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Introduction

Nowadays, conventional ceramic technol-
ogy is still considered the most appropri-
ate pigment synthesis approach [1]. This 
method is still preferred by the industry, due 
to its low cost and easy processing. How-
ever, this process requires high calcination 
temperatures, and the addition of fl uxes 
which have adverse effects on the environ-
ment and make it diffi cult to control and 
reproduce the end product [2–4]. This led to 
the development of alternative preparation 
methods which avoid these problems and 
assure a wider-ranged multifunctionality 
through added value.
The need to develop pigments with up-
graded properties led to the search for more 

homogeneous synthesis methods and more 
effective chemical reactions than the pres-
ently traditional methods. 
This study describes the benefi ts of non-
conventional methods such as sol-gel, 
freeze-drying, spray drying and spray py-
rolysis, and in-situ synthesis using photo-
thermal activation by applying laser for the 
development of ceramic pigments matching 
new trends and avant-garde decorations 
[5–9]. 
The study was carried out using the pig-
menting structure of sphene (ABCO

5), 
which is known in the form of two com-
pounds: the mineral titanite CaTiSiO5 and its 
isostructural analogue, malayaite CaSnSiO5. 
In this study, chromium-doped malayaite 
(Cr : CaSnSiO5) is the only system used as 
pigment in the ceramic industry. To be noted 
is that this pigment has drawn high “chemi-
cal attention” for decades. It has probably 
become one of the most widely studied in-
organic pigments since the discovery of its 
interesting optical properties, related to the 
peculiar, intense pink-magenta hue. 
Many researchers worked to elucidate its 
formation mechanism. However, recent 
studies have renewed the debate on its 
crystal chemistry [10]. On the other hand, 
the stabilisation of the system through fl ux-
ing agents during its under-glaze decora-
tion and reaction still continues to pose 
problems.
Titanite (CaTiSiO5) is isostructural to malay-
aite (CaSnSiO5), but has never been used 
as ceramic pigment. Therefore, researchers 
have sought to verify its effectiveness in 
this fi eld. The difference between both com-
pounds lies in the fact that the octahedron 
[TiO6] in CaTiSiO5 is more distorted than 
[SnO6] in CaSnSiO5, due to different ionic 
radii r Sn4+ (0,69 Å) > r Ti4+ (0,65 Å) [11] re-
sulting in the appearance of a different hue.
The developed pigments were structurally 
and microstructurally characterised. Their 
stability and pigmenting performance were 
evaluated before and after direct applica-
tion on reference fi red glazes.

Experimental

The two materials, Cr : CaTiSiO5 and 
Cr : CaSnSiO5, were synthesised using the 
various preparation methods described be-
low. The stoichiometries selected to obtain 
the solid solutions were: CaSn1-xCrxSiO5 and 
CaTi1-xCrxSiO5 (x = 0,02, 0,05, 0,10, and 
0,20).

Synthesis methods

Ceramic method

The traditional ceramic method was used for 
comparative purposes. Metallic oxides were 
used as precursors for this purpose. After 
mechanical micronisation and without the 
introduction of mineralisers, they were heat-
treated in a conventional electric kiln. No 
fl uxes were used in order to appropriately 
compare the materials developed by the al-
ternative methods. 

Freeze-drying method

The precursors used in freeze-drying synthe-
sis were C8H20O4Si, Ludox, Ca(NO3)2·9H2O, 
SnCl4·5H2O, C12H28O4Ti, and Cr(NO3)3·9H2O. 
Stoichiometric quantities of metallic com-
pounds were dissolved in water and sub-
sequently frozen by addition of liquid ni-
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The ceramic tile industry in-
creasingly commits to moderni-
sation and implementation of 
new technologies in the decora-
tion process. Current demands of 
advanced processes in this fi eld, 
such as rotational decoration, 
inkjet printing, PVD (physical va-
pour deposition), laser systems, 
etc., led to a great interest in de-
veloping ceramic pigments with 
controlled composition and mi-
crostructure. These pigments are 
thermally and mechanically sta-
ble in the production cycles, have 
reproducible and multifunctional 
properties, and meet ecologi-
cal and economic demands. The 
research work in this fi eld made 
the ceramic sector dynamic and 
competitive with regard to open-
ing new markets.
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Jeol JSM5400 microscope respectively. The 
materials treated by laser radiation were 
studied with a Leica model Q600S optical 
microscope. Analysis by UV-visible spectros-
copy and measurement of the chromatic 
coordinates (L*a*b*) were performed for 
the powder pigments and for those used in 
industrial glazes [12].

Discussion of results

Malayaite Cr : CaSnSiO5

The thermal evolution of chromium-
doped malayaite with the stoichiometry 
CaSn0,95Cr0,05SiO5 (chosen as representa-
tive) and synthesised at 1300 °C using dif-
ferent methods is shown in Fig. 1. The pro-
cedure based on processing using sprays, as 
spray drying and spray pyrolysis, displayed 
good compositional control and favour-
able reactivity. Spray pyrolysis was the best 
method because only in this way, it was 
possible to obtain the desired pigment as 
pure phase.
Fig. 2 shows the thermal behaviour of the 
malayaite samples calcined applying laser. 
The stoichiometries displayed correspond to 
CaSn1–xCrxSiO5 (x = 0,02, 0,05, and 0,10). 
The diffractograms evidence the presence 
of cassiterite (SnO2) as major phase, accom-
panied by the perovskite phases CaSnO3 
and CaSiO3, where a very small amount of 
formed malayaite was noticed. This result 
may be explained by the short processing 
time of the samples and the temperature of 
laser beam (~1500 °C). This indicates that 
this preparation method is not the most 
suitable for developing the desired pigment. 
The efficiency of the tested synthesis meth-
ods in relation to the reactivity of the system 
Cr : CaSnSiO5 without mineralisers can be 
summed up as follows: 

cesses originate from solutions of soluble 
salts of the corresponding metals, which 
are then atomised. In both procedures, the 
solutions are nebulised through nozzles, us-
ing air as carrier gas at constant pressure 
(0,5 kg·cm–2). After atomisation, the spray is 
introduced into a heated chamber (for spray 
drying) or into an electric tubular kiln (for 
spray pyrolysis). The powder obtained by 
pyrolysis is dried and calcined in a continu-
ous process, the powder obtained by spray 
drying is subsequently treated in a conven-
tional muffle kiln.

Laser method

In the case of malayaite Cr  :  CaSnSiO5 
obtained by sol-gel, freeze-drying, and 
ceramic method respectively, trials were 
conducted in order to use laser radiation of 
CO2 (λ = 10,6 μm) at a maximum power of 
100 W as alternative heat treatment. Sam-
ples were prepared in the form of pressed 
pellets for subsequent treatment with laser 
radiation, which was performed until the 
characteristic pink-magenta malayaite col-
our appeared.

Industrial application

The resulting pigments were applied on 
glazes to evaluate their stability and colour 
development. Various industrial frits were 
chosen for this purpose, as function of the 
sample type and desired result.

Characterisation techniques

The materials were structurally charac-
terised using a Siemens model D5000D 
diffractometer with a Bragg-Brentano ge-
ometry with two goniometers and copper 
cathode. Morphological analysis was con-
ducted by scanning electron microscopy 
(SEM) with a Leica model LEO 440 and a 

trogen under vacuum of about 1 – 10 Pa 
in a Telstar Cryodos freeze-dryer system. 
This provided in the frozen sample solvent 
sublimation and yielded an end product in 
the form of amorphous powder. The powder 
was milled and prepared for calcination. 

Sol-gel method 

To prepare pigments with sphene structure, 
two variations of the sol-gel methodology 
were used. Polymeric sol-gel was applyed 
to obtain malayaite Cr : CaSnSiO5, and col-
loidal sol-gel was applyed to obtain titanite  
Cr : CaTiSiO5. The polymeric sol-gel method 
is based on the hydrolysis and condensation 
of metallic alkoxides. The colloidal method 
is based on the destabilisation in an aque-
ous medium of both a colloidal dispersion 
of metallic salts and colloidal silica.

Spray drying and spray pyrolysis 
method

Spray drying and spray pyrolysis are two 
independent procedures. However, due 
to their similar methodology, they are de-
scribed together in this section. Both pro-

Fig. 1 Comparative diffractograms of the 
CaSn0,95Cr0,05SiO5 sample, synthesised by different 
methods at a temperature of 1300 °C

Fig. 2 Diffractograms of Cr : CaSnSiO5, synthesised using (f.l.t.r.): a) ceramic method; b) sol-gel; c) freeze-drying and thermally treated with laser; 
the unmarked reflections correspond to CaSnSiO5
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The materials synthesised by all tested 
methods developed hues in the brown-
orange range and could be used as ceramic 
pigments being successfully applied in in-
dustrial glazes (Fig. 8). The colour range de-
pends on the Cr quantity, synthesis method 
and used precursors. The most reddish hues 
were obtained with the pigments prepared 
by spray pyrolysis. 

Conclusions

The study demonstrates the benefits of 
non-conventional synthesis methods for the 
development of ceramic pigments match-
ing the new trends in ceramic decoration. 
Considering the different tested methods, 
the most efficient methods regarding the 
reactivity of the studied pigmenting systems 

separation during preparation. The pigment 
body obtained by the ceramic method con-
tained minor impurities, though at higher 
temperatures (1300 °C). 
The efficiency of the tested synthesis meth-
ods in relation to the reactivity of the system 
Cr  :  CaTiSiO5 without mineralisers can be 
summed up as followsr:
spray pyrolysis = sol-gel > spray drying > 
ceramic method > freeze-drying.
The microstructure changed as function of 
the synthesis method (Fig. 7), following the 
same criterion as in the case of malayaite. 
An irregular morphology involving aggre-
gates with an average size of 10 µm was 
found in the non-sprayed materials, the 
sprayed materials developed spherical par-
ticles with an average size of 1 – 5 µm.

spray pyrolysis > spray drying > freeze-
drying > ceramic method > sol-gel > laser.
The morphology of the developed materi-
als was related to the preparation method. 
Thus, as may be observed in Fig. 3, the sam-
ple obtained by the ceramic method con-
sisted of highly sintered particle aggregates. 
The sol-gel and freeze-drying methods 
resulted in polycrystalline grains, of about 
20 µ m, with coral-like shapes. The spray-
based methods provided greater control of 
particle shape and size, yielding spherical 
crystals with a smaller size.
The materials synthesized by all the tested 
methods developed pink colours. As it was 
proven that these materials could be used 
as ceramic pigments, they were successfully 
used in industrial glazes (Fig. 4). However, 
the best colours were obtained by the spray 
methods, spray pyrolysis was the optimum 
method (sample SPMN, CaSn

0,95Cr0,05SiO5). 
This synthesis method does not require 
mineralisers addition in order to obtain the 
malayaite solid solution doped with pure 
chromium, which is an important advantage 
from an environmental point of view.
Fig. 5 shows digital images of the pressed-
pellets surface using precursors synthesised 
by the ceramic, sol-gel, and freeze-drying 
methods, and subsequently treated by la-
ser radiation, at different magnifications 
obtained with the optical microscope. 
Laser treatment led to the development 
of pigmenting nuclei, albeit with varying 
hues, which differed from the characteristic 
pink-magenta colour of malayaite. The re-
sults were consistent with the presence of 
secondary phases and the absence of the 
desired phase, which was confirmed by XRD 
analysis. The predominant morphology was 
heterogeneous and highly sintered.

Titanite Cr : CaSnSiO5

The thermal evolution of the materials ob-
tained by different synthesis methods and 
calcined at maximum temperatures ac-
cording to the preparation method (Fig. 6) 
exhibited single phases at 800  °C for the 
Cr  :  CaTiSiO5 compositions prepared by 
spray pyrolysis and colloidal sol-gel. These 
materials were treated at a higher tempera-
ture (1000 °C) in order to increase the crys-
tallinity of the system. The sample prepared 
by spray drying displayed 97  % reactivity 
at 1200  °C. Only freeze-drying synthesis 
was less favourable, possibly due to phase 

Fig. 3 SEM micrographs of representative samples prepared using different synthesis 
methods

Fig. 4 Digital image of the pigments (powders and glazed tiles) obtained using different 
synthesis methods

Fig. 5 Digital images at different magnifications, obtained with the optical microscope, 
of the surface of the laser-treated pellets
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Fig. 6 Comparative diffractograms of the 
CaTi0,95Cr0,05SiO5 sample, synthesised by different 
methods and treatments

Fig. 7 Morphology of the Cr : CaTiSiO5 pigments obtained using various preparation  
methods

Fig. 8 Digital image of the pigments (powders and glazed tiles) obtained using different 
synthesis methods
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were those based on liquid sprays. They 
allowed to obtain the colour and desired 
crystalline phases at lower temperatures 
without using mineralisers, which is an im-
portant advantage from an environmental 
point of view. In addition, they provided 
greater morphological control, which is de-
sirable for future industrial application.
All the synthesized pigments applied 
on fired glazes developed intensely col-
oured glazes without defects, indicat-
ing that these materials are potentially 
interesting for the ceramic industry. The 
efficiency and pigmenting stability of  
Cr : CaTiSiO5 has been successfully verified.
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