.29 (11) 0.91 (3)
4h 38 2.00 (6) 0.97 (9) 0.91 (3)

(c) CoSn2 8h 100 2.14 (3) 0.77 (3) 0.98 (4)

(d) CoSn2 8h 20 2.14 (3) 0.77 (3) 1.02 (3)
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s a contrary, the CoSn2 electrode stabilizes after a few cycles
o a specific capacity of 285 mAh g−1.

The discharge potential of the electrodes falls quickly to
round 0.8 V versus Li. It is due to an electrolyte decompo-
ition reaction that occurs on the surface of carbon, which leads
o the formation of a passivating layer, referred to as a solid elec-
rolyte interface [11]. The first discharge of the Ni3Sn4 electrode
roceeds with a two-step reaction. The first reaction is probably
ue to a solid-solution insertion reaction which would lead to the
ormation of a LixNi3Sn4 phase, in which the local environment
f the tin atoms are not changed as shown by 119Sn Mössbauer
pectroscopy [12]. This reaction would take place up to 4 Li
nserted. This is followed by a plateau right above 0.0 V corre-
ponding to the existence of a two-phase reaction. For CoSn2,
he possible reaction leading to the formation of a LixCoSn2
hase happens up to 1 Li. The second part of the electrochem-
cal process occurs at very low voltage, i.e. between 0.14 and
.0 V, during almost all the discharge process and can thus be
een as a two-phase process plateau.

Ex situ 119Sn Mössbauer spectra of pristine materials and
lectrodes at the end of the first discharge are shown in Fig. 4
nd the values of the hyperfine parameters are given in Table 1.

For the Ni3Sn4 sample, there are two absorption peaks
Fig. 4a). The Ni3Sn4 structure contains two independent crys-
allographic Sn sites (4i, 4i); both fully occupied [13]. Therefore,
he spectrum has been fit to two doublets with equal relative

ntensity. The 119Sn Mössbauer spectrum of the pristine CoSn2
s characterized by a doublet (Fig. 4c). There is only one crys-
allographic site (8h) for the Sn atoms in CoSn2 [14]. 119Sn

össbauer spectroscopy measurements show, for the Ni3Sn4

C
P
b
o

ig. 4. Ex situ 119Sn Mössbauer spectrum of (a) the pristine Ni3Sn4, (b) the Ni3Sn4

oSn2 electrode at the end of the first discharge.
Li7Sn2 4i 40 1.86 (4) 0.24 (3) 0.94 (7)
4h 40 1.95 (4) 0.94 (6) 0.94 (7)

Fig. 4b) and CoSn2 (Fig. 4c) electrodes at the end of the first dis-
harge, the appearance of two more contributions. The hyperfine
arameters of these additional contributions are close to those
ound for the mechanically ball-milled synthesized Li7Sn2 alloy
15]. The formation of a Li7Sn2 nano-alloy as the final elec-
rochemical lithiated product has already been reported with

u6Sn5 [16], Cu6Sn5 with NiAs-type structure, space group
63/mmc [17]. This shows that the structure of the pristine tin-
ased intermetallic material has no influence on the composition
f the final electrochemical lithiated product.

electrode at the end of the first discharge, (c) the pristine CoSn2 and (d) the
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However, the substitution/extraction reactions occurring on
he plateaus are not complete and the contribution of the un-
eacted Ni3Sn4 and CoSn2 are 24% and 20%, respectively. This
ay be due to the particle size and can explain the irreversibility

nd capacity fading during cycling.

. Conclusion

Two tin-based intermetallic compounds, Ni3Sn4 and CoSn2
ave been investigated as anode materials. Various two-step
lloying reactions have been observed with these intermetallic
lectrodes, i.e. the formation of a SEI and a possible solid-
olution insertion reaction followed by a substitution/extraction
eaction to directly form Li7Sn2. This shows that, no mat-
er the crystal structure of the pristine materials, the Li-rich
i7Sn2 alloy is formed at the end of the first discharge. In these
onditions, the reaction of these compounds to lithium is not
omplete. This may be explained by the fact that: (i) the par-
icles of the bulk materials are oversized or (ii) the electrode

anufacturing and cycling rate are not appropriate. At present,
dditional work is in progress in order to optimize the powder
orphology.
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[7] S. Sharma, L. Fransson, E. Sjöstedt, L. Nordström, B. Johansson, K.

Edström, J. Electrochem. Soc. 150 (2003) A330–A334.
[8] H. Tanizaki, A. Omaru, US Patent 0,053,131 A1 (2004), to Sony Corpora-

tion.
[9] R.W. Cheary, A.A. Coelho, J. Appl. Cryst. 25 (1992) 109–121.
10] K. Ruebenbauer, T. Birshall, Hyperfine Interact. 7 (1979) 125–133.
11] V. Eshkenazi, E. Peled, L. Burstein, D. Golodnitsky, Solid State Ionics 170

(2004) 83–91.
12] S. Naille, P.-E. Lippens, F. Morato, J. Olivier-Fourcade, Hyperfine Interact.

167 (2006) 785–790.
13] W. Jeitschko, B. Jaberg, Acta Cryst. B 38 (1982) 598–600.
14] E.E. Havinga, H. Damsma, P. Hokkeling, J. Less-Common Met. 27 (1972)
169–186.
15] F. Robert, P.-E. Lippens, J. Olivier-Fourcade, J.-C. Jumas, F. Gillot, M.

Morcrette, J.-M. Tarascon, J. Solid State Chem. 180 (2007) 413–422.
16] W. Choi, J.Y. Lee, H.S. Lim, Electrochem. Commun. 6 (2004) 816–820.
17] A. Gangulee, G.C. Das, M.B. Bever, Metall. Trans. 4 (1973) 2063–2066.


	Sn-based intermetallic materials
	Introduction
	Experimental
	Results and discussion
	Conclusion
	Acknowledgements
	References


