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Abstract

The compound obtained via state solid reaction of the La,Oy and SrO oxides and cxpose the
room atmosphere shows the crystallographic data of the compound reported as La,Sr0,. How-
ever, thermogravimetric, differential thermal analysis and XRD with controlled temperature indi-
cated that the stoichiometry of the compound is 2La(OH);-SrCO;, which structural parameters
were determined by using the Rietveid method. It was verified that when the compound exposed
at room atmosphere, the mixture oxide absorbs H,0 and CO, producing hydroxide and carbonate
of lanthanum and strontium, respectively, which thermal decomposition occurs by the same sleps,
producing the La,0,-8r0.
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Introduction

Lanthanum and strontium compounds are important precursors for atkaline earth
doped lanthanum manganite preparation [ 1], Besides this, there is considerable cur-
rent interest in the usc of atkaline carth and rare earth oxides as components in het-
erogeneous catalysis for the oxidative coupling of methane [2, 3].

Several invesligations have been carried out on the synthesis of the ternary sys-
tem Ln,0s—H.0-CO, (Ln=lanthanides) {4, §]. Wakira [6] has obtained Laa(COs)s-
8H,0 by the reaction between carbonates and rare-earth salts in sodium metasilicate
gels. Sastry et al. [7} have prepared Ndy03-2.5C0,-3.5H,0 by treating a neodymiun
chlaride solution with sodium carbonate selution at boiling temperature, and
Nd,0;-2C0,2H,0 by hydrolysis of the trichloroacetate. On the other hand, SrCO;
is used as a high temperature standard for DTA [8, 9]. In the present work the mix-
ture 2La(OH)=SrCO4 was obtained by exposure of the mixed oxides La;04-5rQ in
the laboratory atmosphere and investigated by TG and DTA in a dynamic atmos-
phere and X-ray diffraction (XRD) under variable temperature to characterize the
crystal structure of the samples.
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Experimental

Materials

High purity La;0O3 (MERCK 99.5%) and SrO (Alfa AESAR 99%) were used in
this work. Typically, 2La(OH);—StCO; was prepared by exposure of the mixture
1.2;03-5r0 in the laboratory atmosphere. The oxide mixture was obtained by solid
state rcaction of the mixture thermally treated at 1593 K for 17 h.

Methods

TG and DTA curves were obtained employing simultaneous maodule of thermal
analysis, SDT 2060 (TA Instruments), with air synthetic and CO; flux of 100 mL
min~!, heating ratc of 10°C min~' and samples weighting between 14 and 16 mg. An
aluminium crucible was used in the thermoanalysis measurements. X-ray powder
diffraction patterns, to structural refinement, were obtained by using synchrotron ra
diation with A=1.533 A at National Laboratory of Synchroton Light (I.LNLS) at DRX
line. High temperaturc pewder dilfraction (Siemens - D5000) was obtained by using
the HTK (high-temperature camera) mounted on an Q)-goniometer operating at tem
peratures of up to 1573 K with a position sensitive detector (PSD-50M). The
Rictveld structure analysis was performed using the program DBWS941. Elemental
analysis was carried out by using a CE instrument, model EA1110 CHNS O, by
flash method.

Results and discussion

The resultant compound from mixture of the La;O4 and SrO oxides was submit-
ted to XRD analysis. Interplanc distances and relative intensities values are in agree-
ment with those described in the literature for the La;SrO, compound [10]. However,
when this compound was submitted to thermogravimetric and differential thermal
analysis, the decomposition is observed in four stages of the mass loss, Fig. 1a. The
first mass loss is due to elimination of adsorbed water. The two following stages are
ascribed to dehydration, with loss of two and one water molecules, respectively. The
last masge loss is ascribed to thermal decompasition of the strontium carbonate with
CO, liberation. Tt is showed in DTA curve through endothermic events and presented
helow by the reactions:

2La(OH);-SrC0O;3--2La0O{OH)-SrCO3+2H,0 reaction |
21.a0(0H)-SrC03—La;04-5rCO5+IH,0 reaction 2
L8,03,-8rC0O3—>1.2;03-8r0+CO, reaction 3

As itis well known, lanthanim and arontium oxides absorb water and carbon di-
oxide from atmosphere with great casiness. Thus, lanthanum hydroxide and stron-
tium carbonate formation is ascribed to the exposition of the resultant compound of
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Fig. 1 TG and DTA curves of the 2La{OH),-5rCO; compound obtained in synthetic air dy-
namic almasphere: a — first heating, b - heating after 24 h; ¢ - obtained in carbon di-
oxide dynamic atmosphere and d - TG and DTA curves of the La(OH), obtained in
carbon dioxide dynamic atmosphere

the oxide mixture in the atmosphere due to absorption of H;O and CO,. In order to
check the absorption, the residuc was exposed to room atmosphere for twenty-four
h and analyzed again. TG and DTA, curves, Fig. 1b, shown the same thermal decom-
position behavior indicating that the absorption mechanism of water and carbon di-
oxide were not altered by (he thermal treatment 1o whichi the compound was submit-
ted in the previous analysis. TG and DTA oblained data are showed in Table 1.

The compound was submitted to clementary analysis for determination of C, H
and O and the results are showed in the Table 2. Obtained values from elementary
analysis and those indicated by TG analysis are similar and in good agreement with
the proposal stoichiometry. Figure 1c show TG and DTA curves of the mixed com-
pound obtained in carbon dioxide atmosphere, which present different thermal he-
havior to the previously observed one. A mass loss between 320 and 586 K is as-
cribed 1o loss of adsorbed water, followed by a second stage of mass loss from 591
to 656 K, corresponding to compound dehydration. Tn the next stage, it was observed
a continuous mass gain due to CO, absorption. Thus, occurred the substitution of the
water by CO, molecules in the coordination sile water, forming lanthanum carbon-
ate. The compound remains stable nntil 1217 K followed by an abrupt mass loss cor-
responding to the strontium carbonate decomposition and CO, liberation. These
steps arc confirmed by endothermic peaks in the DTA curve. An cndothermic peak
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at 1201 K is observed and ascribed to rhombohedric-hexagonal phases transition of
the strontium carbonate [11]. In the cooling curve was observed an exothermic peak
at 1054 K due 1o CO; absorption indicated by mass gain in the TG curve, resulling
in the lanthanum carbonate formation again. This behavior was related to lantha-
num, based on TG and DTA curves of the La,O;, Fig. 1d, which presenting the simi-
lar thermal behavior.

X-ray diffraction patterns at several temperatures was carried oul to accomplish
the thermal decomposition indicated by thermoanalysis. Figure 2 show the X-ray
diffraction patterns at different temperatures of (a) mixture La,03-SrO obtained by
grinding, (b} 51O and (c) La;O;, both exposed in the room atmosphere. The X-ray
diffraction reflections of mixture LayO4—SrO turn up at 1413 K {Fig. 2a), while be-
fore 473 K there are reflections due to 2La{OH)3-SrCOs, according to the results of
the structural refinement. Il indicates that sample absorb atmospheric water and
carbon dioxide. As best form to interpret the phenomenon, measures were accom-
plished in the precursor oxides, after exposure in the laboratory atmosphere. The
lemperature range used was based on decomposition temperatures obtained by ther-
mal analysis. The results suggest that SrO (Fig. 2b) absorbs carbon dioxide going to
SrCO; and Lay 05 (Fig. 2¢) absorb atmospheric water transforming in lanthanum hy-
droxide. Both phases are decomposed by heating in the respective oxides.

Table 1 TG and DTA results from mixed compound curve analysis in synthetic air atmosphere
(100 mL min™') and hetaing rate of 16°C min"!

Analysis Initial mass/mg TG DTA
Am/mg AT/K  residue/% endo/K

-0.09 313- 544 99.44 359

First 16.16 111 544~ 645 92.57 628

-0.55 700~ 792 B89.17 165

-1.34 10431225 80.88 1200

-0.18 313- 541 98.70 363

After 24 h 14.88 -(.98 541~ 651 92,20 633

-0.47 694- 786 89.05 761

-1.17 1028-1216 81.18 1187

Table 2 Obtained results from elementary analysis of the mixed compound

Elements Elementary analysis/% TG/%
C 2.39 2.28
H 1.16 115
0 15.69 2730 (15 17)*

* O present in the initial compound remains in the residue, in the oxide form, was not detected
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Fig. 2 XRD patterns al different temperature of a -- 2La{OH),=51CO,, b - 8cCO, and
¢ — La(OH); going to La,0,-810, L.a,0, and Sr0Q, respeciively

Fig. 3 XRD patterns evolution of the mixture 2La(OH),-SrCO, from 493 o 1433 K showing
the phases transitions (AT=20 K)
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The thermal decomposition of the mixture was checked out with X-ray diffrac-
tion from 493 10 1433 K (Fig. 3). There are 2La(OH); (PDF n® 36-1481) and SrC0O,
(PDF n" 5-0418) in the region a of Fig. 3a which corresponds 1o the temperature
range from 493 to 613 K. The peaks assigned to phascs LaOOH (PDF n® 19-0656)
and SrCOs5 in the range from 613 (0 733 K are in region bof Fig. 3. The region ¢ (733
to 993 K) in Fig. 3 show Lay0,C0y (PDF n® 22-1127) and $rCO; structural phascs.
La;0; (PDF n°® 5-0602) and SrCO; phases arc present in the region d (993 1o
1153 K). Figure 3e corresponds to the temperature range from 1153 to 1413 K
showing SrO (PDF n” 6-0520) and La,;0;. The mass losscs verified in the thermal
analysis were found in same temperatures by X-ray diffraction analysis through the
structural patterns evelution. Although, it was already observed by X-ray diffraction,
the La,0,CO; formation from the LaOOH decom position does not show a mass 10ss.
Such an absence of mass loss may be caused by a sharing of the COY group belween
strontium carbonate and lanthanum oxide.

Table 3 Discrepancy factors and phases fractions obtained by Rictveld refinement

Phasc name L.a{OH), SrCOy
Fraction {Y) 70 30
Ruvuge 2.33 4.53
R, 145 2.93

Structural refinement by Rictveld method was carricd out to determine the
phases quantities in the mixture, La(OH); was refined in the space group P63/m and
atomic paramelers based on reference [12]. Strontium carbonate was refined in the
space group Pmen and atomic parameters based on reference [13] Refinement re-
sults show:70% of 1a(OH); and 30% of SrCO4 to exposed mixture with good struc-
tural refinement discrepancy factors (Table 3). These results suggest that the JCPDS-
ICDD n° 42-0343 was mistakenly attributed to the La,SrO; compound, because the
X-ray diffraction patterns are due to the mixture 2La(OH);-SrCO;.

Conclusions

La;05 and SrO when exposed in the laberatory atmosphere absorbed water and
carbon dioxide to form La(OH); and SrCO;. The absorption process may be uscd as
a CO, reversible sensor because it causes a remarkable bulk expansion. La;0,C0,
formation accomplished by XRI> was not detected by thermoanalysis. This result
suggest that are a sharing of the CO3™ group between strontium carbonate and LayOs,
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