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The Effect on Electrochemical Properties of Co on
Al-Si-Fe Alloys for Anode Material of Lithium-lon
Batteries

S. Yildiz, E. Albayrak, and O. Uzun

Abstract—Due to its high theoretical capacity of 4200 mA h g?,
silicon has great interest for the alternative anode material for
lithium-ion batteries. However, insufficient cycle performance come
from a large volumetric change during cycling, seriously restrict its
practical use. Nano-structured alloys included silicon have potential
for anode materials such as Al-Si alloys. The effect of Co on high
energy ball milled Al-Si-Fe alloy in the condition of repeated charging
and discharging capacity measurement has been demonstrated.
Improved cycle capacity of alloy has been obtained by Co addition.

Index Terms—Li-lon Batteries, Al-Si Alloys, High Energy Ball
Milling.

. INTRODUCTION

Si and Al are promising material because of theoretical
specific capacity. Each Si atom litheated with 4.4 Li atoms [1,
2] and each Al atom litheated 2.25 Li atoms [3]. However, the
commercial application of Si is suppressed by the large volume
expansion (>%300) during litheation bring out mechanical
stress. This enormous stress give rise to pulverization and
happened to decreasing interface between current collector and
active anode material. This situation limited cycle
performance.

To achieve high cycle performance, AlSi alloy have been
extensively investigated [4-7]. In this work, we investigated Co
effect on high energy ball milled AlSiFe alloy as an anode
active material.

Il.EXPERIMENTAL

Pure Al powder (%99.999 with average particle size 106 to
250 pm), Si scrap (%99.99 with average particle size 3 to 5
pm), and Fe powder (%99.99 with average particle size 10 to
15 um) were used synthesize the Al;s,SiFes- Coy, (x=0, 1, 5
wt%) alloys. High-energy milling process was applied 10
minutes in Ar atmosphere at 800 rpm (Planetary ball mill,

Manuscript received November 5, 2015. This work was supported in part by
the Scientific Research Projects Commission of Ahi Evran University (Project No:
PY0O-MUH.4001.14.015) and Scientific and Technological Research Council of
Turkey (TUBITAK) (Project N0:110M517).

S. Yildiz is with the Department of Metallurgical and Materials Engineering,
Ahi Evran University, Kirsehir, Turkey

E. Albayrak is with the Department of Metallurgical and Materials
Engineering, Ahi Evran University, Kirsehir, Turkey

Metallurgical and Materials Engineering, Bulent Ecevit University,
Zonguldak, Turkey

http://dx.doi.org/10.15242/IJRCMCE.IAE0116407

10

P100, TMC) with stainless steel balls and vessel [8]. The
weight ratio of ball-to-powder was selected 20:1, with stearic
acid added (10 wt pct of mixed powder) to moderate the
cold-welding process.

The powders mixed homogeneously with carbon black and
the mixture was blended with polyvinylidene fluoride (PVDF)
dissolved in N-methylpyrrolidinone (NMP). The mass ratio of
the powders, carbon black, and PVVDF was 84:8:8. The slurry
stirred at room temperature 12 hours and then was coated on a
copper foil using a doctor blade and dried at 373 K in a vacuum
oven for 12 h to remove the NMP. Batteries were assembled in
an Ar atmosphere glove box (Innovative Technology, I-Lab
4GB). The electrochemical behaviors were tested using
two-electrode Swagelok cells which were composed of alloy
electrode as the positive electrode, a pure lithium foil as the
counter electrode, Celegard 2400 as the separator and
electrolyte. The electrolyte is the mixture of 1 M. LiPF6
solution in  ethylene  carbonate/diethyl  carbonate
(EC:DEC=1:1, VIv).

The electrochemical measurement was performed on a
battery analyzer (MTI BST8-3) using a constant current
density of 0.05 A g-1 between two cut-off voltages of 0.1 and 3
V. The structures of alloys were analyzed by the XRD, and the
lithiated anodes surface morphology after cycles was observed
using a Scanning Electron Microscope (FE-SEM, FEI, Quanta
FEG 450).

Effect of Co alloying additive on XRD pattern of
Al-20Si-5F¢ alloys is demonstrated in Figure 3. According to
figure, any intermetallic phases were detected in any of the
alloys. It can be mentioned two possible reasons. One of them is
prevention of intermetallic phase formation such as B-Al5FeSi
by insufficiency of X-ray diffraction in detecting phases with
low volume concentrations below 5 vol pct. [9] and the other is
inability of milling time to form any intermetallic phases. [10].
Very long counting rates can be necessary to detect the
presence any sizeable intermetallic signals but also the
additional phases can be engaged in the any a-phases.

RESULT AND DISCUSSION
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Fig. 1. X-Ray Diffraction Patterns of Al-20Si-5Fe Alloys. . i .
Fig. 3. The Effect of Co Content on Coulombic Efficiency of
Al-20Si-5Fe Alloys Fabricated By High Energy Ball Milling.
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Fig. 2. The Effect of Co Content on Cycle Performance of Al-20Si-5Fe
Alloys Fabricated By High Energy Ball Milling.

Fig. 4. Crack Morphologies of (A) Alz4SixFes- Co; And (B) AlgsSizxFes- Cos Anodes.
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