
Introduction

The inorganic pigments are widely used in various
applications such as paints, inks, plastics, rubbers, ce-
ramics, enamels and glazes. These pigments may im-
part colour properties and protect the coating from the
effects of visible as well as ultraviolet and infrared
light. In addition to absorbing light, their ability to
scatter or reflect light also contributes to their func-
tionality. In order to by suitable in a wide variety of
applications, they need to demonstrate a high degree
of light fastness and their high temperature stability.
The majority of the inorganic pigments, which are
currently employed on an industrial scale, generally,
comprise toxic metals (cadmium, lead or hexavalent
chromium). The use of the above pigments is becom-
ing increasingly strictly controlled, indeed banned, by
government legislation and regulations in many coun-
tries due to their reputedly high toxicity. Thus, serious
economic and industrial need continues to exist for
substituting inorganic pigments devoid of the above
drawbacks [1, 2].

Transition metals are used as a chromophore in a
vast number of mixed metal oxides pigments. In con-
trast, rare earths are used quite sparingly in inorganic
pigments. The intense coloration of rare earth based
materials can arise from mostly charge transfer inter-
actions between a donor and acceptor with the metal
ions playing generally the role of an acceptor. Dop-
ants based on rare earth elements in mixed oxides sys-
tems offer an opportunity to adjust the colour re-
sponse through the manipulation of energy gaps and
delocalization phenomena in conduction and valence

bands. This phenomenon offers wide scope for
designing of colorants for specific applications.

From this point of view just pigments on the base
of Bi2O3 belong to pigments of oxide types and seem
to be interesting, because they provide interesting col-
our hues from yellow to orange [3]. Intense colours of
these pigments are based on the incorporation of
doped Ln ions into the host lattice of Bi2O3. The
Bi2O3 itself is a light yellow powder.

The high temperature phase of �-Bi2O3, which is
stable in the 730–825°C temperature range, has been
intensively studied due to its high oxygen-ion con-
ductivity. The structure of the �-phase is based on a
face centered cubic cation sublattice and can by de-
scribed as a defective fluorite structure where 1/4 of
the anion sites is vacant. This high oxygen vacancy
concentration gives rise to a high oxygen-ion mobil-
ity. The �-phase may be stabilized below room tem-
perature by partial cationic substitution for Bi3+.
Thus, the use of Ln3+ cations (Ln: lanthanide or yt-
trium) has been appeared effective though a variety of
crystal phases have been observed depending on the
kind and amount of the rare earth cation used and the
synthesis conditions employed [4–8].

In the present study, the new pigments having
the formula (Bi2O3)1–x(Y2O3)x with various yttrium
concentration levels have been prepared and their col-
our properties, as possible ecological inorganic pig-
ments have been investigated. The optimum calcina-
tion temperature for pigment synthesis was deter-
mined on the base of the simultaneous TG-DTA mea-
surements that can provide the information about the
temperature region of the pigment formation.
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Experimental

As starting materials we used bismuth oxide(III) of 99%
purity (Merck, Germany) and Y2O3 with 99% purity (In-
dian Rare Earths Ltd., India). Mixed oxides
(Bi2O3)1–x(Y2O3)x, where x=0.1, 0.2, 0.3, 0.4 and 0.5,
have been prepared. The synthesis of the samples was
carried out in corundum crucibles from stoichiometric
amounts of Bi2O3 and Y2O3 which were mixed at an ag-
ate mortar. The starting mixtures were then calcinated in
air at electric furnace at required temperature (the in-
crease of the temperature was 10°C min–1). The samples
were calcinated at 800°C for 3 h.

All prepared pigments were applied into organic
matrix (Balakom, a.s., Czech Republic) in mass tone.
The final applications were evaluated with regard to
their colour hues by measurements of spectral
reflectance in the visible region of light (400–700 nm)
using a MiniScan (HunterLab, USA). The measure-
ment conditions were following: an illuminant D65,
10° complementary observer and measuring geome-
try d/8° [9].

The colour properties are described in terms of
CIE L*a*b* system. The values a* (the axis red –
green) and b* (the axis yellow – blue) indicate the
colour hue. The value L* represents the lightness or
darkness of the colour as related to a neutral gray
scale. In the L*a*b* system it is described by num-
bers from zero (black) to hundred (white). The value
C (chroma) represents saturation of the colour and is
calculated according to the formula: C=(a*2+b*2)1/2.
The hue angle H0 is defined by an angular position in
the cylindrical colour space (for the red is H0= 0–35°,
for the orange H0= 35–70°, for the yellow
H0=70–105°).

The methods of thermal analysis can provide the
first information about the temperature region of the
formation of inorganic pigments. The formation of
these pigments was followed by thermal analysis us-
ing STA 449C Jupiter (NETZSCH, Germany) which
allows the simultaneous registration of the
thermoanalytical curves TG and DTA. The starting
raw material and the prepared starting mixtures were
studied by thermal analysis in corundum crucible in
air in temperature region from 100 to 1000oC. The in-
crease of temperature was 10°C min–1. �-Al2O3 was
used as reference material [10].

The products were also analysed by high-tem-
perature microscopy (MHO-2, Zeiss Jena, Germany)
to estimate their temperatures of melting.

The powder pigments were also studied by X-ray
diffraction analysis. The X-ray diffractograms of the
samples were obtained using by equipment
Diffractometer D8 (Bruker, GB), CuK� radiation with
scintillation detector.

Results and discussion

The influence of the increasing content of yttrium on
the colouring effect of the (Bi2O3)1–x(Y2O3)x pigments
was studied. The colour properties of the
(Bi2O3)1–x(Y2O3)x samples prepared at temperature
800°C and applied into organic matrix in mass tone
are given in Table 1. From Table 1 it follows that the
increasing content of Y decreases value L* (lightness)
and the pigments become the darkest. The value a*
(red hue) increases with the growing Y content from
x=0.1 up to x=0.4, the value a* for x=0.5 a little de-
creases. The value b* (yellow hue) increases from
x=0.1 to x=0.2, then the amount of yellow hue de-
creases. The chroma C demonstrates the same course
as value b*. The highest value C (chroma) has the pig-
ment with x=0.2. This pigment is also characterized
by the intensive yellow-orange colour (H0=71.51).
All pigments having x from 0.1 to 0.3 produce yel-
low-orange hues. The highest Y content (x=0.4 and
0.5) produces intensive orange hue because the value
H0 of these pigments lies from 64 and 66 (Table 1).

The structure of the (Bi2O3)x(Y2O3)x pigments
was also investigated by X-ray diffraction analysis.
These samples are homogeneous in whole range of x
from 0.1 to 0.5. X-ray diffraction patterns of these
compounds can be indexed in an f.c.c. fluorite-type
cell. The pigment has a cubic symmetry with lattice
parameter a=0.5462 for x=0.5. This value of lattice
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Table 1 The effect of increasing Y content on the colour
properties of the (Bi2O3)1–x(Y2O3)x pigments applied
into organic matrix

x L* a* b* C H0

0.1 69.27 14.62 55.31 57.21 75.19

0.2 68.59 20.58 61.56 64.91 71.51

0.3 66.65 22.66 60.04 64.17 69.32

0.4 66.48 23.99 53.70 58.82 65.93

0.5 64.25 21.96 44.45 49.58 63.71
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Fig. 1 The X-ray pattern of the sample BiYO3 obtaining by
calcination at 800°C



parameter a is lower than value of lattice parameter
a=0.5665 nm of stable modification �-Bi2O3. The de-
crease observed obviously results from different sizes
of bismuth and lanthanides ions (r(Bi3+)=0.120 nm,
r(Y3+)=0.093 nm).

The formation of these pigments was followed by
the methods of thermal analysis (TG-DTA).
Thermoanalytical curves of starting oxide Bi2O3 are
given in Fig. 2. The DTA curve shows the two endother-
mic effects. The first peak with temperature minimum at
736°C corresponds with the change of monoclinic mod-
ification �-Bi2O3 to cubic modification �-Bi2O3. The
second peak with minimum at 820°C is connected with
melting of �-Bi2O3. TG curve of starting oxide Bi2O3 in-
dicates the mass loss (0.78%) at the temperature range
from 100 to 600°C (Fig. 2). This process is represented
by the partial oxygen loss (Table 2) because Bi2O3 is
known as oxide with the excess of oxygen in its crystal
lattice [3, 4]. This effect is connected at the DTA curve
only with two slight breaks at the temperature about 308
and 380°C.

Starting mixture for the pigment preparation
with composition Bi1.2Y0.8O3 was homogenized in an
agate mortar and studied with using of DTA (Fig. 3).
TG curve indicates the mass loss (1.02%) at the tem-
perature range from 100 to 600°C (Table 3). This pro-
cess is represented by two slight breaks at the DTA
curve at temperature about 317 and 399°C and corre-
sponds with continual oxygen loss from Bi2O3. In
comparison with the starting oxide (308 and 380°C),
the processes move 9 and 19°C higher. Growing tem-
perature indicates the endothermic effect at the DTA

curve with minimum at 713°C which is connected
with dissolution of Y2O3 in Bi2O3 during the heat
treatment of the starting mixture forming a solid
solution of both oxides.

The prepared pigments were also analysed by the
high-temperature microscope to estimate their tem-
peratures of melting (Table 4). The growing content
of Y increases melting temperature of pigments from
1070°C (x=0.1) to 1180°C (x=0.5), although melting
temperature of pure Bi2O3 is only 820°C (this temper-
ature was determined by high-temperature micro-
scope and is in accord with the result of DTA mea-
surement). The doping of lanthanide ions into Bi2O3

has positive effect on thermal stability of prepared
pigments.

Conclusions

The compounds (Bi2O3)1–x(Y2O3)x, where x=0.1, 0.2,
0.3, 0.4 and 0.5, were studied. It was determined that
the area of solubility Y2O3 in Bi2O3 at temperature
800°C forming solid solution of both oxides is for
whole range x. The presence of Y3+ in Bi2O3 makes
intense yellow-orange or orange colour. The pigment
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Table 2 Thermal decomposition of Bi2O3 (Fig. 2)

Temperature
range/°C

Peak temperature/
°C

Mass loss/
%

100–270 – 0.08

270–340 308 0.10

340–400 380 0.30

400–600 – 0.30

600–1000
736

0.02
820
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Fig. 2 TG and DTA curves of Bi2O3 (mass of sample:
256.90 mg, atmosphere: air, heating rate: 10°C min–1)

Table 3 Thermal demeanor of the mixture for synthesis
Bi1.2Y0.8O3 (Fig. 3)

Temperature
range/°C

Peak temperature/
°C

Mass loss/
%

100–330 317 0.32

330–435 399 0.39

435–600 – 0.31

600–1000 713 0.07
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Fig. 3 TG and DTA curves of mixture for synthesis
Bi1.2Y0.8O3 (mass of sample: 882.60 mg, atmosphere:
air, heating rate: 10°C min–1)

Table 4 Melting temperatures of the (Bi2O3)1–x(Y2O3)x pig-
ments

x 0.1 0.2 0.3 0.4 0.5

Tmelt/°C 1070 1120 1140 1160 1180



Bi1.6Y0.4O3 gives the best yellow-orange colour, the
pigment BiYO3 produces the intensive orange hue.

It is available to prepare pigments of
(Bi2O3)1–x(Y2O3)x type having colour hues as
chromate pigments by doping of lanthanide ions (Y3+)
into Bi2O3 but their high stability is significantly
higher. Prepared pigments indicate the increase of
their melting temperatures even above 1000°C, al-
though melting temperature of pure Bi2O3 was only
820°C. This fact can give a direction for colouring of
ceramic glazes. First experiments perform hopeful re-
sults after their application into ceramic glazes, too.

Acknowledgements

Authors would like to thank for financial support to MSMT of
Czech Republic (No. 0021627501).

References

1 M. Trojan, Z. �olc and M. Novotn�, Pigments,
Kirk-Othmer Encyclopedia of Chem. Technol., p. 45,
Vol. 19, J. Wiley and Sons Inc., New York 1996.

2 P. Prabhakar Rao and M. L. P. Reddy, Dyes and Pigments,
63 (2004) 69.

3 P. Prabhakar Rao and M. L. P. Reddy, Dyes and Pigments,
73 (2007) 292.

4 T. Takahashi and H. Iwahara, Mater. Res. Bull.,
13 (1978) 1447.

5 B. Gonzalvo, J. Romero, F. Fernandez and M. J. Torralvo,
J. Alloys Compd., 323–324 (2001) 372.

6 M. Bosacka, M. Kurzawa, I. Rychlowska-Himmel and
I. Szkoda, Thermochim. Acta, 428 (2005) 51.

7 M. Bosacka, Mater. Res. Bull., 41 (2006) 2181.
8 M. Kurzawa, A. Blonsk-Tabero, I. Rychlowska-Himmel

and P. Tabero, Mater. Res. Bull., 36 (2001) 1379.
9 P. �ulcová and M. Trojan, J. Therm. Anal. Cal.,

84 (2006) 737.
10 V. Petkova, Y. Pelovski, P. Kostadinova and I. Dombalov,

J. Therm. Anal. Cal., 80 (2005) 709.

OnlineFirst: September 17, 2007

DOI: 10.1007/s10973-007-8311-5

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

�ULCOVÁ, TROJAN



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 /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

  /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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


