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ABSTRACT 

The naner presenta the result8 of thermogravimetrio studies of 
Na Co$-bronze as a function of oxygen pressure at temperatures 
r&lng from 400 to 700 OC, 

The proposed method of analysis of defect type, based on the 
calaulation of derivative of the function ln(def) = f(ln& 1 ha8 
shown the existenoe of cobalt ions in sodium sites. -"2-' 

INTRODUCTION 

The NaxMO2-type aompounds (where M - transition metal), belong 
to the group of materials applied as electrodes in electrochemical 
cells working on the basis of interaalation of alkaline ions. 
Owing to the layered structure of this compound, it is possible to 
introduce the alkaline ions between the.(M02Jn layers formed by 
MO6 octahedra already at ambient temperature. These compounds exi- 
bit alao appreoiable electronic conduction being associated with 
direct overlao of 3d orbitala of transition metals in the lever 
built of oatahedra; The thermogravimetrio and electrical conzuati- 
vity measurements have shown additionally that thee+ compound8 
axhibit also come defects in transition metal-oxyge.l aublattice 
wioh eignificantly influenctes their electrochemical properties 
Cl, a. 

This paper proposes a method of analysis of thermogravimetrio 
data enabling determination of defect types. It also presents the 
results of studies on the deviation from stoiohiometry and elec- 
trical oonductivity of oobalt bronze in function of temperature 
and oxygen pressure. 

EXPERIMENTAL 

The starting material has been obtained by direct synthesie 
from Na 0 and Co 
mini 

+ 
he devia z 

04 in air at the temperature of 970 K. For deter- 
ion from stoiahiometry a spiral microbalance was 

used 35 The balance contained a quartz apiral with a sensitivity 
of 10 m&am up to loads of I,5 g. The rrtudies have been done in 
the temperature range 990-670 K and oxygen pressure range 100-10 
kPa. At oxygen pressure lower than 10 kPa the sample has been 
found to undergo decomposition. 

Electrical conductivity measurement8 have been carried out by 
means of a four-probe directtiurrent method in the annalogous tem- 
perature and oxygen pressure ranges. 

Fig. 1 presents a dependenae of deviation from atoiahiometry, 
w (in mol of oxygen/m01 of Nsg.jCoO2) on oxygen pressure. The ob- 
tained results presented in suoh a coordinate system fox different 
temperature can be described by two etraight linee. Thus the de- 
pendence of the deviation from stoiohiometry in oxygenaobalt sub- 
lattice on oxygen pressure oan be ia described by the following 
eq, 
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w = oonst *g (1) 

The values of l/n exponents are listed in Table 1. 
Fig. 2 shows the dependenoe of electrical oonduotivity on oxy- 

gen pressure at different temperatures. This dependence can be 
described by the following equation: 

6 = const p l/20 

O2 
(2) 

The aodium content in Na$oO 
8 
aan vary in a quite broad range 

0.55-l f41. Thia compound can t us be treated ae defected in sodiun 
sublattice in relation to NaCo02. Consequently it will contain ao- 
dium vaoancies in the amount of l-x mole, and to satis y the elec- 
troneutrality condition - the equivalent amount of Co +% ions (elec- 
tron holes). The thermogravimetric and electrical conductivity 
measurements oarried out in frulction of oxygen pressure indioate 
that this compound oontains also other defeats. The negative value 
of the exponent in the de e6dence of the deviation fropl atoIohio- 
metry on oxygen pressure ? Table 1) show that the predotiant ae- 
fects whioh should be Oonsidered are oxygen vacancies or inter- 
stitial cobalt ions (cobalt ions in sodium position) and electron 
holes. Formation of these defects can be written as follows: 

0; + 2h' = l/2 O2 + V;' 

CO:O 
+ 20; + 2Via + 4h' = Co1;; + O2 (4) 

The dependence of defect concentration on oxygen pressure can be 
determined on the basis of equilibrium constant for the reaction 
of defect formation and eleotroneutrality condition whioh for the 
reaction (3) oan be written as follows: 

K = (V;*)p;'2/(h*)2 ; 
2 

(V;a) = 207,') + (h') (5) 

The dependence of oxygen vacancy concentration and that of eleo- 
tron holes on oxygen pressure is: 

K(l-x-2w)2 = w p"2 
02 

K(h')2 = l/2 E -x-(h'jj~;;~ 

where (Vi*> = w, <Via) = l-x, (h') = I-x-2w 
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The obtained complex relations do not allow to determine in a 
simple way the character of the dependence of defect ooncentra-. 
tion on oxygen pressure. It is, however; po88ible to deternrlne 
the character of the dependence between d-ln(def)/d(lnpO ) and 
ionic defeat conaentratfon. Theae derivative8 have been*calaulat- 
ed by differentiat 

Yg 
the obtained implicit fun&ion8 with the 

substitution x = e- nx. 
For oxygen vaoanciee the following relationships have been 

found: 

d lnw f l-x-2w 1 
f-- -=i- 

d ~PO 
2 

2 l-x+2w nw 

d ln(h.1 w 1 
=:-a- 

d Iwo 
2 

l-x+2w ilh 
(9) 

As follow8 from the above calculations, the obtained derivatives, 
being equivalent to exponent8 in eqs. (1) and (21, are dependent 
on defect aonoentmtion (at constant x). 

Fig. 3 sheys the function described by eq. (6) for x = 0.3, 
together with analogous fun&ions for Co and defeat8 of diffe- 
rent ionieation degree CV&, Coia, Co;;, ) obtained as above 
described. 

Fig. 4 show8, in turn, the functions given by eq. (9) as well 
as the analogous functions for defeots of different ionization 
degree. From the theoretical calculations presented in Fig. 4 it 
follow8 that the d ln(h')/dlnpO 
defects, haa relatively amall 

derivative for both types of 
*positive values which is consis- 

tent with the experimentally obtained value of exponent in eq. 2. 
For ionic defects the disau8sed dependence8 are different. The 
derivative values are negative. On the basis of comparison between 
the values of derivatives and experimentally obtained value8 of 
exponent8 (Table 1) in the concentration range studied it can be 
stated that predominant ionic defects in 
for aodium vacancies, are cobalt ions Co+ f 

he cobalt brorze, except 
substituted for sodium. 

This work has been caxried out under contract No. 03.10.6.2 
coordinated by the Inst. Phys. Chem. of the Polish Academy of Sci. 
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Table 1. 

The exponents of the dependenoea of the deviatfon from atoichio- 
metry and electrical conductivity on oxygen preaaure eqa. (1) and 
(2). 

‘/nh 

99% 
923 
905 
a23 

0.9s 0.82 
0.96 0.65 

0.96 0.67 

CT% f 0.02 
I ’ ------- I I 

I 

I I 
-1.0 - 0.5 0 

bPo2 

-1.8 

g-23 
9 

-24 

I . I 

-0.8 -0.4 0 
logp02(atml 

Fig. 1. The dependence of de- 
viation from atoichiometry 
in NaC_7Co02 on the oxygen 
pressure for temperaturea: 
l -990K, o-935K, A-905K 

Fig.2.The dependence of electri- 
cal conductivity in N80.7COC2 On 
the oxygen preaaure for several 
temperaturea 

a01 OD2 cl03 
w (molo2/mol I 

Fig. 3. The dependence of the 
exponent l/nw (eqs. (16) and 

Fig. 4. The dependence of the 

(ia)) as 8 function of non- 
exponent l/nh (eqa. (17) and 
(19)) as 8 function, of nonatoi- 

atoiohiometry for defects of chiometry for delecta of dif- 
different ionization degree ferent ionization degree 


