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We report the structure, the phase transitions, and the transport properties of two different phases of 
LiZr@OJ3 materials prepared by the sol/gel technique. The phases have been characterized by X-ray 
powder diffractometry, thermal analysis, ac conductivity, and NMR (3’P and ‘Li). A high-temperature 
phase, prepared at 12OO”C, shows a NASICON-type structure and a monoclinic + rhombohedral first 
order transition at about 40°C. This transformation is associated with the sharp appearance of a lithium 
motion leading to high conducting properties above the phase transition u = 1.2.10-* (fl cm)-’ at 
300°C. A low-temperature phase, prepared at 900°C exhibits the P-Fez(SOJ3-type structure and a 
monoclinic + orthorhombic transformation at 300°C. A local lithium motion progressively takes place 
between RT and 120°C and a conducting state is observed at 300°C (u = 5.10-4 (0 cm)-‘). In diphasic 
samples prepared between 900 and 12OO”C, both resistivity and activation energy progressively in- 
crease with the low-high temperature phase ratio. 8 1989 Academic press, hc. 

Introduction 

NASICON (Na super ionic conductor) 
compounds exhibit exceptionally high ionic 
conductivities allowing them to perform 
like the best alkaline super-ionic conduc- 
tors, such as p” alumina. Typical NASI- 
CON materials are produced from the solid 
solution Nai+xZr2P+xSix012 formed be- 
tween sodium-zirconium phosphate (x = 0) 
and silicate (x = 3) with a pronounced max- 
imum of conductivity for composition 
around x = 2 (Na3Zr2PSi20i2) (1, 2). 

The purpose of this paper is to study the 
NASICON analog lithium phosphate 
LiZr2(PO&. In fact, previous results con- 
cerning the structure and conductivity of 
this compound appeared somewhat con- 
fused. 
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First, LiZr2(PO& powders and ceramics 
have been prepared by conventional pro- 
cessing using solid state reactions. Follow- 
ing this procedure, preparation of rhombo- 
hedral (Sljukic et al. (3)) and of slightly 
distorted (Taylor et al. (4)) NASICON- 
type phases has been reported. Moreover, 
Subramamian et al. (5) claimed that after 
firing at 1100°C the X-ray pattern of 
LiZrz(P04h was highly distorted and a tri- 
clinic cell was possibly present. The ionic 
conductivity seems to be very low: ~10~~ 
(a cm)-’ at RT and 2.10d5 (a cm)-* at 
300°C # 

Second, as typical NASICON composi- 
tions (6), LiZr2(PO& ceramics have been 
prepared from highly reactive powders 
based on calcined gels. Sol-gel routes lead 
to submicronic powders which sinter with 
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short thermal treatment, a few hundred de- 
grees lower than typical oxide powders. 
Following the sol-gel method: 

(i) Perthuis and Colomban (7) and Baj et 
al. (8) reported the preparation of a NASI- 
CON-type phase with the usual crossover 
from a monoclinic to a rhombohedral sym- 
metry at 50°C. This leads to high conduct- 
ing properties above 300°C: 2. 10m3 (a cm)-’ 
at 350°C for a sample fired at 1050°C. 

(ii) Petit et al. (9) observed two phase 
transitions: at a temperature (25-60°C) de- 
pending on the firing temperature of the 
sample, the usual monoclinic + rhombohe- 
dral transition was observed; a second 
phase transition was noted at about 280°C 
leading to a long-range lithium motion (10). 
At 350°C the conductivity is 5.10d4 (0 
cm)-’ for a sample fired at 1100°C. 

(iii) Finally, Casciola et al. (22) prepared 
LiZr2(P04)3 by a wet chemical technique, 
starting from aqueous solutions of ZrOC&, 
H3P04, and LiOH. The material fired at 
900°C exhibits a monoclinic + orthorhom- 
bit change at 300°C which is obviously not 
consistent with the NASICON-type struc- 
ture. The conductivity of sintered pellets at 
900°C is 7.10e4 (a cm)-’ at 300°C. 

All these previous studies suggest the 
existence of two structural forms for 
LiZr2(P04)3: a high-temperature NASI- 
CON-type phase prepared above 1200°C 
and a low-temperature phase prepared at 
900°C. We describe sol-gel preparation, 
structure, phase transitions, and transport 
properties of these two forms which have 
been characterized by X-ray powder dif- 
fractometry, thermal analysis, ac conduc- 
tivity, and NMR (31P and 7Li). Diphasic 
samples prepared between 900 and 1200°C 
were also investigated. 

Experimental 

LiZr,(P04)3 powders were prepared by 
the sol-gel method described previously by 

Perthuis and Colomban (7). An alcoholic 
solution containing zirconium propoxide 
Zr(O”C3H7)4, held under vigorous stirring, 
was hydrolyzed by an aqueous mixture of 
NH4H2P04 and LiN03 heated at 80°C. 
Zr(OnC3H7)4 was supplied by Alfa Ventron 
and other reagents by Merck. The effective 
Zr composition of the alkoxide was con- 
trolled by weighing the zirconium oxide ob- 
tained after hydrolysis and heating at 
1200°C. The gel was then placed in a vac- 
uum drying oven at 60°C for 10 hr. The 
amorphous xerogel powder was composed 
of small spherical aggregates 200 nm in 
size. Crystallization of xerogels occured 
gradually in the 600-800°C temperature 
range. 

Ceramic processing consisted of pressing 
in the xerogel powder at 400 MPa and sin- 
tering at different temperatures (900- 
1300°C) for 3-6 hr in an atmosphere with 
lithium oxide source (LiZr2(P04)3 powder) 
to reduce the stoichiometry deviation. 
Moreover the composition was controlled 
and regulated by chemical analysis of Li, 
Zr, and P elements performed by the Ser- 
vice Central d’Analyse du CNRS. The den- 
sification factor progressively increased 
from 85 to 95% with increasing sintering 
temperature from 900 to 1250°C. 

Powder X-ray diffraction (XRD) and dif- 
ferential scanning calorimetry (DSC4 
Perkin-Elmer) were used to characterize 
selected pellets and powders. 

Measurements of ac conductivity were 
achieved according to the temperature 
(RT-400°C) on sintered disks (10 mm in di- 
ameter and 2 mm thick) by means of an HP 
4192 A impedance analyzer (input imped- 
ance of 10 Mn) with frequencies ranging 
from 10 Hz to 13 MHz. The electrodes were 
made from a flux containing platinum lake 
deposited on the polished surfaces (thermal 
treatment at 800°C for 3 hr). 31P and ‘Li 
NMR spectra were recorded on a Brucker 
MSL 360 spectrometer. For MAS spectra, 
samples were packed in alumina rotors and 
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spun at roughly 4.5 kHz in a magic-angle 
spinning probe from Doty Scientific. 

Results 

1. High-Temperature Phase 

Structure andphase transition. XRD pat- 
terns from LiZr2(PO& powders heated at 
1200°C show the usual reflections corre- 
sponding to the NASICON-type structure 
(Fig. 1). However, at room temperature a 
slight splitting of the rhombohedral reflec- 
tions takes place due to the well-known 
monoclinic deformation ( 22). Above 50°C) 
this deformation disappears and the lattice 
is rhombohedral (R% space group) with the 
hexagonal parameters a = 8.85 A and c = 
22.24 A and the volume by unit formula 
VIZ = 251.4 A3. 

The structure of NASICON compounds 
(I) can be broken down into fundamental 
groups of two zirconium octahedra (0) sep- 
arated by three phosphorus tetrahedra (T) 
with which they share corner oxygens. 
These basic structural units 02T3, parallel 
to the c hexagonal axis, join by additional 
corner sharing, which results in a three-di- 
mensional quasi-cubic framework (Fig. 2a). 
In the rhombohedral structure, lithium ions 
occupy octahedral polyhedra at each inter- 
section of three conduction channels (9). 

The monoclinic --, rhombohedral trans- 
formation is always accompanied by a sig- 
nificant thermal effect. All the specimens 
heated in the 1200-1300°C temperature 
range exhibit a single reproducible anomaly 
with hysteresis on the DSC curves (Fig. 
3a), corresponding to a first order transi- 
tion. Neither transition enthalpy (about 3 kJ 
mol;‘) nor peak position (maximum at 40°C 
and onset at 30°C) change drastically with 
the length of the thermal treatment. How- 
ever, it should be noted that some samples 
show a broad peak during the first scan 
(Fig. 3b) and a normal behavior during fol- 
lowing scans. 
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FIG. I. X-ray diffraction patterns for LiZr2(P04)3 
powders heated for 6 hr at different temperatures. The 
patterns correspond to the pure low-temperature 
phase at WC, the pure high-temperature phase at 
12OO”C, and the mixture of the two phases at 1100°C. 

Below the phase transition, 31P MAS 
NMR spectra present three peaks (Fig. 4a) 
corresponding to three crystallographically 
distinct positions for the phosphorus at- 
oms. For the monoclinic NASICON-type 
structure, the systematic extinctions (h + k 
= 2n, h01 = 2n) are consistent with the two 
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FIG. 2. Structure of the two phases of LiZr2(P0&. (a) High-temperature phase: projection of half the 
unit cell along the a,-axis of the rhombohedral NASICON-type structure (Ref. (I)). (b) Low-tempera- 
ture phase: projection in the (001) plane of the p-Fe,(SO& monoclinic-type structure (Ref. (18)). 
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FIG. 3. Thermal characteristics of the phase transition with apparent hysteresis in the high-tempera- 
ture phase of LiZrp(PO&. (a) Sample heated for 6 hr at 1250°C. (b) Sample heated for 4 h at 1250°C and 
which has stayed a few days below room temperature. 
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FIG. 4. 3*P MAS NMR spectra (145.8 MHz) for LiZrz(P0J3 samples. Sample tired at 1200°C with a 
pure high-temperature phase: (a) at 293 K, the three peaks correspond to three crystallographically 
distinct positions of the Cc space group for phosphorus atoms; (b) at 373 K, the peak corresponds to 
one P position of the R3c space group. Sample fired at 900°C with a pure low-temperature phase: (c) at 
293 K and (d) at 373 K; the three peaks correspond to three crystahographically distinct positions of 
the P2,/n space group for phosphorus atoms. Sample fired at 1100°C with a mixture of phases: (e) at 
293 K and (f) at 373 K. 
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FIG. 4-Continued 

space groups C2/c and Cc. In the Cc group, 
phosphorus atoms occupy three positions 
(Fig. 4a) instead of only two as in the C2/c 
group. Therefore, the NMR spectrum of 
the figure clearly indicates that the mono- 
clinic NASICON-type phase belongs to the 
Cc space group. Nevertheless, some sam- 
ples, which had been previously heated 
above the phase transition, exhibited only 
two peaks with an intensity ratio l-2 corre- 
sponding to the occupation of the two posi- 
tions (8fand 4e) of the C21c space group (2 
= 4). 

At lOO”C, the 31P MAS NMR spectra 
showed only one peak (Fig. 4b) consistent 
with the occupation by the phosphorus at- 
oms of the 18e position of the rhombohe- 
dral R% space group (Z = 6). Therefore, 
the phase transition is obviously associated 
with the monoclinic + rhombohedral trans- 
formation. Moreover, NMR and DSC data 
seem to indicate the following two struc- 

tural transformations: Cc + C2/c --f R% 
during heating and R% --f C2lc crossover 
only during cooling. The return of the sam- 
ple to the Cc space group required a long 
period at low temperature to completely re- 
lax the skeleton. 

Transport properties. The temperature 
dependence of the conductivity for 
LiZr2(POJ3 samples with a pure high-tem- 
perature phase is shown in Fig. 5a. The 
monoclinic + rhombohedral transition also 
leads to a slope discontinuity on the con- 
ducting curve. Plotting log UT vs l/T can be 
done with two half-straight lines whose 
slopes correspond to the activation ener- 
gies, i.e., E, = 0.65 eV for the lower tem- 
perature range (t < 50°C) and EL = 0.42 eV 
for the higher temperature range (t > SOOC). 
The ionic conductivity is 3.3 x 10e6 (a 
cm)-’ at room temperature and 1.2 x 1O-2 
(Cn cm)-’ at 300°C. 

The 31P NMR signals have been observed 
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FIG. 5. UT (WI cm-l ZQ versus inverse temperature 
(K-l) for LiZr2(POJ3 samples. (a) Sample fired at 
1200°C with a pure high-temperature phase; a slope 
discontinuity is observed around 40°C. (b) Sample 
fied at 900°C with a pure low-temperature phase; a 
slope discontinuity is observed around 300°C. 

at 16.5 and 145.8 MHz. Between RT and 
6OO“C, the 31P free induction decays ob- 
served at 16.5 MHz follow approximately 
the law M,, exp( - Ait2). Figure 6a shows the 
temperature dependence of the square root 
of the experimental second moment A; of 
the 31P signal. Below the phase transition, a 
value of about A, = 1000-1100 Hz is ob- 
served and at the transition, the 31P line- 
width suddenly decreases from 1050 to 800 
Hz. Other experimental values of Ap can be 
obtained from the 31P resonance lines at 

half-widths 6, at half intensity leads to the 
values of Ap = 1190 Hz at RT and Ap = 700 
Hz at 373 K using the relation 6, = Ap x 
[2Ln(2)]ln. This indicates that the 31P line- 
width is only slightly dependent on the fre- 
quency and that the line broadening is es- 
sentially due to dipolar interactions. 

Moreover, the half-width &i at half inten- 
sity of the central 7Li signal at 140 MHz 
changes from 1130 Hz at RT to 450 Hz at 
100°C (Fig. 6e). The corresponding values 
of ALi are 960 Hz at RT and 380 Hz at 
100°C. 

At RT, using static second moment cal- 
culations in the rigid regime lattice (crystal- 
lographic data of Ref. (9)), Petit and Sa- 
poval (10) have shown that the dipolar 
interactions give a 31P line broadening of 
1150 Hz with about 700 Hz due to the P-Li 
contribution and a 7Li line broadening of 
1000 Hz with about 700 Hz due to the Li-P 
contribution and of 200 Hz due to the Li-Li 
contribution. Therefore, our experimental 
line widths are compatible with that of a 
Gaussian line using the previous second 
moment calculations, and no lithium mo- 
tion takes place before the transition. 

At the phase transition, as noted by Petit 
and Sapoval (ZO), the sharp drop in line- 
width of both 7Li and 3*P, corresponding to 
the partial averaging of the dipolar interac- 
tions (Li-Li contribution and about 50% of 
the P-Li contribution), can be attributed to 
the onset of Li+ motion after the phase 
transition, in agreement with the lower acti- 
vation energy observed on the conductivity 
curve. 

2. Low-Temperature Phase 

Structure andphase transition. XRD pat- 
terns (Fig. 1) from LiZr$PO& powders 
heated at 900°C show reflections which 
have been recently indexed by Casciola et 
al. (II) on the basis of a monoclinic cell 
with a = 15.299 A, b = 8.940 A, c = 8.816 
A;, and p = 125.98”. The unit cell changes to 

145.8 MHz (Fig. 6b). Measurement of the orthorhombic around 300°C (a = 12.453 A, 
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b = 8.954 A, c = 8.859 A, and V/Z = 247 
A3), and a weak endothermic effect is asso- 
ciated with this phase transition. 

In fact, the XRD pattern can be indexed 
on the basis of another monoclinic cell with 
the parameters a = 8.816 A, b = 8.940 A, 
c = 12.381 A, j3 = 90.79”, and VIZ = 244 
A3, which clearly displays the slight distor- 
tion of the orthorombic cell. The observed 
extinctions are consistent with the P2,/n 
space group. Moreover, this orthorombic- 
type structure has been previously ob- 
served in other lithium compounds such as 
Li3Fe2(P0J3 (13-15), Li3Sc2(P04)3 (26), 
and Li31n2(P04)3 (27) and is isotypic with 
the monoclinic modification of Fe2(S0J3 
(a = 11.665 A, b = 8.558 A, c = 8.310 A, 
and p = 90.76”). This 3D skeleton structure 
(18, 19) is made of SO4 tetrahedra sharing 
corners with FeOs octahedra. The 02T3 
units are similar to those found in the 
NASICON-type structure but the arrange- 
ment of the units is different: there are al- 
ternating slabs with units oriented approxi- 
mately along the [ 1201 direction (slab_I) and 
slabs with units oriented along the [120] di- 
rection (slab II) (Fig. 2b). In lithium com- 
pounds, Li+ ions have a tetrahedral coordi- 
nation. 

31P MAS NMR spectra realized at 20 and 
100°C confirm both the absence of a phase 
transition near 50°C and the different distri- 
bution of the phosphorus atoms in the 
monoclinic phase in comparison with that 
observed in the NASICON-type structure. 
For the two temperatures (Figs. 4c and 4d), 
three peaks are observed corresponding to 
three positions of the P2,/n space group. 
The frequency discrepancies between these 
peaks are much greater than those noted for 
NASICON-type structures, which proba- 
bly indicates more distorted PO4 tetrahedra 
in agreement with the higher transition tem- 
perature (only two peaks are expected for 
the orthorhombic phase, probably belong- 
ing to the Pcan space group (14)). 

Transport properties. The temperature 

dependence of LiZr2(P0,J3 samples with a 
pure low-temperature phase is shown in 
Fig. 5b. The monoclinic ---* orthorhombic 
transition also leads to a slope discontinuity 
on the conducting curve with two activa- 
tion energies: E, = 0.91 eV for the lower 
temperature range (t < 300°C) and Ei = 
0.28 eV for the higher temperature range 
(t > 300°C). In agreement with MAS NMR 
data, no anomaly is present in the range 25- 
60°C. The ionic conductivity is very low at 
room temperature and can be extrapolated 
to lo-lo (a cm)-‘. Due to the high activa- 
tion energy, the conductivity rises to about 
5.10p4 (a cm)-’ at 300°C. 

The 31P NMR signals have been observed 
at 16.5 and 145.8 MHz. Between RT and 
600°C the 31P free induction decays ob- 
served at 16.5 MHz follow approximately 
the law MO exp(-$t2). Figure 6b shows the 
temperature dependence of the square root 
of the experimental second moment Ai of 
the 31P signal. At RT, a value of about A, = 
1050 Hz is observed, which progressively 
decreases to 750 Hz at 120°C. No signifi- 
cant change is observed at the phase transi- 
tion (300°C). For the 31P resonance line ob- 
tained at 145.8 MHz (Fig. 6d), the half 
widths 6, at half intensity are 2400 Hz at RT 
and 2300 Hz at 100°C. This indicates that 
the 31P linewidth is drastically dependent on 
the frequency and that the line broadening 
at 145.8 MHz is essentially due to the 
chemical shift contribution in agreement 
with the highly separated three peaks ob- 
served on the MAS spectra. 

The half-width 6Li at half intensity of the 
central 7Li signal at 140 MHz changes from 
1100 Hz at 293 K to 680 Hz at 373 K 
(Fig. 6f). Using the relation 8Li = ALi x 

[2Ln(2)112, the corresponding values of ALi 
are 930 Hz at RT and 580 Hz at 100°C. 

For this structural type, there is no calcu- 
lation for the rigid regime lattice because 
the crystal structure determination has not 
yet been performed. Nevertheless, one can 
suppose that the average distances between 
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FIG. 6. Evolution of the NMR absorption spectra with temperature. 3rP at 16.5 MHz. (a) Variation of 
width Ap as a function of inverse temperature for the sample fired at 1200°C and (b) for the sample fired 
at 900°C. Ap stands for the square root of the experimental second moment obtained from the approxi- 
mate Gaussian free induction decay MO exp(-AEtz/2). 3’P at 145.8 MHz. (c) Sample fired at 1200°C with 
a pure high-temperature phase. The half-width at half intensity is 6, = 1400 Hz at 293 K and 800 Hz at 
373 K. (d) Sample fired at 900°C with a pure low-temperature phase. The half-width at half intensity is 
6, = 2400 Hz at 293 K and 2300 Hz at 373 K. ‘Li at 140 MHz. (e) Sample fired at 1200°C with a pure 
high-temperature phase. The half-width at half intensity of the central line is 8Li = 1130 Hz at 293 K 
and 450 Hz at 373 K. (f) Sample bred at 900°C with a pure low-temperature phase. The linewidth at half 
intensity of the central line is ijLi = 1100 Hz at 293 K and 680 Hz at 373 K. 
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FIG. 6-Continued 

atoms are very close to those observed 
in the NASICON-type structure. Conse- 
quently, at RT, the values of ALi = 930 HZ 
at 140 MHz and of Ap = 1050 Hz at 16.5 
MHz indicate a nearly rigid regime with no 
lithium motion. 

In the temperature range from RT to 
120°C the continuous decrease in linewidth 
of both ‘Li at 140 MHz and 31P at 16.5 MHz, 
corresponding to the partial averaging of 
the dipolar interactions, can be due to the 
progressive onset of a Li+ local motion in 
agreement with the high activation energy 
before the phase transition. Further work, 
such as measurements of relaxation time, is 
required to characterize the lithium diffu- 
sion mechanism after the phase transition. 

3. Diphasic Samples 

Structure and phase transitions. XRD 
patterns (Fig. 1) from LiZr2(P04)3 powders 
heated between 900 and 1200°C generally 

exhibit both reflections of the low-temper- 
ature phase and reflections of the high- 
temperature phase. Relative intensity of 
the X-ray peaks corresponding to the 
low-temperature phase normally decreases 
when the firing time increases from 3 to 6 hr 
and especially when the firing temperature 
increases from 900 to 1200°C. It is clear that 
the low-temperature - high-temperature 
phase transformation takes place over a 
large temperature range because it requires 
the breaking and formation of numerous 
chemical bonds. 

The monoclinic-rhombohedral transition 
of the high-temperature phase is always ob- 
served on the DSC curves from diphasic 
samples, with a slight shift toward the high 
temperature (onset at SO-55°C) and with a 
continuous increase in the intensity with in- 
creasing firing temperature. In contrast, 
only a very weak thermal effect (0.2 cal. 
g-l) due to the monoclinic-orthorhombic 
transformation of the low-temperature 
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phase has been seen for the powder heated 
at 1100°C for 4 hr. 

31P NMR spectra at room temperature 
(Fig. 4e) present five peaks corresponding 
to the coexistence of the three positions of 
the P2r/n space group for the LT phase and 
to the coexistence of the two positions of 
the C2/c space group for the HT phase. 
Therefore, at the local scale, the sample 
does not contain a significant concentration 
of PO4 groups with intermediary distortions 
between those observed for the HT and LT 
phases. 31P NMR spectra at 100°C (Fig. 4f) 
show four peaks corresponding to the addi- 
tion of the three positions of the P2,/n 
space group for the LT phase and to the 
addition of only one position of the R% 
space group for the HT phase. This indi- 
cates that the presence of the LT phase 
does not drastically influence the mono- 
clinic --, rhombohedral transition of the HT 
phase. 

Transport properties. Conductivity mea- 
surements have been performed for differ- 
ent LiZr2(PO& samples heated between 
900 and 1200°C. For each sample, the LT/ 
HT phase ratio has been deduced from the 
ratio between the sum of the NMR peak 
areas corresponding to each phase. For ex- 
ample, a ratio of 0.45 has been obtained 
from the spectrum represented in Fig. 4e. 
Figure 7 shows the temperature depen- 
dence of the electrical conductivity for dif- 
ferent phase ratios. It should be noted that 
in the temperature range 50-300°C when 
the phase ratio changes from 1 to 0, the 
activation energy gradually decreases from 
0.91 eV, the value corresponding to the 
pure LT phase, to 0.42 eV, the value previ- 
ously obtained for the pure HT phase. 

The 31P NMR signals have been observed 
at 16.5 MHz for the sample fired at 1100°C 
with a phase ratio of 0.45. Figure 8 shows 
the temperature dependence of the square 
root of the experimental second moment AZ 
of the 31P signal. The sample clearly ex- 
hibits an intermediate behavior between 
those shown by HT and LT phases. 
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FIG. 7. Electrical characteristics for diphasic 
LiZr,(PO& samples with (a) 46%, (b) lo%, and (c) 0% 
of low-temperature phase. For 100% the activation en- 
ergy is 0.91 eV. 
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Conclusion 

We have demonstrated two different 
phases for LiZr2(PO& materials prepared 
by sol/gel technique: 

-a high-temperature phase, prepared at 
12OO”C, which exhibits a NASICON-type 
structure and a monoclinic (generally Cc 
space group) + rhombohedral (Z?%) trans- 
formation at about 40°C. This first order 
transition is associated with a slope discon- 
tinuity on the conducting curve (change in 
the activation energy from 0.65 to 0.42 eV) 
and with a narrowing of the 7Li and 31P 
NMR lines due to the sharp appearance of a 
lithium motion. This leads to high conduct- 
ing properties above the phase transition 
v = 1.2.10-* (a cm)-’ at 300°C. In the 
monoclinic NASICON-like phase, the high 
polarizing Li+ ions are not mobile and must 
therefore be strongly bonded to the lattice. 
Further X-ray structural investigations on 
single crystals are necessary to localize lith- 
ium ions in the structure. 

-a low temperature phase, prepared at 
9OO”C, which exhibits the /3-Fe2(S0,&type 
structure and a monoclinic (P2i/n space 
group) + orthorhombic (probably Pcan) 
transformation at 300°C. This structure dif- 

fers from the NASICON-type structure by 
the arrangement of the (Zr06)2(PO& units. 
The transition is also associated with a 
slope discontinuity on the conducting curve 
(change in the activation energy from 0.91 
to 0.28 eV). A local lithium motion progres- 
sively takes place between RT and 120°C 
and the high activation energy, below the 
transition, leads to the crossover from a 
poorly conducting state at RT (a = lo-i0 (a 
cm))‘) to a conducting state at 300°C ((T = 
5. 10m4 (0 cm)-‘). 

The LT/HT phase ratio in diphasic sam- 
ples , prepared between 900 and 1200°C) has 
been deduced from MAS NMR peak inten- 
sities. As expected, the phase ratio is re- 
duced when the firing temperature of the 
sample increases. A surprising fact is that 
both resistivity and activation energy pro- 
gressively increase with the phase ratio. 
Then, for a diphasic sample, the electrical 
properties are intermediate between that of 
the HT phase and that of the LT phase. 
These results explain the confused previous 
observations on LiZr2(PO& materials and 
can be attributed to the presence of some 
local defects in the higher conducting part 
of the sample (HT phase) which could be 
the memory of the LT + HT phase trans- 
formation. The concentration of these de- 
fects becomes very weak at a high firing 
temperature. However, other explanations, 
such as microstructure or surface effects, 
could probably be advanced. 
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