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Li;NixMn;.,SiO4 (x= 0, 0.2, 0.4, 0.6, 0.8 and 1) samples were prepared by solid state process. The
structure of prepared samples of LioNixMn1,SiOy is characterized by XRD. The crystal structure of the
samples is orthorhombic having space group Pmn2;. SEM investigations are carried out explaining the
morphology of powders of these samples.  Furthermore, electrochemical impedance spectra
measurements are applied. The highest conductivity is achieved with the cell prepared from
Li;Nip2MnggSiO4 compound. Cyclic voltammetric measurements are carried out for LioNixyMn;,SiOy4
material between 0.1 and 4.5 V vs. Li* with scan rate 0.1 mVs™. It is observed that Li/
Li>Nio>MnosSiO4 cell has initial capacity of 160 mAhg™. The cycle life performance is carried out for
Li,NixMn;SiO, cells. The prepared cells gave average capacities between 100 and 150 mAhg™.
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1. INTRODUCTION

The rechargeable lithium ion batteries (LIB) for portable electronic devices (e.g. PC and laptop
computers, wireless and mobile phones, camcorders, .etc.) have lately a strong tendency to expansion
[1-6].

Polyanion Li;MXQO,4, M= Mn, Fe, Co and Ni and X= Si, P and S compounds are classified as
promising candidates for positive electrode materials in the majority of lithium batteries [7, 8]. These
compounds are cheaper and safer than the known uses of lithium transition metal oxides. Thus,
different efforts were made to establish other cathode materials for lithium batteries.

Li,MSiO4, M= Mn, Fe, Co and Ni compounds were prepared and investigated as promising
positive materials for lithium ion batteries [9-11]. LiMPOjy lithium metal phosphate has only one Li*
ion per structure unit [12-14]. However, Li,MSiO, has 2 Li* ions per formula unit, giving a higher
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theoretical charge and discharge capacities than phosphates. Therefore, it is considered as a promising

alternative positive material for L1B [15-18].
Deng et.al. reported that Li,MnSiOy is prepared by a CgHgO7 acid using sol-gel method [19].

The crystal structure was indexed with orthorhombic unit cell. The Li,MnSiO, specific discharge
capacity was 70 mAhg™ after 20 cycles at current density 1/16 C. The first discharge capacity was
retained 37% after fifty cycles. Li,MnSiO4 has small electric conductivity and great irreversibility
behavior, which sets to a weak electrochemical behavior.

It was reported that Lio,MnSiQO, silicate positive electrode has great charge transfer resistance.
This is due to intrinsic poor electronic conductivity. Improvement of orthosilicate cathode can be
obtained through doping with another transition metal or composite material [19].

It was reported about the synthesis of a LiMnSiO4/C nanocomposite material through
solutions mixture way and solid state reaction process in N, atmosphere at 600°C for 10 h. The cell
shows a reversible discharge capacity of 209 mAh g with a very good rate performance on the
contrary of the reported ones for lithium silicate compounds [20].

The aim of this work is to study the different ratios of Ni and Mn in the Li,NixMn;SiO4
compound on the electrochemical behaviour and performance of it as positive electrode.

2. EXPERIMENTAL

2.1. LioNiyMn1,SiO4 samples preparation

Li,NixMn1.,SiO4 (x= 0, 0.2, 0.4, 0.6, 0.8 and 1) samples were prepared by solid state process
using stoichoimetric ratios weights of Li,CO3, Mn(CH3C0O0),.4H,0, Ni(CH3C0O0),.4H,0 and SiO,.
The mixture was ground with a little amount of acetone. In a porcelain crucible the mixture of each
sample was heated to 800°C for 12 h in Ar.

2.2. Physical characterization

The crystalline phases were identified by X-ray diffraction (XRD) on a Brucker axis D8
diffractometer with crystallographic data software Topas 2 using Cu-K, (A= 1.5406) radiation
operating at 40 kV and 30mA at a rate of 2°/min. The particles morphology observed using the
scanning electron microscope using JOEL SEM-Model 5040.

2.3. Electrochemical cell assemble and measurements

The working electrode (WE) was prepared from slurry of the 85% active material, 10% C-
black and 5% binder (poly vinyledine difluoride: PVDF). The slurry was pasted with some drops of N-
methyl pyrrolidone (NMP). Aluminium disk substrate (1 cm? area) was coated with this active material
to form the WE. The WE was dried in vacuum oven at 100°C. A Teflon cell was used to house the
lithium foil metal (Sigma Aldrich) that acts as counter and reference electrode, separator of Celgrad
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(micro-porous poly propylene). The electrolyte was 1M LiAsFg dissolved in mixture of 1: 1 PC and
EC. The cells were assembled inside a glove box MBraun.

Galvanostatic charging and discharging cycling of the cells were achieved with the potentials
windows between 1.5 and 4.5 V at total current 0.1 mA using a Bitrode battery tester. Furthermore,
impedance measurements were applied using frequency range between 10° and 10% Hz using
amplitude of 10 mV using Solartron electrochemical interface model SI 1287.

3. RESULTS AND DISCUSSION
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Figure 1. XRD patterns (Cu K, radiation) of Li,NixMn;4SiO4 (x=0, 0.2, 0.4, 0.6, 0.8 and 1) samples
prepared at 800°C.
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Figure 2. SEM of Li;NixMn,SiO4 (x=0, 0.2, 0.4, 0.6, 0.8 and 1) samples prepared at

The structure of prepared samples of Li,NiyMn;.4SiO4 was characterized by XRD. The patterns
are given in Fig.1. XRD patterns of the investigated samples show similar characteristic peaks with
samples composition of x= 0.4-1. Samples can be indexed on the basis of orthorhombic unit cell with
space group Pmn2; that in agreement with reported ones [21, 22].

SEM morphologies of the samples were investigated as shown in Fig. 2. The morphological
structure of materials exhibited aggregated lumps. The average particle sizes of LioNiSiO,,
Li2Ni0_3Mﬂo_28iO4, LizNio_sMn0_4SiO4, Li2Ni0_4Mn0_6SiO4, LizNio_gMno_gSiO4 and LI2MHSIO4 are 3, 7,
15, 5, 3and 2 um, respectively.
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Figure 3. EIS of Li/ Li;NixMn1,SiO4 (x=10, 0.2, 0.4, 0.6, 0.8 and 1) cells.

The electrochemical impedance spectra (EIS) of the cells as illustrated in Fig.3 show an
intercept at high frequency for the resistance of the electrolyte, R, on the real axis Z , followed by a
semicircle in the high-middle frequency region, and a straight line in the low frequency region. The
numerical value of the diameter of the semicircle on the Z, axis is approximately equal to the charge
transfer resistance, Re. It is observed that Li,MnSiO4 and Li;NiSiO4 cells have high R in comparison
with the other cells. In fact, electrochemical impedance spectroscopy (EIS) may be considered as one
of the most sensitive tools for the study of differences in the electrode behavior due to surface
modification. It is observed that the cell prepared from Li,Nip2MnggSiO, has the lowest real Z,
(charge transfer resistance: 114 Q) in comparison with the other cells.

The relation between Z,. and the inverse of the square root of the lower angular frequencies (o
%%) is given in Fig.4. The straight lines are attributed to the diffusion of the lithium ions inside the bulk
of the electrode materials. This is called Warburg diffusion [5, 23, 24]. This relation is governed by
Equations 1 and 2.

Zie=Re+ R+ ow: w®® 1)

D =05(RT/An’F? 5,C)? (2)

Where @: angular frequency in the low frequency region, D: diffusion coefficient, R: the gas
constant, T: the absolute temperature, F: Faraday’s constant, A: the area of the electrode surface, and
C: molar concentration of Li* ions. Furthermore, the exchange current density (i° = RT/nFRg). It is
observed that the Warburg impedance coefficient (o) is 41.5 Q.5 for Li,Nio>MnggSiOs cell and this
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is the lowest value in comparison with those of the other samples. The impedance parameters of the
samples are recorded in Table.1.
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Figure 4. Relationship between real impedance with the low angular frequencies for Li/ Li;NixMn;.
xSi04 (x=10, 0.2, 0.4, 0.6, 0.8 and 1) cells.

Table 1. Electrochemical Impedance parameters of Li/Li;NixMn;4SiO4 (x=0, 0.2, 0.4, 0.6, 0.8 and 1)

cells.
sample R [Q] ow[Qs*] Dlem%s]  i°[mAcm?] Ca [F]

LioNiSiO,4 31252 46802.96 1.62E-17 8.24E-07 5.09E-09
Li2NigsMng2SiO4 5740 1809.599 1.08E-14 4.69E-06 1.60E-08
Li2NigsMng.4SiO4 3499 1382.293 1.85E-14 7.39E-06 7.90E-07
Li2Nig.4MngSiO4 1954 757.1065 6.18E-14 1.32E-05 2.96E-07
Li2Nig2MngSiO4 113.86 37.28176 2.55E-11 2.35E-04 4.63E-06
LioMnSiO4 264 639.2388 8.66E-14 1.06E-04 2.63E-06

It is observed that the charge transfer resistance of Li,Nip2MnygSiO4 cell is the lowest one in
comparison with the other cells. F. Wang et al. reported that R was 1611 Q for Li,MnSiO,/ Li cell
[24]. Thus, the obtained result is better (264 Q) than the reported one.

The first charge and discharge capacity plateaus vs. the working voltage between 4.5 and 1.5V
are shown in Fig.5. The maximum first discharge specific capacity, 164 mAh g™ is obtained with the
LioNig2MnggSiO4 cell. Fig. 6 illustrates the specific discharge cyclic performance of the different cells.
It is clearly observed that the reversible specific discharge capacity has achieved until 100 cycles. The
average specific discharge capacity is about 150 mAhg™".
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Figure 5. VVoltage- capacity profiles for Li / Li;NixMn;.4SiO4 (x= 0, 0.2, 0.4, 0.6, 0.8 and 1) cells.
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Figure 6. Cycle life performance of Li/ LioNixMn;4SiO4 (x=0, 0.2, 0.4, 0.6, 0.8 and 1) cells.

The cell prepared from Li>Nip2MnggSiO, sample shows maximum discharge capacity, 155
mAhg'.Cycling performance of the Li>Nio>,MnggSiOs has been improved with mild manganese
substitution while decreased with heavy manganese substitution. It was reported about the cycle
performance of Li,MnSiO, that it decreased to 60-70 mAhg™ after 50 cycles [19, 25]
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4. CONCLUSION

The structure of prepared samples of Li,NixMn;,SiO, was characterized by XRD using.
Samples are matched with the data of orthorhombic unit cell with space group Pmn2;. The
morphological structure of materials exhibited aggregated lumps. The average particle sizes of
L|2N|S|O4, LizNiolgMnolzsiOm LizNio,sMno_4SiO4, LizNio,4Mn0,58iO4, LizNio,gMﬂo,gSiO4 and LI2MHSIO4
are 3,7, 15, 5, 3and 2 um, respectively. It is observed that the cell prepared from Li,Nig2MnggSiOy4 has
the lowest real Z, (charge transfer resistance: 113.86 Q) in comparison with the other cells. It is
observed that the Warburg impedance coefficient (o) is 41.5 Q.5 for Li,Nio>MnggSiOs cell and this
is the lowest value in comparison with those of the other samples. Also, this cell has max. diffusion
coefficient, 2.55E-11cm?s™. The cell prepared from Li;Nig2MnggSiO, sample shows maximum
discharge capacity, 155 mAhg™'. Cycling performance of the Li,Nig2MnggSiOs has been improved
with mild manganese substitution while decreased with heavy manganese substitution.
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