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THERMAL STUDY OF TiO,-CeO; YELLOW CERAMIC PIGMENT
OBTAINED BY THE PECHINI METHOD
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Ti0,-CeO, oxides for application as ceramic pigments were synthesized by the Pechini method. In the present work the polymeric net-
work of the pigment precursor was studied using thermal analysis. Results obtained using TG and DTA showed the occurrence of three
main mass loss stages and profiles associated to the decomposition of the organic matter and crystallization. The kinetics of the degra-
dation was evaluated by means of TG applying different heating rates. The activation energies (£,) and reaction order () for each stage
were determined using Horowitz—Metzger, Coats—Redfern, Kissinger and Broido methods. Values of E, varying between
257-267 kI mol™ and n=0—1 were found. According to the kinetic analysis the decomposition reactions were diffusion controlled.
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Introduction

Ceramic pigments coloring inorganic substances that
do not react chemically with the host matrix and stay
stable at high firing temperatures. Besides, they have to
have suitable particle size distribution, good resistance
to acids, alkalines and abrasives, as well as good ther-
mal stability is also an important requirement [1].

Several methods have been developed to obtain
pigments with these characteristics [2, 3]. Among
them the Pechini method is important due to its sim-
plicity and easy performance [4].

In the Pechini method some metal-ion chelate
forming carboxylic acids are used. Those metal che-
lates are polyestherified when heated in polyhydroxyl
alcohols resulting a resin in which the ions are immo-
bilized and the desired oxides are obtained by heat
treatment. The method provides homogeneous pow-
ders with small particle size, high purity, low cost and
relatively low processing temperature [4].

The physical transformations and chemical reac-
tions which undergo in the sample upon heating are
characteristic to each substance which is the target of
examination. The temperature measurement of the
transformation reactions allows characterizing the
compounds present in the starting material. These
changes also indicate the temperature where the sam-
ple becomes stable under standard conditions [5]. In
this way, understanding of the physical transforma-
tions and chemical reactions that take place during the
burning of the polymeric network leads to character-
ization of the resultant compounds and provides infor-
mation for future synthesis of advanced ceramics [6].
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Several authors [7-9] studied the thermal de-
composition behavior of these resins in order to char-
acterize the resulting products and improve the syn-
thesis conditions, but the published papers concern-
ing this kind of investigation using these techniques
are very scarce.

In this work the thermal degradation process of the
polymeric resin precursors of TiO,—CeO, was investi-
gated using thermal analysis (TG and DTA). The activa-
tion energy (£,) as well as the reaction order (n) of the
processes was calculated using various kinetic models.

Experimental
Synthesis of the TiO,—CeQ, pigment

The TiO,—CeO, (CeO,=10 mol%) pigment was syn-
thesized using the Pechini method according to the
steps described in Fig. 1. The molar ratio between the
citric acid and the metal cation was 3:1 while the ratio
between citric acid and ethylene—glycol was 1:2.

citric acid (1 M — alcohol solution)
+titanium isopropoxide

XCe(NO)3-6H,O (alcohol solution)
X=10 mol%

ethylene glycol —» | heatingup— 850 90°C — 10 h

Fig. 1 Scheme of synthesis of TiO,—CeO, pigment

calcination — 1000°C —2 h |

organic matter burning —
500°C -4 h
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Instrumentation

The crystal structure of the resultant powders was deter-
mined by X-ray diffraction using Bruker-AXS D5005
diffractometer, CoK, radiation (35 kV/40 mA) in
the 5—80° 20 range.

The thermal analyses (TG/DTA) were carried out
using Shimadzu TA-50WSI thermobalance and DTA-50
unit at 10°C min™" heating rate up to 1200°C in air.

TG data treatment

The TG curves were recorded at three different heating
rates: 5, 10 and 20°C min"'. The obtained results were
used to calculate the activation energy (E,) at each
thermal decomposition stage. Four kinetic models
were used to evaluate the thermal degradation kinetics:
Horowitz—Metzger relation [10]:

| 1n Yo = We | = £.O 1)
W-W, | RT}

where W is the initial mass of the sample, W is the fi-

nal mass of the sample, W is the mass of the sample at a

given temperature 7, E, is the activation energy,

0=T-T; (Ts=maximum temperature of the DTG curve).
Coats—Redfern relation [10]:

ln{ln (loc)}:_ E, ()
T? RT

where a is the decomposed fraction at temperature 7,
T is the maximum temperature of the DTG curve and
R is the gas constant.

Kissinger relation [11]:

| 4 |- Fa 3)
Z‘jax RTmax
where ¢ is the heating rate, Ti.x 1S the maximum tem-

perature of the DTG peak.
Broido relation [11]:

h{ln(lﬂ __E 4)
Y RT

where Y is the fraction of the undecomposed initial
molecules.

Kinetic models for solid-state reactions were
used to evaluate the reaction order and the decompo-
sition mechanisms according to [12].

Results and discussion
Figure 2 shows the TG and DTA curves of the poly-

meric resin precursor of the TiO,—CeO, pigment. The
TG curve indicates four mass loss steps, where the first
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between 30-200°C leads to 20.6% of mass loss due to
the elimination of physically adsorbed water and the
alcohol (used for solvent). In the second and in the
third regions (50% mass loss) from 200 to 380°C was
recorded because of the organic matter combustion. Fi-
nally, the fourth one between 380 and 520°C with
11.9% of mass loss was associated to the elimination of
chemically bound water in the solids and the decompo-
sition of the residual organic matter [13].
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Fig. 2 TG and DTA curves of the precursor resin of the
TiOz*CCOz

The findings based on the TG curves were sup-
ported by the DTA curves as well (Fig. 2b), where en-
dothermic peaks were found in the 200-500°C region
which are related to decomposition of the organic
matter (243 and 311°C) [5, 13, 14].

The exothermic peaks at 543 and 724°C were as-
sociated to the formation of crystalline TiO, from
amorphous state and to the phase transformation to
rutile, respectively, as confirmed by X-ray diffraction
analysis (Fig. 3). The analysis also pointed to the
presence of peaks representative to the cerium diox-
ide enabling to characterize the compound as a
mixed-oxide of cerium and titanium.

Figure 4 shows the DTG curve corresponding to
the 2 and 3 regions 2 where two distinct mass loss
processes can be clearly identified with peak maxima
at 257 and 319°C.
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Fig. 3 X-ray diffraction patterns of a — TiO,—0.1CeO, burned
at 500°C and b — TiO,—CeO, calcined at 1000°C
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Table 1 Activation energy (£,) and correlation coefficients calculated by HM (Horowitz—Metzger), CR (Coats—Redfern), Br

(Broido) and Ks (Kissinger) methods

E,/kI mol™ R
Stage
HM CR Br HM CR Br Ks
2 214.4 183.8 209.5 87.3 0.99547 0.99404 0.99346 0.99349
276.2 279.5 269.8 257.8 0.99731 0.99791 0.99509 0.99947

Regions 2 and 3 of the thermal decomposition
were submitted to a non-isothermal kinetic study in
order to investigate the reaction order, activation en-
ergy and decomposition mechanism. Table 1 presents
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Fig. 4 DTG curve of the precursor resin of the TiO,—CeO,
pigment

the obtained activation energy values.

In the second mass loss stage a variation be-
tween 87 and 214 kJ mol ' was observed. Results ob-
tained by the Kissinger method were in disagreement
with the results of other methods. This can be ex-
plained by the fact that the Kissinger method does not
consider reaction order in the calculation of the acti-
vation energy, providing not so confident data when
the reaction order is different of 1.

In the third stage the E, values varied be-
tween 257 and 276 kJ mol ' and a good agreement be-
tween the different methods was found. This stage
presents higher activation energy. The DTG profile
analysis suggests that during the thermal decomposi-
tion the cleavage of the polymeric resin into smaller
molecules occurs at first and just in this stage
(at 280°C) the decomposition of the organometallic
part takes place (having higher thermal stability and
consequently higher activation energy).

The thermal decomposition mechanism was in-
vestigated according to [12]. The obtained results
showed that the best fitting equations were correspond-
ing to the zero order reaction for the second stage and
first order reaction for the third stage. It was verified
that the decomposition mechanism is dominated by the
occurrence of diffusion reactions, since D1 and D2
models presented the best correlation coefficients.
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In a future work, infrared spectroscopy will be
used to characterize the compounds formed in each
step of the decomposition process and this data will
be correlated with the results of present paper.

Conclusions

Thermal decomposition process of the polymeric net-
work precursor of the TiO,—CeO, pigment was char-
acterized by thermal studies.

The kinetics analysis showed that activation ener-
gies were between 87-214 kJ mol ™' for the second stage
of the decomposition and in between 257276 kJ mol '
for the third stage applying Horowitz—Metzger,
Coats—Redfern, Broido and Kissinger methods.

First and zero order reaction mechanism and dif-
fusion controlled reactions took place in the thermal
decomposition process of the polymeric resin.

Acknowledgements

The authors are grateful for CNPq, CAPES, FAPERJ, Pronex of
Dental Ceramics (CNPg/FAPERJ, Proc. E-26/171.204/2003)
for their financial support and to CETEM/MCT and
UFRIJ/COPPE for the facilities that they were allowed to use.

References

1 F. Bondioli, T. Manfredini and A. P. N. Oliveira,
Ceramica Industrial, 3 (1998) 4.

2 P. Sulcova, Dyes Pigm., 47 (2000) 285.

3 S.T. Aruna, S. Ghosh and K. C. Patil, Int. J. Inorg. Mater.,
3(2001) 387.

4 M. A.F. Souza, R. A. Candeia, S. J. G. Lima,
M. R. Cassia-Santos, I. M. G. Santos, E. Longo and
A. G. Souza, J. Therm. Anal. Cal., 79 (2005) 407.

5 P.J. Haines, Principles of Thermal Analysis and Calorimetry,
1" Ed., Published by Royal Society of Chemistry,
Great Britain 2002.

6 R.F. Goncalves, N. L. V. Carrefio, M. T. Escote,

K. P. Lopes, A. Valentini, E. R. Leite, E. Longo and

M. A. Machado, Quim. Nova, 6 (2004) 862.

J. Tsay and T. Fang, J. Am. Ceram. Soc., 82 (1999) 1409.

S. C. Souza, I. M. G. Santos, M. R. S. Silva,

M. R. Cassia-Santos, L. E. B. Soledade, A. G. Souza,

S.J. G. Lima and E. Longo, J. Therm. Anal. Cal.,

79 (2005) 451.

7
8

745



SANTOS et al.

9 Z. Haijun, J. Xiaolin, Y. Yongjie, L. Zhanjie, Y. Daoyuan 13 T. Hernandez and M. C. Baustista, J. Eur. Ceram. Soc.,
and L. Zhenzhen, Mater. Res. Bull., 39 (2004) 839. 25 (2005) 663.
10 P. R. Chetana, X. Siddaramaiah and P. G. Ramappa, 14 D. L. Skoog and J. J. Leary, Principles of Instrumental
Thermochim. Acta, 425 (2005) 13. Analysis, 4™ Ed., Published by Saunders College,
11 N. Regnier and C. Guibe, Polym. Degrad. Stab., New York 1992.

55 (1997) 165.

12 1. Zarzycki, J. Non-Cryst. Solids, 48 (1982) 105.
arzycki, J. Non-Cryst. Solids, 48 (1982) DOI: 10.1007/510973-006-7754-4

746 J. Therm. Anal. Cal., 87, 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


