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Abstract

Lithium oxide evaporation from LixNi1ÿxO with x = 0.2 and 0.3 at 800�C was investigated by XRD measurements. The results

indicated that the mechanism of lithium loss depends on the nominal lithium content of the solid solution. # 1999 Elsevier Science
Ltd and Techna S.r.l. All rights reserved
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This short note follows the recent work of Sata [1] on
Li2O evaporation from LixNi1ÿxO solid solution. Sata
investigated lithium oxide vaporization from LixNi1ÿxO
with x=0.1±0.4 at temperatures in the range 400±
700�C. He found that log±log plots of evaporated Li2O
vs time consist of two or three straight lines with di�er-
ent slopes. The vaporization stopped at third stage,
leaving some Li2O behind. The x-values in the samples
decreased linearly from the surface to the interior along
the specimen thickness. Sata hypothesised that the for-
mation of Li2O2 from Li2O decomposed from the solid
solution and its di�usion in the specimen may be related
to the rate-determining step in the vaporization. At
higher temperatures (T>1000�C), instead, the evapora-
tion of lithium oxide from LixNi1ÿxO is governed by the
parabolic law [2]. The di�usion of lithium ions to the
surface of the solid solution is the rate-determining step
in the evaporation.

In this communication we have evaluated the way of
lithium loss at 800�C by reviewing the data reported in
Ref. [3] related to thermal treatment for times up to 341
h of LixNi1ÿxO solid solutions with nominal x=0.2 and
0.3, obtained from solid-state reaction of Ni and
Li2CO3 powders. From the values of lithium atomic
fraction x in LixNi1ÿxO, calculated from XRD mea-
surements and reported in Tables 1 (x=0.2) and 2
(x=0.3) of Ref. [3], we have calculated the evaporated
lithium atomic fraction xev from the relationship [4]:

xev � �x0 ÿ xt�=�1ÿ xt� �1�

where x0 and xt are lithium atomic fraction in the solid
solution at the beginning and after t h of the vaporiza-
tion process. Figs. 1 and 2 show log±log plots of xev vs
time for nominal x=0.2 and 0.3, respectively. The spe-
cimen with x=0.2, as can be seen in Fig. 1, shows a
trend of Li2O vaporization like that obtained by Sata.
Above 178 h the vaporization stopped: the values of x in
LixNi1ÿxO after 178 and 289 h, indeed, were 0.176 and
0.173, respectively. The log±log plot of the sample with
x=0.3, instead, is almost linear with slope 0.5, as shown
in Fig. 2: this means that the Li2O evaporation is di�u-
sion controlled and is governed by the parabolic law.

Regarding the distribution of lithium ions in
LixNi1ÿxO, information can be obtained by the Rietveld
re®nement procedure, based on the ®t between calcu-
lated and observed XRD patterns. The goodness of ®t
(GoF), obtained by the re®nement performed with the
single-phase model, is correlated to the homogeneity of
the solid solution: the greater the di�erence from unity
is the GoF parameter, the more non-homogeneous is
the solid solution. If we plot the di�erence of GoF
values of LixNi1ÿxO with x=0.2 and 0.3 as a function
of log time, as reported in Fig. 3, we can note the dif-
ferent behaviour of these compositions. For short times
of thermal treatment, the solid solution with x=0.2 is
more homogeneous than that with x=0.3 (�GoF>0),
while for longer times the solid solution with x=0.2 is
less homogeneous than the other (�GoF<0). The large
peak and the inversion of �GoF, shown in Fig. 3, are
related to the di�erent mechanism of lithium loss. The
initial homogenization of sample with x=0.2 was
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attained by grain boundary di�usion of lithium ions, as,
for short times of thermal treatment up to 27 h, Lix-
Ni1ÿxO particles were small, as shown in Fig. 2 of Ref.
[3]. The dependence of lithium gradient along Lix-
Ni1ÿxO particles with nominal x=0.3 on the logarithm
of thermal treatment time is reported in Fig. 4. Lithium
gradient is expressed as the di�erence of the maximum
(xmax) and the minimum (xmin) lithium atomic fractions
present in the solid solution, obtained by the Rietveld
re®nement performed with the multi-phase model. After
4.5 h of thermal treatment lithium ion concentration in
the solid solution decreased going from outer to inner
part of the grain, being not the complete homogeniza-
tion process of the solid solution [5]. From 4.5 to 9 h of
annealing, lithium gradient decreased both by lithium
oxide evaporation from the grain surface and by lithium
ion migration towards the bulk. After 9 h of thermal
treatment, the solid solution was nearly homogeneous
(xmaxÿxmin<0.01). Above 9 h of thermal treatment,
instead, the amount of lithium increased from external
to internal part of Li-doped NiO particles. From 9 to

27 h of isothermal treatment, lithium gradient increased
by lithium oxide loss from the surface of the particles.
Then, from 27 h to the end of the thermal treatment,
lithium gradient decreased by di�usion of lithium ions
from the bulk to the surface of the grains. This result is
the opposite to that obtained by Sata (lithium amount
decreasing from the surface to the interior along the
specimen thickness).

The di�erent behaviour of specimens with x=0.2 and
0.3 could be explained by the absence/presence of
defects. At 800�C the lattice di�usion of lithium and
oxygen ions from the bulk to the surface is very low, so
lithium loss should occur by mechanism proposed by
Sata, as revealed for the sample with x=0.2. But
lithium ion di�usion in Li-doped NiO can be enhanced
by the presence of vacancies. It is known that the Lix-
Ni1ÿxO lattice constant linearly decreases with lithium
content of the solid solution [6]. The lattice contraction
can be attributed to the transformation of a Ni2+ (lar-
ger) ion into a Ni3+ (smaller) ion for each Li+ ion that
enters the lattice. Literature data [7] reported that the

Fig. 1. Log±log plot of evaporated lithium atomic fraction vs thermal

treatment time for the solid solution with nominal x=0.2.

Fig. 2. Log±log plot of evaporated lithium atomic fraction vs thermal

treatment time for the solid solution with nominal x=0.3.

Fig. 3. �GoF of samples with x=0.2 and 0.3 as a function of log

time.

Fig. 4. Dependence of lithium gradient, expressed as xmaxÿxmin, on

the logarithm of time for the solid solution with nominal x=0.3.
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dependence of lattice constant on x deviates from line-
arity for x>0.2: the value of the lattice constant is
higher than that expected from the extrapolation of
linearity. This can be explained considering that sub-
stitutional lithium doping of NiO, besides oxidizing
Ni2+ as:

x=2Li2O� �1ÿ x�NiO� x=4O2! LixNi2�1ÿ2xNi3�x O

�2�

can occur, analogously to lithium doping of MgO [8],
by the formation of oxygen vacancies as:

Li2O! 2Li0Ni � V00O �OO �3�

where Li0Ni is substitutional Li in Ni site and V00O is the
oxygen vacancy. In the same way of Li-doped MgO, it is
possible the occurrence of defect associates as (V00OLi0Ni)
and (Li0NiV

00
OLi0Ni) which can support lattice di�usion of

lithium ions to the surface.
Summarizing, the result of this work indicates that

the mechanism of lithium loss depends not only on
temperature, but also, especially for temperatures lower

than 1000�C, on the nominal lithium content of the
solid solution.

References

[1] T. Sata, High-temperature vaporization of Li2O component from

solid solution LixNi1ÿxO in air, Ceramics International 24 (1988)

53±59.

[2] Y. Iida, Evaporation of lithium oxide from solid solution of

lithiumoxide in nickel oxide, J. Am. Ceram. Soc. 43 (1960) 171±172.

[3] V. Berbenni, V. Massarotti, D. Capsoni, R. Riccardi, A. Marini,

E. Antolini, Structural and microstructural study of the forma-

tion of the solid solution LixNi1ÿxO, Solid State Ionics 48 (1991)

101±111.

[4] E. Antolini, Sintering of LixNi1ÿxO solid solution at 1200�C, J.
Mater. Sci. 27 (1992) 3335±3340.

[5] E. Antolini, The way of LixNi1ÿxO solid solution formation from

an Ni±Li2CO3 powder mixture, J. Mater. Sci. Lett. 12 (1993)

1947±1950.

[6] J.B. Goodenough, D.G. Wickham, W.J. Croft, Some magnetic

and crystallographic properties of the system LixNi1ÿxO, J. Phys.

Chem. Solids 5 (1958) 107±116.

[7] A. Marini, V. Berbenni, V. Massarotti, G. Flor, R. Riccardi, M.

Leonini, Solid-state reaction study on the system Ni±Li2CO3,

Solid State Ionics 32±33 (1989) 398±408.

[8] Y. Oishi, K. Ando, K. Yasumura, Oxygen self-di�usion in

lithium-doped single-crystal magnesium oxide, J. Am. Ceram.

Soc. 70 (1987) C327±C329.

E. Antolini / Ceramics International 25 (1998) 677±679 679


