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Abstract.  Layered transition metal oxides of the formula LiMO 2 have good lithium insertion 

properties for which reason LiCoO 2 and LiNiO2 have been exploited in practical lithium rocking 

chair batteries. Another member of the LiMO2 series, LiFeO2, should be an attractive cathode 

material considering the cheapness and environment-friendliness of iron compounds. Its rock-salt 

structure, however, does not allow significant amounts of lithium to be reversibly intercalated in 

its structure. Synthesis of layered LiFeO2 and study of its lithium intercalating properties have 

been of limited success. Therefore, an attempt has been made here to study LiCol_~FeyO 2 solid 

solutions (0 < y -< 0.4) as prospective cathode materials. XRD, FTIR, Atomic absorption 

spectroscopy, Particle size and Surface area analysis were carried out in this regard towards the 

physical characterization of the entire series of LiCo~_yFeyO 2 compounds. The electrochemical 

discharge capacity of these materials is explained as a function of the iron content. 

1. Introduction 
Layered ternary oxides of the type LiMO2, where M is a 

first-row transition metal, have attracted much attention 

as potential lithium intercalating cathode materials. While 

LiMnO2 has been qualified successfully as a 3-volt ca- 

thode active material and LiCoO2 and LiNiO2 have 

commercially been exploited as 4-volt cathodes, other 

members of the series such as LiVO~, LiCrOo and LiFeO2 

have had only limited success. Considering the low cost, 

abundance and environment-friendliness of iron com- 

pounds, LiFeO2 should be an attractive choice for cells 

especially for consumer applications. However, the rock- 

salt structure of LiFeOo impedes significant amounts of 

lithium to be intercalated in it. The huge success with 

LiCoO 2 notwithstanding, it is not considered the ultimate 

answer to a cheap and eco-friendly cathode material. 

Replacement or at least partial substitution of the costly 

and toxic cobalt with cheap and benign or less harmful 

metals has been the subject of several research publi- 

cations. Particular mention may be made of LiCoO2 sub- 

stituted with nickel [1-3], chromium [4] and aluminium 

[5]. While non-transition metals like aluminium reduces 

the deliverable capacity of LiCoO2, substitution with 

transition metals generally shifts part of the capacity to 

the potential range corresponding to oxidation of the 

substituted metal. In either case, the deliverable capacity 

in the 4-volt range is reduced, although nickel substituted 

LiCoO 2 by virtue of the potential of the Nia+/Ni 3+ couple 

does not lead to reduced capacity in the 4-volt range. In 

this paper, we consider the effect of iron substitution on 

the electrochemical behaviour of LiCoOz 

2. Experimental Description 
LiFeyCovyO 2 (y = 0.0, 0.1, 0.2, 0.3, 0.4) were syn- 

thesized from carbonate precursors using a solid-state 

fusion technique. LizCO 3 (E. Merck, India), COCO3 

(Acros Organics, Belgium) and FeCO 3 (E. Merck, India) 

in the corresponding stoichiometric amounts were stirred 

in n- hexane for 24 hours. The resultant slurry was dis- 

tilled to remove n-hexane completely. The decanted mix- 

ture of carbonates was subsequently ground in a ball mill 

and heated in air for 72 hours at 400 ~ The resultant 

black mass was ground well for 1 hour and heated at 800 

~ for 24 hours. The products were ground again for half 
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Table 1. Atomic absorption spectroscopy results. 

No Compound Lithium 
content 

LiCoO2 0.99 

LiFeo.lCOo902 0.99 

LiFeo.2Coo.802 0.99 

LiFeo.3Coo,702 0.98 

LiFe o 4Coo 602 0.97 

Iron 
content 

0.10 

0.19 

0.29 

0.37 

Cobalt 
content 

0.99 

0.90 

0.80 

0.68 

0.58 

an hour and subjected to a further heat treatment at 900 ~ 

for 12 hours. 

The compositions were confirmed by atomic absorp- 

tion spectroscopy measurements using a Hitachi atomic 

absorption spectrometric analyzer. The average particle 

size and surface area were determined using a Malvern 

Easy particle Size Analyzer and Quantasorb surface area 

analyzer (QS-12, USA), respectively. Powder X-ray 

diffraction studies were made on a Joel JDX 8030 x-ray 

diffractometer with a nickel-filtered CuK~ radiation. FTIR 

spectra were recorded on a Perkin Elmer FTIR spectro- 

photometer using KBr pellets. 

Cathodes were prepared by slurry-coating an 80:10:10 

mix of the cathode active material, graphite and PVDF in 

N-methyl-2-pyrrolidone on aluminium foils, drying and 

punching 1.8 cm diameter discs from the foils. Cathode- 

limited test cells were assembled in standard 2016 coin 

cell hardware using lithium as the anode, Celgard 2400 as 

the separator and a IM solution of LiAsF 6 in a 1:1 (v/v) 

mixture of EC and DMC as the electrolyte. Charge- 

discharge studies were carried out using an in-house 

assembled charging module. 

3. Resul t s  and  D i s c u s s i o n  

The stoichiometry of doped and undoped cobaltates were 

verified through atomic absorption spectroscopy results 

(Table 1). The observed values are in good agreement 

with the expected ones, an indication that the compounds 

have been synthesised stoichiometrically. Further physi- 

Table 2. Particle size and surface area results of unsubsti- 
tuted and substituted lithium cobaltate. 

S. No Compound Particle size (gm) Surface area 
(m~/g) 

LiCoO 2 1.9-2.0 8.660 

LiFe 0 iCoo.902 0.8 9.630 

LiFe 02Co0802 0.9 9.460 
LiFe0.3Co 0702 1.2 8.182 
LiF%.4Coo.602 1.5 8.010 
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Fig. 1. XRD patterns of LiFeyCol_yO 2 powders. 

cal characterization studies were carried out in terms of 

particle size and surface area measurements. The average 

particle size and BET surface area of the compounds are 

given in Table 2. Interestingly, all the iron-doped com- 

pounds have been found to possess lower particle size and 

higher surface area than the pristine LiCoO2. These 

physical characteristics may be expected to impart ~eater 

electrochemical activity on the doped compounds. 

Formation of single phase LiFeyCobyO 2 compounds 

in the range 0 < y < 0.4 was confirmed by comparison 

with standard XRD patterns. Surprisingly, the patterns 

(Fig. 1) showed no low-intensity diffraction lines due to 

Fe304 even at high substitution levels (y = 0.3 and 0.4). 

This observation is contrary to the reports of Alcantara et 

al. [6]. The peak pattern when indexed to R-3m lattice 

showed good fitting and the variation of unit cell para- 

meters a and c as a function of the composition (y = 0.1- 

0.4) is given in Fig. 2. Based on this correlation diagram, 

the solubility limit of LiFeyCOl_yO2 may be expected to 

extend at least up to y = 0.4. Because an increase in both 

a and c values is noted with increasing y, we believe that 

the accommodation of Fe 3+ ions is accompanied by an 

expansion of the unit cell of LiCoO2 [7]. According to 

Alcantara et al. [6] the solid solution model is acceptable 

only below an iron content of 0.3 above which both c and 

a values decrease and in our present study no such trend 

could be observed. Therefore Vegard's law holds good up 

to y = 0.4 for the present set of compounds, prepared by a 

modified solid-state synthetic methodology. That no new 
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Fig. 2. Variation of a, c and c/a as a function of y in 
LiFevCol_vO2. 

phase is formed upon partial replacement of cobalt by 

iron up to y = 0.4 is in agreement with the observations 

made by Tabuchi et al. [8]. 

Any possible degree of contamination in the doped 

samples was checked using the method reported by Kama- 
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Fig. 4. FTIR spectra of LiFeyCol_yO z (y = 0.0, 0.l, 0.2, 0.3 
& 0.4). 

ludeen et al. [9]. The integrated intensity ratios of the 

prominent lines, viz., (003) and (104), were compared and 

tabulated (Table 3). The intensity ratio is found to be 

greater than 1 suggesting phase purity of the samples 

[10]. However, a slight broadening of the XRD peaks is 

observed for all the iron doped compounds as compared to 

that of LiCoO2 (Fig. 1). This may be due to the smaller 

particle size of the iron-doped samples. Further the 

presence of smaller particle size showed a single length 

band below 1 gin, especially for doped compounds with y 

= 0.1 and 0.2 (Fig. 3). 

FTIR spectra of the LiFeyCoj_yO 2 compounds are 

shown in Fig. 4. The absorption bands showed striking 

similarity to those reported by Alcantara et al. [6], but 

are contrary to those of Morales et al. [11] and Preud- 

homme [12]. The decrease in the wave number with 

increasing y may be seen from the figure (Fig. 4). The 

steadily decreasing values of wave numbers confirm the 

formation of solid solutions throughout the entire compo- 

sition range studied here. 
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Table 3. Comparison of integrated intensities. 

Sample 20 (o) d~ (/~) 

LiFeo.lCoo 902 18.800 4.716 

LiFe 02C00.802 18. 800 4.715 

LiFe03Co0.702 18.806 4.699 

LiFe0.4Coo.602 18.886 4.695 

I(003) I(104) I(003)/I(1041 

1028 887 1.159 

0952 865 1.101 

0913 845 1.080 

0856 831 1.030 

Table 4. Results of charge-discharge studies at various current drains. 

Compound 

LiCoO 2 

LiFeo.lCoo.,jO2 

LiFeo.2Coo.sO2 

LiFeo.3Coo.702 

LiFeo 4C00.602 

Capacity (mAh) 

0.1 mA 0.2mA 0.3 mA 

128 116 100 

124 104 96 

120 100 90 

108 88 70 

100 80 65 

Efficiency (%) 

0.1 mA 0.2mA 0.3 mA 

86 81 75 

80 76 70 

78 74 68 

70 62 58 
64 56 54 

doped compounds lower iron containing 

compounds ( y - - 0 .  l & 0.2) exhibited 

better cyclability rather than the higher 

iron containing compounds (y = 0.3 & 

0.4). The cells were further subjected to 

charge and discharge studies at various 

current drains such as 0.1 mA, 0.2 mA 

and 0.3 mA and the results are summa- 

rized in Table 4. From the table it is clear 

that for the iron content y = 0.1 and 0.2 

the capacities are close to that for LiCoO2 

[13] especially at lower current drains 

(0.1 & 0.2 mA). However, for higher iron 

contents viz., y = 0.3 and 0.4 the capa- 

cities steadily decline which may have to 

do with the comparatively lesser surface 

area of the compounds. 

2016 type coin cells assembled using the synthesized 

compounds were cycled between 3.0 to 4.2 V and a 

typical charge-discharge pattern was observed invariably 

for all the compounds. Further charge-discharge retention 

capacity of the cells were examined for 15 cycles. The fall 

in capacity with increasing cycle life is depicted in Fig. 5. 

It is obvious from the figure that all the doped lithium 

cobaltate compounds show fairly good capacity and cyclic 

stability as that of undoped LiCoO2. However among the 
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Fig. 5. Capacity fade as a function of cycle life. 

4. Conclusion 

Monophase iron substituted lithium cobalt oxides 

(LiFeyCol.yO2; y = 0.1 to 0.4) of high surface area have 

been synthesized by a solid-state method and confirmed by 

X-ray diffraction and FTIR studies. The iron substituted 

compounds with y = 0.1 and 0.2 gave capacities similar 

to the undoped LiCoO2. 
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