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ABSTRACT 

The reactivity with temperature of both Sm20rCe02 
and Sm20rCe02-C mixtures using Cl2 as chlorinating 
agent has been studied by thermogravimetry under 
controlled atmosphere (TG). Reactants and products 
were analyzed by X-ray diffraction (RX), scanning 
electron rnicroscopy (SEM) and energy dispersive 
spectroscopy (EDS). 

Thermodynamic calculations were performed with 
the aid of computer-assisted software. 

INTRODUCTION 

Lanthanide oxides are characterized not only by 
their chemical similmities but also by their high 
stability. These features make their separation a difticult 
task to accomplish. 

Howevcr, chlorination wilh either chlorine or 
chlorine in the presence of carbon represents a possible 
separation method which has been successfully applied 
to the sep<tration of lanthanide be<tring ores at high 
temperature in an industrial proccss [Brugger-1967]. 
Although some kinetic data was reported [Kurmaev-
1970, Ivashentsev-1975] and a complete rcview 
regarding the extractive mctallurgy of rme emth 
elcments was also elaborated [Gupta-1992], the kinetics 
of chlorination of lanthanide oxides has not been 
extensi v c! y i n vestigated. 

The chi orination of Sm20 3 [Esqui vel -1999] and that 
of Ce02 [Esquivel-2000] were previously studied in the 
200"C to 950"C and 800"C-950uC temperature range, 
respectively. 

Although the carbochlorination of Sm20 3 has not been 
completely studied yct, results of the <malysis of 
isothermal U1ermogravimetric curves and its reaction 
products compared to U10se of thc carbochlorination of 
Ce02 [Esquivel-2000] have led to Ule sarne conclusion 
obtained 
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respect to Ule direct chlorination of each oxide: thc 
reactivity differences cxhibited by boili oxides with 
either chlorinating agent exposes the opportunity of not 
only dcvelop a scientific study on the reactivity of both 
oxides when mixed but also Ule opportunity of 
increment the scmce kinetic data of a process used on a 
industrial meUlod of sepmation. This double interest has 
aimed the elaboration of the present paper. 

EXPERIMENTAL 

Materiais and Procedure 

The st<lfting gases used werc Ar 99.9% purity 
(AGA, Argentine) and Cl2 98.9 % purity 
(Indupa,Argentinc). Powdered materiais, Ce02 99,99% 
(Alfa Aes<lf) Sm20 3 and sucrose carbon, were 
characterized by EDS and X-ray diffraction techniques. 
The oxides were previously dehydratcd and 
mechanically mixed. 

Thc thermogravimetric analyzer used in this work 
was bascd on a C<illn 2000 electrobalance connected to 
an experimental systcm described elscwhere 
[Pasqucvich-1989]. Samplcs betwccn I O and 20 mg 
were set on a crucible, insidc thc balance and heated 
from ambient to reaction tempcrature in tlowing Ar. 
After Ulat, chlorine was injected into thc systcm 
reaching boili gases a total llow rate of 7.9 I/h under a 
partia! chlorine prcssure of 30.3 kPa. 

RESULTS 

Thermodynamic considerations: 

l.CeOrSm203-Ch system 

When the chlorinating agent is Cl2 , thc following 
reactions could take place in the systcm Sm20 r Ch: 

Sm203(s) + Ch(g) = 2Sm0CI(s) + 1
/ 20 2(g) (1) 

1
/ 2 Sm203(s) + Ch(g) = SmCI2(g) + 3/40z(g) (2) 
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1/3 Sm203(s) + Ch(g) = 2/3SmCb(g) + 1fz02(g) 
1
/ 2Sm20 3(s) + Cl2(g) = SmCI2(l) + 3/402(g) 

1/3 Sm2Ü3(s) + Cl2(g) = 2/3SmCI3(1) + 1/202(g) 

1
/ 2 Sm20 3(s) + Ci2(g) = SmCI2 + 3/402(g) 

1/3 Sm2Ü3(s) + Cl2(g) = 2/3SmCI3 + 
1 
/202(g) 

(3) 

(4) 

(5) 

(6) 

(7) 

Cerium has only a stable chloridc: CeCI3 [Cotton-
1991 ,Gschncidner-1996] sincc lanthanidc tetrachlorides 
are unknown [Brown-1968,Cotton-199\]. Like 
Samarium, Ccrium also has an oxychloridc, CeOCI, but 
a survey made regarding the formation of cerium 

halides, [Didichenko-1959,Miller 1959, Brown-1968] 
suggests that CeOCI might not be a competitive product 
of the direct chlorination of Ce02. Unlike the other 
lanthanides, it should be a product of the controlled 
decomposition of the hydrated trichloride [Peterson-

1977]. So, the following rcactions concerning thc 
chlorination of Ce02 are analyzed: 

2/JCeüz(s) + Cl2(g) = 2/3CeCI3(g) + 
2
/JÜz(g) (8) 

2
/ 3Ce02(s) + CHg) = 2/3CeCI3(s) + 2/302(g) (10) 

When considering the chlorination of ú1e Ce02-

Sm203 mixturc, reactions ( 1) to ( 10) should be h orne in 
mind. · 

The standard Gibbs free energy changes for ti1ese 
reactions are shown in figure 1.A. 

From the analysis of ú1e Ellingham diagram, if ti1e 
systems were considercd to be independent from each 
other, SmOCI should have the highcr ti1ermodynamic 
tendency to be produced in alt temperature range 
studied. Ncither SmCI2 nor SmCi.J nor CeCI3 would be 

1/3Smz03(s) +C(s) +Ciz(g) = 2/3 SmCI3(s) + CO(g) (18) 

1
/2Sm203(s) + 3/2C(s) +Cl2(g) = SmCI2(g) + 3/2CO(g) (19) 

1 /2Sm203(s) + 3/4C(s) +CI2(g) = SmCiz(g) + 3/4CÜz(g) (20) 

1
/ 2Sm20 3(s) + 3/2C(s) +Cl2(g) = SmClil) + 3/ 2CO(g) (21) 

1
/2Smz03(s) + 3/4C(s) +Clz(g) = SmClz(l) + 3/4COz(g) (22) 

1
/ 2Smz03(s) + 3/zC(s) +Clz(g) = SmCI2(s) + 3/ 2CO(g) (23) 
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Fig 1. Ellingham diagramA- CeOTSm20TCI2. B-Ce0z
Sm203-C-CI2. For clarity, only some of the curves are 
labe1ed. 

1
/ 2Sm203(s) + 3/4C(s) +C)z(g) = SmC12(s) + 3/4C02(g) (24) 

SmOCI(s) + C(s) +Ciz(g) = SmCI3(g) + CO(g) (25) 

obtained dueto ú1cir positive óG" I mole Clz in ali the SmOCI(s) + 
1
/2C(s) +CI2(g) = SmCI3(g) +

1
/2 C02(g) (26) 

analyzcd cases . SmOC1(s) + C(s) +Cl2(g) = SmCI3(1) + CO(g) (27) 

2.The Ce02-Sm20 3-C-Ch system. 

The carbochlorination of the Ce0rSm20 3 mixture 
can involve a high number of possible reactions: 

Sm20 3(s) + C(s) +CI2(g) = 2Sm0CI(s) + CO(g) (11) 

Sm203(s) + 1/zC(s) +CI2(g) = 2SmOCJ(s) + 1
/2 C02(g) (12) 

1/3Sm203(s) +1/2C(s)+C I2(g) = 2/3SmCI3(g) + 1/2C02(g) (13) 

1/3Sm203(s) +C(s) +Ciz(g) = 2/3 SmCI3(g) + CO(g) (14) 

1/3Sm20J(s) + 1
/ 2C(s) +Ciz(g) = 2/3SmC13(1) + 1

/ 2C02(g) (15) 

1
/3Smz03(s) +C(s) +CI2(g) = 2/ 3 SmCI3(1) + CO(g) (16) 

1
/3Sm20 3(s) +1 

/2C(s) +CI2(g) = 2/3SmCI3(s) +
1
/ 2COz{g) ( 17) 
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SmOCI(s) + 1
/ 2C(s) +CI2(g) = SmCI3(1) + 11

2C02(g) (28) 

SmOCI(s) + C(s) +Ci2(g) = SmCI3(s) + CO(g) (29) 

SmOCI(s) + 1
/2C(s) +Ciz(g) = SmCI3(s) + COz(g) (30) 

2SmOCI(s) + 2C(s) +CI2(g) = 2SmCI2(g) + 2CO(g) (31) 

SmOC1(s) + 1
/2C(s) +CI2(g) = SmCI2(g) + C02(g) (32) 

2Sm0Cl(s) + 2C(s) +Cl2(g) = 2SmCI2(1) + 2CO(g) (33) 

SmOCl(s) + 1
/ 2C(s) +CI2(g) = SmClz(l) + C02(g) (34) 

2Sm0CI(s) + 2C(s) +CI2(g) = 2SmCI2(s) + 2CO(g) (35) 

SmOCI(s) + 1
/2C(s) +Cl2(g) = SmCI2(s) + C02(g) (36) 
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and ais o the reactions represented hy eq. (1) to (7) are 
expected to occur in the carbochlorination of CeOr 
Sm20 3 núxture. 

The carhochlorination of Ce02 is represented by 
both the folluwing reactions: 

2
/ 3Ce02(s) + 2/3C(s) + Clz(g) = 2/3CeCI3(g) + 2/3C02(g) (37) 

2/3Ce02(s) + 4/ 3C(s)+ Cl2(g) = 2/3CeC!3(1) + 4/3CO(g) (38) 

2/3Ce02(s) + 2/3C(s) + Clz(g) = 2/3CeCl3(1)+ 2/3COz(g) (39) 

2/3Ce02(s) + 4/3C(s) + Clz(g) = 2/3CeC!3( l)+ 4/3CO(g) (40) 

2/3CeOz(s) + 2/3C(s) +Ciz(g) = 2/3CcCJ3(s) + 2/3COz(g) (41) 

2/3Ce0z(s) + 4
/ 3C(s) +Cl2(g) = 2/ 3CeCI3(s) + 4/ 3CO(g) (42) 

and those considered in the direct chlorination of Ce02, 

represented hy Eq. (8) to (10). 

Ali the reactions ( 1-42) would be taken in mind 
when analyzing the carbochlorinat.ion of the Ce02-

Sm203 mixturc. But the apparent complexity of the 
system could be simpli ficd by considering feasible only 
those reactions with negative Gibbs free energy 
changes. The standard energy changes are displ ayed in 
figure I.A. and I.B. 

If Sm20 3 were considered to be carbochlorinated 
alonc, the prohahlc product obtained should be SmOCI 
with either CO(g) or COz(g) as reaction products Eq 
(11-12). A further reaction with the newly formed 
SmOCI and excess carbon and chlori ne would lead to 
the formati on of SmCI3• 

lf the sarne analysis is performed over Ce02 

reactiooo 

( 41-42) should be obtained. 

Kinetic Analysis: 

1. The CeOrSm203-Clz system 

To analyze the effect of the temperature on the 
chlorination of the Sm20rCe02 mixture isothermal and 
non-isothermal thcrmogravimetric measurements were 
performed. 

From previous work [Esquivel-1999], it was 
concluded that Sm20 3 slowly reacts with chlorine below 
350°C [Esqui vel-1999]. At that tem per ature, 
chlorination of Sm20 3 is almost instantly achieved, 
leading to the SmOCI formation in ali the analyzed 
range (20-950"C) [Esquive!- 1999]. A similar work was 
performed on Ce02 [Esquivel-2000]. From the non
isothermal experiences, it was concluded that a slow 
reacti on rate with the stoichiometry given by eqs.(8-1 O) 
was achieved over 8000C [Esquivei- 2000]. 

Threc non isothermal thermogravimetric curves are 
shown in Figure (2), corresponding to the direct 
chlorination of 40 mg of a Ce02 (50 wt%)-Sm20 3 (50 
wt%) mixture (a) and thosc belongíng to 40 mg of 
Ce02(b) and 40 mg of Sm20 3(c) added for comparison. 
Mass change is represented on y-axis and temperature 
on x-axís. The difference between the mass gains shown 
in curves (a) and (c) obeys to the different Sm20 3 

content in either sample. The rapid mass increment near 
350°C on curve a, should corrcspond to that of the 
reaction proposed in eq.( 1 ). The mass loss observed in 
both curves a and c should correspond to the slow 
SmOCI decomposition reaction, between the initíal 
oxide and S mCI3 [Kilbourn-1994]. Over 800°C, a 
relatively slow but temperature dependent formation 
and evaporation of CeCI 3, a global gasítication reactíon, 
could take place. This mass loss would be added to that 
of the decomposition reaction of SmOCI appreciated in 
curve a. A plot of a typical isothermal curve for the 
200"C-950"C temperature range for the chlorination of 
20 mg of a Ce02 (50 wt%)- Sm203 (50 wt%) mixture 
is shown in Figure 3. At 950"C, the slow chlorination of 
Ce02 would be achieved but Sm20 3 reaction is quickly 
accomplished (curve a) in less than 5 minutes. The 
curves obtaincd at thc sarne temperature, total gas t1ow 
from previous work of the isothermal chlorination of 
both 20 mg Ce02 (curve b) [Esquivel-2000] and 20 mg 
Sm20 3 (curve c) [Esquível-1999] are shown for 
comparison. As explained before, the difference ín the 
mass increment between curves a and c corresponds to 
different initial Sm20 3 mass. The rapid increment 
shown in the very first seconds of curve a (Fig. 3) 
corresponds to thc formation of SmOC! and thc 
subsequent slow mass loss can be attrihuted to either 
SmOCI decomposition reaction or CcCI3 chlorination 
and evaporation. 
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Figure 3- Tsothermal thermogravimetic curves compared 
at 950''C 

1.2. The Products of the reaction 

The diffraction pattern of the non isothermal 
chlorination from 20"C to 950"C of a Ce02-Sm20 3 

mixture is shown in Fig . 4, wherc Ce02 and SmOCI 
peaks are represented by capital letters C and S, 
respecti vely. 

lsothermal chlorination curves of lhe CeOrSm20 3 

mixturc performcd at 500°C, 800"C and 950°C are very 
similar to that of 950"C.Mass balances pcrformed on 
these curves verified lhat thc chlorination of CeOT 
Sm20 3 mixturc is achievcd giving solid SmOCl as 
product in ali thc tcmpcraturc reaction range evaluatcd. 
This product and unreacted Ce02 were determined by 
X-ray di ffraction and EDS analysis done to all samples. 
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Fig 4. Ditfraction pattern of the products of lhe 
chlorination of the Ce02-Sm20 3 mixture at 950''C 

2. The Ce02-Sm20 3-C system 

A very similar treatment to lhat made when the 
preceding system was analyzed will be done in this 
case. Although Sm20 3 carbochlorination was not 
completely studicd, most of its features are similar to 
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those displayed when lhe Ce02-Sm20 3-C mixture is 
chlorinated. 

The Sm20 3 starting carbochlorination temperature is 
appreciated near 170"C on curve c on fig. 5. On this 
figure, the flat zone between 350°C and 650°C should 
correspond to SmOCl and SmCl3 but lhe formation of 
the second product should depend on the both carbon 
content and reaction temperature. The carbochlorination 
of Ce02 was previously studied [Esquivel-2000]. This 
reaction starts over 700°C, slowly increasing its reaction 
rate as temperature increases. 

Over 800"C, the reaction progresses rapidly Ieading 
to lhe production of CeC1 3 and CO(g) [Esquivel-2000]. 
The non-isolhermal thermogravimetric curve 
corresponding to lhe carbochlorination of the Ce02 

(45%wt)-Sm20 3 (45%wt)-C (10% wt) mixture is shown 
in figure 5 (curve a) along wilh the curves 
corresponding to the carbochlorination of Ce02 (curve 
b) and that of Sm20 3 (curve c). The carbon content in 
each experience was calculated to be a 20% in excess 
over lhe stoichiometric values corresponding to lhe 
maximum carbon consumption according to lhe 
stoichiometry of reactions (14) and (38). 

It can be observed that the carbochlorination curve 
of the mixture is slightly different from those 
corresponding to each oxide, but it has to be taken in 
mind lhat Sm20 3 content in curves a and b and Ce02 

content in lhose of a and b are different, so lhe mass 
changes compared between curves a and c as well as 
that of curves a and b shall be different. 

o 200 400 600 800 1000 

Tem perature, o c 

Fig 5. The effect of lhe temperature on the CeOr 
Sm20rC-CI2 system. 

The f1at zones present in curve a are different to 
those in curve c not only in Iength but also on 
temperature range width. Despite lhat, the general form 
of lhe mixture curve resembles that of the 
carbochlorination of Sm20 3 below 700°C. Over lhis 
temperature, carbochlorination of Ce02 should take 
place and this mass gain should be added to that of lhe 
formation of SmC13• The continuous temperature 
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increment led to the production of SmCI 3 and CeCI 3 

chlorides as it can be seen in Figure 6. 

2.1 The products of the reaction 

The X-ray diffraction pattern of a CeOrSm20rC 
sample chlorinated from 20°C to 900"C are shown in 
fig. 6. Capital letter A and B represent the peaks 
corresponding to CeCh and SmCI 3 , respectively. 
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Fig 6. Diffraction pattern of the products of the 
chlorination of the Ce0rSm20 3-C mixture at 900"C. 

DISCUSSION 

1. The chlorination of CeOz-SmzOJ mixture. 

The thcrmodynamic analysis led to the conclusion 
that the chlorination of Sm20 3 is achieved giving: 

Sm20 3(s) + Cl2(g) = 2 SmOCI(s) +\h 0 2 (g) (I) 

with a negative .10"/mole Ch, in ali the temperature 
range studied. While that concerning to the chlorination 
ofCe02 : 

2
/3 Ce02(s) + Cl2(g) = 2/3CeCI 3 + 2/1 Oz (g) (8-9) 

has positive Gibbs free energy changes. It means that 
the chlorination of Sm20 3 is displaced towards the 
formation of products while that of Ce02 is only 
achieved due to the continuous remova! of the reaction 
products. These differences and their very different 
individual kinetics of chlorination features are readily 
observed in tl1e chlorination of the mixture. 

The mixture chlorination has a starting point of 
180"C closer to that of the individual chlorination of 
Sm20 3 [Esquivei -1999]. ln fact, the behavior of both 
curves is quite similar as it can be seen in figure 2. 
Below 350"C, tbc mixture shows a mass increase which 
was calculatcd and found to correspond to the 
stoichiometric formation of SmOCl according to eq. (I) 
in the sarne reaction range and approximately the sarne 
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reaction rate to that of the individual chlorination of 
Sm20 3• Over 350"C no further increment is observed. 

Instead, the chlorination curve displays an slow 
mass loss corresponding on heating to thc 
disproportionation reaction of the SmOCI. Over 800"C 
the chlorination of Ce02 should take place leaving 
unreacted Cc02 on the sample. Figure 4 displays the 
remaining solid products at 950"C: Ce02 and SmOCI. 
The absence of CeCh in the reaction product is 
reasonable because at the final temperature reached 
(950"C) , this chloridc is swept away by the high gas 
tlow. Although only one isothermal at 950"C is shown, 
not only the shape of the other isothcrms at 500''C and 
800"C is similar but also the products of the reaction are 
the sarne, Ce02 and SmOCl. 

2. The carbochlorination of CeOrSm20 3-C mixture 

Carbon in presence of chlorine has the 
thermodynamic effect of reducing the oxygen potcntial 
of the oxide favoring the formation of chlorides. It can 
be readily observed by comparing the .óG" /mole Cl2 

values of the reactions dcpicted on Fig l.A to those on 
Fig l.B. Most of tJ1e rcactions involved in the system 
containing carbon have negative standard Gibbs energy 
reaction changes while tl1ose of Fig l.A have them 
positive. Although most of the Ce02 and Sm20 3 

carbochlorination reactions have negative Gibbs free 
energy changes , those of eq ( 11) and (12) for Sm203 
and that of eq (42) for Ce02 have the lowest values in 
ali the temperature range studicd. 

ln a similar fashion to that of Ce0z-Sm20 3 chlorination 
the very different reaction ranges exposed in botl1 Ce02 

and Sm20 3 individual carbochlorinations are also 
observed when tbe CeOrSm20 3 mixture is 
carbochlorinated. 

The non-isotl1ermal carbochlorination on Fig. 5 
shows a rapid increment over 350"C followed by a t1at 
zone near 400"C. X-ray diffraction analysis achieved 
on a CeOr Sm20 3 carbochlorinated sample at 400''C 
show only those peaks corresponding to Ce02 and 
SmOCI. Over this temperature a further increment lead 
to a new plateau between 400"C and 600"C. The main 
products in this range of temperatures are SmOCl and 
SmC13 detected by X ray analysis in our lab. Over 
700"C a new steeped increment led to the formation of 
new condensed phases and a slow mass Ioss. X-ray 
analysis on samples chlorinated at 900"C show the 
presence of CeCI3 and SmCI3. Thcn it is reasonable to 
suppose that over 700°C the carbochlorination of the 
Ce0rSm20 3 mixture produces the corresponding 
trichlorides. 
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3.The possihility of separation 

3.1 Using chlnrine 

Bearing in mind both Cc02 and Sm20 3 individual 
chlorination features and having discussed that of the 
CeOr Sm20 3 mixture, it can be concludcd that each 
oxide reacts in approximately both its own reaction 
tempcraturc range and at lhe same reaction rate they 
would havc rcacted if each of them were individually 
chi orinatcd. 

A partia! separalion operation could be achicved if 
the mixturc Ce0rSm20 3 is chlorinated at temperatures 
as low as 350"C. At this temperature ali Sm20 3 would 
be almost instantly convertcd to SmOCI acording to eq. 
(I). Arte r chlorination is performcd, Cl2(g) stream could 
be closcd and thc remaining solids SmOCI and Ce02 

can bc hcated in inert gas atmosphere, either Ar or N2 • 

On hcating, SmOCI decomposes into: 

(43) 

SmCI 3 (g) has low vapor pressure values so it can be 
heated at 950"C and be swcpt away hy the gas now. 

3.2. Using Chlorine-Carhon 

The X-ray analysis performed over Ce02-Sm203-C 
samples indicated tl1at U1c final mixture 
carbochlorination products at 900"C are CeC13 and 
SmCI3 (Fig 7). Since thc non-isothcrmal chlorination of 
the CeOrSm20rC mixture shows no further increment 
over 800"C (curve a, Fig. 6 ), it 

can he dcduced that boU1 compounds are formed below 
that temperaturc. This idea is supported by the fact that 
individual carhochlorination of botl1 oxides leads to the 
formation of condensed phascs (curves b and c in Fig 
6). 

Thc individual chlorinations and that of the mixture 
were conducted with carbon in excess ovcr the 
maximum formation of condensed phases (curves b and 
c in Fig 6). The individual chlorinations and that of thc 
mixture were 

With carhon in cxccss over the maximum stoichiometric 
consumption for both oxides as explained bcfore. That 
means that an accurate control of tl1e carbon content 
could be also a controlling factor on thc production of 
thc chloridcs anel SmCb could be produced at lower 
temperaturcs than CcCl1.· 

If obtained at temperatures higher than soooc both 
chloridcs could be separatcd by i.e. fractional 
distillation or electrolysis. If an adequate control of thc 
carbon contcnt is achievecl the main product formed 
could be SmCI3 at lower temperatures than SOO"C. This 
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chloride can be scparated from the remaining oxide by 
heating the mixed Ce02-SmCI3 at higher temperatures 
in inert gas sweeping away the chloride or by fractional 
distillation. 

CONCLUSIONS 

The Ce02-Sm20 3 study made by thermogravimetry 
along with X ray diffraction analysis as well as EDS 
microanalysis have led to the conclusion that Lhe same 
products of the individual chlorination at the 
approximately the same reaction range are achieved in 
the mixture. 

That means that Ce02 and Sm20 3 in the mixture 
behaves almost as individuais. Neither do they form an 
intermediate stable compound nor do they interferes on 
cach other individual reaclion rate. This facts simplify 
both tl1e study of t11e mixture and the possibility of 
separation. 

Although the study of the chlorination of CeOr 
Sm20 3-C is not as simpler as tl1at of CeOrSm20 3 the 
main samc characteristics exposed whcn Lhe oxides 
were individually carbochlorinatcd are approximately 
extended to those of the mixture. The chlorination of 
CeOrSm20rC has also advantages of its own. Both 
oxides are transformed into chlorides at temperatures 
below 800"C and depending on the temperature range 
and carbon content, it could bc possiblc to separate 
chlorides from oxides. If the mixture is completely 
transformed into chlorides they could be separated by 
fraclional distillation or clectrolysis of the molten 
products . 

REFERENCES 

Brown, D., Halides of the Lanthanides and Actinides, 
Wiley-Intcrscience,New York, 1968. 

Brugger, W and Greinacher, E., A process for direct 
chlorination of rare earth ores at high 
temperatures on a production scale, JOM, 
December ( 1967). 

Cotton, S, Lanthanides & Actinides, Macmilian, 
London, (1991). 

Didchenko, R., Preparation of Ahhydrous Chlorides of 
Cerium and Thorium, Trans. Metal!. Soe. of 
AIME, 215,(1959). 

Druding, L. and Corbett, J.D., Lower Oxidation States 
of the Lanthanides. Ncodymium(Il) Chloride 



Marcelo R. Esquive!, Ana E. Bohé and Daniel M. Pasquevich 

and Iodide, J.Am.Chem. Soe., 83, 2462-2467, 
(1960) 

Esquivei, M.R., Bohe A.E and Pasquevich, D.M. 
Cioración de Óxido de Samaria, Annals of 
the XVI Annual Meeting of the Argentine 
Association of Nuclear Technoiogy (AA TN), 
( 1999). Available on INIS. 

Esquivei, M.R, Bohe, A.E and Pasquevich, D.M., 
Cloración y Carbocloración de Óxido de 
Cerio. , Annals of the XVII Annual Meeting 
of the Argentine Association of Nuclear 
Technology (AATN), (2000). 

Gschneidner, K.A and Eyring, L. Editors, Handbook on 
the Physics and Chemistry of Rare Earths, 
vol. 23, chap. 157, Elsevier, 1996. 

Gupta, C.K. and Krishnamurthy N., Extractive 
metallurgy of rare earths, Int. Mat. Rev., 
vol.37, 5,(1992). 

Ivantshentsev, Ya. I., Khryaeva, T.A and Stoyanova, 
M.I. Zh. Prilkl. Khim. ,48, (1975). 

Kilbourn, B. , A Lanthanide Lanthology Part II, 
Molycorp Inc. (1994 ). 

Kurmaev, R., Malt'sev, N.A. and Permyakova, V.D., 
Thermographical studies of samarium and 
gadolinium oxide chlorination, lzv. Vyssh. 
Ucheb. Zaved, Tsevt. Met. ,3,(1970) 

Miller, J.F, Miller, S.E and Himes, R.C., Preparation of 
Anhydrous Rare Earth Chlorides for 
Physicochemical Studies, J. Am. Chem. 
Soc.,81 ,4449-4451 ,(1959). 

Pasquevich, D.M. and Caneiro, A., A 
tJ1ermogravimetric analyzer for corrosive 
atmospheres and its application to the 
chlorination of Zr02-C mixtures, 
Thermochim. Acta, 156, 275-283, (1989). 

Peterson, E.J, Onstott, E.I and Bowman, M.G. , 
Carbonation of Cerium Oxychloride, Report, 
13th R are Ecuth research conference. ( 1977). 

474 


