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This work describes the thermal decomposition behaviour of cerium oxy-carbonate. DTA,
TG, DTG and X-ray examinations were performed.

The results indicate that the thermal decomposition of cerium oxy-carbonate in static air ata
heating rate of 10 deg min~! involves three steps: dehydration at 58 °C, removal of crystal
water at 200 °C and CO, release at 235 °C.

The activation energies of removal of crystal water and carbon dioxide release were found to
be 59.48 and 82.33 kJ mol ™!, respectively.

Ceria-based oxygen ion conductors have high ionic conductivity, which makes
them interesting materials for application as solid electrolytes at moderate
temperature (< 600°), oxygen sensors and fuel cells [1]. The powder preparation is
an important step in the fabrication of homogeneous materials. Chemical
coprecipitation has been used. The properties of the final product (the sintered
material or a mixed oxide powder) are largely dependent on the precipitation
conditions. Precipitation as oxalate followed by calcination has been used to
prepare doped oxide powders.

This work describes a study of the thermal analysis and X-ray diffraction of
cerium oxy-carbonate, which was prepared by precipitation from cerium nitrate
solution with ammonium carbonate in the presence of ammonium hydroxide [2].

Experimental

Material

The cerium oxy-carbonate powder was prepared by precipitation from cerium
nitrate solution with ammonium carbonate in the presence of ammonium
hydroxide. The precipitation was carried out at a C/Ce mole ratio of 2.0, at 60° and
pH 8.75.
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Examination technigues

Thermal analysis (DTA, TG and DT) of the cerium oxy-carbonate powder was
carried out with a DuPont thermal analyser (Type 1090) in static air in the
temperature range 25-900°. The heating rate varied from 2 to 40 deg min~!.

An X-ray investigation of the cerium oxy-carbonate powder was performed with
a Philips diffractometer (Type 1140). The patterns were run with Cu as target, Ni as
filter (1 = 1.54178 A), at 40 kV and 30 mA, witha scanning speed of 2 deg min .

Results and discussion

Thermal behaviour of cerium oxy-carbonate

The precipitated cerium oxy-carbonate powder was pale-yellow. Figure 1 shows
typical DTA, TG and DTG curves for the decomposition of the cerium oxy-
carbonate powder to CeQ, in static air at a heating rate of 10 deg min *.

The thermal analysis results reveal three stages of decomposition, each involving
a loss in weight. The three DTA stages are listed in Table 1 together with the peak
temperatures. The DTA curve indicates that all three stages are endothermic. The
first stage is characteristic of the removal of adsorbed water, the second stage of the
removal of crystal water and the third stage of carbon dioxide release. The peaks are
maximized at 58, 200 and 235°, respectively.

The TG and DTG curves reveal a total weight loss of 21%. This value is close to
the theoretical weight loss (20.7%) calculated from the equation for the
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Fig. 1 Thermal analysis of cerium oxy-carbonate at a heating rate of 10 deg min™'
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Table 1 DTA of cerium oxy-carbonate powder at a heating rate of 10 deg min™!

Stage Peak temperature, “C Type of deflection Function
1 58 endothermic removal of adsorbed
H,0
H 200 endothermic removal of crystal
water
111 235 endothermic CO, release

Table 2 TG of cerium oxy-carbonate powder at a heating rate of 10 deg min™!

Stage Temperature range, °C Weight loss, % Function
a-b 25~ 175 5 removal of adsorbed
water
c—d 180-210 4 removal of crystal
water
d-e 210-260 12 removal of CO, gas
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Fig. 2 TG and — — — DTG curves of cerium oxy-carbonate at different heating rates
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decomposition of cerium oxy-carbonate [CeO,(CO,), - H,0}. Table 2 shows the
various stages of weight loss within the different temperature ranges.

Kinetics of thermal decomposition of cerium oxy-carbonate

Thermogravimetric curves (Fig. 2) obtained at different heating rates (from 2 to
40 deg min ') were utilized to calculate the activation energy for the removal of
crystal water and for the release of carbon dioxide, by using the technique
recommended by Carroll and Manche [3].

In this method,

dw )
— = Kf(w i
ar (W) (1)

where W is the weight of reacting sample and K is the rate constant related to
temperature by the Arrhenius equation:

K= Zexp(—E/RT) )
If the heating rate i<
_dr
S dr 3)
then
- w_z —E/RT
ar aexp( /RT)f (W) 4)
daw E
]n(l)(_ﬁ)—anf(W)—R—T (5)

dw 1 , . . .
Aplotoflne| - ar ) for a given value of W, obtained at different heating

rates, will lead to a value of E.

The calculated values of the activation energy (E) were found to be 59.48 and
82.33 kJ mol™! for the removal of crystal water and carbon dioxide release,
respectively.

X-ray diffraction analysis

The X-ray diffraction of cerium oxy-carbonate was studied by Henry et al. [4] and
Bentzen et al. [5].

Table 3 gives the lattice parameters and relative intensities of our powder and
those reported by Bentzen et al. for a powder prepared by hydrolysis. The
comparison of our results with Bentzens data confirms that our powder is cerium
oxy carbonate.
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Table 3 X-ray diffraction data of cerium oxy-carbonate compared with those of Bentzen et al. [5]

d A 1A
This work Bentzen et al. This work Bentzen et al.

— 6.417 — 6.8
5.556 5.574 32.0 30.3
4.320 4311 100.0 100.0
3.717 3.723 65.0 60.0
3.359 3.363 46.0 43.6
2.954 2.959 75.0 77.0
2.658 2.659 34.0 36.2
2.507 2.508 33.0 39.0
2.432 2.429 23.0 26.1
2.347 2,347 80.0 79.5

Conclusion

The addition of ammonium carbonate to cerium nitrate solution in the presence
of ammonium hydroxide produced a precipitate which was identified as cerium
oxy-carbonate.

The thermal decomposition of cerium oxy-carbonate in static air involves three
endothermic steps: removal of adsorbed water at 58°, removal of crystal water at
200° and carbon dioxide release at 235°.

The activation energies of removal of crystal water and carbon dioxide release
were found to be 59.48 and 82.33 kJ mol ™!, respectively.
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Zusammenfassung — Das Verhalten von Ceroxycarbonat bei der thermischen Zersetzung wird

beschriebeg. DTA, TG, DTG und Réntgendiffraktometrie wurden zur Untersuchung herangezogen.
Die thermische Zersetzung erfolgt in statischer Luftatmosphire bei einer Aufheizgeschwindigkeit von
10° min ™! in drei Schritten. Der erste Schritt bei 58 °C ist der Dehydratisierung, der zweite bei 200 °C
dem Austritt von Kristallwasser und der letzte bei 235 °C der Abspaltung von CO, zuzuschreiben. Fiir
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die Kristallwasserabgabe wurde eine Aktii/ierungsenergie von 59.48 kJ-mol™! und fur die CO,-
Abspaltung von 82.33 kJ - mol ™! berechnet.

Pesiome — Mertogamu [ITA, T, JTI" ¥ peHTreHOCTpYyKTYpHOrO aHaiH3a M3yYeHO TEPMUYECKOE
pa3JIoKeHne OKCHKapboHaTa Lepus. Pe3yabTaThl NOKA34IIH, 4TO TEPMHYECKOE PA3JIOKENME OKCUKAP-
GonaTa Liepust B CTaTHYECKOH aTMOChepe BO3ayXa MPH CKOPOCTH Harpesa 10°/MHH OpPOTEKAET B TPH
craguu. IlepBoi cTaameit npu 58° ABisiercs Aernapatauus, BTopoii npu 200 °C-yaanenue KpucTaTM-
3aLMOHHOM BOLI, & TPEThEH cTaauei npy 235 °C-BbIaeeHNE ABYOKHCH YIIEPOJA. JHEPT UM AKTUBAUMH
BTOPOH M TpeTheil CTalii paBHAINCH, COOTBETCTBEHHO, 59,48 u 82,33 kmx - MoJp ™!
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