
-PHASE DlAGR&l- FOR THk -TERNARY SYSTEM LiCl-CaCl&aCrO* 

The phase diagram for the system LiCl-CaCl,-CaCrO~ has been studied using 
differential thermal analysis. LiCl-C&I,-CaCrO~ _has been shown by X-ray dif- 
fraction to be a stable, diagonal section of the Li, Ca/jCI, CrOa reciprocal ternary 

system‘, The three binary systems are: LiCl-CaC12‘ which exhibits a double salt 
(LiCaCl,), which decomposes without mehing at 439 “C and a eutectic at 363 mole % 
CaC12 (m-p_ 487°C); CaC12CaCrO~ which shows a eutectic at 23.4 mole % CaCrO, 
(m.p. 66O”Q and Lic1_cacro, with a eutectic at 14-3 mole % CaCrO~ (m-p_ 

538°C). 
In the ternary system, a eutectic exists at 63.2 mole % LiCl-329% CaCl,-3_9% 

CaCrOb (m.p. 479°C). In addition, a four-phase. equilibrium, invoIviug ail solid 
phases, exists at nezxrly alI compositions at 435°C 

Isotherms are shown for the liquidus surface (primary crystallization) and for 
the secondary crysta&ation surface. Isothermal and vertical sections through the 
ternary phase diagram are shown 

INTRODUCTION 

Thermal cells (vohaic cells employing a molten sah &ctroIyte) frequently 
employ the dectrochemical cell system’: Ca/LiCl-KCl-CaCrOJFe. At the elevated 
internal temperatures (500 to 600°C) attained in thermaI celis, the Ca anode will 
react chemically2 with the LiCl to form G&l,. During the course of this reaction the 
salt system LiCf-KCI-CaCI,_cacrO exists, and a knowledge of the phase reiation- 
shi* in that system is important to thermal ceil technoIogy_ The system LiCl-CaCi2- 

Cacro, is one of four ternary systems which make up the overah salt mixture_ The 
other three ternaries have been previously studied: the LiCl-KCl-CaC12 phase 
diagram has been reported by Plyushchev and KovaIev’, and the other two systems, 
LiCl-KCT-CaCrO~ and KCl-CaCI.-cacrO,, have bee!n studied in this laborato@‘_ 

-_ 
. 

*Ruamd at &e 6th North Amaican i-hamal Axdysis sodety Coti& Princeon, N- L, 
Jmrc20-23.1976. 
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Lic?a-ea2-ceo4 is a stablt diag0nal section 0f the Li,Gaj/c1,C10~ 
rcc+calternarysystcm-Thtthrcebinarysystcms,Li~a~,Li~cro~,8nd 
cacI,-cacro,, have been pfevioa§ly investigated- The phase diagram for i;Ci- 
CaMa was report& as part of a general investigation of the IiCLKC%CiCr04 
tnnary~4,andtheCaCi,-CaCrO,b;inaryphase~WaSaIsOrtportcd 
recently’. The LiCkCaCTI binary system has beer.stndied several times~most 
IesentIy by GohlbeYa and Mgman? Because of VarianB in previously reported 
cMaJheLi<=CCaQ,pbase~was~inthepresentwork 

- The samples used in this investigation were ultra-pure anhy~iWs CacI, 
(99.95%) from I&sear& Organic/Inorganic ChemicaI Corporation, sun valley, 
Calif.; high-purity CKr04 (assay 99.85%) prepared from &agent & CaCO, and 
Na,crO, using a method previously describedl; and reagent grade LiCI. LiCl and 
CaC& were vacuum dried for I6 h at 120°C, and CaCr04 was yacrmm d&dat4W”C 
for4h 

Phase change data were dekrminai by DTA using a technique prcvioasly 
dcscrii in details. ‘I&e DTA sampIes were prepared in a controlled atmosphere 
=dzy room- -in a manner deskbed in the same reface. Data were obtained for 

. 
mxtures which had a liquidus tempcratzxc below 800°C. Above that tcmpcrahxe 
thermal decomposition of CaCr04 began to occur. 

A fm sampks of sekcted composition were anaIyzd using X-ray diffraction. 
The X-ray &&action ftsuIts were used to confirm the stabBy of the LicIcacI,- 
cacLo,- 

~p~niaPramforthis~~bctnprcviouslyrtported6andisshown 
in Fig. 1. This diagram shows a simple eutectic system with a eutectic composition of 
23.4 mok % Cacro, which mdts at 660°C. 

LiCI ad CaCx04 form a simple eutectic meIting at 538°C with a.eutedic 
composition of 14.3 molt % CaCr04. 
pubIkhui4* is shown in Es 2. - 

This diagram, which has ti,_.ptiously 

: . * 

. 
Tllcdjagrzmfm~systcmhasbc!ulredctcrmmcd andisshowniuEg.3.A 

double saIt (LiGSia forms a.t 5OmoIt .% CacI, and is &I* iit ttmptratarcs 
below 439OC l& LicaQ, dccom* without melting at 439°C to form LiCl ax@ 
CaC1,.A~existsat36~molt%Ca82withamdtingpointof4sloC;-- I - 
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Lic~a~~uo, ternmy sysrm 
Tht DTA data obtained for the LiCl-CaCi,-CaCrO~ ternary system are shown 

in Task i _ In this table the temperatures shown are those where the designated phase 

dikppea-s on heating- The reactions for the disappearance of the four solid phases 

can be ulitten as foIIows: 

- a0 =+L 
jwacl2l ‘L 
7 (CaCroJ “L 
S(LiCaCl~ *a+# 

A few representative DTA curves are illustrated ia Fig_ 4_ These particular 
axmes show a variety of phase tranSormations. Curve-(a) is for a composition such 
that, on heating, the decomposition of the d phase (LiCaCia) is observed at 435°C; 
the disapw oftheacrystak(LiCI) is noted.at 479OC; the /3 phase (CaClJ is 
liqpid above 552°C; and finaily the 7 phase (CaCrOJ CompIeteIy disappears at 

761 “C Curve (b) iiIustratc~ a mixture in which the j? (CaCI~ and-y (CaCr0J phases 
time totally liquid at the same temperature (610°C). The -decomposition of the 

6 phase (LSCaCIa and the Formation of the a phase (XXI) fo liquid oc&r at 435 
kd 479 “C, RSPSGE& just as they do in curves (a) and (I$_ C&e (c) is_ for the 

ternary entectic composition md shows the disaBppearance of the,a @Cl), fi (CaCla 

andI(~C~~p~atasingIettmperatme~i79”C);-. ‘-.I’.-- - :, -- . 
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TABLE i 

mA DATA FOR PHASE DlAGRiM FOR Lia-CaCl&CrO~ SYSTEM 

MO& % 
-_ 

T-c ofpliw dkagpcmancc cc) 

100 
959 
91.3 
85.9 
79.7 
724 
63.6 

39.6 
225 
- 

98.6 
965 
91.8 
86.5 
80.3 

- 

z 
87.1 
80.9 
73.5 
a.7 
53.9 
40.4 
23.1 
- 

95.4 
93.1 
87.7 
81.5 
74.1 

65.3 
54.5 

40.9 
23.4 
- 

93.6 
883 
82.1 
74.8 

- 

4.1 
8.7 

14.1 
20.3 
27.6 
36.4 
47.1 
60.4 
77.5 
100 
- 

m 
6.5 

Il.8 
17.9 
25.1 
33.7 
44.2 
57.3 
74.1 
%.4 
- 
4.4 
9.5 

15.4 

30.9 
41.2 
54.1 
70.6 
92.7 
- 

2.2 
7.2 

13.0 
198 
28.0 
38.1 
50.8 
67.1 
88.9 
- 

4.8 
.x0.5 
17.1 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

I.4 
I.5 
I.6 
1.7 
1.8 
2.0 
2.2 
2.4 
2.7 
3.1 
3.6 
29 
3.1 
3.4 
3.7 
4.0 
4.4 
4.9 
5.5 
6.3 
7.3 
4.6 
4.7 
5.1 
5.5 
6.1 
6.7 
7.4 
8.3 
9.5 

11.1 
6.4 
6.9 
7.4 
8.1 

614 
605 
590 
574 
550 
525 
487 
496 
490 
486 

600 
599 
587 
572 
552 
523 
485 
479 
479 
465 

589 
583 
570 

550 
521 
492 
481 
481 
476 

578 
579 
568 
548 

z 
481 
480 
476 

568 
565 
549 
531 

475 
475 
487 
485 
487 
548 
618 
686 
759 

465 
474 
474 
477 
479 
5339 
594 
667 
740 

455 
470 
477 
479 
479 
499 
574 
645 
725 

469 
477 
479 
480 
498 
556 
6X 
708 

459 
473 
478 

538 
532 
520 
505 
490 
483 
481 
488 
492 

z 
538 

7; 
512 
499 
484 
491 
526 

.ci 

538 
538 
538 
528 
514 
536 
547 
545 
591 
660 
538 

_ 537 
’ 536 

548 

439 
439 

- 439 

439 
438 
439 
439 
432 
432 

438 
438 
439 
439 
439 
438 
438 
437 

438 
438 
438 
438 
437 
437 
436 
434 

437 
434 
436 
435 
435 

‘434 
435 
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6!5.9 _ 25.2 
5sa 
41.4 
23.7 
- 
91.7 
1191) 
827 
75.4 

55.6 
41s 
24.0 
- 
896 
83.4 
76.0 
67-i 
S6.1 

24.4 
- 
87.2 
84.0 
76.6 
67.7 
561 

24.7 
- 
84.7 
773 

57.3 
433 
25.0 
- 
81.8 

69.0 
579 
439 
2S.4 
- 

69.7 

44.4 
25.1 

35.0 
47A 
63.4 

- 
24 
7.9 

144 

31.8 
44.0 
59.7 
80.8 
- 

SA 
11.6 
19.2 

40.4 
55.8 
76.6 
- 

2.7 
8.8 

iz 
36.8 
51.8 

- 
59 

13.0 
21.9 
33.1 
47.8 
67.8 
- 

3.0 
99 

-18s 
293 
43.6 
632 
- 

6.6 
149 
u4 
393 

8.9 

10.0 
11.2 
129 
IS.1 
8.3 
8.6 
9.4 

IO.2 
113 
126 
14.2 
16.3 
19.2 
IO.4 
113 
12.4 
13.7 
IS3 
173 
19.8 
23-4 
12.8 
13.3 
14.6 
Ibl 
18.0 
20-4 
235 
27.7 
153 
16.8 
18.6 

23.6 
27.2 

182 
19.0 
21.1 
23.6 

31.0 
36.8 
2i.4 
a7 

3S.o 

SO1 
48f 

iti 

559 
5% 
546 
528 
505 
481 
481 
479 

552 
547 
S36 
317 
485 
480 
476 

545 
538 
S38 

z 
481 
478 

538 
532 
525 
495 
481 
479 

ii; 
536 
507 
481 
478 

538 
532 
518 
477 
479 

541 
612 
693 

471 
479 
481 
481 
401 
603 
670 

46S 
473 
481 
479 
St4 
S93 
660 

471 
474 

478 
527 
594 
660 

46S 
474 
476 
SQ3 
583 
660 

470 
4n 
481 
S74 
660 

469 
472 
477 
567 

558 

569 

iii 
660 
53’3 
542 
546 
s72 
593 
603 
616 
632 
660 
S38 
S47 
583 
612 
62S 
640 
651 

zi 
S62 
6Q2 
624 
648 
66s 
686 
700 
546 
612 
643 
670 
688 
71s 
724 
S72 
625 

z 
713 
736 

-754 
604 
672 

.703 
732 
758 

434 
434 
436 
436 

435 
436 
436 
43s 
435 
436 

436 
436 
436 
434 
436 
432 

434 
435 

436 
434 
429 

436 
434 
434 
43s 
434 

.437 
434 
437 
434 

435 
‘435 
434 
434.^’ - 
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AMok % Temperature of phse disa..~~ (W 

B 7 6 
lxx =I2 CaCkO4 &Co (CuCZzl (czzCr0,) (LKzCZ3) 

41-6 660 784 
249 538 639 

70.4 3.3 26.3 - 532 450 686 434 
59.2 11.3 W.5 525 470 722 436 

2: 21.5 349 39.0 33-6 483 474 478 548 749 778 434 425 
- 535 660 >800 
71-l - 289 538 673 
59.9 7.6 32.5 _ 522 463 734 432 
45.5 17-4 37.1 : 472 472 776 436 
26s 30.3 432 477 541 >800 434 
66s - 335 538 710 
60s 39 35.6 535 452 755 436 
46.1 13.2 40.7 512 470 792 435 
61.2 - 38.8 538 749 
46-1 8-9 44.4 525 469 >800 434 
63.2 329 3.9 479 479 479 435 
20.0 65.0 15.0 479 610 610 - 435 
285 365 35.0 479 552 761 435 

Al 

I . 1 . I s I L 1 

Fi~4_TypicdlYI-Aaxves for the sy~ti LiQ-caQ~eo4_ <a) 285% L.iU-36-5% CaQr 
350% cmod; <b) 21x0% r.ia-65_0% caQri5.0x cmo4: CC) 632% tia-329% caaz-39% 
cacro& 
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The paaSe diagram for the lXLCaC&CaCrO, system is shown with the 
isothermal representation of the Iiquidus surface in Fig- 5. The ternary eutectic that is 
seen at 632 mole % LiCI-322% CaCl,-3_9% Cacro, has a melting point of 479°C 
In Fis 6 the three-phase lines connecting the three binaryeutectics with the ternary 
eutectic are observed_ The arrows represent the direction of decreasing tem_perature- 

An isothermal representation of the secondary crystakation surf&e is shown 
in Fig_ 7_-At temperatures above this surface, but bekw the Iiquidus &ace (Fig. 5), 
both a liquid phase and one solid phase will exist. The particular solid phase present 
wiIl depend on the composition of the mixture. 

TABLE 2 

SUMMARY OF DATA FROM THE KiCl-CaC&-CXXL PHASE DIAGRAM 



29 

Fig, 6_ The thrcc-phasc cquiIibrium fines for the LiCI-CixCiz5Cr04 system. 

A summary of data from the LiCl-CaCi~-cacrO, phase diagram is shown in 
Table 2 

Examination of both vertical and isothermal sections through the phase 
diagram is usefcI in developing a more complete understanding of the &am_ 
Figures 8 and 9 are vertical sectious in which the LiCi to CaCI, mole ratio is held 
constant The section in Fig 8 (LicI to CacI, ratio equal to 30/70) intersects the 
three-phase Line connecting the CaC&-CaCrO, eutectic with the ternary eutectk 
The section in Fig 9 (L.iCl to_CzQ ratio equal to 65/35) intersects two three-phase 
lines; one connecting the LiCl-CaCrO~ binary eutcctic with the ternary eutectic and 
the other connecting the LicI-cacI, bin&y eutectic with the ternary eutectk Bbtb 
sections intersect the four-phase equilibrium plane. 

Figures 10-13 are vertical sections with constant CaCrO~ concentrations 
ranging from 5 to 30 mole % CaCrO~- Figures 14-19 are isothermal sections, each 
of which shows the phases present as a function of composition for one uxxtant 
temperature. At 425°C (Fig- 14) ail f our solid phkes are present, depending on 
composition- At 450°C (Fig, Is), it is observed that the d phase (LiCaCLs) has. 
Gisappeared. At 500°C (Fig. 16) the appearauce of a Liquid phase is observed 
Figures 17-19 show the diappearauce of the various solid phases as temperature 
illcreases. 
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