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As perovsquitas sdo materiais estratégicos devilosums propriedades cataliticas, eletrbnicas e
magnéticas. Estas propriedades sdo influenciadas pendicdes de sintese e calcinacdo. Este tmbalh
apresenta um estudo da sintese de perovsquita®©4aidimétodo do gel protéico modificado variando o
teor de colageno. Os Oxidos perovsquitas com a @siggio LaNiQ foram sintetizados usando nitrato de
niquel, nitrato de lantanio e colageno como mateda partida. Os pds obtidos foram caracterizados
termogravimetria, espectroscopia na regido dovefraelho e difratometria de raios X. As curvas & T

e espectros FTIR foram particularmente uteis nabedtcimento da temperatura de calcinagdo ideal dos
pos precursores. Os padrfes de difracdo de raimyve{aram a formagdo da estrutura perovsquita em
todas as amostras preparadas pelo método de siatémsdo o teor de colageno e apds calcinacdéd a 7
°C/2h. Na otimizac&o do teor de colageno, a metimoporgdo massica de metal {f¥icolageno usada
foi 1,0/1,0, em que foi possivel obter a perovsgmibnofasica.
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The perovskite oxides are strategic materials thieatalytic, electronic and magnetic propertidsese
properties are influenced by the calcinations aymitesis conditions. This work describes a studyhen
synthesis of LaNi@ perovskites via modified proteic gel method vagyithe content of collagen.
Perovskites oxides with the composition LallMere synthesized by modified proteic gel methadgis
nickel nitrate, lanthanum nitrate and collagentagtisg source. The obtained powders were chaiaeter
by thermogravimetric analysis (TGA), infrared spestopy (FTIR) and X-ray diffraction. TGA curves
and FTIR spectra were particularly useful in esshihg of the optimal calcination temperature of th
precursor powders. X-ray diffraction patterns rdedahe formation of the perovskite structure ih al
samples prepared by synthesis method varying theersbof collagen and after calcinations at 700 °C
four 2 hours. In the optimization of the collageontent, the bester bulk proportion of metal
(Ni*"/collagen used was 1.0:1.0, where it was possibtibtain monophasic perovskite.
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1. INTRODUCTION

Perovskite mixed oxides are ceramic materials ttmahbine metal elements with non-
metallic, usually oxygen, with general formula ABQvhere A represents a lanthanide or
alkaline earth ion and B a transition metal iowvalent [1-3]. These materials are considered
strategic due of its electronic, magnetic, optarad catalytic properties, among others [4-6].

The perovskite containing a lanthanide in positoand a transition metal in position B have
been known as good catalysts for various reactiomsortant applications of these materials are
in the catalytic combustion devices with high heansfer, such as gas turbines or industrial
burners. The relatively high oxidation activity tansition metal oxides combined with the
thermal stability of rare earth oxides provides pgerovskite the essential properties for
applications in the high temperatures [7].

In recent decades many routes have been used doprdédparation of mixed oxides with
perovskite structure, such as sol-gel, polymerécprsors, chelating precursors, the proteic sol-
gel process, combustion synthesis, among otheés $810]. In general, these methods aim to
obtain a material with high homogeneity, low amoahimpurities, particle size and surface
area suitable for different applications [4].
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The modified proteic gel method is a new alterreafior synthesis of the perovskite oxides.
This method consists in the formation of a metakating complex system, including a
chelating agent and metal precursor, replacingftoylene glycol and citric acid or EDTA as
the organic precursor by collagen. The choice of thethod is justified by the possibility to
obtain materials with high purity and good contrbktoichiometry.

In this study, LaNi@ perovskite-type oxide was synthesized via modifieateic gel method
using collagen as the organic precursor aim tomapé the content of complexing agent used
during synthesis.

2. EXPERIMENTAL

The LaNiQ perovskite type oxides were synthesized by theifireddproteic gel method
using lanthanum (J.T. Baker, 99.9%) and nickel €¢e97.0%) nitrates as starting and collagen
powder as chelating agent. Firstly, was preparedeaus solutions of metal nitrates by
dissolution of nickel nitrate in 100 ml of distilevater at 30 ° C for 30 minutes under agitation
and after that the lanthanum nitrate added to yetes under the same conditions of agitation
time and temperature. Then the solution was hagtad 70 ° C, and collagen was added under
stirring. The temperature of system was kept coigta 1 h until the formation of a gel. This
gel was heated treated at 350 ° C for 2 hours avitleating rate of 10 ° C minThe precursor
powder was calcined at 700 ° C for 2 hours. Thesmaiso of metal (Nfi*) used for the collagen
were of 1.0:5.0, 1.0:2.0, 1.0:1.0 and 1.0:0.5. Diained powders were characterized by
thermogravimetric analysis, infrared spectroscamy &-ray diffraction.

The samples heated treated were analyzed by Idfi@pectroscopy using the technique of
Attenuated Total Reflectance (ATR) in a Varian spmahotometer, model 640-IR. The thermal
decomposition process of samples was investigayethermogravimetric thermal analysis
(TGA) using a TA Instruments equipment SDT-2960ritted analyzer under nitrogen
atmosphere, in the temperature range between 39G0fC, with heating rate of 10 °C rifin
X-ray diffraction (XRD) measurements of samplescicedd were performed on a Rigaku
DMAX100 diffractometer using Cui (A = 1.5406) radiation. The diffraction angledZange
was used between 10 to 60° with step of 0.020°. iflaatification of crystalline phases was
performed using data from the cards of JCPDS rrat@énal Center for Diffraction Data.

3. RESULTSAND DISCUSSION

Figure 1 shows the FTIR spectra of the LaNi@ecursor powders synthesized by the
modified proteic gel method varying the bulk prafmr metal (Nf *)/collagen and heated
treated at 350 ° C for 2 hours. The spectra of sesnpith ratio metal (Ni*)/collagen of
1.0/5.0, 1.0/2.0, 1.0/1.0 and 1.0/0.5, can be geéhnis figure. All samples showed broad bands
in the region between 3600-3000 &mwhich can be attributed to asymmetric stretching
vibrations of the O-H group of reticular water Ar@ning organic matter [11].
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Figure 1: FTIR spectra for LaNigprecursor powders with ratio metal @jj/collagen: (a) 1.0:5.0, (b)
1.0:2.0, (c) 1.0:1.0 and (d) 1.0:0.5.

The bands observed in the region of 1550-1338 irmthe FTIR spectra can be assigned to
the asymmetric stretching vibrations of carboxygioups of gelatin coordinated to the metal,
since these frequencies have been displaced tioretae vibrations of the carboxylic group (in
the region between 1637-1523 &mof collagen spectrum (Figure 2). Neverthelesg th
spectrum of the sample with lower content of calaghowed a band at 651 tmelating to
metal-oxygen bond [9], which may indicate the fotiora of oxide in this material.
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Figure 2: FTIR spectrum of the collagen.

Thermogravimetric curves of the LaNi@erovskite precursor powders heated treated at 350
° C and prepared by modified proteic gel methodsiewn in Figure 3. Thermal analysis has



J. C. Santos et al., Scientia Plena 8, 037202 (2012) 4

been found to yield information on the decompositiemperatures of the materials obtained
during the synthesis as also about its thermalligyai2].
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Figure 3: TG curves for LaNigprecursor powders with ratio metal (Ni2+)/collaggia) 1.0:0.5, (b)
1.0:1.0, (c) 1.0:5.0 and (d) 1.0:2.0.

In general, the curves indicate that decompositegaction took place in two temperature
ranges. Initial mass loss observed in the temperatnge of 30-250 °C that is attributed to
water loss and initial decomposition of the residuaaterial synthesis process. In the
temperature range of 250-700 °C can be observedrdaest loss mass which is due residual
organic matter decomposition. On the basis of spudyiously discussed in the literature, using
gelatin as a precursor, it was found that the thédacomposition of pure gelatin takes place in
three distinct stages: the first, associated vats lof water of hydration (moisture), the second
attributed to the elimination of fragments of amamds residues, usually Proline (Pro), which
degrades into oxidizing atmosphere and the last lelted to the decomposition of Glycine
(Gly) at about 600 °C [13].

The thermogravimetric curves showed that the cantéthe complexing agent (collagen)
influenced in the final temperature decompositibthe LaNiQ; perovskite precursor powders.
The samples with lowest ratios metal/collagen §tagul at lower temperatures due to the ratio
metal/chelating agent (collagen) to influence tiermal stability of the material.

X-ray diffraction patterns of the powders calciretd700 °C for 2 hours (Figure 4) prepared
by modified proteic gel method varying bulk propont metal/collagen (1.0:5.0, 1.0:2.0, 1.0:1.0
and 1.0:0.5) revealed the formation of crystalliiases. All samples showed the formation of
crystalline perovskite phase, in agreement withdiffeaction patterns of the LaNiGstructure,
obtained in the literature [14]. Peaks correspogdo secondary phases attributed to NiO
(nickel oxide) and L#D; (lanthanum oxide) were also found.
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Figure 4: XRD patterns for LaNigperovskite calcined at 700 °C with ratio metalANicollagen. (a)
1.0:5.0, (b) 1.0:2.0, (c) 1.0:1.0, (d) 1.0:0.5.

According to diffraction patterns can be observidt tthe intensities of the peaks of the
secondary phase decreased as the content of coliesgel in the synthesis, exception of the
sample with ratio metal/collagen of 1.0:0.5. Moreqgvit is suggested that the ratio
metal/collagen of 1.0:1.0 is the best in the foiorabf the perovskite single phase, whereas the
peaks related to secondary phases disappearecefbeskite structure was characterized by
rather intense peaks & 2qual to 32.9 °, 47.3 ° and 58.1 °. All perovsiiteicture peaks were
indexed as rhombohedral structure (JCPDS 34-1028).

4. CONCLUSION

This study demonstrated that the oxides with LaNj@rovskite-type structure can be
obtained using the modified proteic gel at low astiof metal (Ni")/collagen. Collagen is
inexpensive, non-toxic organic, as very good ciredatgent in the formation of perovskite
oxides. In accordance with TG curves and FTIR spedll organic residual material of the
synthesis process decomposed about 700 °C.

X-ray diffraction patterns revealed the formatidntlze structure perovskite in all samples
prepared by this synthesis method and after cdiomaat 700 ° C for 2 hours formed the
perovskite phase. However, secondary phases aditha NiO and/or L#; were observed in
the LaNiQ, perovskite prepared by modified proteic gel methedeption of the sample with
ratio metal (Nf “)/collagen of 1.0:1.0.
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