Electrochemical
Materials
and Technologies

elSSN: 2949-0561

Co S
<
B

Electrochemical Materials and Technologies

Cite this: Electrochem. Mater. Technol.

3(2024) 20243028

Received: I January 2024
Accepted: 12 February 2024
Published online: 6 March 2024

DOI: 10.15826/ elmattech.2024.3.028

A comprehensive study of the thermal behavior
of rare earth chloride hydrates: resolving contradictions

Irina Zakiryanova **, Iraida Korzun ?, Emma Vovkotrub ?, Boris Antonov *

Rare earth metal chlorides are used as starting materials on electrochemical synthesis of pure metals.
These chlorides are hygroscopic and tend to form hydrates. To resolve the uncertainty of the thermal
behavior of the hydrates LaClz-7H20, NdCIz-6H20, SmClz-6H20, and YbClz-6H20, a
comprehensive study is carried out. Thermogravimetry, differential scanning calorimetry and mass
spectrometry were used to reveal the dehydration and hydrolysis processes over the temperature range
of 25-700 °C. Phase compositions of the initial hydrates, intermediate and final products are
investigated by the XRD analysis, Raman and IR spectroscopy. Distinctions in the thermal behavior of
the studied hydrates were found. The features must be taken into account when obtaining anhydrous
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rare earth chlorides and in technological processes with its participation.
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1. Introduction

Rare earth metals (REMS) and mish metals are
widely used in various fields of production, technology
and medicine. In particular, lanthanum and neodymium
participate in aluminum, magnesium, titanium and other
alloys which are used in aviation and rocket production.
Lanthanum is used in nickel-hydride batteries.
Lanthanum glasses are exploited to lenses of
photographic equipment and astronomical instruments.
Samarium is used as an activator of phosphors for TV
and cell phone screens. Mish metals Sm-Co and Nd-Fe
are included in the materials for the manufacture of
powerful permanent magnets. Gadolinium alloys with
cobalt and iron have unique magnetic properties and are
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used to create high-density memory media. Ytterbium is
one of the most sought REMs required for the optical
applications. It is part of the optical fiber of today's most
powerful IR lasers. Materials with ytterbium are used for
improving the efficiency of silicon solar cells. Phosphors
containing ytterbium ions have been successfully applied
to convert X-rays into visible light, which can
significantly reduce the radiation dose required to obtain
medical X-ray images. Preparations based on ytterbium-
169 are used in nuclear medicine for diagnostic
procedures and radiotherapy [1-4].

The main method of obtaining REMs is the thermal
reduction of REM oxides, chlorides, or fluorides with
calcium [3]. At the same time, research is being
conducted aimed at developing the electrochemical
synthesis using molten salt media [5-7]. REM chlorides
can be used as starting materials. Lanthanum, cerium,
neodymium, praseodymium, samarium, and yttrium
have been successfully obtained by electrochemical
reduction. These studies often noted difficulties in
carrying out the electrolysis associated with the
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hydrolysis of REM chlorides in the presence of
atmospheric moisture. This feature imposes certain
requirements on the handling of raw materials and the
electrolyzer design.

REM chlorides are hygroscopic, actively absorb
water, turning into crystal hydrates REMClz - nH20. On
heating, the formation of oxychlorides is possible [8-10].
The presence of undesirable oxygen-containing
impurities can lead to changes in the physicochemical
properties of the electrolyte and has a negative impact
on ongoing high-temperature electrochemical processes
and the yield of target components [3, 7, 11-15].

Up to now the information on the processes of
thermal dehydration of the REM chlorides hydrates, the
composition of intermediate and final phases is
contradictory [8, 9, 16-25].

In particular, work [8] presents results of studying
the thermal decomposition process of the hydrate
SmClz-6HO in  an air atmosphere using
thermogravimetry (TG). The authors note that the
thermal dehydration of SmCIz - 6H2O begins at 85 °C.
When the sample is heated up to 195°C the mass
decreases, and the formation of SmClz-H20
monohydrate occurs. At 250 °C anhydrous salt SmClz
and an admixture of SmOCI oxychloride are formed. On
heating up to 505 °C the subsequent decrease in the mass
is attended by the transformation of the anhydrous salt
to SmOCI. A similar scheme of thermal dehydration has
been proposed for  hydrates  NdClz - 6H20,
GdClz - 6H20, YCIs - 6H20 [8]. It should be noted that
the authors’” assumptions about changes in the hydrates
phase composition during thermal dehydration are
based on the TG measurements only. Phase analysis was
not performed.

In [16], the process of SmClz-6H20 thermal
decomposition in an inert atmosphere (N2) was studied
using differential scanning calorimetry (DSC). Based on
the obtained caloric effects, the authors propose a
thermal dehydration scheme other than [8], namely:
SmClz - 6H, O — SmClz-4H,O0 — SmClz-2H.O —
— SmCl3- H2O — SmCls. It was noted that the final
product (anhydrous SmClz) is formed at 250 °C. The
formation of an intermediate dehydration product
(hydrate LnClz-4H20) was also found when heating
LnClz - 6HO (Ln=Tb, Er, Tm, Yb, Lu) [I6]. However,
the studies [I7-19] on the temperature dependence of the
equilibrium pressure of water vapor over compounds
LnClz- 6HO (Ln= Sm, Eu, Nd, Gd, Er, Tm, Lu),
supplemented by TG measurements, showed that all
studied crystalline hydrates lose 3 moles of water per
I mole of substance at the first step of dehydration,
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forming hydrates LnCls - 3H2O. Hydrates LnClz - 4H20
were not found.

The work [21] presents the results of a study of the
thermal behavior of REM chloride hydrates carried out
by an original technique, including blowing a mixture of
gases (Ar and HCI) over the samples. The resulting
thermal dehydration schemes are partially consistent
with deductions [16] and [I7-18].

The work [22] presents the results of synchronous
thermal analysis (STA) which includes TG
simultaneously with DSC measurements of REM chloride
hydrates. The experiments were carried out in an argon
atmosphere, heating the samples up to 230 °C. The
authors' conclusions contradict the deductions of the
works [8, 9, 16-21]. For example, the dehydration scheme
for samarium chloride hydrate has been proposed:
SmClz - 7.8H20 — SmCls - 3.6H20 — SmClsz - 2.0H:0 —
— SmClz - 0.4H2O. It should be noted that the
temperatures of TG and DSC effects do not agree with
those indicated on the dehydration schemes [22].

A significant drawback of all the studies mentioned
is, in our opinion, the lack of information on the
certification of the initial samples, the insufficient
validity of conclusions about the composition of the
intermediate and final products and the steps of
dehydration and hydrolysis. Finally, a general lack of an
integrated approach can be noted when studying these
processes.

Recently, we studied [I0] the process of thermal
dehydration of hydrate GdCls - é6H20, carrying out
simultaneously TG, DSC measurements and mass
spectrometry analysis (MSA) of the exit gases. The initial
samples and final products of thermal decomposition
were certified by XRD analysis, Raman and IR
spectroscopy. When GdClz-6H20 is heated the
decomposition process was shown to occur according to
the following scheme: GdClz - 6H20 —
— GdCIz - 3H20 — GdCIz - 2HO0 — GdClz - H: O —
— GdClz + GdOCI — GdOCI. It has been established
that over a temperature range of 200-275°C the
formation of an anhydrous salt is accompanied by
hydrolysis. As a result, oxychloride GdOCI is formed. In
the presence of water vapor at 300-370 °C anhydrous
salt hydrolyzes, turning into oxychloride. Based on the
results of DSC measurements and thermodynamic
modeling, an assessment was made of the thermal effects
accompanying the ongoing chemical reactions.

In this study we present the results of a
comprehensive study of the thermal behavior of
hydrates LaClz - 7H20, NdClIz - 6H20, SmClz - 6H20 and
YbClz - 6H20 using TG, DSC, MSA, XRD, Raman, and IR
spectroscopy.
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2. Experimental

2.1. Experimental techniques

Determination of the temperatures of phase
transformations, accompanying thermal effects and mass
spectrometric analysis of the exit gases were carried out
on a synchronous thermal analyzer STA 449C Jupiter
coupled with an Aeolos quadrupole mass spectrometer
(NETZSCH, Germany). The instrument was calibrated
using reference samples of RbNOz, KCIO4, Ag:SOs4,
CsCl, K2CrOs4 and biphenyl CioHi2 (NETZSCH). The mass
of the initial samples was 10-13 mg, the heating rate was
5°C/min. The temperature range for thermal analysis
was 25-700 °C. To protect the device, measurements
carried out in a flow of protective gas (high purity Ar,
99.998 %). The gas flow rate was 20 ml/min. The sample
was placed in a Pt-Rh crucible with a pierced lid.
According to the technical characteristics of the device,
the error on determining the temperature was less than
1 °C, the error on measuring mass was 106 g.

Certifications of the synthesized hydrates
LaClz - 7H20, NdCls-6H:0, SmClz-6éH20  and
YbCls - 6H20 and thermal decomposition products were
carried out by XRD analysiss, Raman and IR
spectroscopy. X-ray patterns were recorded using an
automatic X-ray diffractometer Rigaku D/MAX-
2200VL/PC (Japan), equipped with a special attachment
that allowed investigations to be carried out at elevated
temperatures. The test samples are arranged on the
attachment, evacuated, heated to designated
temperature, and kept under isothermal conditions until
a reproducible and stable X-ray pattern was obtained.
This permits monitoring 7in situ changes in the phase
composition of the samples on the temperature
increasing. X-ray diffraction patterns were processed and
phases were identified using MDI Jade 6.5 software.

IR spectra were recorded using the TENSOR 27 IR
Fourier spectrometer (Bruker, Germany) over a range of
300-4000 cm-. In preparation for IR analysis, samples
were ground to fine powder in a vibrating mill and then
pressed in a KBr matrix. Raman spectra were recorded
using the UIOOO0 Raman microscope-spectrometer
(Renishaw, UK) over a range of 50-4000 cm-.. In this
case no special sample preparation required. The
sensitivities of the methods are 104 (IR) and 10~ (Raman)
mol % [26].

2.2. Synthesis and  certification  of
REMCI3 « nH20 (REM= La, Nd, Sm, YD)

Hydrates LaClz - 7H20, NdCls - 6H20, SmClz - 6H20

and YbClz - 6H20 were synthesized by the Reaction I:

hydrates

REM;O3 + HClconc (ex) — REMCl3 - nH20 + HZOT. (])
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The oxides La2Oz-TU 48-4-523-20, Nd:0Oz-TU
48-4-524-90, Sm203 - TU 48-4-523-90, Yb2Oz - TU 48-
4-524-90 were pre-calcined at 1000 °C in alundum
crucibles in air atmosphere. Under this conditions,
possible impurities in the form of REMO2COz and
REMOH)z decompose to REM:Oz [27, 28]. Thereafter
the REM oxide was transferred to a glassy carbon cup
and dissolved in excess HClconc (CP).

The solution was evaporated, slowly heated to
temperatures not exceeding 80 °C. XRD of the obtained
samples showed the formation of crystal hydrates with
the following compositions: LaClz - 7H20, NdClz - 6H20,
SmClz - 6H20 and YbClz - 6H20. As an example, Figure |
presents the result of XRD certification of synthesized
YbCls - 6H20.

The Raman spectrum of YbClz - 6H20 (Figure 2)
shows vibration bands of medium intensity in the region
of 60-400 cm-, related to phonon modes; intense bands
at 1634, 3222, 3336 and 3359 cm-, related to bending
and stretching modes of the H2O molecules in crystal
lattice of hydrate, and bands of medium intensity at 613
and 677 cm-! related to libration modes ones [29].
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Figure 2 Raman spectrum of YbClz - 6H2O. The inset shows the
spectral region 50-900 cm-! on an enlarged scale.
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The results of the certification of the synthesized
hydrate YbClz-6H2O by X-ray diffraction confirmed
the single-phase composition.

The Raman spectroscopy data indicate the absence
of adsorbed water impurities, which presence can lead to
additional caloric and gravimetric effects during STA
measurements. Similar results were obtained on the
certification of the synthesized hydrates LaClz - 7Hz20,
NdClz - 6H20, SmClz - 6H20.

3. Results and discussion

3.1. LaClz+ 7H20

Figure 3 shows the STA results for hydrate
LaClz - 7H20. Three stages of weight loss accompanied
by endothermic effects are detected over the
temperature range of 25-200 °C.

On heating the LaClz-7H20 up to 200 °C the
weight loss is 31.7 wt. % corresponding the formation of
anhydrous lanthanum chloride.

TG results showed the stepwise dehydration process
by Reactions 2-4:

LaClz - 7H20 — LaClz - 3H20 + 4H:01, (2)
LaCls - 3H20 — LaCls - H20 + 2H:01, (3)
LaClz - H2O — LaCls + H201. “4)

Over the temperature range of 300-600 °C a
gradual weight loss accompanied by the endothermic
effect was observed (Figure 3). We speculated that
lanthanum chloride hydrolyzes in the presence of water

vapor and turns into oxychloride LaOCl by the
Reaction 5:
LaClz + H20 — LaOCI + 2HCI1. (5)

DSC, mW/mg
L3kse

TG,%

100°C
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Figure 3 STA results on heating of LaClz - 7H20 (1 - weight, 2 -
heat flow).
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Figure 4 XRD results indicating the phase transformations
during the thermal dehydration of lanthanum trichloride
hydrate.

To verify the formation of intermediate hydrate
phases, lanthanum chloride and oxychloride, the XRD
analysis was carried out at elevated temperatures.
Figure 4 shows the X-ray patterns and the identified
phases.

According to the obtained XRD data, at 100 °C the
sample is a single-phase hydrate LaClz- 3H20.
Anhydrous LaCls and oxychloride LaOCI were identified
at 200 °C and 460 °C respectively. These results are in
good agreement with the findings of STA.
Unfortunately, we did not find the monohydrate
LaClz - H2O X-ray diffraction pattern in the databases
and therefore we cannot confirm the formation of this
compound in the second step of the LaClz-7H20
thermal dehydration. Nevertheless, Figure 4 shows the
X-ray pattern of the sample at 120 °C, which presumably
corresponds to the LaCls - H2O. We point out the X-ray
diffraction pattern of NdCls - H2O monohydrate [25] is
closely similar.
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Figure 5 IR (1, 3, 5) and Raman (2, 4, 6) spectra of hydrolysis
products: I, 2 - LaOCl; 3, 4 - NdOCl]; 5, 6 - SmOCI.

The formation of the oxychloride LaOCI during the
hydrolysis of LaClz was confirmed by Raman and IR
spectroscopy. In the spectra of the sample after exposure
of LaClz-7H20 at 700°C under Ar atmosphere
(Figure 5, curves 1 and 2) only vibration modes of LaOCI
[30, 31] are presented (cm-): 121 — Aig; 185 — Ag; 210 - £;
333 = Bg; 438 — F; 373 — Az; 520 - £i. Modes Ay, £, Bg
are active in the Raman spectrum, while Azs and £ are
active in the IR spectrum. No vibration bands related to
possible residual impurities of hydrates, adsorbed or
crystallization water, and hydrogen chloride were
detected.

Therefore, a comprehensive study performed with
the STA, XRD, Raman and IR spectroscopy, established
that the process of thermal decomposition of
LaClz - 7H20 occurs in three steps and results in the
formation of anhydrous LaClz. Thermal dehydration
proceeds according to the following scheme:
LaClz - 7H20 — LaClz - 3H20 — LaClz - H2O — LaCls.
Lanthanum chloride hydrolyzes and turns into LaOCI at
temperatures above 300 °C in the presence of water
vapor.

3.2. NdClz - 6H:0

In contrast to lanthanum chloride hydrate, in the
case of NdClIz - 6H20, DSC detected four endothermic
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Figure 6 STA and MSA results on heating of NdClz - 6H20: 1 -
weight, 2 -heat flow, 3-H20 ion current, 4-HCI ion
current.

peaks (at 99, 113, 133 and 193 °C) over the temperature
range of 25-250°C. Endothermic effects are
accompanied by the weight loss (Figure 6, curves 1 and
2). TG results could not give an unambiguous answer on
the origin of the fourth endothermic peak and the phase
composition of the sample.

To clarify the dehydration process of NdClz - 6H20,
MSA of exit gases was carried out simultaneously with
TG and DSC measurements. The results are shown in
Figure é (curves 3 and 4).

Figure 6 shows that the thermal effects at 99, 113 and
133 °C are accompanied by the exit of H2O vapor, and
the thermal effect at 193 °C is accompanied by the exit of
H20 and HCI vapors. In accordance with TG, DSC and
MSA data, the first three steps of dehydration are
described by Reactions 6-8:

NdClz * 6H20 — NdClz - 3H20 + 3H:201, (6)
NdClz - 3H20 — NdClz * 2H20 + H2071, 7)
NdClz * 2H20 — NdClz - H20 + H201. 8)

And in the fourth step (at 193 °C), the formation of
chloride NdCIz (Reaction 9) and oxychloride NdOCI
(Reaction 10) occurs simultaneously:

NdClz - H2O — NdClz + H201, (9)
NdClz - H2O — NdOCI + HCI1. (10)

On heating the sample above 300 °C, weight loss
and endothermic effect are accompanied by the exit of
HCI vapors indicating the hydrolysis process by the
Reaction 11:

NdClz + H2O — NdOCI + 2HCI1. (11
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Figure 7 XRD analysis of the sample after 3-hour exposure of
NdClz - 6H20 at 500 °C under Ar atmosphere. Formation of
the NdOCl is detected.

The formation of the neodymium oxychloride was
confirmed by spectral investigations. Indeed, in the
Raman and IR spectra of the sample (Figure 5, curves 3
and 4) after exposure of NdCls - 6H20 at 500 °C under
Ar atmosphere, the vibration modes of NdOCI [23, 24]
were found (cm-): 119 - Ag; 182 — Ag; 217 - £5; 352 - Bg;
464 - E; 391 — Az; 531 - Ei. No vibration bands related
to possible residual impurities of monohydrate
NdClIz - H2O, adsorbed or crystallized H2O, and HCI
were detected. XRD analysis of the sample obtained by
the same procedure confirmed the single-phase of the
sample: only reflections of the NdOCI phase are present
in the X-ray pattern (Figure 7).

Therefore, the formation of the final product
(neodymium oxychloride) performed by two ways:
hydrolysis of monohydrate NdClz - H2O and hydrolysis
of neodymium chloride. The general reaction is:

NdClz - 6H;0 — NdOCI + 2HCIt + 5H;01.

3.3. SmClz - 6H20

The results of MSA of exit gases, TG and DSC
measurements of SmClz - 6H20 are shown in Figure 8. As
in the case of thermal dehydration of NdClz - 6H20 four
endothermic peaks are detected (at 118, 129, 144 and
214 °C) during thermal dehydration of SmClz - 6H20
over the temperature range of 20-250 °C. DSC effects
accompanied by four steps of weight loss on the TG curve
(Figure 8, curves 1 and 2). The first three endothermic
peaks are accompanied by the appearance of H20 vapor
(Figure 8, curve 3). In accordance with TG data, the first
three steps of dehydration are described by Reactions
13-15:

SmClz * 6H20 — SmCls * 3H20 + 3H:01,

(12)

(13)
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Figure 8 STA and MSA results on heating of SmCl3z - 6H20: 1 -
weight, 2 - heat flow, 3-H2O ion current, 4-HCI ion
current.

300 350

SmClz * 3H20 — SmClz « 2H20 + H201,
SmClz + 2H20 — SmClz - H20 + H201.

(14)
(15)
On heating up to 214 °C, the exit of H2O and HCI

vapors is detected (Figure8, curves 3 and 4). The
corresponding Reactions are 16 and 17:

SmClz - H2O — SmOCI + HClI1, (16)
SmCls - H2O — SmCls + H201. (17)
At 340°C a thermal effect was detected

accompanied by a weight loss and the exit of HCI vapor.
This proves the hydrolysis process and the formation of
samarium oxychloride by Reaction 18:

SmClz + H20 — SmOCI + 2HCI1. (18)

Raman and IR spectra of the sample (Figure5,
curves 4 and 6) after exposure of SmClz - é6H2O at
500 °C under Ar atmosphere demonstrate vibration
modes of SmOCI [30, 31] (cm-): 118 — Ag; 181 — Aig; 228 -
Es; 360 - Bg; 489 — E; 394 — Azu; 539 - Ei. The vibration
bands related to residual impurities of SmClz - H20,
adsorbed or crystallized H2O, and HCI not detected. The
formation of samarium oxychloride was confirmed by
XRD analysis of the sample obtained by the same

procedure.
The general reaction is:

SmClz - 6H20 — SmOCI + 2HCIt + 5H201. (19)

When comparing the thermal behavior of samarium
and neodymium chloride hydrates, we note their

LA

107

lon Current -
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similarity: the same number of dehydration steps and the

set of chemical reactions, the composition of
intermediate and final products; the phase
transformation temperatures are close.

3.4. YbCIz - 6H20

Figure 9 shows STA and MSA data obtained on
heating hydrate YbClz - 6H20. Over the temperature
range of 20-250°C four steps of the weight loss
accompanied by endothermic effects at 152, 177,198 and
218 °C and the exit of H2O vapor are noted (Figure 9,
curves 1, 2, 3).

In contrast to hydrates discussed above a peculiarity
of the thermal behavior of YbClz-6H2O is the
appearance of HCI vapor (Figure 9, curve 4) even at the
second dehydration step (177 °C). The reason is that the
beginning of the hydrolysis process at lower
temperatures as compared to NdClz- 6H20,
SmClIz - 6H20 and LaClz - 7H20 hydrates (193, 214 and
300 °C, respectively). According to STA and MSA data
(Figure 9), the first step of dehydration is described by
the Reaction 20:

YbClz - 6H20 — YbCls - 3H20 + 3H:01. (20)

The second, third and fourth steps of the
dehydration process are accompanied by hydrolysis.
Processes are described by Reactions 21-23:

2(YbClz - 3H20) — (21)
— YbClIz - 2H20 + YbOCI + 3H201 + 2HCIY,
2(YbClIz - 2H20) — (22)
— YbClIz - H2O + YbOCI + 2H:O1 + 2HCI1,
2(YbClz - H20) — YbClz + YbOCI + H201 + (23)
+ 2HCI1.
o
% 100 {450
1.5 N 400
BNSS '.5 : 507°C,60.67 % ® 350 f’
1.0 - 60 |300 :°—
40 [250 E
0.5 200 3
20 450 §
0.0 o [100
50

100 200 300

Temperature °C

Figure 9 STA and MSA results on heating of YbCls - 6H20
hydrate: 1- weight, 2 - heat flow, 3 - H2O ion current, 4 -
HCl ion current.
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With further heating of the sample a stepwise weight
loss was recorded over the temperature range of
250-400 °C. An endothermic effect with a maximum at
313 °C and the exit of HCI vapor (Figure 9, curves 2 and
4) was detected. This proves the interaction of ytterbium
chloride with water vapor and the formation of
oxychloride YbOCI by the Reaction 24:

YbCls + H2O — YbOCI + 2HCI1. (24)

The production of ytterbium oxychloride as a result
of the thermal dehydration of YbCIz-6H20 was
confirmed by XRD analysis, Raman and IR spectroscopy.
According to the XRD data (Figure 10), the final product
is YbOCl compound. No impurities of intermediate
phases formed during thermal dehydration were
detected. The Raman and IR spectra of the sample show
(Figure 11) vibration modes of YbOCI [31-33] (cm-): 85 -
F; 139 - Aig; 154 - F; 265 - Aig; 502 - £5; 533 - Asg;
391 - Aw; 426 - Fi; 543 - Ax; 607 - £i. No vibration
bands related to residual impurities of hydrates, or HCI
were detected.
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Figure 10 XRD analysis of the sample after 3-hour exposure of
YbClz - 6H20 at 550 °C under Ar atmosphere. Formation of
the YbOCI is detected.
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atmosphere. Only vibration modes of YbOCI are presented.



Electrochem. Mater. Technol. 3 (2024) 20243028

The general reaction is:

YbCls - 6H20 — YbOCI + 2HCIt + 5H201. (25)

Thus, hydrolysis of hydrate YbClz - 6H2O begins at
177 °C. This is the lowest temperature of the onset of
hydrolysis for the studied REM chlorides hydrates. This
feature of the thermal behavior of ytterbium chloride
hydrate must be taken into account when obtaining

anhydrous salt and during technological processes with
its participation.

4. Conclusions

Rare earth metals are widely used in various fields of
production, technology, and medicine. The development
of the electrochemical synthesis of REMs using molten
chlorides is of high relevance. Chlorides of rare earth
metals are hygroscopic and actively form hydrates. The
presence of impurities has a negative impact on both the
process of electrolysis of melts and the yield of the target
product.

By applying TG, DSC, MSA, XRD, Raman and IR
spectroscopy, comprehensive studies of the thermal
dehydration process of hydrates LaClz-7H:20,
NdClz - 6H20, SmClz - 6H20 and YbClz - 6H2O  were
carried out. Distinctions in the thermal behaviors of the
studied hydrates were found. Thermal dehydration of
lanthanum chloride hydrate proceeds by the following
scheme: LaCls - 7H20 — LaClz - 3H20 — LaClz - H.O —
— LaClz. Lanthanum chloride hydrolyzes and turns into
LaOCl at temperatures above 300 °C in the presence of
water vapor.

The hydrates NdClz-6H2O and SmCls - 6HO
exhibit similar thermal behavior. The dehydration
scheme is:
REMCI3 - 6H20 — REMCIz - 3H20 — REMCI3 - 2H20 —

— REMCIz - H2O — REMCIz + REMOCI (REM=Nd,
Sm). In this case, hydrolysis occurs during the
monohydrate dehydration at 193 and 214 °C,
respectively. Hydrate YbClz:-6H2O is the most

susceptible to hydrolysis among the studied ones.
Thermal dehydration proceeds according to the
following scheme: YbClz - 6H20 — YbClz - 3H.0 —
— YbClz * 2H20 + YbOCI — YbCl3 - H2O + YbOCI —
— YbClz + YbOCI. The production of ytterbium
oxychloride occurs during the YbClz - 3H20 trihydrate
dehydration at 177 °C. This is the lowermost hydrolysis
temperature among the studied hydrates.
Comprehensive studies of the process of thermal
dehydration of lanthanum, neodymium, samarium and
ytterbium chloride hydrates have shown that when REM
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chloride hydrates are heated, the removal of
crystallization water is accompanied by hydrolysis,
which leads to the formation of oxychloride impurities.

To obtain anhydrous REM chlorides, additional
actions are necessary to prevent hydrolysis processes.
Possible solutions are described in [34].
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