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The phase diagram  o f  ternary system  L aC l3- C a C l2- N a C l  has been constructed from the 
phase diagram s o f  the three binary system s and o f  thirteen quasi-binary system s determ ined by 
DTA . For the binaries LaCl 3-C a C l2 and C aC l2-N a C l eutectic points were observed at 651 °C , 
35.1 mol% L aC l3 and at 508 °C , 49.9 mol% N aC l, respectively. For L aC l3-N a C l, a peritectic  
point besides the eu tectic  point at 545 °C , 36.1 mol% L aC l3 was found at 690 °C , 57.5 mol%, 
which is attributable to the form ation o f  the peritectic com pound 3 L aC l3 • N aC l. The phase  
diagram  o f  the ternary system  has a ternary eutetic point and a ternary peritectic point due to 
3 L a C l3 -N a C l, the form er at 462 °C  and 12.1 - 3 9 .7 - 4 8 .2  mol% (L aC l3-C a C l2-N a C l)  and the  
latter at 612 °C  and 2 6 .9 -5 5 .1  -  18.0 mol%.

Introduction

The phase diagram of the system LaCl3-C a C l2-  
NaCl is reported to be of the simple eutectic type 
without binary and ternary compounds [1]. The 
melting point of LaCl3 used in [1] (850 °C) is by 
27 °C lower than that found in [2]. This suggests 
that the temperature of the liquidus surface was 
underestimated in [1] due to impurities of the 
LaCl3. From the phase diagram of ternary PrCl3-  
CaCl2-NaCl it was concluded that a binary peri­
tectic compound 3 PrCl3 • NaCl is formed in the 
solid phase of that system [3], Solid LaCl3 has the 
same crystal structure [4] as PrCl3. The present work 
was undertaken to determine the accurate liquidus 
surface of the system LaCl3-C a C l2-N aCl and to 
examine whether the compound 3LaCl3 -NaCl is 
formed.

Experimental

Chemicals

LaCl3 was prepared and purified in the same way 
as reported in [5]. The impurities were almost the 
same as in [6]. The chemicals NaCl and CaCl2 were 
of analytical reagent grade and dried in the usual 
way [6]. All the chemicals were treated in a glove 
box filled with dry argon.
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DTA measurements

The DTA measurements were carried out on 
cooling in an atmosphere of purified argon using a 
chromel-alumel thermocouple and a-Al20 3 powder 
as reference material. The cooling rates were 11 °C /  
min. at 800 °C, 7°C/m in. at 600 °C, and 4°C/m in. 
at 400 °C. If necessary, the measurements were 
repeated with slower cooling rates (2 or 3°C/min.) 
and newly prepared samples.

The obtained melting points of NaCl and CaCl2 
were 802 °C and 772 °C, respectively, in excellent 
agreement with the accepted data. As in [2] the 
melting point of LaCl3 was found to be 877 °C, 
which is the highest value reported in literature.

Results and Discussion

CaCh-NaCI

The phase diagram (Fig. 1) shows an eutectic 
point at 508 °C and 49.9 mol% NaCl. Of the several 
phase diagrams published [1 ,3 ,7 -12 ] ,  the present 
one is in good agreement with those by Seltveit and 
Flood [7] and Hattori et al. [3]. As can be seen in 
Fig. 1, for concentrations 80 mol% NaCl no the 
eutectic temperature was observed. In general this 
indicates that a solid solution and an incongruently 
melting compound are formed at that composition. 
Seltveit and Flood [7] investigated in detail the 
phase diagram with both thermal analysis and 
tracer experiments using a small amount of radio­
active compound as a third component. They con­
cluded that the incongruently melting compound is
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Fig. 1. Phase d iagram  o f  C aC l2-N a C l. Fig. 2. Phase diagram  o f  L aC l3-N a C l.

Na4CaCl6. The disappearance of the eutectic tem­
perature seems to support their result, although the 
thermal change to be expected, i.e., a solidus curve 
and a peritectic temperature were not detected.

LaCI3-N aC I

The phase diagram (Fig. 2) indicates the forma­
tion of an incongruently melting compound. The 
peritectic point is at 690 °C and 57.5 mol% LaCl3, 
and the eutectic point is at 545 °C and 36.1 mol% 
LaCl3. The phase diagrams of Morozov et al. [1] 
and Kuroda [13] show no peritectic compound. In 
[1] the eutectic point is at 525 °C and 27 mol% 
LaCl3, and in [13] it is at 537 °C and 33 mol% 
LaCl3.

Hattori et al. [3] found anew the peritectic com­
pound 3 PrCl3 • NaCl in the phase diagram of 
PrCl3-N aCl by DTA measurements, the composi­
tion of which was already known from DSC mea­
surements. We tried to determine in the same way 
the composition of the compound in the LaCl3— 
NaCl system but failed because of the high in- 
congruent melting temperature. However, from the 
fact that the eutectic temperature disappears at

75.0 mol% LaCl3, the composition of the compound 
can be concluded to be 3 LaCl3 • NaCl.

LaCI3-C a C l2

The phase diagram (Fig. 3) shows an eutectic 
point at 651 °C and 35.1 mol% LaCl3. Morozov 
et al. [1] found the eutectic point at 630 °C and 
27 mol% LaCl3, and Kuroda [13] at 645 °C and 
33 mol% LaCl3.

L a C h - C a C h - N a C l

In order to construct the ternary phase diagram, 
8 quasi-binary phase diagrams, corresponding to 
the lines a - h  in Fig. 4 were first measured by DTA. 
As in the CaCl2-N aC l diagram (Fig. 1) no solid 
solutions were seen in these diagrams. From the 
changes of the liquidus curves and the lines which 
show a minimum temperature (462 °C) in their 
diagram, the ternary eutectic point and three eutec­
tic boundary curves falling to it from the eutectic 
points of the three binary systems were determined 
approximately. In the diagram of line h no mini­
mum temperature was observed. This suggests that
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Fig. 3. Phase diagram  o f  L aC l3-C a C l2.

CäCl2

60,1: 80, m: 80.

there exists a ternary peritectic point instead of the 
eutectic point. If a peritectic point as in the PrCl3-  
CaCl2-N aC l system [3] exists, and if the point is 
based on the formation of a binary peritectic com­
pound, a peritectic boundary curve falling to it from 
the peritectic point in the system LaCl3-N aC l must

be present. However, the curve falls parallel to the 
line f and is therefore difficult to determine this 
way. In order to elucidate its existence, the 5 quasi­
binary phase diagrams along the lines i - m  in Fig. 4 
were measured. Apparently these diagrams showed 
the peritectic boundary curve, and from the curve

NaCl 545 690
802
Fig. 5. Phase diagram  o f  L aC l3-C a C l2-N a C l (unit:

Fig. 6. C om parison with the diagram  reported by M oro- 
zove et al. [1] (unit: °C ). O pen circles and dotted  lines: [1]. 
Full circles and solid lines: this work.
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the temperature and composition of the peritectic 
point was determined. Finally, the ternary phase 
diagram was constructed (Fig. 5) according to the 
phase rule, using all the phase diagrams measured. 
Point A is the ternary eutectic point, point B the 
ternary peritectic point, the dotted line presents the 
Alkemade line, and the double arrows mean the 
peritectic boundary curve. The composition and 
temperature at the points marked in Fig. 5 are 
shown in Table 1.

This ternary phase diagram had been reported by 
Morozov et al. [1] as of the simple eutectic type. Our 
result is compared with that of [1] in Figure 6.

Table 1. C om position  and tem perature at the points 
marked in Figure 5.

Point T e m p ./°C C om position /m ol%

L aC l3 C aC l2 N aC l

A 462 12.1 39.7 48.2
B 612 26.9 55.1 18.0
C 508 0 50.1 49.9
D 545 36.1 0 63.9
E 690 57.5 0 42.5
F 651 35.1 64.9 0
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