
Introduction

LaCrO3 is chemically quite stable in both oxidizing as

well as reducing atmosphere. The doped LaCrO3 shows

high electronic conductivity and hence used as separa-

tor/interconnect material in solid oxide fuel cells

(SOFC) [1–3]. LaCrO3 is also used as hot electrode for

MHD (magnetohydrodynamic) power generation [4]. It

was also investigated for its catalytic activity in combus-

tion of CH4 [5]. Doped LaCrO3 shows oxygen ion con-

ductivity and has been studied for its applications in ox-

ygen sensors and oxygen permeable membranes [6–8].

Solid-state synthesis of large number of oxides

of transition metals and the compounds formed by

their interaction with the oxides of other elements has

been attempted via thermal decomposition of the

carboxylates [9–13] of these elements. Synthesis of

LaCrO3 by various methods is reported in the litera-

ture. These include conventional method [14], com-

bustion method [15], Pechini method [16], sol–gel

method [17], citrate route [18], oxalate route [11], etc.

All these methods yield LaCrO3 after heating mixture

of reactants/precursor at high temperature

(600–1000°C) for long time (4–12 h). Microwave

technique was however used recently, more effec-

tively to bring down the temperature as well as time

required for the synthesis of mixed oxides [12–13, 19,

20]. In this paper, we show that it is possible to em-

ploy the same method for the synthesis of LaCrO3. In

the present work LaCrO3 was synthesized from LTCR

precursor employing microwave heating technique.

Experimental

Materials

Lanthanum nitrate La(NO3)3·6H2O (LN) used for

LaCrO3 synthesis, was of AR grade and procured

from Thomas Baker Limited, Mumbai, India. Potas-

sium trioxalatochromate(III) hydrate K3[Cr(C2O4)3]·

3H2O (KTCR) was prepared by the method described

in [21]. LTCR was prepared from solutions of LN and

KTCR. 28 g of KTCR and 18 g of LN were dissolved

separately in 100 mL of 1.2 M nitric acid. Both the so-

lutions were cooled to 5°C and mixed together with

vigorous stirring. After one minute green precipitate

formed was separated, and washed with small por-

tions of chilled 1.2 M nitric acid followed by washing

with acetone. The compound was dried at room tem-

perature over calcium chloride. The green compound

formed was subjected to chemical analysis and as-

signed the formula La[Cr(C2O4)3]·9H2O. Water con-

tent of the compound was estimated using Karl

Fischer method. Chromium was determined volumet-

rically after decomposing the samples with sulfuric

acid followed by oxidation of Cr(III) to Cr(VI) with

potassium perdisulfate. Oxalate was estimated volu-

metrically after removing lanthanum and chromium

as their hydroxides. Lanthanum was estimated

gravimetrically after coprecipitation as oxalate and

volumetrically estimated chromium.
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Synthesis of lanthanum chromite LaCrO3

LaCrO3 was prepared by heating LTCR in silicon car-

bide furnace as well as in microwave heating system.

LTCR was heated in silicon carbide furnace at 900°C

for one hour. In separate experiments, LTCR was

heated in microwave heating system in the tempera-

ture range 400 to 900°C with an interval of 100°C for

the same period. The product obtained after heat treat-

ment at different temperatures was analysed by X-ray

diffraction using the diffractometer, Siemens,

Model D-500 at the scanning rate of (2�=1°) min
–1

,

and wavelength of 0.15405 nm.

Surface area of LaCrO3 prepared using the con-

ventional and microwave heating techniques was

measured by BET adsorption method.

Methods

Thermogravimetery (TG) and differential thermal

analysis (DTA)

The TG curve of LTCR was recorded on 52.94 mg of

sample in static air at the heating rate 10°C min
–1

us-

ing Mettler-Toledo TG instrument (Model-851).

DTA plot for the decomposition of LTCR was re-

corded on 77.9 mg of sample in static air at the heat-

ing rate of 10°C min
–1

, using the instrument supplied

by Universal Thermal Analysis Instruments, Mumbai,

built to our specifications.

Results and discussion

The TG curve recorded for thermal decomposition of

LTCR is shown in Fig. 1. The curve indicates that

LTCR decomposes in four steps involving dehydra-

tion and decarboxylation to give LaCrO3 as the final

product. The sequence of decomposition steps could

be expressed as

LaCr(C2O4)3·9H2O�LaCr(C2O4)3+9H2O (1)

8LaCr(C2O4)3�2La2(CrO4)3+La2O3·CO2+

2LaCrO4+35CO+12CO2 (2)

2La2(CrO4)3+La2O3·CO2+2LaCrO4�

8LaCrO4+CO2+3/2O2 (3)

8LaCrO4�8LaCrO3+4O2 (4)

The mass losses expected in each of the above

decomposition steps were in good agreement with

those calculated from the TG curve (Table 1). The

formation of LaCrO4 as a precursor (Eq. (3)) to

LaCrO3 could be confirmed from X-ray diffraction

pattern of the product isolated at 650°C.

The DTA curve of LTCR recorded in static air is

presented in Fig. 2. The curve shows that LTCR de-

composes in different steps involving dehydration

and decarboxylation and yields final product at

~800°C. The first endothermic peak in DTA located

around 150°C is due to dehydration. The endothermic

peak is followed by two apparent exothermic peaks

observed in the temperature range 300 to 500°C,

which could have resulted due to decomposition of

carboxylate group and simultaneous oxidation of

evolved CO. The endothermic peak expected for the

reaction expressed by Eq. (3) was too weak and

merged in the background. A small endotherm was

however observed ~800°C indicating the formation

of LaCrO3 from LaCrO4 phase as concluded from the

TG curve (Fig. 1). This information is useful in

choosing the calcination temperature to get LaCrO3

from LTCR, which could be below 800°C in the

presence of microwave field.
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Table 1 TG data on as dried precursor

Steps
Temperature

range/°C

Expected

mass loss/%

Observed

mass loss/%

I RT–300 26.25 27.33

II 300–500 30.55 30.35

III 500–650 1.86 1.63

IV 650–800 2.59 2.87

Total mass loss 61.25 62.18
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Fig. 1 TG curve of LTCR recorded in static air
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Fig. 2 DTA curve of LTCR recorded in static air



XRD patterns

The X-ray diffraction patterns of LTCR calcined in

silicon carbide furnace at 900°C and in microwave

heating system at 400 and 500°C are shown in Fig. 3.

XRD pattern of LTCR calcined in silicon carbide fur-

nace at 900°C for one hour showed the formation of

pure LaCrO3. The XRD pattern suggests that LaCrO3

formed is orthorhombic in nature and shows good

agreement with that reported in the literature [15, 22,

23]. LTCR calcined in microwave heating system as

low as at 500°C yielded the same product. The prod-

uct formed after calcination of LTCR in microwave

heating system in the temperature range 600 to 900°C

was found to have the same structure but is more crys-

talline in nature. XRD pattern of LTCR calcined in

microwave heating system at 400°C shows presence

of some additional lines in 2� range 25 to 30° indicat-

ing that LTCR was not converted completely to

LaCrO3 at this temperature.

Scanning electron microscopic (SEM) image of

the LaCrO3 (in the pellet form) prepared by micro-

wave heating technique at 500°C is presented in

Fig.4. It shows that average particle size of LaCrO3

formed is ~1.6 �m.

The surface area of the LaCrO3 prepared in the

present work, was measured by BET gas adsorption

technique. Surface area of LaCrO3 prepared by micro-

wave and conventional heating techniques was found

to be 2.8 and 1.2 m
2

g
–1

, respectively.

Conclusions

Synthesis of LaCrO3 reported by earlier investigators re-

quired high temperature (600–1000°C) and long heating

period (4–12 h). We adopted a new method in which

LTCR was heated at 900°C in silicon carbide furnace

for one hour and in microwave heating system in the

temperature range 400-900°C for the same period. It is

observed that LTCR on heating in microwave system

yielded pure orthorhombic LaCrO3 at 500°C within one

hour. On the contrary, to get the same product from

LTCR applying conventional heating, processing tem-

perature was relatively higher (900°C).

In the early years of research based on micro-

wave processing of materials, it was assumed that the

heating in microwave field was mainly dictated by the

dielectric properties of the reactants. The materials

with high dielectric loss (tan�) interacted strongly

with the microwave and facilitated rapid heating. In

recent years, from the experiments performed in sin-

gle mode microwave unit, it is proposed that both di-

electric and magnetic properties of materials are in-

volved in the interaction with the microwaves

[24–26]. It has been observed in some cases that the

materials which interact much strongly with magnetic

field component showed poor interaction with the di-

electric component of microwave field. The oxygen

ion vacancies have been reported [27] to interact

strongly with the microwaves and the magnetic prop-

erties conferred by the presence of unpaired electrons

in d orbital of these elements could further enhance

the microwave interaction, thereby facilitating the re-

action at much lower temperature [28]. In the case of

formation of LaCrO3 from the LTCR precursor the

lowering of average reaction temperature and en-

hancement of the reaction rate could be understood

both in terms of formation of oxygen vacancies in

Cr2O3 due to partial reduction of Cr
3+

to Cr
2+

by

evolved CO during thermal decomposition (Eq. (2))
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and the presence of unpaired electrons in ‘d’ orbitals

in the Cr ions. The electronic configuration of un-

paired electrons in ‘d’ orbitals can be represented as

Similar results obtained for the cobalt compound

[13] indicated lower temperature of formation of

LaCoO3 (400°C) in microwave field.

It can be concluded from the present work that

the microwave assisted technique adopted for the syn-

thesis of LaCrO3 is superior compared to the other

methods, from the point of view of energy and time

saving. Also the surface area of the LaCrO3 formed

employing microwave heating technique is more as

compared to conventional heating technique.

Acknowledgements

Authors are thankful to Mr. N. A. Kulkarni and

Mr. V. M. Chopade from TIFR, Mumbai for recording the XRD

patterns of the sample. Also authors are thankful to Mrs. Chalke

from TIFR, Mumbai for taking SEM photograph of sample.

References

1 A. Hammou and J. Guindet, ‘The CRC Handbook of Solid

State Electrochemistry’, P. J. Gellings and

H. J. M. Bouwmeester, Eds, CRC Press Inc., 1997, p. 407.

2 B. C. H. Steele and A. Heinzel, Nature, 414 (2001) 345.

3 P. S. Devi, A. D. Sharma and H. S. Maiti, Trans. Indian

Ceram. Soc., 63 (2004) 75.

4 D. B. Meadowcraft and J. M. Wimmer, Ceram. Bull.,

58 (1979) 610.

5 S. J. Chao, K. S. Song, I. S. Ryu, Y. S. Seo,

M. W. Rayoo and S. K. Kang, Catal. Lett., 58 (1999) 63.

6 B. C. H. Steele, Mater. Sci. Eng., B13 (1992) 79.

7 N. Q. Minh, J. Amer. Ceram. Soc., 76 (1993) 563.

8 A. S. Mukasayan, C. Costello, K. P. Sherlock, D. Lafarga

and V. Verma, Sep. Purif. Technol.,

25 (2001) 117.

9 M. Stefanescu, O. Stefanescu, M. Stoia and C. Lazau,

J. Therm. Anal. Cal., 88 (2007) 27.

10 B. Randhawa and K. Gandotra, J. Therm. Anal. Cal.,

85 (2006) 417.

11 A. Roy and K. Nag, J. Inorg. Nucl. Chem., 40 (1978) 1501.

12 Y. S. Malghe, A. V. Gurjar and S. R. Dharwadkar, Bull.

Mater. Sci., 27 (2004) 217.

13 Y. S. Malghe, A. V. Gurjar and S. R. Dharwadkar,

J. Therm. Anal. Cal., 78 (2004) 739.

14 A. Wold and R. Ward, J. Amer., Chem. Soc.,

76 (1954) 1029.

15 K. Zupan, S. Pejovnik and J. Macek, Acta Chim. Solv.,

48 (2001) 137.

16 M. Mori and N. M. Sammes, Solid State Ionics,

146 (2002) 301.

17 S. Bilger, G. Blass and R. Forthmann, J. Eur. Ceram. Soc.,

17 (1997) 1027.

18 P. S. Devi and M. Subba Rao, Thermochim. Acta,

153 (1989) 181.

19 A. H. Naik, N. V. Thakkar, S. R. Dharwadkar, K. D. Singh

Mudher and V. Venugopal, J. Therm. Anal. Cal.,

78 (2004) 707.

20 O. Palchik, J. Zhu and A. Gedanken, J. Mater. Chem.,

10 (2000) 1251.

21 Inorganic Synthesis, Editor H. S. Booth, Mc Graw Hill

Book Company Inc., New York and London, 1 (1939) 37.

22 K. Suresh and K. C. Patil, ‘Perspectives in Solid State

Chemistry’, K. J. Rao, Ed., Narosa Publishing House,

New Delhi 1995, p. 376.

23 W. Zheng, W. Pang, G. Meng and D. Peng, J. Mater.

Chem., 9 (1999) 2833.

24 J. P. Cheng, R. Roy and D. K. Agrawal, Mater. Res.

Innov., 5 (2001) 170.

25 R. Roy, R. Peelamedu, L. Hurtt, J. Cheng and D. Agrawal,

Mater. Res. Innov., 6 (2002) 128.

26 R. D. Peelamedu, R. Roy and D. Agrawal, Mater. Res.

Bull., 36 (2001) 2723.

27 D. K. Agrawal, Curr. Opin. Solid State Mater. Sci., 3

(1998) 480.

28 S. R. Dharwadkar in Indo-US workshop on ‘Microwave

Technology for Material Processing–A promising option

for tomorrow’, ASM International, India Chapter, Feb.

1–3, 2006, Le Royal Meridian Hotel, Mumbai (India).

Received: July 11, 2007

Accepted: July 27, 2007

DOI: 10.1007/s10973-007-8619-1

918 J. Therm. Anal. Cal., 91, 2008

MALGHE, DHARWADKAR



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


