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bstract

his paper describes the study of a pink ceramic pigment based on the optical properties of Cr-doped structures, having into account environmental
onsiderations. The research is focused on the optimisation of the synthesis parameters in order to minimise the amount of pollutant Cr(VI) in the
ashing liquids and enhance chromatic coordinates. In a first stage, the Al2−xCrxO3 solid solution was studied. Nevertheless, the observation that
nO was required in the frit to stabilise the pink colour after glazing made us to conduct the research towards the optimisation of the ZnAl2−xCrxO4

ystem. X-ray diffraction (XRD) indicates a solid solution formation based on the gahnite structure; moreover, no Cr(VI) and B contents were

ound in the analysis of the washing liquids. Thus, this research enabled us to produce a pink pigment with low environmental impact and good
hromatic coordinates. Further study of the pigment applied in a glaze showed evidence of the importance of the glaze composition for the colour
evelopment and stability of the ceramic pigments.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Inorganic pigments are traditionally based on transition metal
ompounds.1 Nevertheless, due to the high toxicity of these ele-
ents, research on ceramic pigments has lately been dedicated

o improve traditional coloured systems from an environmen-
al point of view and maintaining their colouring properties and
echnological requirements. Attempting to achieve zero emis-
ions and waste, as well as a reduction of energy costs, a good
nderstanding of the reaction mechanisms depending on the
hemical composition is required. Moreover, the product per-
ormance must meet the growing social demands with regard to

afety, sustainability and minimal environmental impact.

Doping a structure using metal species is one of the most fre-
uently adopted practices to induce modifications, not only in its
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tructural characteristics, but also in its composition and reactiv-
ty. The chromatic features of a pigment depend on the crystalline
eld around the chromophore ions which is a complex function
f lattice accommodation and metal ion valence-dimensions.2

mong different types of doping ions, Cr3+ is one of the most
opular elements due to its optical and technological properties
s a consequence of its electronic structure. For instance, it has
een widely used in the development of solid-state lasers.3 Fur-
hermore, the host matrix influences the strength of the crystal
eld surrounding the Cr(III) ions, leading to a large chromatic
ariety from green to red-pink colours upon low and high crystal
eld conditions, respectively.4

By other hand, synthesis conditions can affect the oxidation
tates (II–VI) of chromium ions which generate different proper-
ies, stabilities and colourations. Chromium is commonly found
n the environment as trivalent and hexavalent ions. Cr(III) is
n essential nutrient required by the human body to promote

he action of insulin, but high doses of this ion and long term
xposure to it can affect the body’s immune system. Although
r(III) is unable to enter into cells, Cr(VI) can enter thorough
ell membranes and is then reduced to Cr(III) which causes
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Since the development of the pink colour requires the pres-
ence of ZnO, the spinel ZnAl2O4 was chosen as host hue to
introduce Cr(III) ions substituting Al(III) ions in octahedral posi-
tions. Therefore, several compositions based on ZnAl2−xCrxO4

Table 1
Study of mineralisers for composition Al1.55Cr0.45O3

Samples Al1.55Cr0.45O3 mineralisers

R1SM –
562 M. Martos et al. / Journal of the Europ

eactions that contribute to the toxicity of Cr(VI)-containing
ompounds.5 Oxidation from Cr(III) to Cr(VI) takes place spon-
aneously when the material is thermally treated. Therefore, one
f the most important motivations of this work is to prevent the
ppearance of carcinogenic Cr(VI) in the washing liquids during
he industrial production.6

As it has been mentioned, one way to obtain red hues is by
ntensifying Cr(III) crystal field. This is the case of the natural
uby, which is the red variety of corundum, the second hardest
atural mineral. This coloration is caused by traces of chromium
0.05% wt) substituting Al(III) ions in a corundum structure
�-Al2O3). In this structure, electronic transitions between d-
lectron orbitals in the chromium ions are shifted to high energy,
hus producing red tonality.7 As the chromium concentration on
uby is increased, the ligand field becomes weaker and there-
ore a change from red to green occurs. Indeed, the Cr2O3
nd Al2O3 oxides can form a complete range of substitutional
olid solutions between the solidus temperatures ∼2100 and
950 ◦C.8

Besides the corundum structure, the spinel family is a group
hich develops a great variety of colours by doping with dif-

erent chromophore ions and, as a result, it is probably the most
sed pigment structure. In particular, ZnAl2O4 spinel (gahnite)
resents a good optical quality provided by the very small size
f spinel nanocrystalites formed during the thermal treatment,
here Cr ions tend to be situated.9 In fact, Zn(Al,Cr)2O4 sys-

em corresponds to a pink pigment included in Group XIII of
he DCMA classification.10

The synthesis of ceramic pigments by traditional solid-state
oute is based on an interdiffusion reaction between the reagents.
he high temperatures and reaction times involved in this
rocesses require the use of certain additives (known as min-
ralisers) in order to improve the slow inter-diffusion processes
f solid-state reactions. Among the mineralisers, boron is typi-
ally used as a flux agent to encourage fluidity and homogeneity
uring thermal treatment. Boron is known to be an essential
icronutrient; however, the range between deficiency and excess

ptake (toxicity) in plants is small, rising up environmental and
ealth problems. In fact, irrigation water with high boron con-
ents is one of the main sources of pollution for agriculture.11

Keeping all these aspects in mind, the aim of the current
esearch is to optimise a pink pigment based on Cr-doped system
rom a toxicological and ecological point of view, in particular
o incorporate the whole quantity of the initial chromium ions in
he host lattice avoiding its possible segregation during washing
nd ulterior oxidation as toxic Cr(VI) species.

The specific objectives were to optimise the synthesis con-
itions studying the best mineraliser as well as the chromium
ontent in the structures in order to minimize the segregation
f toxic Cr(VI) ions in the washing liquids without decreasing
he pigmenting properties. In the first stage, the develop-

ent of the best pink colour in function of the quantity of
hromium in the Al2−xCrxO3 system was studied. However,

ince the pink colour turned out to be unstable in the glaze
nless ZnO was present in the composition of the frit, the fol-
owing study was redirected towards the Cr-doped ZnAl2O4
ystem.

R
R
R
R

eramic Society 27 (2007) 4561–4567

. Experimental

.1. Sample preparation

The different compositions studied in this paper were pre-
ared using traditional ceramic pigment synthesis methodology.
he precursors were the corresponding chemically pure oxides:
l2O3, Cr2O3 and ZnO; and the additives chosen as mineralisers
ere LiF, LiBO2 and H3BO3. These particular additives were

hosen due to their low melting points, and also taking into
ccount the results obtained in a previous work based on the
tudy of the greenish Cr2−xAlxO3.12

Precursors were mixed in acetone in a laboratory plane-
ary ball mill for 20 min. After drying, samples were fired in
Nabertherm electric furnace at a heating rate of 10 ◦C/min at
000, 1100, 1200 and 1300 ◦C and were held at each final tem-
erature for 2 h. To refine and homogenise the particle size after
ring, the resulting products were ground in an agate mill with
cetone.

To verify the compositional stability of the compounds
btained as ceramic colorants, 3% (w/w) of the calcined samples
as glazed using two different industrial frits. The thermal treat-
ent used corresponds to a standard industrial ceramic tile firing

ycle, and consisted of five steps: heating to 800 ◦C in 18 min,
ollowed by heating from 800 to 1080 ◦C in 17 min, 5 min hold
t 1080 ◦C, followed by cooling to 600 ◦C in 20 min, and finally
ooling to room temperature in 15 min.

In a first stage, a study of the influence of the mineralisers
n the temperature and reaction time, and also in the chromium
egregation was performed. The mineralisers were incorporated
n 2 wt% additions. The samples prepared are listed in Table 1.

After establishing the mineraliser and the firing temperature
t which pink pigment presents the best colouration and the low-
st chromium segregation, we proceed to perform the following
tudies under the same conditions. In this case, the best miner-
liser effect was afforded with LiBO2. According to the DCMA
lassification, there is a pink pigment based on the Al2−xCrxO3
toichiometry (DCMA 3-03-5). Firstly, in this work we studied
he effect of chromium concentration on pigment colour. It is
nown that to produce a pink colour pigment, the Al2O3 content
eeds to exceed that of Cr2O3. Thus, the compositions were pre-
ared containing low concentrations of chromium (x = 0.0125,
.025, 0.050, 0.075, 0.10, 0.20 and 0.30).
1M1 2% LiBO2

1M2 2% H3BO3

1M3 2% LiF
1M(2 + 3) 2% LiF + H3BO3 (1:1 mixture)
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the best pink colour (the highest a* and the lowest b* values) was
obtained for the R1M1 composition. Taking into account that
the temperatures with less chromium segregation were 1200 and
1300 ◦C, Fig. 3 illustrates the values of the CIELAB coordinates
M. Martos et al. / Journal of the Europ

0.1 ≤ x ≤ 0.9) stoichiometry were prepared in order to opti-
ise the composition of the ceramic pigment from both an

ptical and environmental point of view. Due to the fact that
he eutectic point of the ZnO–Al2O3 system is at ∼1700 ◦C
82.5 mol% ZnO),13 LiBO2 was added as mineraliser to improve
he synthetic process allowing a faster crystallization and a more
omogeneous reaction of the components.

.2. Characterization techniques

Phase analysis of the fired samples was performed by X-ray
owder diffraction (XRD) with a SIEMENS D5000 diffractome-
er with Cu K� radiation. Data was collected through step by
tep-scanning, from 20◦ to 70◦ 2θ with a step size of 0.05◦ 2θ and
s, counting time at each step. The goniometer was controlled
y the “SIEMENS DIFFRACT plus” software, which also deter-
ined diffraction peak positions and intensities. The instrument
as calibrated using an external Si standard. In some fired sam-
les, structure refinement was carried out using the WinXPow
rogram with the data obtained in the 10–110◦ 2θ range, using
step size of 0.02◦ 2θ and 10 s for each step.

UV–vis spectroscopy and a colorimetric study were per-
ormed with a CARY 500 SCAN VARIAN spectrophotometer.
he diffuse reflectance spectra (DRS) were obtained using an

ntegrating sphere and BaSO4 as a reference. The L*a*b* were
ompared to those of a pink pigment used in the ceramic industry,
eferenced STD. CIELAB colour parameters were determined
y coupling an analytical software used for colour measurements
o the VARIAN UV/Visible spectrophotometer. The data was
egistered from 380 to 700 nm using a PTFE blank as reflecting
tandard and a D65 standard illuminant. In the CIELAB system,
* is the lightness axis [black (0) to white (100)], a* is the green
<0) to red (>0), and b* is the blue (<0) to yellow (>0) axis.14,15

The study of Cr(VI) content in the washing liquids of the
amples was carried out using the colorimetric method as rec-
mmended by the EPA (Environmental Protection Agency).16

hus, a 0.3 g fired sample was subjected to successive washings
ith hot 0.3 M HNO3 until 50 mL of solution was obtained.
easurements were conducted on the spectrophotometer used

or CIELAB measurements at 540 nm.
Since it is known that boron have some negative environmen-

al effects and, by other hand, it was added in the synthesis for
ts mineralizing effect, its content in the washing liquids was
lso analysed. The boron content was determined by a Hewlett
ackard 4500 induced coupled plasma mass spectrometer (ICP-
S).
The chemical composition of the industrial frits was deter-

ined by X-ray fluorescence (XRF) using a SIEMENS SRS
000 wavelength dispersive XRF spectrophotometer.

. Results and discussion

.1. Al2−xCrxO3 solid solution
Initially, in order to determine the best mineraliser which
educes Cr(VI) segregation in washing liquids without decreas-
ng the pigmenting properties, an initial study on the Al2−xCrxO3

F
(

ig. 1. Variation of the ligand field and the colour in the Cr2O3–Al2O3 solid
olutions.

omposition was performed. According to Fig. 1 taken from Ref.
5, this study was carried out on the Al1.55Cr0.45O3 stoichiom-
try (78% mol Al2O3–22% mol Cr2O3), which corresponds to
he limit between the green and red colouration.

XRD patterns of the different samples revealed the formation
f the Al2O3 (corundum) phase (JCPDS 71-1128) as a single
hase in all the compositions, with and without the addition of
he mineralisers (not shown).

Fig. 2 depicts the Cr(VI) content in the washing liquids. It can
e observed that compositions R1M1, R1M2 and R1M(2 + 3),
red at 1200 and 1300 ◦C for 2 h, segregate less Cr(VI) during
ashing.
To evaluate the chromatic properties of the ceramic pigments,

he values of CIELAB chromatic coordinates of the samples
ere determined before and after glazing because it is well-
nown that not all the ceramic pigments exhibit the same colour
eatures after glazing. The main reason deals with possible reac-
ions between the pigments and some of the components of the
laze. The colorimetric study performed on both the powdered
amples and the samples after glazing showed that in both cases
ig. 2. Cr(VI) segregation in the washing liquids of composition Al1.55Cr0.45O3

R1) with and without different mineralisers.
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Table 3
CIELAB colour parameters of composition Al1.925Cr0.075O3 (R1) after glazing
with two different frits (±1%, according to the instrument specifications)

Frit L* a* b*
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ig. 3. CIELAB colorimetric coordinates of composition Al1.55Cr0.45O3 (R1)
ith and without different mineralisers fired at 1200 ◦C/2 h and 1300 ◦C/2 h after
lazing.

orresponding to the glazed samples with and without miner-
lisers, fired at these firing temperatures. The highest a* was
chieved after calcining at 1200 ◦C. As a result, the following
tudies were carried out at this synthesis temperature.

In brief, the results obtained by XRD, colorimetry and analy-
is of Cr(VI) in the washing liquids suggested that LiBO2 is
he best additive for synthesizing this solid solution. As has
een indicated in previous reports,12 the effect of boron com-
ounds in ceramic pigment synthesis could stem from the fact
hat the B2O3 formed from LiBO2 during firing has a particularly
seful effect in shortening melting and refining time (removal
f gas bubbles). For this reason, since boron favours the ion
ncorporation into the solid solution, the quantity of Cr(III) that
iffuses inside increases and the oxidation of Cr(III) to Cr(VI)
s prevented (given the atmosphere in which the calcinations are
onducted).

Once the best mineraliser was identified, a study to optimise
he chromium content was performed in the Al2−xCrxO3 system
x = 0.0125, 0.025, 0.050, 0.075, 0.10, 0.20 and 0.30). The XRD
pectra of all samples (not shown) exhibited peaks associated
o the corundum structure (JCPDS 71-1123) as a single phase.
he formation of the different solid solutions is supported by the
hift observed for the peak positions towards lower 2θ values.

Although the effect of a solid solution formation between
luminium and chromium in the corundum structure have been
tudied before17 we have obtained the cell parameters of the
orundum lattice for the non-doped and doped (x = 0.025, 0.050
nd 0.075) samples fired at 1200 ◦C/2 h from the refinement
f the XRD patterns using the WinXPow program (Table 2).

t can be observed that when x increases, the a and c param-
ters also increase. This expansion of the lattice corresponds
o the substitution of Al ions in their atomic positions by Cr
ons, since, according to Shannon and Prewitt data,18 the atomic

able 2
orundum unit cell parameters in Al2−xCrxO3 (x = 0.025 and 0.075)

a ± 0.0001 c ± 0.0001

l2O3 4.7342 12.9176
l1.975Cr0.025O3 4.7533 12.9761
l1.975Cr0.050O3 4.7627 13.0003
l1.925Cr0.075O3 4.7670 13.0090

s
1
s
t
t
s
p
p
t
r
A

1 70.3 8.9 8.2
2 67.6 4.9 19.9

adii for Cr(III) and Al(III), both in octahedral coordination, are
5.5 pm and 67.5 pm, respectively. Hence, due to the larger lat-
ice plane d-spacing existing in the Cr2O3 structure, an increase
n the parameters with the substitution occurs. This therefore
onfirms the formation of the expected solid solution in our
orking conditions.
Analysis of Cr(VI) content in the washing liquids indicated

hat there is a small segregation of this ion in the samples studied,
ut below the permitted limits in European legislation for Cr(VI)
n water emissions (0.2–0.5 ppm).

The CIELAB chromatic coordinates measurements of the
ifferent samples showed that the composition with x = 0.075
alcined at 1200 ◦C for 2 h exhibited the best pink values. After
ptimising the stoichimetry, this pigment was tested (3% w/w)
n two different industrial frits, and their chromatic coordinates
re detailed in Table 3.

It can be observed that after glazing with the frit F1, the
ink colour proved to be stable. However, in the case of
he frit F2 there was a loss of coloration. By comparing the
hemical composition of both frits in order to ascertain the
ossible effects of the frits, we realised that the main differ-
nce between them was the presence or absence of ZnO in
heir compositions. As a conclusion, this study showed that
nO in the composition of the frit favours obtaining the pink
olour; meanwhile, when there was no ZnO in the frit, the
ink colour did not develop. These facts could indicate that
he formation of a zinc aluminium oxide spinel doped with
hromium is responsible for the existence of the pink colour-
ng. Indeed, the formation of this structure that causes pink
oloration corresponds to another pink ceramic pigment in the
CMA classification based on the Zn(Al,Cr)2O4 structure.10

n order to go deeper into this subject and verify the origin
f the colour, a study of the ZnAl2−xCrxO4 system was per-
ormed.

.2. ZnAl2−xCrxO4 solid solution

Fig. 4 illustrates the XRD patterns of the compositions
ynthesised for the ZnAl2−xCrxO4 solid solution calcined at
200 ◦C/2h. The diffractograms showed that zinc aluminate
tructure (JCPDS 82-1043) was formed as a single phase. In
hese samples, Cr ions seem to be completely incorporated into
he spinel lattice. Diffusion processes in the ZnO–Cr2O3–Al2O3
ystem give raise to a Cr:ZnAl2O4 solid solution, which is sup-
orted by the shift observed in peak positions of the gahnite

hase towards lower 2θ values according to the d-spacing with
he Cr substitution. As has been mentioned previously, these
esults are in agreement with the atomic radii for Cr(III) and
l(III), both in octahedral coordination. Thus, when the quan-



M. Martos et al. / Journal of the European Ceramic Society 27 (2007) 4561–4567 4565

t
c

t
c

p
C
o
i
s
q

i
c
d
s
i

C
Z
v

T
G

x

0
0
0
0
0
0
0
0
0
0

Fig. 4. XRD for the compositions ZnAl2−xCrxO4 fired at 1200 ◦C/2h.

ity of Cr2O3 increases, the 2θ peak position decreases and shifts
loser to the ZnCr2O4 structure.

Table 4 indicates the cell parameters of the cubic spinel in
he ZnAl2−xCrxO4 system. A continuous increase of this value
an be observed when the amount of dopant increases.

Analysis of Cr(VI) in the washing liquids of the all sam-
les prepared with the addition of mineraliser indicated that no
r(VI) ions were present in the washing liquids. This fact corrob-
rates the formation of a solid solution with all chromium ions
ntroduced in the spinel structure. Boron segregation analysis
howed that the values obtained were lower than the permitted
uantities in European legislation for B segregation (2–10 ppm).

The colorimetric study performed on the powdered samples
s depicted in Fig. 5, where the variation of the colorimetric
oordinates against the x value is presented. The chromatic coor-
inates of a commercial pink pigment (dotted line, standard:
td) is included as a reference of the typical coloration used in
ndustry.

As a result of the XRD study, colorimetry and analysis of

r(VI) in the washing liquids, it was concluded that the sample
nAl1.8Cr0.2O4 (x = 0.2) exhibited the best optical properties,
ery similar to the STD ones.

able 4
ahnite unit cell parameters in ZnAl2−xCrxO4 (x = 0 − 0.9)

a ± 0.0001

.0 8.0742

.1 8.0893

.2 8.1038

.3 8.1131

.4 8.1299

.5 8.1385

.6 8.1476

.7 8.1587

.8 8.1718

.9 8.1805

F
(

r
p
a
F
o
a
p

ig. 5. CIELAB colour parameters of the compositions ZnAl2−xCrxO4: (a) a*,
b) b* and (c) L* (standard: dotted line).

In order to know the quantity of Cr(III) in the solid solution, a
epresentation of the ZnAl2−xCrxO4 cell parameter versus x was
erformed, Fig. 6. It can be observed that the values fit well with
linear regression (r2 = 0.9951), in agreement to Vegard’s law.
rom the coefficients of the linear equation, the real Cr-content

f the optimised solid solution (x = 0.2) was recalculated, giving
n x value of 0.2043, very close to the theoretical stoichiometry
roposed.
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Table 5
Chromatic coordinates of ZnAl1.8Cr0.2O4 pigment after glazing in two frits
(F1) with ZnO and (F2) without ZnO (±1%, according to the instrument
specifications)

Frit L* a* b*
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Fig. 6. Linear regression of ZnAl2−xCrxO4 cell parameter vs. x.

After establishing the composition and conditions which best
atched the set objectives, ZnAl1.8Cr0.2O4 (x = 0.2) was ana-

yzed by UV–vis spectroscopy diffuse reflectance in order to
tudy the surroundings of the Cr(III) chromophor. The spectrum
s presented in Fig. 7. It has been deconvoluted by means of a
aussian decomposition in three bands located at 542, 431 and
91 nm that can be related to d–d electronic transitions of the
r(III).

The theory of the ligand field 19 for a Cr(III) ion in an octa-
edral environment predicts the existence of three absorption
ands. The energies of the first two electronic spin allowed tran-
itions, 4A2g → 4T1g (F) and 4A2g → 4T2g (F), correspond to
isible light energies. There is a third spin allowed transition
rom 4A2g to 4T1g (P) whose energy corresponds to ultraviolet
ight that does not affect the colour. Depending on the ligand
eld created by the oxide ions, the position of these bands can
e modified, resulting in a variation in the observed coloration.

In fact, the absorption bands of pure Cr2O3 appear at 580
nd 405 nm, respectively. We can observe in Fig. 7 that these
wo absorption bands for the sample measured appear at wave-
ength values lower than the Cr2O3 ones. This shift can be
ttributed to an increase in the intensity of the ligand field due
o the decrease of the Cr-O distances produced by the substitu-

ion of Al(III) by Cr(III) in the spinel structure, and therefore,
ecause of the higher intensity of crystalline field around the
r(III) ions than in Cr2O3 system. The larger size of chromium

Fig. 7. UV–vis spectrum of the ZnAl1.8Cr0.2O4 sample.

c
m

4

d
i
o
p
p
i
w
s
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t
t
s

1 75.9 12.4 11.1
2 66.4 13.3 17.8

ons compared to aluminium ones produces this effect, given
hat the chromium species are situated in a more compressed
nvironment. In the spectrum, the pink shade is associated with
he absorption centred at 542 nm, which explains the existence
f this coloration.

Finally, in order to test both the strength of the pigmentation
nd the stability of the solid solution in a glaze, the colour was
lazed with the same frits used in the Al2Cr2−xO3 system (F1:
ith ZnO in its composition; and F2: in absence of ZnO). Table 5

ists the chromatic coordinates of the pigment after glazing.
It can be observed that, in both cases, pink colour is devel-

ped, although in the case of F1 the colour obtained had the best
hromatic coordinates. This result confirms the requirement of
he presence of ZnO in the frit to achieve a good level of stabi-
ization in the pink colouring. Thus, it can be concluded that this
igment gives the best results in glazes with high ZnO content.

It is known that some elements, such as Pb and Zn, do not
ontribute any colour by themselves, but have a considerable
nfluence on the colour produced by other ions. This requirement
s explained by the ZnO behavior as an active flux in glazes in
maller amounts. However, in greater amounts, zinc oxide has
he capacity to produce its own phases in glazes and generally
romotes secondary crystalline phases which can involve the
bsorption of the colouring agents, producing the loss of stoi-
hiometry in the ceramic pigment.20,21 Therefore, in our system,
he presence of a sufficient quantity of ZnO in the frit, together
ith a sufficient amount of Al2O3, produces the ZnAl2O4 spinel

nd compensates the possible dissolution of the pigment struc-
ure in the glaze, enhancing the pigmenting colour.

In brief, our results show evidence of the importance of glaze
omposition in colour development and stability of ceramic pig-
ents.

. Conclusion

In summary, the optimisation of a pink pigment based on Cr-
oped system from a toxicological and ecological point of view
s reported. The whole research was focused on the optimisation
f the synthesis parameters in order to minimise the amount of
ollutant Cr(VI) in the washing liquids without decreasing its
igmenting properties. Due to the low interdiffusion processes
nvolved in a solid-state reaction, the addition of a mineraliser
as needed. LiBO2 resulted to be the best additive improving the

ynthesis conditions, leading to obtain the best coloration and

he lowest Cr(VI) segregation in washing water. After studying
he coloration of the Al2−xCrxO3 solid solution, it was found
hat the presence of ZnO in the frits was a requirement for the
tability of the pink colour after glazing. In view of this result,
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he research was redirected towards the study of the Cr-doped
nAl2O4 system. XRD showed a solid solution formation based
n the gahnite structure as unique phase. Colorimetric study and
nalysis of leached Cr(VI) in the washing liquids led to conclude
hat the optimal composition corresponds to the ZnAl1.8Cr0.2O4
toichiometry. Thus, this work has enabled to produce a pink
igment with low environmental impact and good chromatic
oordinates, although, these results also have shown that an
xhaustive study on the influence of the glaze composition is
eally required.
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