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Abstract

In the present work, thermal decomposition of cerium(lll) acetate hydrate (Ce(CH;CO,); 1 .5H,0) was studied in argon gas atmo-
sphere by using thermogravimetric-differential thermal analysis techniques (TG-DTA) and in-situ High Temperature FTIR Spectroscopy
technique (HT-FTIR). The obtained FTIR results were combined with the results of performed TG/DTA experiments in the present work
and the literature data. A good agreement between the thermal analyses and FTIR results was found, and possible decomposition me-
chanism is discussed.
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CHARAKTERYSTYKA PRODUKTOW ROZKLADU TERMICZNEGO OCTANU CERU ZA POMOCA
WYSOKOTEMPERATUROWEJ SPEKTROSKOPII FTIR

MEFR...

W prezentowanej pracy, zbadano rozkfad termiczny uwodnionego octanu ceru(lil) (Ce(CH,CO,),1,5H,0) w atmosferze argonu przy

uzyciu techniki termograwimetrycznej i termicznej analizy réznicowej (TG-DTA) oraz wysokotem

j spektroskopii w podczerwnem

in-situ z transformacjg Furiera (HT-FTIR). Wyniki badar FTIR potgczono z wynikami analizy TG/DTA i danymi literaturowymi. Stwierdzono
rozktadu.

dobrg zgodno$¢ pomiedzy wynikami analizy termicznej i FTIR oraz dyskusji poddano

y mechanizm

Stowa kluczowe: HT-FTIR, rozktad termiczny, TG/DTA, uwodniony octan ceru(lil)

1. Introduction

Ceria-based (DC) materials have recently been consid-
ered as the most promising solid electrolytes for intermediate
temperature solid oxide fuel cell (IT-SOFC) applications, and
been widely used for polishing and decolorizing glasses [1].
Thin film ceria has application areas in optical coatings and as
a buffer layer for high-temperature superconductors. Doped
and undoped ceria are usually prepared via thermal decom-
position of its water soluble salts, especially, acetates. Since
the properties of the obtained product directly influenced by
the material and the decomposition products, it is crucial
to understand the decomposition steps and intermediate
products of cerium acetate. Numbers of experimental work
have been reported using various in-situ and ex-situ tech-
niques such as thermogravimetry with mass spectrometry
(TG/DTA-MS) [2], X-ray diffraction with differential scanning
calorimeter (XRD-DSC) [3]. However, the available literature
data is limited and not reasonably in agreement. The present
work aims to clarify inconsistencies in the literature by using
in-situ high temperature infrared spectroscopy (HT-FTIR)
technique. The obtained FTIR results were combined with

the results of performed TG/DTA and DSC experiments in
the present work and the literature data.

2. Experimental

Reagent grade cerium(lll) acetate hydrate
(Ce(CH,CO,),-1.5H,0) (Aldrich, 99.99 %), was used in
the experiments. High Temperature Infrared Spectra (HT-
FTIR) were recorded on Thermo-electron Nicolet FTIR-380
spectrometer under inert gas conditions using cerium(lll)
acetate hydrate (Aldrich) powder at 60, 180, 275 and 400°C
as in-situ and ex-situ. The thermal decomposition behav-
iour of cerium(lll) acetate hydrate was carried out by using
thermogravimetric-differential thermal analysis (TG-DTA;
Model Perkin Eimer Diamond) at a heating rate of 10 K/min
under inert gas atmosphere using a flow rate of 100 ml/min.
The TG/DTA experiments were conducted using platinum
crucibles (sample mass: 30 mg) and o-AlLO, powder was
used as reference material for DTA.



3. Results and discussion

3.1. TG-DTA analyses

Fig. 1 shows the TG-DTA curves obtained using cerium(lll)
acetate hydrate at a constant heating rate of 10 K/min un-
der argon flow. TG curve shows that the decomposition of
Ce(CH,CO,);1.5H,0 to cerium(lV) oxide reveals through
several steps as it was reported in the literature [2-5]. The
first wide strong endothermic peak observed in DTA curve
indicated two endothermic reactions occurring at the same
temperature interval due to the evaporation of moisture at
around 105°C and the decomposition/dehydration of the
crystal water. The observed weight loss was close to the
theoretical value of 1.5 mole of crystal water. It can be given
by following reaction:
Ce(CH,CO,),'1.5H,0—Ce(CH,CO,),+1.5H,0 (1)
Above dehydration, a relatively strong exothermic peak
was observed in DTA curve at about 190°C (onset) with
a peak temperature of 208°C. In the meantime, no weight
change was determined in TG curve indicating a phase
transition or crystallization reaction. As it was reported in the
literature, the crystallization of amorphous cerium(lil) anhy-
drous acetate, Ce(CH,CO,),, reaction takes places at abo-
ut 200°C [2, 3]. The second endothermic peak represents
a decomposition reaction. The peak temperature was deter-
mined at 281°C from DTA curve and a weight loss was ob-
served in TG curve. The second endothermic reaction took
place with a following third endothermic reaction represen-
ting two continuous reaction steps as given below:

8Ce(CH,CO,);—Ce05(CH,CO,),#+3(CH,),CO+3CO, (2)

Cey04(CH,CO,),,—8CeO(CH,CO,) + 5(CH,),CO + 5CO, (3)

With increasing temperature decomposition of ‘organic
components takes place resulting weak DTA signals and
slight weight loss. The total weight loss at 750°C was abo-
ut 50 %, which is in very good agreement with the theoreti-
cal value (49.98 %).

3.2. In-situ FTIR analyses

Fig. 2 shows FT-IR curves of cerium (lIl) acetate hydrate
under inert (nitrogen) gas atmosphere between wave num-
ber of 4000-500 cm™'. As can be clearly seen at lower tem-
peratures the structure of cerium acetate does not change
significantly. However, with increasing temperature the bro-
ad water peaks (at around 3600-3100 cm') start to disap-
pear, these peaks are considered as not only crystal water
but also moisture. Similarly, with increasing temperature the
intensity of the peaks (1624 cm') dealing with the carbon
oxygen bonds (C-O) decreases, which means organic con-
tent of the samples decrease significantly. The peak, sho-
wing the C-O single bond occurring around 1040 cm™* also
disappears with increasing temperature [5). Above 400°C
almost all of the organic related peaks disappeared, howe-
ver, very small indications of the carbon peak (single and/or
double bonds) can be seen. This situation is parallel to the
TGA results showing slight decrease even above 600°C.

Ex-situ FTIR results are given in Fig. 3. The samples
were heat treated under argon atmosphere at various tem-
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Fig. 1. TG-DTA curves of cerium (Ill) acetate hydrate under under
argon atmosphere at 10 K/min heating rate.
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Fig. 2. In-situ FTIR spectra of cerium (lll) acetate hydrate under ni-
trogen gas atmosphere.

peratures and then air quenched under continuous argon
flow. The obtained in-situ and ex-situ FTIR results are in
quite good agreement with each other and with the literatu-
re [4, 5]. As can be‘clearly seen from the figure, at low tem-
peratures, the intensities of the ceria peaks (700-350 cm)
are relatively low, showing the small amount of the transfor-
med ceria. With increasing temperature, the organic related
peaks such as symmetric stretching peaks of CO,* (around
945 cm™ of wave number) gradually decrease [5]. On the
other hand, the ceria peaks increase drastically with incre-
asing temperature, which is also in very good agreement
with our in-situ results.

4. Conclusions

The thermal decomposition of Ce(CH,CO,),-1.5 H,0 to
cerium(lV) oxide in inert gas atmosphere takes place in va-
rious decomposition steps including exothermic and endo-
thermic reactions.

TG and DTA results pointed out that the thermal decom-
position reactions completed at around 600°C. However
even above 600°C small carbon peak were determined in
the FTIR results indicating residual carbon.
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In-situ FTIR results show that cerium(lll) acetate hy-
drate is stable up to 60°C, above 100°C water and carbon
groups start to disappear. All of the water peaks completely
disappeared at ~400°C, but small carbon peaks still appear,
which is in agreement with the DTA results. These results
were confirmed with the ex-situ FTIR results. The results
also show that cerium acetate hydrate starts to decompose
above 100°C, and in various exothermic and endothermic
steps, and ceria (CeO,) forms above 400°C having a small
amount of residual carbon.
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