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Abstract 

The phase equilibria in that part of the ternary system YPO4-K3PO4-Mg3(PO4)2 which con- 
tains the composition range YPO4-KMgPOa-Mg3(PO4)2 were examined and determined by dif- 
ferential thermal analysis, X-ray powder diffraction and microscopic analysis in reflected light. 
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Introduction 

The previously unknown phase diagram of the partial system YPO4- 
KMgPOa-Mg3(PO4)2 has been determined within our studies on the system 
YPO4-K3PO4-Mg3(POah. The partial ternary system is surrounded by the bi- 
nary side-systems YPO4-Mg3(PO4)2, Mg3(PO4)2-KMgPO4 and YPOa- 
KMgPO4. The phase diagrams of the first two systems are known [1, 2]. YPO4 
and Mg3(PO4h form a simple eutectic system. The system Mg3(PO4)2-KMgPO4 
contains one intermediate compound, KMga(PO4)3, which melts peritectically 
at 1175~ The phase equilibria in the binary system YPOa-KMgPO4 are not 
known. 

Experimental 

The following analytical grade materials were used: Y203 99.99%, H3PO4 
85 %, MgO, K2CO3 and MgHPOa.3H20. 

YPO4, Mg2P207, Mg3(PO4)2, KMgPO4 and KMg4(PO4)3 were prepared in 
our laboratory. 

YPO4 was obtained from 0.4 wt% of Y203, 15 wt% of P205 (as H3PO4) and 
84.6 wt% of distilled water by the method given in [3]. 

Mg2P207 was prepared from MgHPOa.3H20 by heating at 900~ for 1 h. 
Mg3(PO4)2 was prepared from Mg2P207 and MgO by heating at 1200~ for 

20 minutes. 
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KMgP04 was synthesized from Mg2P207 and K2CO3 by the method given 
in [2]. 

KMg4(PO4)3 was prepared from KMgPO4 and Mg3(POah by heating at 
1100~ for 1 h [21. 

The system YPO4-KMgPOa-Mg3(PO4h was examined by DTA during heat- 
ing, X-ray powder diffraction and microscopic analysis in reflected light. Sam- 
ples for examination were prepared from the starting phosphates and treated 
preliminarily by sintering in the temperature interval 600-1100~ Molten and 
sintered samples were used for thermal analysis. In the DTA during heating, a 
3427 derivatograph (MOM, Hungary) was used within the temperature range 
20-1400~ high-purity A1203 was used as a standard substance. Temperatures 
were read by means of a Pt/Ptl0Rh thermocouple, which was calibrated against 
the melting points of Ca2P207, K2SO4 and NaCI, and the transition point of 
K2SO4 (585~ High-temperature thermal studies above 1400~ were per- 
formed in a vertical resistance furnace with molybdenum winding, under argon. 
Temperatures were read by means of an optical pyrometer, which was calibrated 
against the melting points of Na3P04 and Ca3(PO4h. The phase purities of the 
reagents and the phase structures of the products were studied microscopically. 
Microsections were prepared from molten and crystallized samples, which were 
polished and examined in reflected light. The phases were identified by means 
of X-ray powder diffraction on an HZG-4 diffractometer (a Guinier camera) 
with CuI~ radiation. 

Results and discussion 

The system YPO4-KMgPO4-Mg3(P04)2 was examined by using DTA, X-ray 
diffractometry and microscopy in reflected light. The first step was to determine 
the phase diagram of the binary side-system YPO4-KMgPO4. Samples for the 
investigations were synthesized from the starting orhophosphates and then sub- 
jected to complex thermal treatment. Sintering temperatures: 600-1100~ du- 
ration of sintering: 30 min-7 days. The sintered samples were either cooled 
slowly down to room temperature or frozen in ice. The samples were also 
heated without preliminary synthesis up to 1000, 1100, 1160~ and then frozen 
in ice. Molten samples were cooled with grafting. X-ray photographs of the 
samples prepared in this way always showed a mixture of YPO4 and KMgPO4, 
which means that the starting phosphates did not form new compounds. Fig- 
ure 1 presents the phase diagram of the system YPO4-KMgPO4. 

With KMgP04, YPO4 forms a eutectic el at 70 wt% of KMgPO4 at 1160~ 
The liquidus curve over the composition range 50-100 wt% of KMgPO4 was 
estimated on the basis of DTA. In the other part of the system, the melting 
points were read by means of an optical pyrometer. KMgPO4 has several poly- 
morphic modifications [2]. In the system YPO4-KMgPO4 under investigation 
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three polymorphic transitions of KMgPO4 are reflected in the form of thermal 
effects in the DTA curves. The transitions ct/13 (780~ and 13/7 (570~ can be 
observed within the composition range 20-100 wt% of KMgPO4, while the ef- 
fect of the T/8 transition can be detected only within the composition range 
60-100 wt% of KMgPO4. 
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Fig. 1 Phase diagram of  the system YPO4-KMgPO4; 0 - thermal analysis, x - optical 

Examinations of the system YPO4-KMgPOa-Mg3(PO4)2 showed that the 
mixed orthophosphate KMg4(PO4)3 forms a previously unknown section with 
YPO4. 

Figure 2 presents the phase diagram of the system YPO4-KMg4(PO4)3 which 
was determined by DTA during heating, X-ray diffractometry and microscopy. 

This system is complex and is ternary in the upper part. Above 1100~ there 
are four phases: liquid L, YPO4, KMg4(PO4)3 and Mg3(PO4)2. As a result of a 
peritectic reaction, L and Mg3(PO4)2 are used up to form crystals of 
KMg4(PO4)3. Below 1100~ there are only two phases, YPO4 and KMg4(PO4)3, 
and the system is binary in nature. KMg4(PO4)3 has several polymorphic modi- 
fications [2]. In the system YPOa-KMga(PO4)3 under investigation, only one 
transition, or/13 (980~ causes thermal effects within the composition range 
30-100 wt% of KMg4(PO4)3. 
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Fig. 2 Phase diagram of the system YPO4-KMg4(PO4)3; Mg3(PO4)2=M3P, 0 - thermal analy- 
sis, x - optical 

Figure 3 presents the phase diagram of the system YPO4-KMgPO4- 
Mg3(PO4)2 .  

Solidification isotherms are marked in the diagram. In the composition un- 
der investigation, there are two binary compounds: YP04 and Mg3(PO4)2, and 
two ternary compounds: KMgP04 and KMg4(P04)3, which crystallize from the 
liquid phase. The primary crystallization fields of these phosphates are sepa- 
rated by either eutectic or peritectic curves: 

elE of binary eutectic CYPO4+KMgP04), 

e3E of binary eutectic (KMgP04 + KMg4(P04)3), 

piP of binary peritectic, according to the reaction: 

LptP+ Mg3(PO4)2 --~ KMg4(PO4)3. 

e2P of binary eutectic (YP04 + Mg3(PO4h), 

PE of binary eutectic (YPO4-KMg4(PO4h). 
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Fig. 3 Phase diagram of the system YPO4-KMgPO4-Mg3(PO4)2 

In the side-system KMgPO4-Mga(PO4)2, a binary peritectic reaction occurs 
at 1175~ and, as a result of this reaction, KMg4(PO4)3 is produced. This is re- 
flected in the ternary system under investigation in the form of ternary peritectic 
P. As a result of the reaction of Mg3(PO4)2 and the liquid with composition cor- 
responding to point P, YPO4 and KMg4(PO4)3 are formed according to the ter- 
nary peritectic reaction: 

Lp+ Mg3(P04)2 --> YPO4+KMg4(PO4)3 

This peritectic reaction proceeds at the constant temperature of 1100~ In 
the system under investigation, crystallization ends at point E, where the ter- 
nary eutectic evolves (YPO4 + KMgP04 + KMg4(PO4h) at the constant tempera- 
ture of 1030~ 
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Zusammenfassung- Im tern~iren System YPO4-K3PO4-Mg3(PO4)2 wurde das Phasengleich- 
gewieht des Teiles mit dem Kompositionsintervall YPO4-KMgPO4-Mg3(PO4)2 untersucht und 
mittels Differentialthermoanalyse, R6ntgenpulverdiffraktion und Auflichtmikroskopie bestimmt. 
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