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ABSTRACT 

The Influence of lithium oxldc-dopmg on the thermal stablllty of Co,O, was ktudlcd using DTA. TG. 

DTG and X-ray dlffractlon tcchmqucs Pure and doped cobaltlc ovlde spcclmcns wc’rc’ prepnrcd b: 

thermal decomposltlon of pure basic cobalt carbonate and the basic c. rbonatc ml\cd \\lth dlffcrcnt 

proportxons of LlOH. m ar. at different temperatures bekeen 500 and I lOO”C 

Pure Co,O, was found to start partial dccomposlbon when hcatcd m ar at 83O’C llcldlng the Co0 

phase The complete decomposltlon was effected by heatmg at looO”C 

Dopmg of Co,O, with different proportIons of LlzO \I;LS found to much mcreaw tts thermal \tablllty 

The temperatures at which the doped oxide samples started to undergo dcrompnvrwn tbcrc mcrcawd IO 
865. 910 and 1050°C for 0 375. 0 75 and 3% Ll,O-doped solId>, rcspcctncly The DTA rc\c.kd that the 

1 59 LI*O-doped cobaltlc oxide did not undergo an> thermal dccomposltmn till 108O’C The X-m 

mvestlgatlon showed that the prolonged heatmg of 1 5 and 38 LI?O-doped ~ohd~ at I IOO’C for 36 h 

effected only a partial dccomposltlon of Co,O, mto Co0 Hcatmg of thebc solId at tcmpcraturc’r xaqmg 

between 900 and 1 100aC led also to the formatIon of a neu hthlum olrldc cobalrlc oxldc pharc. the 

composltlon of which has not yet been tdcntlfled 
The role of LI,O m increasing the thermal stab&ty of Co30_, uas attnbutud to the \ubbtltutlon of 

some of Its cobalt Ions by LI + Ions, accordmg to Vcnvey and De Boer’\ mcchamsm leadlng to the 

transformatron of some of the Cozc into Cd’ Ions thus mcreasmg the o\ldntlon state of the cobaltlc 

ovldc lattice 

1 INTRODUCTION 

Cobaltic oxide belongs to a p-type semiconductor group [1,2]. It 1s known to be a 
double-oxide solid 2 COO. COO,, containing cobalt Ions m the 4 -i and 2 + valence 
states [3] and has a spine1 structure [4]. Introduction of foreign ions, having a 
different valency from those of cobalt ions, into the Co,O, lattice may affect Its 
semiconducting, surface and catalytic properties and also its thermal stability [5-S]. 
The modifications in these properties depend upon the nature of the foreign ions 

and the calcination conditions of the solid. 
In a previous investigation [9], we have studied the effect of the dissolution of 

monovalent Li + ions, at 500 and 700°C, in Co,O, on its catalytic properties in 
carbon monoxide oxidation at various temperatures between 95 and 250°C. In the 
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present work we investigated the role of dissoIution of Li,O in the Co,O, lattice on 
its thermal stability by heating in air over a temperature range of 500-I 100°C using 
DTA. TG, DTG and X-ray investigation techniques. 

2 E..PERI,MENT4L 

2. I Materrals 

Pure cobaltic oxide specimens were obtained by thermal dissociation of basic 
cobalt carbonate m air at various temperatures between 500 and 1000°C. The basic 
cobalt carbonate was prepared by precipitatton from hydrated cobalt nitrate using 
potassium bicarbonate at room temperature in a carbon dioxide atmosphere. Details 
of tie method of preparation have been given elsewhere [IO]. 

Different Li,O-doped specimens were prepared by heating the basic cobaft 
carbonate treated with dtfferent proportions of LiOH in au at 500- 1100°C for 4 h. 
A concentrated solution of lithium hydroxide was added to a given weight of basic 
cobaIt carbonate maktng a paste/ After drying at a reduced pressure at room 
tempera!ure. the paste was dried at IOO°C to constant weight. Four Li,O-doped 
Co,O, solids were prepared. These sohds contamed 0.375, 0.75, 1.5 and 3 mole% 
Li ?O. 

2 I Technrques 

Differential thermal analysis (DTA) thermogravimetry (TG) and differential 
thermogravimetry (DTG) of basic cobalt carbonate were carried out using a Du 
Pont 900 thermal analyzer with a differential scanning calorimeter cell. The rate of 
heatmg was 10°C min-’ and the sensitivity was 1 mv in- ‘. 

An X-ray investigation of the thermal products of pure and Li-treated basic 
cobalt carbonate was carried out using a Philips diffractometer type PW 1050. The 
patterns were run with iron-filtered cobalt radiatton, X = 1.7889 A, at 30 kV and 10 
mA with a scanning speed of 2” in 28 per minute. 

The specific surface areas of various oxides were determined from nitrogen 
adsorption isotherms at 77 K using a conventional volumetric apparatus. 

3 RESULTS 

3.1. Thermal behaorour of pure barn cobalt carbonate 

Figure la represents the DTA of pure basic cobalt carbonate. Four endothermic 
peaks are observed, the first is broad extending between 50 and 220°C whilst the 
other three peaks are sharp and strong, especially the last one. The second and third 
peaks are successive and represent two overlapped endothermic reactions. These 
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peaks are followed by a state of thermal stability extending between 401 and 82OOC. 
The maxima of these peaks are located at 275, 320 and 83OOC. The first two peaks, 
in Fig. ‘la, correspond to the departure of physisorbed water and water of crystallisa- 
tion thus converting the basic cobalt carbonate into CoCO, Ill]. The third peak 
indicates the decomposition of cobalt carbonate to cobaltic oxide. The Co,O, 
produced suffers no thermal decomposition till a temperature of 82O”C, above which 
it undergoes decomposition into COO. These results will be confirmed by TG, DTG 
and X-ray diffraction in the next parts of the present investigation. 

The pure basic cobalt carbonate loses about 7 wt.% by heating over a temperature 
range of 50-220°C, as has been shown from the plots of TG and DTG in Figs. lb 
and lc. The departure of water of constitution and carbon droxide from the basic 
cobalt carbonate which occurred successively over a temperature range of 275-350°C 
represents a weight-loss of 30% (c.f. Figs. lb and lc). Thrs value corresponds to the 
following reaction 

5 CoCO, - Co(OH), + O,(g) 275-:ooc 2 Co,O, + 5 CO,(g) + H,O(g) 

The cobaltic oxide formed which remains stable till 82O*C loses 6% of its weight by 
heating over a temperature range of 830-890°C indicating Its decomposition Into 
Co0 according to the following reaction 

co304 830-J!?ooc 3 cc0 + f o,(g) 

I-. \ 
100 200 300 400 500 600 x)0 800 900 

Temp “C 

Fig I. (a) DTA curve. (b) TG plot, and (c) DTG plot, of pure bmc cobalt carbonate 
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3.2. Dlfferenrral rhermal analps of litirium hydroxide-treated basic cobalt carbonate 

The DTA curves of various LiOH-treated basic cobalt carbonate are given in 
Fig. 2. This figure also includes the DTA curve of pure basic cobalt carbonate for the 
sake of comparison. It can be seen that the endothermic peaks corresponding to the 
departure of physisorbed water. water of crystalhsation and CO, of the basic cobalt 
carbonate are almost the same for pure and doped solids. indicating the absence of 
any influence of the dopant ions on the thermal decomposition of basic cobalt 
carbonate. 

The essential differences between the DTA curves of pure and doped solids are 
the position and the area of the endothermic peak indicating the decomposition of 
Co,O,. It IS observed that Li,O-doping shifted the decomposition temperature of 
cob&ic oxide towards a higher range. These temperatures are 860, 910 and 105OOC 
for 0.375, 0.75 and 3% Li,O-doped Co,O, specimens, respectively. In the case of the 
3% Li,O-doped solid an additional endothermic peak at 670-700°C was observed. 
This peak indicates the dehydration of LrOH yielding Li,O [ 12,131. It is also 
observed from Fig.2 that doping of CoJO, with 1.5% Li,O prevented Its thermal 
decomposition in air till 108OOC as mdicated by the absence of any endothermic 
peal, m the DTA curve of this solid over a temperature range of 400-1080°C. 
Figure 2 also shows that the area of the endothermic peak corresponding to the 
decomposition of cobaltic oxide decreases by increasing the amount of Li,O 
dissolved in the Co,O, lattice. This indicates that Li,O-doping not only retarded the 
decomposition of cobaltic oxide but also decreased the amount of the solid that 
undergoes the thermal decomposition. 

I 

100 200 300 400 500 600 700 800 900 1000 

Temp ‘C 

FIN 2 DTA curves of pure and different speatncns of LiOH-treated. baste cobalt carbonate 

_ _ __-__ -__ -- - _----__-_l_ _ 



It can be concluded that doping of cobaltic oxtde %lth lithium oxide much 
increases its thermal stability i.e. stabilizes the Co,O, lattice and the extent of 
stabilization is directly proportional to the amount of Li,O added to the cobaltic 
oxide. 

3.3. X-Ray rnvestgatron of thermal products of pure basic cobalt carbonate 

The X-ray diffraction patterns of thermal products of pure basic cobalt carbonate 
m air at different temperatures varying between 500 and 1000°C revealed that the 
solids produced at 500-700°C (Fig. 3) were composed entirely of the very crystalline 
Co,O, phase. These results agree well with those of DTA, TG and DTG previously 
presented. The X-ray diffraction patterns of pure solids obtained at 900 and 1000°C 
are schematically represented in Fig. 3. It is observed that cobaltic oxide decomposes 
entirely at 1000°C yielding cobaltous oxide, whilst at 900°C the decompositton 
process is not complete as indrcated by the presence of the characteristic lines of 
both the Co,O, and Co0 phase. It was observed from the TG plot (Fig. lb) that the 
pure oxide loses 6% of its weight by heating at 830-890°C while the percentage 
weight-loss corresponding to the complete decompositton must attain 6.5% thus 
mdicatrng an incomplete decomposition of Co,O,. It is to be concluded that 
prolonged heating of cobaltic oxide at 900°C is necessary to effect its total 
conversion into COO. 
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Fig 3. X-Ray drffraction patterns of the solids produced from thermal decomposrtion of pure basic cobalt 
carbonate in air at 500.700,900 aud 10OO’T. 1, the Co30, phase; 2, the Co0 phase. 
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3.4 X-Ray mvestigaiion of thermal producrs of Zirhium hydmxide-treated basic cobalt 

carbonate 

The X-ray diffraction patterns (not presented here) for alI doped solids prepared 
at 500-700°C are similar to those found for pure solids. In contrast, in the case of 
1.5 and 3% Li,O-doped solids heated in air at 900 and 1000°C the characteristic 
lines of Co0 phase were not detected in their diffraction patterns (cf. Fig.4)). The 
cobaltous oxide phase together with the CqO, phase were present in the 0.375% and 
0.75% Li20-doped solids heated in air at 1000°C (cf. Fig. 5) indicating that the 
addition of these small amounts of lithium oxrde to cobaltic oxide retarded its 
decomposition from 900 to 1000°C and even at 1000°C the decomposition was not 
complete. These results are in good agreement with those of DTA given before. And 
for effecting the decomposition of 1.5 and 3% Li,O-doped CqO, a thermal 
treatment at higher temperatures is needed. In fact, the X-ray diffraction of these 
solids heated at 1 100°C (4 h) revealed the presence of Co0 together with the Co,O, 
phase (c.f. Fig. 4). The prolonged heating of these oxide specimens at 1 100°C (36 h) 
could not effect the complete decomposition of cobaltic into cobaltous oxide, as 
indicated by the appearance of the characteristic lines of both Co,O, and Co0 
phases in their diffraction patterns. 

The progressive increase m the decomposition temperature of Co,O, with increase 
in the concentration of dopant ions indicates that lithium oxide dissolved in cobaltic 
oxide increases its thermal stability to an extent proportronal to the amount of 
foreign ions dissolved m Its lattice. 

Flgu -L’ ’ also showed the appearance of 7ew lines In the diffraction patterns of 1.5 
and 3% -120-doped solids heated in air at 900, 1000 and 1100°C. The d spacings 
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Fxg 4 X-Ray dlffraction patterns of 1 5% Ll,O-doped cob&c oxide heated 1x1 ax at 900, 1000 and 

1100°C I, the Co,O, phase, 2. the Co0 phase. 3. a new compound 
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Fig 5 X-Ray dlffractlon patterns of 0.75% Ll,O-doped cobaltlc oxldc heated in au at 900 and 1000°C. 

and 28 of these lines were calculated and their data are 

d: 2.299 1.836 1.347 
20: 45.8 58.3 83.2 
These data, which did not belong to either Li,O cr cobalt oxides [14], may 
characterize the formatton of a new compound resulting from the interaction 
between lithium oxide and cobalt oxide in the solid state. 

It can be concluded that, at temperatures equal to or higher than 900°C a portion 
of Li 2O was dissolved in the Co,O, lattice (I.5 and 3% Li,O-doped) increasing Its 
thermal stability and the other portion underwent a solid-solid interaction with a 
fraction of Co,O, yielding a new compound. This new compound rematned stable at 
llOO°C. It was not possible, however, to determine the extent of Liz0 dissolved in 
the Co,O, lattice or that mvolved in the formation of the new compound. 

3.5. Specific surface areas of pure and doped oxides 

The specific surface areas of pure and doped oxide specimens prepared at 700°C 
were determined from nitrogen adsorption isotherms at 77 K using the BET equa- 
tion. The results obtained are 30, 19, 18 and 7m2 g-i for pure, 0.375, 1.5 and 3% 
Li,O-doped cobaltic oxide samples, respectively. Preliminary experiments showed 
that the specific surface areas of all doped oxides prepared at 900°C were too small 
to be measured accurately with the volumetric apparatus used. It is observed that 
dissolution of lithium oxide in the CoS04 lattice led to an important decrease in its 
surface area, the decrease is, however, more pronounced in the case of the 3% 
Li,O-doped specimen. Furthermore, the diminution in surface area of the doped 
oxides increases with an increase in the preparation temperature due to the increase 
in the amount 0: dopant Ions effectively dissolved in the oxide lattice. 



4 DEX3JSSION 

The evaluation of the thermal stability of cobaltic o.xide and its surface area by 
doping with lrthmm oxide revealed an effective incorporation of monovalent Li + 
ions in the Co,O, lattice. The dissolution of Li,O in CosO, occurred at temperatures 
equal to or higher than 700°C at which LiOH decomposed completely into Li,O 
[ 12.131. Cobaltic oxide is known as the double oxide solid, 2 Co0 - COO,. The 
stoichiometric Co,O, contains cobalt Ions tn the 4 + and 2 + valence states. It 
behaves. sirmlar to NiO. as a p-type semiconductor [ 1,2] due to the presence of a 
slk.kt excess of oxygen with respect to the stoichiometric composition. This oxygen is 
accommodated in the oxide lattice as catronic vacancies with the appearance of some 
trivalent cobalt ions. each oxygen ion in-excess IS accompanied by the transforma- 
tion of two Co” mto two trivalent cobalt ions 1151. The Co3’ ions are the charge 
tamers m a P-type CosO, semiconductor [ 1.21. 

Tne dissolution of Li,O in CosO, may follow different mechanisms depending 
mainly on the history and calcmation conditions of the sohd. These mechanisms are 

a) Location of dopant ions in catiomc vacancies pre-existing in the pure CosO, 
solid [ 161. 

b) Introduction of foreign ions in Interstitial posrtions [17]. 

c) Substitution of some of the cobalt tons of the Co30, lattice by monovalent LI + 
ions [5]. 

Introduction of lithium Ions into cationic vacancies is restricted by the concentra- 
tion of cationic vacancies m the pure Co,O, solid, so it is limited by the extent that 
cobaftrc oxide devrates from the stolchiometric composition. Incorporatron of Li+ 
ions in the Co,O, lattice either in cationic vacancies or in interstitial positions might 
be accompanied by the transformation of pre-existing Cd+ ions into Co*+ Ions, 
thus decreasing effectively the semiconducting character of the doped solid. The 
transltion of Cd+ mto Co” might also be accompanied by an expansion of the 
CO,O~ lattice and subsequent increase of its specific surface area. The lattice 
expansron resulted from the geometrical difference in the ionic radii of Cd’ and 
co? l- which are 0.64 A and 0.78 A, respectively [S]. It has been shown, in the present 
investigation, that Li,O-doping of Co,O, at 700°C led to an important decrease in 
its surface area. On the basis of speclfrc surface area determination, dissolutton of 
litlmrm oxide in the cobaltic oxide lattice could not proceed either through location 
of dopant ions in the catiomc vacancies or in the interstitial positions. The most 
probable mechanism of dissolution of Li,O m C%O, may thus be via substitution of 
some of the cobalt ions Jf the cobaltic oxide lattice by monovalent ions. This process 
of substttutlon has been previously proposed by Verwey and De Boer and it can be 
simplified by the use of Kroger’s notions [ 183 in the following manner 

Li,O + 4 O,(g) -3 2 Li(Co’+) + 2 Cd’ (1) 

Li,O + 3 O,(g) + 2 Li(Co4?) + 6 Cd’ (2) 

Li(G-?+) and Li(Co4+) are monovalent ions located in the positions of the host 
cations Co2+ and Co4+ present in the 90, lattice. Equations (1) and (2) show that 
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the doping process is accompanied by the transformation of some cobalt ions from 
the divalent into the trivalent state thus increasing the concentration of charge 
carriers and enhancing the semiconductor character and decreasing effectively the 
specific surface area of doped oxide resulting from contraction of its lattice. 

The observed decrease in the surface area of doped Co,O, could be attributed to 
the dissolution of Liz0 in cobaltic oxide according to the mechanism expressed in 
Eqns. (1) and (2). These equations indicate that the doping process is also accompa- 
nied by the fixation of atmospheric oxygen in the doped Co,O, lattice. The thermal 
stabilization effect induced by the dissolution of Li,O in Co>O, could be attributed 
to the increase in the oxidation state of the doped oxide (creation of Cd+ ions) and 
to the built-in oxygen which act as a barrier resisting the reductton of Co,O, mto 
COO. The greater the amount of Li,O dissolved in the cobaltic oxide lattice the 
greater the concentration of trivalent cobalt ions created, the higher the oxidation 
state of the solid, the greater will be its thermal stability. However, the induced 
thermal stability was found to attain a certain value which was reached by adding 
1.5 mole% Li,O to CO~O,. The decomposition temperature of 3% doped oxide was 
lower than that for 1.5% doped solid. It seems that by increasing the amount of Liz0 
above 1.5% an important portton of the dopant oxide preferentially underwent a 
solid-sohd interaction with a portion of cobaltic oxide yielding a new compound 
(c.f. the results of X-ray investigation). Furthermore, evaporation of some of the 
Li,O dissolved in Co,O, at high temperatures above 1000°C may also account for 
the limited thermal stability of doped solids, 

Dissolution of foreign ions in the Co,O, solid having valencies higher than those 
of the lattice cobalt ions such as V5+ and Mo6’ may induce an opposite effect from 
that observed by the dissolution of Li + ions, The effect of doping cobaltic oxide 
with Mo6+ and V5+ ions on its thermal stability will be the subJect of a forthcoming 
investigation. 
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