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Echect of iodine and lithium dichusion on undoped and doped (with tran-
sition metal ions: Ti, V, Ni, Fe, Cu, Co and Mn) samples of polycrystalline
(ΖrO 2 )0.8(Y2 O3 ) 0.2 ceramic has been investigated using X-ray dichraction,
scanning electron microscopy and electron paramagnetic resonance.
PACS numbers: 61.16.-d, 64.80.Gd, 66.30.-h, 76.30.Fc, 81.20.Lb

1. Introduction

The ever increasing application of the zirconia (ΖrO 2 ) ceramic, in high tech-
nology particularly in wear parts and as solid electrolytes, has attracted a great
deal of attention [1-7]. There are three known polymorphs of ΖrO2 namely, mono-
clinic (M), tetragonal (T) and cubic (C) [5]. The effect of Nb 2 O 5 alloying on
thermal expansion anisotropy of 2  mol% yttria stabilized tetragonal zirconia has
been studied by Kim et al. [8]. Diffusionless tetragonal to cubic transformation in
zirconia—ceria solid solutions has been reported by Yashima et al. [9]. Lithium (Li)
diffusion is expected to take place easily in the solid electrolytes and the diffusion
can remarkably change the electrical conductivity of the solids [10]. It is also of
interest to study the microstucture which develops during the sintering/diffusion.
EPR is a sensitive technique to provide information about the valence state and
the local environment of the probe ion. The structural information obtained from
X-ray diffraction (XRD) and scanning electron microscopy (SEM) can be corre-
lated with the results of electron paramagnetic resonance (EPR) studies to gather
more understanding regarding the microstructural and other properties of the ce-
ramics. Keeping this in view we have doped the zirconia—yttria ceramic with differ-
ent 3d transition metal ions. In a previous communication [11] we have reported
the results of EPR and stuctural studies of pure and doped (with Fe, Ni, Co,
and V) (ΖrO2)0.8(Y2O3)0.2 ceramics. In the present investigations similar studies
have been extended to the Ti, Cu and Mn doped samples of (ΖrO2)0.8(Y2O3)0.2.
The effect of exposure to iodine (I2 ) and Li vapours on pure and doped with tran-
sition metal ions Ti, V, Cu, Mn, Fe, Ni or Co (ΖrO2)0.8(Y2O3)0.2 ceramic samples
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are studied with the help of EPR in addition to the structural studies. Iodine is
used as a complementary dopant t ii. The results obtained from these studies
are presented and discussed here.

2. Experimental

The details of synthesis of the samples have been reported elsewhere [11]. The
transition metal impurities were taken from Cu(ΝO 3 ) • 3Η2O for Cu, MnCl2 .  4H2O
for Mn and TiO2 for Ti for the purpose of doping. The samples are coded according
to the doped impurities for example SZYMn represents the (ΖrO2)0.8(Y2O3)0.2
sample doped with manganese impurity. Exposure to Li vapours was carried out
at 1650 Κ for half an hour duration. The samples were exposed to iodine vapours
for various durations (1 h to 12 days) and at various temperatures between 300 Κ
and 773 Κ to see the effects of exposure.

The XRD patterns were recorded using a Rich Seifert Isodebyeflex 2002
diffractometer with Cu Κ radiation. The SEM micrographs were taken on a
JEOL SEM at a fixed magnifncation of 5000 at 15 kV. EPR measurements were
done with the help of an X-band EPR spectrometer (Varian E-109) using 100 kHz
phase sensitive detection.

3. Results and discussion

XRD study of the samples revealed the presence of all the three known phases
M, Τ and C of the ceramic. The concentrations of the phases in the samples were
estimated as reported earlier [11, 12] and the values are given in Table I. From this
table we can infer that in all the samples the M phase is the dominant phase. The
XRD studies of exposed (either to Li or to I 2 ) samples do not show discernible
changes in the XRD patterns. Consequently, we could not estimate any changes
in the phase composition of the samples after exposures.
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The SEM micrographs of the samples show different kinds of microstucture.
The average grain size varies from sample to sample. The grain size estimates
obtained from the SEM micrographs indicate broadly two ranges of particle-size:
larger grains (> 5 μm) and smaller grains (< 1 μm). Generally, sintering tempera-
ture and duration, preparation methods, etc., are the parameters which critically
affect the microstructure of the final product. Since we have followed a fixed heat
treatment for sintering to all the samples, the variation in average grain size in
this case may be attributed largely to the effect of dopants. After exposing the
samples to Li vapours, the SEM micrographs show only marginal changes in the
microstucture except for the samples SZYCu and SZYMn which show striking
changes in the microstuctural features (Fig. 1).

The EPR spectra of the powdered (finely cushed) undoped samples (SZYP),
vanadium doped (SZYV), nickel doped (SZYNi), iron doped (SZYFe), and cobalt
doped (SZYCo) were reported earlier [11]. The interesting aspect of the EPR
signals of SZYP is that their widths and positions remain essentially temperature
independent between room temperature (RT) and liquid nitrogen temperature
(LNT) and no discernible changes occur in the EPR spectrum even after prolonged
exposures to 12 or Li vapours. It is interesting to mention here that iodine exposures
for durations up to 12 days and at temperatures up to 773 K are found to be
ineffective to produce any discernible changes in the EPR of doped samples too.

The EPR spectum of titanium doped sample SZYTi comprises a large num-
ber of narrow lines in addition to the two signals observed in SZYP [11]. Diva-
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lent titanium complexes are very unstable, however, trivalent titanium with elec-
tronic configuration [Αr]3d 1 forms stable octahedral paramagnetic complexes and
EPR can be observed at RT/LNT with g-factor smaller than free electronic value
ge(= 2.0023). Hyperfine splittings may occur due to 47Ti and 49 Ti isotopes [13].
The observed EPR spectrum in the present case is not appropriate to any of the
above two paramagnetic states of titanium. The large number of narrow lines on
the broad signal (the socalled grass structure) is too complex to be analyzed mean-
ingfully. Also no discernible changes occur in the EPR spectum after exposure to
either Li or I2 vapours.

EPR spectrum of vanadium doped sample SZYV has been discussed ear-
lier [11]. After exposure to Li vapours, the intensity of EPR signal decreases signif-
icantly retaining the other features. This indicates the conversion of the vanadium
impurity from paramagnetic to diamagnetic form on exposure.

The EPR spectra of SZYMn are shown in Fig. 2. In addition to the two
characteristic signals of the undoped sample other signals are also observed which
are characteristic signals of Mn 2+ ion in a crystalline field of cubic symmetry [13].
Usually a thirty line spectum is expected for Mn 2+ in a crystal [12-15], however,
in cubic environment a six line spectrum may result due to overlapping of flne
stucture transitions. The isotropic EPR parameters (g 0 and A0|) obtained from
the analysis of the spectum are collated in Table II. It is interesting to com-
pare these results with those reported by Stempi et al. [16] for manganese doped
single crystals of (ZrO 2 ) 0.8 (Y2 O3 )0.2 . They have observed a six line spectrum at
g 2 with hyperfine parameter A| 8.3 mT (1 mT = 10 -3 tesla = 10 gauss)
as compared to CA| = 9.4 mT in the present case and attributed it to Mn 2+ ion
substituting either Zr 4+ or Y3+ ions at lattice sites such that a trigonal distortion
occurs due to charge compensation requirements. The magnitude of hyperfine in-
teraction parameter |A| may provide a measure of covalency of metal ion. I ', is
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believed that |A| decreases with covalency and a relation in |Α | and covalency has
been established for Mn 2 + in simple crystal systems by Śimánek and Muller [17].
Kiggins and Manoogian [18] computed the average value of ‚ Α | for a number of
complicated crystal systems, where Mn 2 + is coordinated octahedrally to oxygen
and found that for normal octahedral bonding the representative covalency pa-
rameter is about 7%. Signiflcant deviations from this value would suggest a more
complicated bonding of the metal ion with the surrounding atoms. The covalency
parameter obtained with the help of reference [17] in our case is 7.5% and suggests
a normal bonding of Mn2+ ion in octahedral oxygen environment.

Drastic changes in the .EPR spectum of sample SZYMn occur after exposing
it to the Li vapours (Fig. 2). The most striking feature is the anomalous broadening
of EPR signal and subsequent conversion of six line spectrum into a broad line
signal after exposure. The changes in the EPR spectra imply segregation and a
chemical change involving the manganese ions on exposure which are responsible
for the broadening of the EPR signals. The values of peak to peak linewidth (ΔΗ)
and g are given in Tables II and III along with the other EPR data.

The iron doped sample SZYFe shows a marginal broadening of the EPR
signals after exposure retaining the other features. The broadening of EPR signal
indicates a decrease in the relaxation time or a change in exchange interaction of
the paramagnetic species. On the contrary, after exposure the nickel doped sample
SZYNi shows a marginal reduction in linewidth of EPR signal as compared to the
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unexposed sample. The narrowing of the signal implies an increase in relaxation
time of Nit+ ions due to Li diffusion in the sample. The parameters derived from
the spectra are mentioned in Tables II and III. In contrast the cobalt doped sample
does not show any EPR signals other than those of an undoped sample even after
exposure and up to LNT.

The EPR spectrum of sample SZYCu is explained by the Cue+ (3d9 ) with
S = 1/2 and I = 3/2. In the powdered sample ono observes characteristic peaks
corresponding to parallel ( || , i.e. θ = 0°) and perpendicular (1, i.e. θ = 90°)
orientations similar to the case of VO 2 ions in axial symmetry [13, 19]. Here θ is
the angle between the applied magnetic field and the tetragonal axis. The values of

gp, gα,Α|and Α obtained from the analysis of the EPR spectra using expressions
given in Ref. [20] are given in Table III. The most intriguing result observed in
the Li exposed sample of SZYCu is that the signal becomes extremely broad and
also asymmetric making the measurements of g and ΔH quite impossible. This
observation is similar to the case of SZYMn. In this case also a chemical and
exchange interaction change involving Cue+ ions and segregation of the copper
impurity complex is envisaged. It may be mentioned here that SEM has shown
signiflcant microstructural changes in samples SZYMn and SZYCu after exposure
in conformity with the EPR results.

4. Conclusion

The EPR spectra of undoped sample SZYP do not display any discernible
change on exposure to Li or I2. Only marginal changes are observed in the case of
SZYTi, SZYNi, SZYFe and SZYV samples. The effect of exposure to lithium has
been remarkably demonstrated in the case of samples SZYCu and SZYMn and
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both EPR and SEM observations are in good accord to suggest microstructural
changes. However, XRD is insensitive to these changes. Iodine exposure seems to
be ineffective to cause any discernible changes in the EPR as well as stuctural
studies. Therefore, LiI may be used for the purpose of Li diffusion in the zirconia
based solid electrolytes.
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