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1.	 INTRODUCTION

The increasing evolution of decoration techniques in ceramic tiles has 
enhanced the possibilities of designing new products. One of the great challenges 
related to the manufacturing process is to obtain and maintain a standard quality 
of colours. In agreement to Sánchez et al., the decoration step by serigraphy is the 
main responsible for colour variations in the products. The serigraphic inks used 
in the ceramic tile decoration are basically constituted by a mixture of dispersed 
pigments and milled glass and in aqueous medium. The serigraphic printing is 
basically a volumetric process. Any factor that can modify the composition and 
concentration of ink on the surface of a ceramic tile will produce colour variations. 
In this way, the quantitative effect of a set of factors on the colour variation needs 
to be known.
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The colour is a phenomenon of psychological, biological and physical 
nature, which depends on the light source, illuminated object and observer. 
The systems of measurement of colour normally use standard light source and 
observer. As result, they present a spectre of luminous intensity in function 
of the wavelength (between 400 and 700 nm). The colour difference can be 
determined calculating three parameters from the spectre, expressed in a set of 
Cartesian coordinates X, Y, Z. One of the most common systems is the CIELab, 
where L, a, and b correspond to the colour coordinates. The calculation of the 
colour difference in relation to a standard is determined by the parameter ∆E, 
defined by the Equation A.

Equation A

Some researchers observed that the colour difference calculated from 
Equation A does not represent in a uniform way the perception of a human 
being. For example, Peñalver et a1. demonstrated that grey, pink, and blue colours 
present as perception limit, respectively, ∆E = 0.2, 0.4, and 2.0. Studies of pigment 
formulations using spectral measurements proved to be important tools for 
predicting colour variations and determining the sensitivity of the composition 
variation on the ink performance.

2.	 MATERIALS AND METHODS

Triaxial mixture designs were used for pigment formulation. The 
measurements of the colour were based on parameters L, a and b of the CIELab 
system. The present study was carried out with 3 pigments: P1 - Cr, Fe, Co, Ni 
(grey); P2 - Co, Al (blue); P3 - Co, Si (blue). A serigraphic ink, composed by 
66.9% of transparent milled frit and 33.1% of the pigments mixture was applied. 
The inks were cast on single-fired, white glazed tiles, remaining maintaining a 
constant ink weight each time. The tiles were fired again at 930ºC for 60 min in 
an industrial continuous oven. The colorimetric measurements were carried out 
using a spectrophotometer BYK Gardner with a D65 light source and observation 
angle of 10°. For each coordinate, an adjustment equation was calculated as a 
function of the mass fraction of components. The mathematical model that better 
fits the experimental data was the special cubic.

3.	 RESULTS AND DISCUSSION

Figure 1A presents the experimental design. Figures 1B, 1C and 1D present 
the response surfaces obtained, respectively, for L, a and b coordinates.
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Figure 1. Triaxial diagrams of the studied system: (A) experimental design,
and response surfaces for (B) L, (C) a, and (D) b, respectively.

To evaluate the sensitivity of ink in relation to the variation of the pigment 
composition, ∆E was calculated for a composition area around the central point, i.e. 1/3, 
1/3 and 1/3 of each pigment), Figure 2A. A new region of so-called pseudocomponents can 
be then presented, Figure 2B.

Figure 2
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4.	 CONCLUSION

The pigment system presents higher sensitivity in relation to the amount of grey 
pigment, since the other two are blue variations. It was quantitatively determined that 
± 1% mass variations of the grey pigment causes a DE variation higher than 1. For blue 
pigments 1 and 2, the limits identified were ± 3% and ± 2%, respectively.  Despite the 
model of experimental adjustment being restricted to the evaluated system, it was possible 
to quantify the sensitivity of ∆E depending on the relative amounts of components. The 
higher the difference of the colours in pure pigments the lower tends to be the limits of 
tolerance in pigments formulation.
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