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ABSTRACT 

Thermal transformations in rare earth aluminates, germanates 
and ,jhosphates have been studied. The existence of phase transi- 
tions was established for rare earth aluminates of the perovskite 
type. A wide ranse of transformations and structural types were 
observed for germanates and phosphates of the whole series of 
lanthanoids. Hydrated forms of phosphates are of special interest. 

INTRODUCTION 

A complex study of the whole classes of rare earth compounds 

- aluminates , germanates and phosphates - permitted us to estab- 

lish certain rel;ularities of the formation and thermal transfor- 

mations for each homologous group and the whole family of rare 

earth compounds. 

METHODS OF INVESTIGATION AND RESULTS 

Various methods were used for the study: DTA, TGA, X-ray 

diffraction, microscopy, chemical analysis and IR-s:)ectroscopy. 

For the homologous group of rare earth aluminates, the exis- 

tence of four types of cOI!!poUnds was established: Ln .;l 0 
4 2 9’ the 

gerovekite-like LnAlO 
3' 

the garnet-like Ln3."L150,z and the &&-type 

alumiri:l with the hypothetic formula LnAi.,lO,ij /1,2/. The compounds 

LW,lC 
3 
and phases of ?;he p -alumina structure are characteristic 

of the be[:Lnniny; of +,he rare earth series (La-Gd) and stable 

within a w;ae te:n;:erature range (up to the meltink:); aluminates 

of Tb-‘i ,2re stable in a narrow temi,erature range (-1600-2000°C); 

the eleizents H-~uformonly metaatable aluminates /3,4/. 

[;ompounda of the/3 -alumina type have a hexagonal structure 

and represent phases of non-stoichionetric composition. The li- 

mits of homo.TLaneity are In (j 
23 : A1203 = I:10 $1:1:1. The compounds 

':ssese high ca:ionic conductivity. The conductivity of A13+ in 

A.-h1203 wils established in /j/. For the end of the rare earth 
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series, stable compounds are Ln4A12U9 and Ln3315012 /1,6,7/. 

Rare earth gerrnanatee form four types of compounds: Ln4Ge08, 

oxyortho- (Ln2/Ge04/0) and diortho- (Lr+GeP07) germanates and 

apatite-like compounds Ln4.67/Ge04/30 ; the latter being found 

only for the beginning of the rare earth series (La-Gd) /1,0/. 

Two subgroups with the boundary element Tb are characteristic 

of compounds Ln2/Ge04/0 ; they have monoclinic crystal structure 

with different space groups. 

The apatite-like gexmanates are hexagonal and represent ca- 

tion-deficient oxyapatite Ln9 3300 67/Ge04/b02. Diorthoge~sna~es 

fall into four subgroups: co~poun& of the first (La-Pr) and se- 

cond (Ed-Cd) groups are triclinic; those of the third (Tb-Lu) 

and fourth (SC) nubgroups are tetragonal and monoclinic, respec- 

tively. 

For lanthanum germanates, the sequence and rate of formation 

of intermediate phases were established under isothermal condi- 

tions at temperatures ?50-950%. The Erofeev equation for chemi- 

cal kinetics was used 191 : 

d, z ‘f _ emkz’” , 
where& is the portion of the reacted substance; *N is the time in 

minutes; n is a constant connected with the reaction mechanism. 

The reaction mechanism is determined by the fact that for all 

compositions a compound La4Ge0g forms at 75OOC. With increasing 

time and temperature of firing, together with the compound La4Ge0g 

germanates with a higher content of GeOZ form, the apatite-like 

phase Laqe67/Ge04/30 being the predominant phase. An exception is 

La4Ge08 for which La2/Ge04/0 is an intermediate phsse. An increase 

of temperature leads to the formation of germanates with appro- 

priate compositions, 

The third homo'~ogous group comprises rare earth phosphates. 

They are represented by a large series of compounds with various 

L%03/P205 ratios. At high temperatures the following compounds 

are stable: oxyphosphates (Ln03)/P04/ (381); ortho- (LnP04), meta- 

(Ln(P03)3) and ultra- (LIIP~O,~) phosphates /IO-13/. The compounds 

(Ln03)/P04/ axe monoclinic and decompose in the solid state.' 

Meta- and ultraphosphates melt incongruently and crystallize in 

the rhombic and monoclinic structures, respectively. Orthophos- 

phatee mel.t congruently and possess the greatest variety of ther- 



ma1 transformations and structural forms: hexagonal, monoclinic, 

tetragonal, Using the coprecipitation methods, hydrated forms of 

orthophosphates from La to Dy containing l-2 water molecules per 

formula unit were obtained; they have a hexagonal crystal struc- 

ture. As was shown for LaP04.xH20 and GdPO4.xH20 , the removal of 

water from the samples goes in two stages, the second step being 

reversible (-0.4 H20). The step-like course of dehydration is 

apparently due to the presence in the sampl.es of water molecules 

of different degree of mobility; the existence of adsorbed and 

zeolitic water is possible here. The ham-temperature I&spectra 

show a gradual decrease of water content and the full absence of 

water at 7OOQC. The compositions of the initial samples were es- 

tablished to be LaP04.1.5H20 and GdP04.1.0H20 ; after the vacuum 

pumping at room temperature those compositions were as followe: 

LaP04.1.1 H20 and GdP04.0.8 H20. ( Fig. 1, a,b >. 

Thus, a great variety of thermal transformations, structural 

forms and their stability were shown for each homologous group of 

the aluminates, germanates and phosphates. This is related to the 

different degree of participation of 41 -orbits in the bonds of 

La-Lu oxides and to the definite role played by a second oxide 

(La203, Ge02 or P205)- 

-Fig. 1 (a). TGA curves for LaP04.1.5 H20 . 
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Fig. 1 (b). TGA curves for GdPO4.1.0 H20 . 
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