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On the basis of thermal  investigations,  powder  X-ray diffraction and microscopy in 
ref lected light, several methods of obtaining the phase-pure compound Ca3Y(PO4)3 in the 
ternary system Y203 - CaO - P205 were determined.  

For several years, numerous laboratories have been carrying out inves- 
tigations on the rare earths, yttrium, scandium and their compounds. The 
studies are concentrated on the properties, crystal structures and pos- 
sibilities of their use. However, there is also interest in rare earth phos- 
phates, and mixed phosphates of lanthanides and other metals, as a result of 
their use as laser and luminophore materials. Examples include the com- 

pounds M[Ln(PO4)2 (M I = alkali metal, Ln = rare earth, Y, Sc) [1-3]. 

In 1981 the syntheses and structures of this type of double calcium rare 
earth orthophosphates were reported [4]. Ca3Ln(PO4)3 (Ln = La-Gd, ex- 
cluding Pm) are known; they have the eulytite, Bi4(SiO4)3, structure. 

Experimental 

The following commercial starting materials were used: CaHPO4 analyti- 
cal grade (POCh), CaCO3 analytical grade (POCh), Y203, 99.99% (ZOCh), 
and H3PO4 85% analytical grade (Xenon). The following compounds were 
prepared in our laboratory: Y(PO3)3, YPO4, Ca2P207 and Ca3(PO4)2. Yt- 
trium metaphosphate, Y(PO3)3, was obtained from Y203 and H3PO4. The 
initial components were mixed carefully and sintered in a platinum crucible 
for 3 days at 200, 300 and 900 ~ YPO4 was obtained from and aqueous solu- 
tion of 0.4 wt% Y203 and 15 wt% P205 (from H3PO4). The mixture was 
placed in a round-bottomed flask, brought to the boil under a reflux con- 
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denser and held there for 6 h. The precipitated YPO4 was filtered off, 
washed several times with hot distilled water and dried at 200 ~ Ca2P207 
was obtained from CaHPO4 analytical grade by heating at 900 for 1 h. 
Ca3(PO4)2 was prepared from Ca2P207 and CaCO3. The orginal substances 
were mixed in stoichiometric quantities, and the mixture was ground in an 
agate mortar, placed in a platinum crucible and heated at 1350 ~ for 1 h. 

The investigations were carried out by means of differential thermal 
analysis, powder X-ray diffraction and microscopy in reflected light. The 
thermal analysis was performed with a derivatograph type 3427 (MOM, 
Hungary) over the temperature range 20 to 1400 ~ under air, at a heating 
rate of 10 deg/min, in a platinum cup. The reference material was A1203. In 
the thermal investigations, a furnace constructed in this laboratory with 
platinum or molybdenum winding was used. X-ray analysis was carried out 
by the powder method in a Guinier camera with CuKa radiation from an 
HZG-4 diffractometer. 

Results 

The phase diagram of the system YPO4-Ca3(PO4)2 was determined and 
examined in this laboratory. The previously unknown compound with for- 
mula Ca3Y(PO4)3 was demonstrated by thermal and X-ray investigations. Its 
melting point was determined and its thermal stability was examined. 
Ca3Y(PO4)3 was discovered to exist only in a particular temperature range. 
Above this interval, it decomposes into YPO4 and Ca3(PO4)2. Therefore, it 
was interesting to examine the conditions of obtaining this mixed orthophos- 
phate. The preparation of the phase-pure compound proved to be difficult 
because specific conditions were necessary, i.e. high temperature (higher 
than the temperature of Ca3Y(PO4)3 decomposition), the presence of liquid 
phase and the use of a quenching technique. 

Attempts to obtain Ca3Y(PO4)3 by sintering a stoichiometric mixture of 
Ca3(PO4)2 and YPO4 at different temperatures, or by melting and then 
cooling down to room temperature at a rate of 10 deg/min, did not succeed 
Ca3(PO4)2 and YPO4 (in sinters) and traces of Ca3Y(PO4)3 (in alloys) were 
present in the products. 

Several methods of obtaining phase-pure compound Ca3Y(PO4)3 were 
developed as a result of differential thermal, X-ray and microscopic ex- 
aminations. Some suggestions for the synthesis with the use of various initial 
materials are presented below. 
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1. Obtaining Ca3Y(PO4)3 f rom a s toichiometr ic  mixture of the or- 

thophosphates  YPO4 and Ca3(PO4)2: 
(a) The  mixture  of these or thophosphates  is melted,  then sintered at ap- 

prox. 1600 ~ for 2 h and cooled  quickly. 
(b) The  mixture  of or thophosphates  is mel ted and cooled down quickly 

to room tempera tu re .  The  mol ten sample is then t ransfer red  to a furnace 
hea ted  to 1350 ~ s intered for I h and quenched.  

2. Obtaining Ca3Y(PO4)3 f rom a 1:3 molar  mixture of Y203 and 

Ca2P207: 
(a) The  mixture  is mel ted  and cooled  down quickly to room tempera ture .  

The  sample is then put  into a furnace hea ted  to 1350 ~ s intered for 1 h and 
quenched .  

(b) The  mixture  os Y203 and Ca2P207 is s in tered at 1400 ~ for 2 h and 
quenched  in ice. 

3. Obtaining CaaY(PO4)3 from a 1:2:1 molar  mixture of YPO4, CaHPO4 
and CaCO3: 

(a) The  mixture is hea ted  at 900 ~ for  1 h, then melted and cooled  down 
quickly. This p repa ra t ion  is put  into a furnace  hea ted  to 1350 ~ s intered for 
I h at this t empera tu re  and quenched.  

4. Obtaining Ca3Y(PO4)3 f rom a 1:3 molar  mixture of Y(PO3)3 and 
CaCO3: 

(a) The  mixture is hea ted  at 900 ~ for  1 h, then mel ted and cooled  down 
quickly. The  p roduc t  is t ransfer red  to a furnace hea ted  to 1350 ~ sintered at 
this t empera tu re  for  I h and quenched.  

It can be conc luded  that the least compl ica ted  me thod  of  synthesizing 
Ca3Y(PO4)3 is that  descr ibed  in point  2b. 
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Zusammenfassung - -  Mittels thermischer Untersuchungen, dem Debye-Scherrer-Verfah- 
ten und Reflexionslichtmikroskopie wurden einige Methoden zum Erhalt phasenreinem 
Ca3Y(PO4)3 aus dem terniiren System Y203-CaO-P205 bestimmt. 

J. Thermal AnaL, 36, 1990 


