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ABSTRACT
The phase diagrams of the binary systems RECL,-MCI, (M =Li, Mg, Ca, Pb; n=1 or 2) were investigated by

means of DTA and X—ray diffraction analysis. It was found that they arc of simple cutectic type with culectic points
50.1 Mol—% TbCl(445 T ), 67.5Mol.—% TbCl, (589 T ), 65.9Mol—% TbCl, (563 T ) and 35.6 Mol—%
TbCl, (445 CT) respectively. Unstable compounds, formed in the solid state, are Mg,TbCl,, CaTb,Cly, LiTb,Cl, and
PbTbCl,. Their decomposition temperatures arc 388 T with a phase transition at 352, 500 and 521 T with a phasc

- lransition at 483 and 405 T respectively. Some rules of the phase diagrams were explored.
Key words: TbCl, TbCl;— LiCl TbCly— MgCl, TbCly— CaCl, TbCl,— PbCl, sysicm phasc diagram

Rulc of phasc diagram

I INTRODUCTION

It is important to investigale the phasc dia-
grams for systems containing chloride for under-
standing the physico-chemical propertics of RE
compounds , cxploring the rules of phasc dia-
grams, and developing solid coordination com-
pounds. No phasc diagram on systems ThCl,—-
MC] (M =Li, Mg, Ca, Pb; n=1 or 2) have been

reported in the literature. As part ol a scrics of

study of phase diagrams of systems containing
rarc carth chloride, the phase diagrams ol the
abovc 4 binary systcms have been determined by
mcans of DTA and X—ray dillraction analysis.

2 EXPERIMENTAL

LiCKA R)), CaCl, (A.R.) and PbCl,(99.5%),
with a little moisture, were dehydrated. Their mclt-
ing points arc 614, 772 and 500 T respectively.
Tb,0, (99.5%) was chlorinated with HCl (AR))
and the resulting TbCl,y « 6H,0 and MgCl, « 6H,0

were respectively placed in P,Og drying vessels and
dchydrated for the first ime. Then they were vacu-
um heated respectively in a dry HCl atmosphere and
sulTiciently dchydrated step by slcpm. Their melting
points were determiined to be 616 and 724 €.
Samplecs preciscly weighed on an analytical
balance were put into quartz ampoules under a
dry atmosphcre. Aller cvacuation and scaling of
the ampoules, the samples were melted and
carcfully shaken to bring about homogenization.
Then they were kept at 400 C for 4 h, and left
for use in DTA. The thermoanalyzer was cah-
brated against conventional substances ol known
melling points. Two calibration curves (heating
and cooling) were obtained. The rate of heating
was 10 C /min, and Al,0, was uscd as the
reference. The thermal effects on liquids were de-
termined by relerring to cooling curves, while for
others heating curves weretemployed. The tem-
perature ol the point at which the base linc inter-
sccls the extrapolation linc of the peak was taken
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as the temperature ol the heat elfeet.

The samples for X—ray dillraction analysis
were preparced as above. Then the samples were
homogenized at 350C for two days. Powder
dilfraction analysis was carricd out on an X—ray
dilfractometer of D/ max—YA, Japan. CuKa«
radiation and Ni [lter were usced. The sample
was scaled in a hermetic capsule with thin mem-
branc window.

The [our unstable compounds, formed in

the sohd state, were determined by meceans ol

DTA and X-—ray dillraction analysis. In the [or-
mer, the identiflication was bascd on the compo-
sition corresponding to the largest heat clicet in
Tamman’s triangle. As Lo the latier, a ncw phase
was conlirmed by a sct ol X—ray dillraction pat-
tcrn belonging to the new phasc. Mcanwhile the
composition corrcsponding to a sct ol the str-
ongest diffraction peak intensitics belongs to the
ncw phase. The experiments confirmed that the
results [rom the two methods arc in good agree-

ment.,

3 RESULTS
3.1 TbCl—LiCl System

A phasc diagram ol the ThCI,—LiCli system
15 shown mn Fig. 1. It was (ound thatitis ol a
simplc cutcetic lype with a cutectic point at 50.1
mol.% (445 C). Tts cutectic reation is

445C_ ..

L LiCly+TbClyg, (1

The unstable compound LiTb,Cl,, formed
m the solid state, decomposed at 388 C with a

phasc transition at 352 C . Thcir rcactions are
<388 T
© 388~a45C
352~388 C
<352C

LiCl,,+2TbCl LiTb,Cly, (2)

2-LiTb,Cl, , B—LiTb,Cly, (3)

3.2 TbCl,—MgCl, System

phasc diagram of the ThCl,—MgCl, sysicm
is shown in Fig.2. Tt was found that it is of simplc

culcclic lype wilh culeclic point al  67.5-
mol.—%ThCl,(589C ). The unstable compound
Mg, TbCl,;, formed in thc solid state, deccom-

posed at 500 T, its rcaction is
<500TC

2MgClytThClyy, Mg, TbCly (4)

500~ 589 C

600

) L+TbCl,
5001+ Li+LiCl

L 445
~ —Q 560
b LiCI+TbCl,
400 388~ = = O T, Cl,
350 - —Oo—0—o0— ==
a—LiTb,Cl,
300 ! L ] |
LiCl 20 40 60 80 TbCl,
mol.—%

Fig. 1 Phase diagram of ThCl,—LiCl system
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Fig. 2 Phase diagram of the ThCl,-MgCl, system

3.3 TbCl—CaCl, Spstem

The phasc diagrams ol the TbCl,—CaCl,
system is shown in Fig.3, having a cuteclic point
at 65.9mol.—% TbCl,(563 T) in the system. The
unstable compound CaTb,Cly, [ormed in the sol-
id state, decomposed atl 521 C with a phasc tran-
sition a1 483 C. Their rcactlions arc

<521TC
CaCly,+2THhCly, 21~363 C B—CaTb,Cly, (5)
. _483~521C
a_CaTbZCIB(s) ﬂ_caTb1Cla(,) (6)

<433C
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This system was not nccessarily of a simple
cutectic type but possessed a peritectic ine over
the CaCl,—rich region. Unfortunately, the peri-
lectic compound could not be specilied as was
the case in the systems GdCL—MgCl |
GdClL—-CaCl§!, YbCl,~SrCIH,

800
772
700} —9
L+CaCl,
o | 82 ,
N6001 (s
521 CaCl+ ThCl,
5001 483 CaTb,Cl,

o— CaTb,Cl,

1
80 TbhCl,

400 L— - ! o
CaCl, 20 40 60

mol.-%

Fig. 3 Phase diagram of TbCl,—CaCl, system

3.4 TbCl~PbC(l, System

The phasc diagram of the TbCl,—PbCl, sy-

stem is shown in Fig. 4. It was [ound that it is of

a simple cutectic type with cutcclic point at 35.6
mol.~% TbCl, (445 C). An unstable compound
PbTbClg, formed in the solid state, decomposed

at 405 C. Its rcaction is
<405C

PbCl,(s)+THCly, iD5~a 4-5%‘: PbTHCly (7)
4 COUNTER-POLARIZATION FOR THE
INFILUENCE OF PHAES DIAGRAM TY-

PE

In 1987, th11g—Yc[5]proposcd that the accu-
racy of phasc diagram delermination could be
mproved by careful design ol experimental pro-
cedures and strict trcatment ol the obtained data.
And thus, morc precise data, which provide a
scientiflc basis for drawing thermodynamic infor-
mation [rom phasc diagrams and lor judging the
reliability of phase diagram calculation, could be
obtaincd. In 1988[6]aucmpls were also made to

cxplore the rule governing the alteraton in the
phasc diagrams containing rarc carth chloride, the
formation of compounds and their stabilitics us-
ing the concepts of polarization and counter
-polarization, Systems REC13—MgC12—LiClm and
RECI,—SrClL,—CaCl, ¥ (RE=1La, Ce, Pr, Nd)
were determined, and some rules were explored .
This paper cxplores counter-polarization for the
influence of phasc diagram type between RECI—
SrCl, and RECI,—PbCl,.

700

616

PbCl,+TbCly : 405
400 — - -
PbTbCl,
| ] | |
PbCl, 20 40 60 80 TbCl,
mol.—%

Fig. 4 Phase diagram of TbCl,—PbCl, system

Tt is shown in Table | that the RECI,—
SrCl, system arc of peritectic of complicated
type, cxcept RECI,—SrCl, (RE=La, Cc arc of
simple cutectic type). Incrcasing the atomic
numbcr ol Re lcads to an incrcase in the numbers
of Compounds . When RE=Gd and Yb, the
number of compounds increcascs to 2 and 3
respectively; RECL,—PbCl, sysiecms arc ol a sim-
ple cutectic type. The wunstable compound
REPBHClIs, formed in the solid state, decomposced
at about 400 C.

The cffective ionic radii of Sr**and Pb™ (of
coordination number 6) arc 0.118 nm and 0.119
nm respectively. They are almost equal in radius.
But the types ol phase diagrams arc quile
diferenent [rom cach other. Sr belongs Lo group 2
in the Periodic Table, and its ionic conliguration
is of 8§ clectron-group-state, {[Ar]3d"}4s4p°.
However Pb? is a noble cleciron pair-group-
state, {[Xc]af*}54"%s’. According to the concept
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Table 1 Comparison of phase diagram types for the RECI,—SrCl, and RECI,—PbCl; systems
RECI,—SrCI¥! REC!,—PbCl,
RE R3p/nm
Type compounds Type compounds

La 0.1031 Eulectic Sr,LaCl; formed in the solid Eulectic L,an-Cl5 formed in the solid
Ce  0.101 Eutectic xCeCly » ySrCl; Tormed in the solid Eutectic CePbCl; formed in the solid
Pr  0.099 Peritectic Sr,PrCly meltincongrucntly Euteclic PrebClg formed in the solid
Nd  0.0983 Peritectic SryNdClymclt incongruently Euleetic NdPbClig formed in the solid
Gd  0.0938 Complicated Sr,GdCl, Eutectic GdPbCl; lormed in the solid
Tb  0.0823 Sr,GdCly, Eulcclic TbPbCl formed in the solid
Yb 0.0868 Complicated 3 compounds Eulectic YbPbCls lormed in the solid

ol polanzation, ion conligurations with 2 clcc-
iron group stales, 18 clectron group states and
nobic clectron pair group statc have unusual
polariza- lions.

In the Mn[RECI,] molecule, the allraction

of RE* 1o ClI” is called as a polarization of

RE* 1o CI™. The altraction of M7, which exists
in the oulside ol the complex ion [RECI,,,](”H)_,
10 CY” is called as counter-polarization of M”",
which cxist in the outside ol the complex ion
[RECL] ™ 1o CI” is called a counter pola-
rsation of MZY(Pb™). With increasing the
counter-polarization of MZ(Pb*), the stabillity of
formed MCIp(PbCl,) increase, the stability of
complex i011[REClm]("'_3)_and coordination com-
pound Mn(RECI,] deccreasc. The numbers of
compounds formed decrcase, so that the com-
pound could not be formed or only [ormed very
unstable compounds in the solid state. So the
types of phasc-diagrams tend to simple cutcetic
ype. This illustrates that counter- polarization is

also an important [aclor inllucncing phasc dia-
gram lypcs,
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