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Preparation and characterization of LaNbO4 from 
amorphous precursors 
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Amorphous precursors of LaNbO4 have been prepared by coprecipitation and mechanical 
alloying. Powder characteristics before and after calcination were studied by 
thermogravimetric analysis, differential thermal analysis, Fourier transform-infrared 
spectroscopy and X-ray diffraction, and the crystallographic changes during thermal 
treatment were documented by high-temperature X-ray diffraction. The tetragonal structure 
was stabilized at room temperature for the mechanically alloyed product; cells dimensions 
were determined from the X-ray diffraction patterns and volume change between 
monoclinic and tetragonal phase was evaluated and is discussed. 

1. Introduction 
Much effort has been devoted to improve the proper- 
ties of ceramics for structural as well as functional 
applications, so that polyfunctional materials can be 
obtained. In this context, lanthanum niobate is a solid 
solution able to emit ultraviolet radiation in the re, 
gion 300-500 nm when it is excited by an ultraviolet 
or X-ray source [1]. It can be also used in solid 
solution with other oxides to produce material for 
dielectric resonators [2]. In addition, lanthanum nio- 
bate, as well as lanthanum tungstates and tantalates, is 
ferroelastic [3]. 

It has been demonstrated that lanthanum niobate 
undergoes a reversible polymorphic transformation at 
550-600 ~ changing from the monoclinic to the tet- 
ragonal form, the former being stable at room temper- 
ature, the latter at high temperature [3-8].  This phase 
transformation, as in the case of the widely studied 
zirconia, might have advantages when lanthanum nio- 
bate is dispersed in a matrix by exploiting a trans- 
formation toughening effect. In fact, when LaNbO4 
particles are dispersed within a ceramic oxide matrix, 
if the matrix has a Young's modulus higher than that 
of the dispersed phase, they may be constrained in the 
metastable form at room temperature [9 13 I. Then 
the tetragonal particles can be transformed to mono- 
clinic by external factors such as an applied stress field 
or chemical agents. 

A further factor that must be considered in the 
preparation of a composite is the thermal expansion 
coefficient: dispersed particles must have a value lower 
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than that of the matrix so that on cooling after sinter- 
ing they can be forced into the metastable form. 

On these grounds lanthanum niobate is considered 
a top candidate in the substitution of zirconia for all 
applications where the matrix must have functional as 
well as structural properties, i.e. solid solutions mainly 
containing ZrTiO4. 

Only a few papers have been published on this 
material, and not sufficient to make a priori assump- 
tions. Nevertheless, the possibility of LaNbO4 giving 
toughening effects must be evaluated, i.e. the volume 
change in the tetragonal to monoclinic transformation 
must be positive at least at room temperature. 

In this work, lanthanum niobate was produced by 
calcination of coprecipitated products and its crystal- 
lographic behaviour as been compared to that of 
mechanically alloyed and thermally treated commer- 
cial powders. Mechanical alloying was chosen for this 
comparison because it is a new method of powder 
preparation which induces chemical reactions, reduces 
the crystallite size and allows the formation of phases 
which are usually stable only at high temperature 
[14, 151. On the other hand the traditional ceramic 
preparation by solid-state diffusion of La/O3 and 
Nb205 is not appropriate, because the long thermal 
treatment necessary to complete the process leads to 
excessive crystallite growth. This fact is incompatible 
with the existence of the tetragonal phase at room 
temperature because particles spontaneously 
transform to monoclinic on cooling after the thermal 
treatment, as they exceed a critical dimension. 
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2. Experimental procedure 
2.1. Coprecipitation route 
Unfortunately, LaNbO~ powders cannot be prepared 
by coprecipitation from aqueous solutions of 
lanthanum and niobium salts, because niobium salts 
decompose to hydroxide in aqueous environments at 
room temperature. Their solution must be obtained 
through another solvent, and we have chosen ethanol. 

Two 0.5 M solutions of niobium chloride and lan- 
thanum chloride were separately prepared by dissolv- 
ing Aldrich reagents (99.9% purity) in the required 
quantity of alcohol and stirring for 2 h. The yellowish 
solutions were then mixed, stirred again and succes- 
sively coprecipitated into a 0.5 M ammonia solution 
under continuous stirring for 6 h, and then filtered. 

The material was washed following the ATA pro- 
cedure [16], dried at 80~ and sieved through 
a 63 gm sieve. The dried product, after characteriza- 
tion by Fourier transformation-infrared spectroscopy 
(FT-IR), X-ray diffraction (XRD), high-temperature 
XRD, (HTXRD) and differential thermal analysis/ 
thermogravimetric analysis (DTA/TGA), was crystal- 
lized by calcination at 800 ~ for 2 h followed by slow 
cooling; the powders were then again characterized by 
FT IR, XRD and HTXRD. 

2.2. Mechanical alloying route 
Mechanically alloyed powders were obtained by mix- 
ing in air adequate proportions of Aldrich La203 and 
Nb205 (99.99% in purity) powders and ball milling 
the mixture in a zirconiajar with Tosoh 1 cm diameter 
zirconia balls using a highly energetic Spex mill (series 
8000); six balls and 1 g powder were used for each 
milling process so that the weight ratio between pow- 
ders and milling media was 1/18. 

The milling time has a strong influence on the 
crystallographic nature of the resulting powders. The 
X-ray spectra of the starting oxides are rapidly dis- 
torted, and after 1 h milling some of the original peaks 
disappear. After 3 h only the peaks having the highest 
intensity remain and a progressive amorphization 
takes place. 

Longer milling times lower the crystallinity of the 
powders and after 6 h an amorphous powder can be 
detected. This modification is in agreement with the 
results obtained by other authors [17] who have 
studied the amorphization on niobium pentoxide by 
fine grinding. After 11 h milling, a new crystalline 
structure arises from the amorphous product, but it is 
still characterized by few, broad and not well-defined 
XRD peaks so that it is not possible to identify this 
structure with certainty. A longer milling time does 
not change this crystalline structure. 

On this basis, the milling process was stopped after 
10h in order to reduce as much as possible the 
powders crystallite size and, at the same time, to avoid 
the development of a new crystalline phase. The 
FT-IR spectra of single products were performed on 
KBr pellets using a Nicolet Magna-IR 550 apparatus, 
controlled by the Omnic System. 

XRD and HTXRD were made on a Philips diffrac- 
tometer using the nickel-filtered CuK~ radiation and 
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having a high-temperature cell. Cell parameters have 
been calculated using the program "Treor 90" which 
makes use of the Visser algorithm. 

Simultaneous DTA/TGA were performed using 
a Netzsch instrument at a heating rate of 10 ~ rain - 1 
up to 1300~ 

3. Results and discussion 
3.1. Characterization of the amorphous 

powders 
Fig. 1 reports FT-IR spectra of precursors obtained 
by coprecipitation and mechanical alloying. The very 
broad patterns suggest that the powders are substan- 
tially amorphous. Nevertheless, the bands split be- 
tween 800 and 300 cm- 1 in the mechanically alloyed 
product indicate incompletely homogeneous mixture. 
In addition, these spectra indicate that precursors 
powders have OH-  groups differently bonded (bands 
at 1630, 1400 and shoulders at 1070 and 850 cm -1) 
and CO~ (band at 1480 cm 1) which are pollutants 
commonly found with these processes. This is sup- 
ported by the XRD patterns which show the presence 
of very large peaks indicating a cryptocrystalline 
product in the case of mechanically alloyed powders 
(Fig. 2). The presence of OH - and CO~ groups is due 
to the interaction of powders with water and CO2 in 
the atmospheric environment. In fact, chemiadsorp- 
tion has been normally observed in ceramic powders: 
it is generally a weak phenomenon, but it can be 
exaggerated when powders are activated and therefore 
extremely reactive. 

Fig. 3 shows DTA and TGA curves for the precur- 
sors. Both the DTA plots show an endothermic peak 
followed by an exothermic effect. The former begins at 
80 ~ and ends at about 400 ~ for the coprecipitated 
powder, whereas it begins at 180 ~ and ends at about 
450 ~ and is less evident for the mechanically alloyed 
powder. 

Simultaneously to the endothermic effects, the TGA 
indicates a weight loss of 2.5% and 0.4% for the 
coprecipitated and mechanically alloyed powders, re- 
spectively. 
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Figure 1 FT-IR spectra of precursors obtained by (a) coprecipita- 
tion and (b) mechanical alloying. X-ray diffraction patterns of 
(A) LaaO3, (B) Nb205 and (C) a mixture of both oxides milled for 
1 h are depicted. 
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Figure2 XRD of (a)the coprecipitated and (b) mechanically 
alloyed amorphous precursors. 
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Figure 4 XRD pattern of the high-temperature tetragonal phase. 
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Figure3 DTA and TGA curves of precursors obtained by 
coprecipitation (a, a') and by mechanical alloying (b, b'). 

The FT-IR spectra, not reported in this communi- 
cation, of powders thermally treated at 500 ~ do not 
show peaks at 1600 and 1400 cm- 1 and shoulders at 
1070 and 850 cm-1, which are representative of the 
oxydrilic groups. It follows that the weight loss is due 
to dehydroxylation of the mixture. 

The exothermic peaks of the DTA curves have dif- 
ferent intensities, but the same area, so that it can be 
supposed that the same energy is involved in the 
crystallization. This phenomenon begins at 695~ 
and ends at 725 ~ in the coprecipitated powders, 
while it beings at 675 ~ and ends at 735 ~ in the 
mechanically alloyed powder. 

The crystallization peaks are associated with a fur- 
ther weight loss of 0.4% and 0.5%, respectively, as 
shown in the TGA curves. Weight loss during crystal- 
lization of amorphous powders, has been recently 
observed by other authors [18-20] and is due to the 
end of the dehydration process accompanied by CO2 
emission. This assumption is confirmed by the FT IR 
spectra performed on powders at the end of the ther- 
mal analysis, which do not show the relative absorp- 
tion bands. 

By means of high-temperature XRD it has been 
pointed out that the amorphous precursors directly 
crystallize into the tetragonal LaNbO4 phase [8] 
(Fig. 4), but on cooling, the lattice of the co- 
precipitated products tends to be more distorted than 
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Figure 5 XRD patterns of(a) the room-temperature coprecipitated 
and calcined and (b) mechanically alloyed and calcined powders. 

that of the mechanically alloyed product, giving less 
definite peaks and a higher background noise (Fig. 5). 
On the basis of these results the precursors were calcined 
for 2 h at 800 ~ for producing a crystalline powders. 

3.2. Characterization of calcined powders 
Fig. 6 shows FT-IR spectra of the calcined powders. 
That of the coprecipitated and crystallized powder 
corresponds to the monoclinic phase, because the 
tetragonal structure of niobates should present, within 
the explored range, only three bands: the most impor- 
tant between 600 and 730 cm -1, the second, more 
definite between 550 and 500 cm -I, the third, with 
a double peak, between 415 and 275 cm-1 E21-23], 
that are not present here. 

At the same time it can also be observed that the 
powder obtained by mechanical alloying, is slightly 
contaminated by a non-tetragonal phase (the presence 
of shoulders in the peaks at 800 ~ and 495 cm-1). 

Both the powders were analysed after calcination 
by HTXRD during a re-heating up to 800 ~ and it 
has been observed that: 
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Figure 6 FT-IR spectra of LaNbO4 obtained by calcination of 
(a) coprecipitated and (b) mechanically alloyed powders. 
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Figure 7 XRD pattern of the room-temperature tetragonal phase. 

TABLE I Miller indices 20 observed, measured d-spacing (nm) 
and relative intensity of the room-temperature tetragonal phase 

h k 1 20 (deg) d (nm) Intensity 

(i) Samples obtained by coprecipitation directly 
transform to tetragonal at 400 ~ and maintain that 
structure on further heating, but change to monoclinic 
on cooling below 400 ~ 

(ii) also samples obtained by mechanical alloying 
crystallize in the tetragonal structure before 400~ 
and further heating improves the crystallization 
(sharper diffraction peaks and higher intensity), but, 
on cooling, even if a lattice distortion is observed, 
there is no transformation to the monoclinic phase. 

The room-temperature tetragonal X-ray pattern is 
presented in Fig. 7. Table I shows the relative numeri- 
cal data. Cell parameters have been calculated using 
the program "Treor 90" working on the Visser 
algorithm and the following data have been evaluated: 
a = 0.535 nm; c = 1.153 nm, cell volume = 330.38 x 
10-3 nm 3 thus having a volume change of 1% with 
respect to the monoclinic ~phase [24, 25] which has 
a volume of 333.18 x 10 -3 nm 3. This fact leads to 
a volume increase of about 1% in the tetrag- 
onal-monoclinic transformation. Unfortunately, in 
this procedure, a first error factor exists in the deter- 
mination of the peak's position which is not so well 
defined as for a single crystal; a second error is related 
to the thermal treatment which is reduced to avoid 
crystallite growth and therefore the tetragonal-mon- 
oclinic phase transformation. As a consequence, peaks 
of the X-ray pattern are broad and their intensity is 
low, so that they are not sufficiently defined because of 
the high background noise. This effect can induce 
errors in the 20 observation. 

The different behaviour between coprecipitated and 
mechanically alloyed products is due to the different 
dimensions of the powder crystallites. In the former 
they can agglomerate to sufficiently coarse particles 
during thermal treatment, exceed a critical dimension 
and transform to monoclinic on cooling. In the latter, 
even if the composition is not uniform, very small 
crystallites are present which do not transform on 
cooling after thermal treatments. 

Cell parameters and volume are sensibly lower than 
those reported by Rooksby and White [-8] 
( a = 0 . 5 4 n m ;  c = 1 . 1 6 6 n m ;  cell v o l u m e = 3 4 0 x  
10 .3 nm 3) who made their X-ray aquisition above 

2 1 1 28.174 0.31648 100 
0 0 2 30.980 0.28843 30 
3 1 0 33.440 0.26775 18 
3 2 0 38.400 0.23423 6 
2 1 2 39.380 0.22862 3 
3 1 2 46.220 0.19626 28 
4 2 0 48.060 0.18916 6 
2 1 3 53.420 0.17138 15 
5 0 1 56.600 0.16248 20 
4 2 2 58.260 0.15824 7 

500 ~ while we have done ours at room temperature. 
Different temperatures mean different cell dimensions 
so that at higher temperatures larger cell parameters 
can be determined and, consequently, a larger volume. 

The conclusion that can now be drawn is that the 
volume change between tetragonal and monoclinic is 
not negative, but not sufficiently high for significant 
transformation toughening, as in the case of zirconia. 
The tetragonal-monoclinic transformation of zirconia 
is accompanied by a volume increase of 4.9% at room 
temperature. The shape change can be subdivided into 
the unit cell (angular) change and the macroscopic 
change associated with the tetragonal to monoclinic 
martensitic mechanism: both these changes contribute 
in the creation of a stress field within a matrix. 

In the case of LaNbO4 we can suppose that the 
angular change is the main one of these concomitant 
effects, the other being very small; therefore, a matrix 
is required with a thermal expansion coefficient much 
higher than that of the LaNbO4 reinforcement to 
avoid spontaneous transformation on cooling after 
sintering. 

4. Conclusion 
The formation of LaNbO4 by coprecipitation and 
mechanical alloying has been studied. Coprecipitated 
and calcined powders are present in monoclinic phase 
at room temperature, but a reversible transformation 
to the tetragonaI at 400 ~ has been established. The 
highly energetic ball milling of a mixture of La203 and 
Nb205 leads to the formation of amorphous powders 
which crystallize to tetragonal LaNbO4 at 400 ~ and 
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remain in this structure on further heating and on 
subsequent cooling, permitting the stabilization of the 
metastable form at room temperature. By this proced- 
ure it is possible to obtain the XRD pattern of the 
room-temperature tetragonal phase which has a vol- 
ume 1% lower than that of the monoclinic. 

In conclusion, LaNbO4 can be considered as a 
material able to give toughening effects if contained 
in a matrix with a higher thermal expansion 
coefficient. 

Acknowledgement 
This work has been performed with the financial sup- 
port of the Italian MURST 40%. 

References 
1. G. BLASSE and L. H. BRIXNER, Chem. Phys. Lett. 173 

(1990) 409. 
2. M. TAKATA and K. KAGEYAMA, J. Am. Ceram. Soc. 72 

(1989) 1955. 
3. H. TAKEI and S. TSUNEKAWA, J. Crystal Growth 38 (1977) 

55. 
4. E .P .  SAVCHENKO, N. A. GODINA and E. K. KELER, in 

"Chemistry of high temperature materials", edited by N. A. 
Toporov (Consultants Bureau, New York, 1969) pp. 108-113. 

5. A.N.  KLIMENKO, YU. S. KOZLOV, V. S. SERGEEV and 
E. A. PASTUKHOV, Thermochim. Acta 209 (1991) 331. 

6. V.S. STUBICAN, J. Am. Ceram. Soc. 47 (1964) 55. 
7. A.I .  KOMKOV, Kristallogr. 4 (1959) 836. 
8. H. P. ROOKSBY and A. D. WHITE, Acta Crystallogr. 16 

(1963) 88. 

9. F . F .  LANGE, Philos. Ma 9. 22 (1970) 983. 
10. R.C.  GARVIE and R. H. J. HANNINK, Nature (Lond.) 258 

(1975) 703. 
11. N. CLAUSSEN, J. Am. Ceram. Soc. 59 (1976) 49. 
12. D.L.  PORTER and A. H. HEUER, ibid 60 (1977) 183. 
13. N. CLAUSSEN, M. RUHLE and A. H. HEUER (eds), "Ad- 

vances in ceramics", Vol. 12, "Science and technology of 
zirconia II", (American Ceramic Society, Columbus, OH, 
1984) 

14. I .S .  BENJAMIN, Met. Powd. Rep. 45 (1990) 122. 
15. P.S.  GILMAN and J. S. BENJAMIN, Am. Rev. Matter. Sci 13 

(1983) 279. 
16. C. BI-SHIU, W. Y. HSU and J. D. DUH, J. Mater. Sci. Lett. 

5 (1986) 931. 
17. Y. IKEYA and M. SENNA, J. Mater. Sci. 22 (1987) 2497. 
18. J. HOIO and K. KIMURA, in 'Euro Ceramics", Vol. I, edited 

by G. De With, R.A. Terpstra and R. Metaselaar (Elsevier 
Applied Science, London, New York, 1989) pp. 123 127. 

19. T. YOKO, K. KAMIJA and K. TANAKA, J. Mater. Sci 25 
(1990) 3922. 

20. A. BACHIORRINI, Silicates Ind. (5 6) (1990) 121. 
2l. C. ROCCHICIOLLI-DELTCHEFF,  T. DUPUIS, R. 

FRANCK, M. HARMELIN and C. WADIER, C. R. Acad. Sci. 
Paris 270 (1970) B 541. 

22. C. ROUCCHICIOLLI-DELTCHEFF,  T. DUPUIS,  R. 
FRANCK, M. HARMELIN and C. WADIER, J. Chim. Phys. 
Physicochim Biol 67 (1970) 2037. 

23. w .B.  WHITE, in "The infrared spectra of minerals", edited by 
V. C. Farmer (Mineralogical Society, London, 1974) Ch. 6. 

24. JCPD 22-1125 (Joint Committe on Powder Diffraction 
Standards, Pennsylvania, 1971). 

25. JCPD 32-496 (Joint Committe on Powder Diffraction 
Standards, Pennsylvania, 1971). 

Received 4 January 
and accepted 17 May 1995 

5437 


