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The MgC12-KCI-CaC12 phase diagram 

George S. Perry * and Hayley Fletcher 
Atomic Weapons Establishment, Aidermaston, Reading, Berks. RG7 4PR (UK) 
(Rece ived  17 August  1992) 

Abstract 

The  MgCi2-KCI-CaCi . ,  phase  diagram has been determined  u s i n g  the method  of  
thermal analysis. The  l iquidus system is a s imple  one  with two cutectics at MgCI2 
(48 mol.%)-KCl (40 mol.%)-CaCl., (12 tool.%), m.p. 722 K; and MgCIz (35 mol.%)-KCI 
(63 mol.%)-CaCl., (2 tool.%), m.p. 700-725 K. There  is a peritectic at MgCI= (47 mol.%)- 
KCI (35mol.%)-CaC12 (18mo1.%), m.p. 725-750K; the second peritectie near the 
c o m p o u n d  K2MgCI~, was not found experimental ly .  There  were no ternary c o m p o u n d s  
found and the diagram agrees very well  with an earlier Russian determination.  

INTRODUCTION 

Phase diagram determinations are carried out to provide information on 
phase relationships at reaction compositions and temperatures. This study 
forms part of a programme of work investigating potential reaction media 
in pyro-chemical processes for the recovery and recycle of plutonium from 
metal residues. 

Molten chloride systems are generally chosen for  their thermal and 
radiation stability. The MgCI2-KCI-CaCI2 ternary phase diagram is of  
particular interest for potential application to the extraction of americium 
from plutonium metal 

Am"  + MgCI2---> AmCl3 + Mg ° 

and in plutonium electrorefining; it also has a general application in molten 
salt chemistry. 

The only known previous determination of the MgCI2-KCI-CaC1,_ 
ternary phase diagram was established by Ivan,-,',, in 1953 [1] (Fig. 1) from a 
very thorough study of the system. 
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Fig. 1. Experimental MgCl2-KCl-CaClz phase diagram [1]. 

Phase diagrams of the binary systems 

Liquidus points were not determined for the component binary systems; 
the values were taken from the literature phase diagrams. 

The KCI-CaCI2 phase diagram is well established and the liquidus points 
were taken from the Menge diagram [2] which has not been improved upon 
by later workers. The system has two eutectics at 26mo1.% (873 K) and 
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Fig. 2. KCI-CaCI2 phaso diagram [2]. 
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Fig. 3. MgCl=-CaCI2 phase diagram [3]. 

73mo1.% CaCI2 (913K) with a congruently melting compound KCaC13 
(1027 K) (Fig. 2). 

The MgCI2-CaCI2 phase diagram is also well established and liquidus 
points were taken from the diagram of Grjotheim et al. [3]. They found a 
simple eutectic at 53 moi.% MgCI2 (893 K) and solid solubility in the 
CaCl2-rich region (Fig. 3). 
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Fig. 4. MgCI.,-KC! phase diagram [4]. 
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The  MgCI2-KCI system has been  examined  by several  a u t h o r s ,  with 
discrepancies  over the exis tence of the compound  K2MgCI4. T h e  d iagram of 
Seifert  and Uebaeh  [4] was used to provide l iquidus points.  T h e y  found 
th ree  eutectics,  two congruent ly  mel t ing compounds  and two incongruent ly  
melt ing compounds ,  K2MgCI4 (703 K) a n d  KMgCI.~ (765 K), K,MgCI~ 
(702 K ) a n d  K3Mg2CIv (715 K) (Fig. 4). This  phase  d iagram has also been  
r ede t e rmined  by us [5] and a l though we found a system similar  to tha t  of 
Seifert  and Uebach ,  the incongruen t  compound  K4MgCI¢, was not  identified 
and,  in addit ion,  metastabi l i ty  was found in the composi t ion  range 
40 -50  m01. % MgCl2 at 4240C. 

E X P E R I M E N T A L  

Materials 

T h e p o t a s s i u m  chloride was A n a l a R  grade  from Merck  ( B D H ) .  This  was 
dried pr ior  to use by heat ing  until mol ten ,  holding for 1 h, and cooling 
unde r  argon.  This typically gave a wate r  con ten t  of 0.07 ( ± 0 . 0 2 ) w t . % ,  
de t e rmined  by Karl Fischer  analysis. 

The  magnes ium chloride used was Merck  Technical  G r a d e  Anhydrous .  
This  was dried prior  to use by hea t ing  to 750°C in a silica tube  in an argon 
a tmosphere .  Once  the salt was m o l t e n ,  HC! was bubbled  t h rough  the melt  
for 3 0 m i n  before  al lowing it to cool under  argon.  This  t r e a t m e n t  is 
necessary  to p reven t  the MgCl2 from hydrolysing and forming the 
oxychloride.  Karl Fischer  analysis showed the p roduc t  to contain  0.32 
(±0.05)  wt .% water.  

The  calcium chloride used was Ven t ron  Ul t r apure  which was dried prior  
to use by heat ing  to 400°C in an argon a tmosphere ;  this con ta ined  0.19 
(±0.02)  wt .% water.  

The  melt ing points by cooling curve were as follows: KCI, 768°C (cf. 
722 ± l°C [6]), MgCl2, 704°C (cf. 714 ± 2°C lc l), c;,~ t +of. 782 ± 5°C 
[6]). These  are low, possibly owing :,~ the oxv~-,:~ tr<,ttlcnt of the 
compounds ,  but  th i s  is though t  unlikely to ~l|it:~ ! ~I+. ! l i ~ l l i i l l u s  lcmp,"ratures  
by more  than a few degrees ,  part icularly in the terni+iV .~: ~::~; 
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ana logue  input  interface b o a r d .  The  t empera tu re s  of the salts were  
moni to red  by a PC, using a data  acquisi t ion program.  T h e  furnace w a s  
control led by a Wes t  2050 furnace control ler ,  which was p r o g r a m m e d  to 
hea t  to 830°C in 3 h, dwell for 30 rain and cool at a rate  of 1-2°C min- t .  T h e  
samples  were  st i rred whilst mol ten to ensure  mixing and to el iminate  the 
possibility of supercool ing.  The  phase  changes  occurr ing dur ing  the cooling 
of the mol ten  salt p roduced  t empera tu re  arrests  which were de tec ted  
visually on p lo t ted  t races of the cooling curves. The  t empe ra tu r e  arrest  was 
read at the highest  point  on the p la teau  and quo ted  to the neares t  0.5 ° . 

RESULTS A N D  DISCUSSION 

Based upon the previously de te rmined  binary phase  d iagrams CaCI~- 
KC1 [2], MgC12-CaCI2 [3], MgCI2-KCI [4] and their  eutect ics  and com- 
pound  composi t ions ,  nine sets of ten different composi t ions  were chosen 
to analyse.  Figure  5 shows the nine lines along which the exper imenta l  
points were  measured ,  and where  the eutectics and compounds  lie. 

T h e  liquidus t e m p e r a t u r e s  were  then used to construct  nine pseudo-  
binaries,  one for each of the nine composi t ion sets. F rom the pseudo-  
binaries,  the te rnary  was const ructed  (Fig. 6) with liquidus lines drawn at 
25 K intervals  in the range 675-1075 K. 

T h e  MgCI2-KCI-CaCI2  is a simple te rnary  phase system with no ternary  
compounds  present .  The  main features  are the two eutect ics  (E, and E2) 
and  the peri tect ic  (PI) located in the 18 mol .% CaCI2 region of the diagram. 
The  bounda ry  curves  or iginate  from the binary eutect ic  points and meet  to 
form the te rnary  eutect ics at 48 :40:12  tool .% MgCI2-KCI-CaCI2 at 722 K, 

Binary  Eutectic. = t A 
B'"a," : - / / I  \ \ 
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Fig. 5. Composition lines. 
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Fig. 6. Experimental MgCI,-KCI-CaCI., phase diagram (,'ais work). 

and at 35:63:2 mol.% MgCI2-KCI-CaC12 between 725 and 700 K. The 
peritectic was at 47:35"18mo1.% MgCI2-KCI-CaCI2 between 725 and 
750K. The second peritectic (P2) is very close, to K2MgCL at 37"62"1 
mol.% MgCI2-KCI-CaCI2 and 700-725 K. 

The component  binary systems influence the direction of the isotherms. 
The strongest influences are from the KCI-CaCI2 and the KC1-MgCI2 
compounds. The KCaCI3 compound projects the isotherms in the CaCl2- 
rich region towards the low CaCl2 region. The KMgCI~ and K2MgCI4 
compounds shift the isotherms towards an area of minimum energy,  the 
50mo1.% eutectic of the CaCl2-MgC12 binary system. However  the 
additional phase transition found at 35-50 mol.% MgClz appears to have 
no effect on the ternary system. 

An unusual feature are the isotherms in the CaCl2-rich corner: they curve 
away from each other  at 950 and 925 K, opening a larger than expected gap. 
"i'his region was examined in detail by the cooling curve analysis of several 
~ h!ii i.:mai compositions. It was initially thought  that  this area may contain a 
t~:rnary compound,  but the primary tempera ture  arrests obtained did not 
provide any evidence for this. It is now thought that  the gap may arise from 
the latent solid solubilitY which exists in the MgCI2-CaC12 binary phase 
diagram (Fig. 3). 

F o r  the ternary, Ivanov [1] used thermal  analysis a n d  microstructural 
methods in the 653-1073 K range to analyse 17 polythermal sections in 
order to construct the liquidus ternary diagram with 20 ° interval isotherms. 
Figure I shows his ternary phase diagram converted from weight per cent 
data to molar units. He found two eutectics E~ and E2, two peritectic points 
P~ and P2 and discusses the basic system in terms of two secondary 
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Fig. 7. Calculated MgCI2-KCI-CaClz phase diagram [7]. 

diagrams, a ternary KCi • CaClz-KCI - MgC12-KCI and a ternary reciprocal 
CaCI2 + KCI -MgCI2 = MgCI2 + KCI - CaCI2. 

In both experimental ly determined phase diagrams, two ternary eutectics 
and two peritectics were found. The ternary system does not appear to be 
influenced by the MgCIz-KCI binary compounds  (KMgCI3 and K2MgCL), 
but by the KCaCia, the isotherms of  the CaCla-rich region being pushed 
right across to the CaClz-low region. 

A calculation of  the MgCia-KCI-CaCla ternary phase diagram has 
recently been carded out at NPL [7]; Fig. 7 shows the calculated liquidus 
and our temperature data. 

Table 1 compares  the eutectics and peritectics for the experimentally 

T A B L E  1 

Comparison of MgCI2-KCI-CaCI2 ternary phase diagrams 

Author Method Eutectics/ M o l . %  
peritectics MgCla: KCI: CaCI2 

T e r n  ~erature 
(K) 

Ivanov  [1] T h e r m a l  E1 47 :34 :19  
1953 analysis E2 30: 68: 2 

P1 49 :26 :25  
P2 3 3 : 6 5 : 2  

This work Thermal E l  48 :40 :12  
analysis E2 25: 63: 2 

P1 47 :35 :18  
P2 37 :62 :1  

Chart [7] Computer E1 46 :40 :14  
1991 ca lcula t ion  E2  33: 65: 2 

713 
707 
719 
710 
722 
700-725 
725-750 
700-725 
717 
693 
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determined MgCI:-KCi-CaCi2 ternary phase diagrams w!lich, ~aking into 
account the different experimental techniques, shows good agreement. The 
calculated diagram also shows very good agreement, which muse be 
attributed t ° the i'e!fifive!y simple binary systems and the model used to 
derive the liqlildi!r~ teniperatures. 

i . . • 

C O N C L U S I O N  

The experimental determination of the MgCI2-KCI-CaCI2 liquidus 
ternary phase diagram by thermal analysis has shown the system to  be a 
simple one. There are two ternary eutectics and two peritectics. No ternary 
compounds are present. The CaCl2 corner merits attention; the possibility 
of solid solubility in this region needs to be investigated further. 
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