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Abstract: Preparation of a cobalt pigment based on the systems Co&Zn0-Si02 
by a sol-gel method has been studied. Sol-gel preparations were compared with 

conventional ceramic solid state synthesis. The samples were heat-treated within 

the temperature range of 200”~1200”C and analysed by X-ray diffraction and 
infrared spectroscopy. It was established that the application of the sol-gel 
method lowered the synthesis temperature of the pigments. ic” 1998 Elsevier 
Science Limited and Techna S.r.1. All rights reserved 

1 INTRODUCTION 2 EXPERIMENTAL 

Cobalt silicate-based ceramic pigments are widely 
used for coloured glazes in the ceramic industry.lm3 
They are characterized by having a high resistance 
with respect to light, environment, high tempera- 
ture and chemicals. In contrast to COO, cobalt 
silicates are well dispersed in glazes and coatings4 
Some improvement to the conventional way of 
preparation of blue pigments is achieved by solid 
state interaction of SiOz, Co0 and ZnO in the 
temperature range 11 OO- 1300°C. ’ Mineralizers- 
NaF, H3B03--are used successfully in amounts of 
3-5%.47 During the past years investigations have 
been performed on the synthesis of pigments by 
non-conventional methods such as sol-gel technol- 

ogy. *-lo The purpose of the present paper is a 
continuation of our previous study9 for prepara- 
tion of cobalt pigments at lower temperature, but 
extending sol-gel methods to more complicated 
systems such as Coo-ZnO-Si02. The next step will 
be to add these pigments to some very chemically 
active low melting frits which have been prepared 
recently” for special decorative applications. 

Two schemes were used for obtaining pigment with 
the composition 2CoO-2Zn0-SK&: (i) conven- 
tional thermal treatment of ceramic batches; (ii) 
gels calcined at high temperature. The succession 
of the processes is shown in Fig. l(a) and (b). The 
initial substances used were Co(N03,12, Zn(NO&, 
sol of SiOz, Co304, ZnO and SiOz. By acidification 
of water glass a stable SiOz-sol is obtained. pH values 
in the aqueous solution are limited to 3 by adding 
HCI acid. For purification dialysis was performed 
for 7 h until all ions are removed. It was established 
analytically that lOOm1 of sol contained 9.7 SiOz. 

*To whom correspondence should be addressed. 

Mixing the Si02 sol with salt solutions contain- 
ing Co2+ and Zn2+ ions reduces electrostatic 
repulsion between the particles. As a result, the 
aggregates gel. This is one of the classical methods 
of sol-gel technology following the scheme of 
Fig. l(b).‘3m’6 The phase transitions in the gels and 
in the batches during the chemical reaction were 
investigated by X-ray analysis (a DRON-2TM 
apparatus, CL& radiation). The phases were 
identified using the standard X-ray data published 
in JCPDS. IR spectra were recorded on a two beam 
spectrophotometer (SPECORD M 80) in the range 
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THERMAL TREATMENT AT: 
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Fig. 2. Diffractograms of the samples obtained by the con- 
ventional ceramic technology. 

Fig. 1. Two variants for obtaining pigments: (a) conventional 
ceramic technology; (b) sol-gel method. 

1300-300 cm-‘. The samples have been spectrally 
investigated in liquid paraffin suspensions. The 
calorimetric measurements were performed with a 
an ‘SPECOL 1 l’, model calorimeter using the D 65 
light source and detector at 2”. The CIELAB 
(L*,a*,b*) chromatic co-ordinates were calculated 
from the reflectance curves obtained. 

3 RESULTS AND DISCUSSION 

The diffraction patterns of the samples prepared by 
the conventional ceramic method (see Fig. l(a)) are 
presented in Fig. 2. Up to 700°C only diffraction 
peaks of the initial component, Cos04. At lOOo”C, 
the beginning of the synthesis is established for a 
silicate with a willemite structure together with 
Co0 and Co$SiO4. 

The diffraction patterns of the pigment obtained 
by the sol-gel method (see Fig. l(b)) are presented 
in Fig. 3; phase formation occurs in a different 
way. At room temperature the material is amor- 
phous. At 500 and 700°C the main crystalline 
phase is CosO4. At 1000°C the major crystalline 
phase is Zn2Si04 (willemite) and small amount of 
Co2Si04. As the Co0 in the initial batch is calcu- 
lated to be 33.3mol% it is evident that part is dis- 
solved in the willemite structure, because the 
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Fig. 3. Diffractograms of the samples obtained by sol-gel 
method. 
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Fig. 4. IR spectra ol‘ the heat treated samples: (a) gels; (b) 
batches of oxides. 

content of CozSi04 at high temperature as a 
independent phase is less than 10% (taking into 
accountdhe low intensity of the strongest reflection 
at 2.47A). According to other investigations lim- 
ited solid solutions form between Zn2Si04 and 
Co$iO+ I4 This is the reason for the production of 
blue pigment in the system COO- ZnO-SiOz by 
traditional ceramic methods. In our case using gel 
technology. we decreased the temperature of the 
synthesis in comparison to classical technology. 
The obtained results are better also than that for 
the gels obtained previously in the pure Coo-SiOz 
system.’ 

The infrared spectroscopy studies have given 
additional information on the bonding between the 
structure units in the gels and the crystallized pro- 
duct. Up to 700°C the IR spectra of the gel mate- 
rial (Fig. 4(b)) exhibit absorption maxima around 
660 cm- t characteristic for Co304. Its dis- 
appearance in the spectra of heat-treated samples 
between 700~-1000°C shows that a chemical inter- 
action occurs. 

The absorption maxima at 1 lOOcm-’ may be 
assigned to stretching modes of Si-0 bands of 
polymerized Si02 tetrahedra. Initially SiOz remains 
as an amorphous phase. The spectra change con- 
siderably at 1000°C and are in good agreement 
with X-ray data discussed above. The position of 
the bands at 920-860 and 60&450cm-’ may be 
ascribed to vibrations of the silicate tetrahedra in 
the willemite structure. This is in accordance with 

Table 1. Calorimetric characteristic of the pigments 
including in the frits for tiles 

Composition of the glazes 
including frits according” 

Frit 0+5% pigment 
2C00.2Zn0.Si02 

Frit A+5% pigment 
2C00.2Zn0.Si02 

hd,nm IP,,% Cab Lwab P,,% 

.I_~- 
468 6 19.1 39.6 26 

472 7 11 .O 26.1 22 
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Fig. 5. Spectral reflectance curves of gla2:es t,f frits II and A 
firing at 600°C. 

the spectra published many years ago for 
orthosilicates.‘8-~2’ The IR spectra of the mate- 
rial obtained by the solid state reaction up to 
700°C (Fig. 4(a)) show the presence of absorption 
maxima for Co304. Only at 1200°C Co bands at 
920-860 cm -’ and 600-450 cm- ’ predominate 
which are due to the vibrations of silicate tetrahedra. 

The calorimetric properties are presented in 
Table 1 and Fig. 5. It is evidenced t.hat obtained 
blue pigment may be used for glazing of floor and 
wall tiles. Similar results have been published 
recently for a variety of pigments obtained with 
others precursors.2’ 

4 CONCLUSION 

As a result of the experimental studies it may be 
noted that a polycrystalline material with the qua- 
lities of a blue pigment has been obtained at low 
temperatures in the Coo-ZnO-SiO$ system by the 
sol-gel technology and the applicability of this 
method for the synthesis of pigments is demon- 
strated. 
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