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Advantages of Nano Pigments Over Micro Pigments in
Obtaining Larger Spectra of Colours in CMYK System
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Based on the CMYK colour system, it is possible to obtain the full colour spectrum with mixing the four colours –
cyan, magenta, yellow and key (black). In this research, ceramic nano pigments including CoAl2O4 (cyan), Au
(magenta), (Ti,Cr,Sb)O2 (yellow) and CoFe2O4 (key) were mixed together with different ratios and applied on glazed
tiles and the colour specifications of the samples were measured. The Colours Software (CSA) was used for predicting
the ratios of the pigments for obtaining a target or reference colour. For comparison, equivalent micro pigments,
namely CoAl2O4, Cd(S,Se):ZrSiO4, (Ti,Cr,Sb)O2 and CoFe2O4 were also examined. It was observed that using the
present nano pigments, it was possible to cover the fourth quarter of the CIELab circle close to a+ axis, while this
was not possible with the micro pigments. This was attributed to the blue tint present in Au nano pigment. It was
also revealed that reaching the colours of grey, brown and beige shades was possible by both nano and micro sets
of pigments, while making orange and yellow colours was difficult. Also, it was revealed that yellow nano and
micro pigments did not have thermal stability at high temperatures. The results indicated that nano pigment with
4.592  < a* < 15.606 and –1.560 < b* < +1.549 had yellow and blue tints and its yellow tint was due to grain growth,
but micro pigment showed more red and less yellow tint. The above mentioned a* and b* values indicate the high
colour performance of the pigment.
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Introduction
Nano pigments have recently found a wide range of

industrial applications.1, 2 For example, mica based
pigments (particle size 20 nm) with pearlescent effect are
used in cosmetics, automobile coatings, plastics, etc.2 In
cosmetic applications, both doped TiO2 and ZnO are being
developed for use in sunscreens, in order to avoid skin
damage by sunlight radiation.3, 4 Novel nano sized reflecting
powders, providing a broad spectrum protection against
UV, are more acceptable from the cosmetic viewpoint,
because they are flesh-toned and turn invisible when applied.5

Another application is nano pigment screen, i.e. a new style
phosphor pigment applied on cathode ray tubes, which
exploits nano pigments to improve contrast, colour gamut
and body colour without additional process or cost.6, 7

A novel field of application is ceramic decoration by
ink jet printing, where nano pigments are able to overcome
problems caused by micronized pigments (e.g. nozzle
clogging and dispersion instability).8, 9 Such problems can
be solved by the use of ceramic nano sized inks.10, 11 The
use of  nanopar tic les can improve the pigment
performance. The greatest problem in using nano pigments
is the fact that the finer powders have higher specific
surface area, and therefore suffer from poor mixing and

agglomeration.12, 13 Limitations to the use of nano pigments
arise from particle growth (observed, e.g. in Au pigments)
due to high firing temperatures (>1200oC) and also
dissolution in the glassy phase.14, 15

The aim of the present study is to assess both colour
performance and potential of using nano pigments for
ceramic tile decoration. Based on the CMYK colour system,
i.e. the subtractive colour system, it is possible to obtain
the full colour spectrum with mixing proper cyan, magenta,
yellow and key (black) primary colours. A comparison with
conventional micro pigments is also made.

Experimental
The specifications of the nano and micro pigments used

in this experiment are shown in Table I.
The particle size of the pigments was measured by

particle size analysis (PSA, Analysette 22, Fritsch), X-ray
diffraction (XRD, D8 advanced), using monochromatic
CuK radiation (10-80o 2 range, scan rate 0.02o, 3 s per
step). The phase evolution and pigment crystallite size
after firing were also studied. The latter was calculated by
the Scherrer ’s equation using FWHM (full width at half
maximum) of the main XRD peaks. Instrumental
broadening was corrected by measur ing the LaB6
reference material. In order to investigate the thermal
stability of the pigments, mixtures of the pigments and the
frit (with a ratio of 20 to 80) were placed on an alumina
brick and fired in a roller kiln at 1080oC for 48 min. The
samples were then analysed by XRD.

The pigments were mixed together at different ratios.
To the mixtures was added 80, 85, 90 and 95 wt% (the rest
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Pigment Colour Purity (%) Supplier Particle size (nm)
90% within the range

Nano

CoAl2O4 Cyan 98.5 Alfa, Italy 50-60

Au Magenta 99.5 Nanoamor, USA 40-100

(Ti,Cr,Sb)O2 Yellow 99.5 Alfa, Italy 70-100

CoFe2O4 Black 99.99 Nanoamor, USA 50-90

Micro

CoAl2O4 Cyan 99.5 Reimbold, Germany 1000-15000

Cd(S,Se):ZrSiO4 Magenta 99.99 Reimbold, Germany 5000-20000

(Ti,Cr,Sb)O2 Yellow 99.5 Reimbold, Germany 5000-30000

(Co,Fe)(Fe,Cr,Mn)O4 Black 99.99 Reimbold, Germany 5000-30000

Table I : Characteristics of the nano and micro pigments used

being the mixture of pigments) of a printing powder (frit).
To prepare the paste for application on the glazed tile, a
printing oil (trade name Hydrocer 1239/D from group of mono-
diethylene-glycol from Merck company) was mixed (by
mamooli mixer) with the pigment-frit mixture in 3:2 ratio. The
paste was applied on a glazed ceramic tile by semi automatic
pattern with mesh 90. The samples were subsequently dried
and fired in a roller fast firing kiln at 1080oC for 48 min.

The optical reflectance spectra of the fired samples
were recorded (in 400-700 nm range) and CIE Lab
parameters were determined by a portable spectro-
photometer (CM2500 Konica-Minolta, Illuminant D65, 10o

observer) and expressed in the CIELab colour coordinates:
L* (100 = white and 0 = black), a* (+ red, – green) and b*
(+ yellow, – blue). The equipment was calibrated by a white
zirconia reference.

The spectrophotometer’s software (the Colours Software,
CSA) was used for predicting the mixture of the pigments for
obtaining a target or reference colour. To this aim, first an
information file, including name and the CIE Lab speci-
fications of each pigment and also the frit was created. After
receiving a reference sample data, in order to simulate a
colour, the software refers to the existing data. Based on
the mathematical calculations on L*, a* and b* values and
the linear combination of the primary colours (pigments)
and the frit, the ratios of the pigments and the frit to reach
the reference colour is predicted by the software. The
proposed sample is then prepared and compared with the
reference sample and further adjustment is performed by
the software to reach a closer match. This procedure can
be repeated until a satisfactory match is obtained.

Results and Discussion
Characterization of the Pigments
Magenta Pigments

Figure 1 shows the XRD patterns of the micro and nano
magenta pigments after and before heating at 1080oC. As
shown in the figure, the compositions of the magenta micro

Fig. 1 – XRD patterns of magenta pigments before and after
heating at 1080oC: (a) micro and (b) nano

and nano pigments are totally different. While the micro
pigment is a cadmium sulfide pigment, the nano one is
mainly constituted of gold nano particles. Later it will be
seen that the colour shades obtained by exploiting the
peculiar optical features of gold nanoparticles has no
match with those of the commercial micro pigments.
Further, it can be deduced from the patterns that both
pigments are stable up to 1080oC.

The crystallite size of the nano pigment before and after
heat treatment was also measured using Scherrer ’s
equatiuon (Table II). The table shows that the average gold
crystallite (particle) size in the nano pigment is about 65 nm,
as calculated by the Scherrer ’s equation, which is in
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Table II : Particle size of the magenta, cyan, yellow and
black nano pigments before and after heat treatment,

obtained from Scherrer ’s equation

consistent with the particle size analysis results (Table I).
After heating at 1080oC the particles reached to 240 nm size.

Figure 2 shows colour characteristics change of the
samples with the magenta 01st para content in the printing
pastes. The colourimetric parameters of the nano pigments
show a magenta colour with a red component (a*) ranging
from 4.592 to 15.606 associated with weak yellow and

Fig. 2 – Change of the CIE Lab colourimetric parameters of
magenta nano and micro pigments: (a) L*

 
(b) a*

 
and (c) b*
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02nd para components (b*) going from –1.560 to +1.540.
The micro pigments, however, had better red components
ranging from 4.000 to 9.000 for a* and 16.148 to 22.000
for b*, that makes its colour performance outstanding as
witnessed by very high a and b values.

Cyan Pigments
Figure 3 shows the XRD patterns of the micro and nano

cyan pigments after and before heating at 1080oC. As
shown in Fig. 3, the compositions of the cyan micro and
nano pigments are very similar. Further, it can be deduced
from the patterns that both pigments are st.
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Fig. 3 – XRD patterns of cyan pigments before and after heating
at 1080oC: (a) micro and (b) nano

The crystallite size of the nano pigment before and
after heat treatment was also measured using Scherrer ’s
equatiuon (Table II). The table shows that the average
cyan pigment crystallite (particle) size in the nano pigment
is about 36.06 nm, as calculated by the Scherrer ’s
equation, which is in consistent with the particle size
analysis results (Table I). After heating at 1080oC the
particles grew reaching 95.55 nm size.

Figure 4 shows colour characteristics change of the
samples with the cyan pigments content in the printing
pastes. As seen, the blue component of the micro pigment
is higher than that of the nano one at low pigment contents.
This might be due to dissolution of the nano pigment due
to its higher surface area and hence its reactivity with the
frit. At higher contents, however, it catches up and the
difference is negligible.

Yellow Pigments
Figure 5 shows the XRD patterns of the micro and nano

yellow pigments after and before heating at 1080oC. The
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Pigment 2 Particle FWHM Before / after
(nano) (degree) size (nm) (degree) heat treatment

38.5 65 0.02138 Before

38 240 0.005706 After

36 51.2 0.157 Before

36 250 0.0024 After

37 36.06 0.22066 Before

37 95.55 0.206154 After
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Fig. 4 – Change of the CIE Lab colourimetric parameters of cyan
micro and nano pigments: (a) L*

 
(b) a*

 
and (c) b*

Fig. 5 – XRD patterns of yellow pigments before and after heating
at 1080oC: (a) micro and (b) nano

patterns show that the yellow nano pigment is a Cr and Sb
doped titania. Doping titania (rutile) is one of the well known
methods to extend the absorption edge to the visible light
region by forming a donor or an acceptor level in the forbidden
band.16 Dopants such as Cr, Cd and Co ions extend the
spectral response of TiO2 into the visible by inducing optical
transitions from d electrons of the metal to the conduction
band. Further, it can be seen that after heating at high
temperature, both pigments changed composition, indicating
that they are not stable at high temperatures.

The crystallite size of the nano pigment before and
after heat treatment was also measured using Scherrer ’s
equation (Table II). The table shows that the average yellow
pigment crystallite (particle) size in the nano pigment is
about 70.38 nm, as calculated by the Scherrer ’s equation,
which is in consistent with the particle size analysis results
(Table I). After heating at 1080oC the particles grew
reaching 100 nm size.

Figure 6 shows colour characteristics change of the
samples with the yellow pigments content in the printing

Fig. 6 – Change of the CIE Lab colourimetric parameters of
yellow micro and nano pigments: (a) L* (b) a* and (c) b*
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Fig. 8 – Change of the CIE Lab colourimetric parameters of black
micro and nano pigments: (a) L* (b) a* and (c) b*

Fig. 7 – XRD patterns of black pigments before and after heating
at 1080oC: (a) micro and (b) nano

pastes. It can be seen that the nano pigment has a higher
yellow component than that of the micro one.

Black Pigments
Figure 7 shows the XRD patterns of the micro and nano

black pigments after and before heating at 1080oC. As
observed, the black pigments are both CoFe2O4 and stable
at high temperatures.

The crystallite size of the nano pigment before and
after heat treatment was also measured using Scherrer ’s
equatiuon (Table II). The table shows that the average
black pigment crystallite (particle) size in the nano pigment
is about 51.2 nm, as calculated by the Scherrer ’s equation,
which is in consistent with the particle size analysis results
(Table I). After heating at 1080oC the particles grew
reaching 250 nm size.

Figure 8 shows colour characteristics change of the
samples with the black pigments content in the printing
pastes. The black colour has a very low L*, hence with
increasing its content, the samples turn darker.

Mixing the Pigments
Table III shows the ratio of micro and nano pigments in

the mixtures and the CIE Lab colourimetric parameters of
the resulted colours of the selected industrial samples.
From Table III it can be concluded that the largest E

values for both micro and nano pigments are related to
the orange and yellow colours. This is probably due to the
unstability of the yellow pigments at higher temperatures,
as mentioned earlier.

Figure 9 shows the position of the nano and micro
pigments in CIE Lab circle. The closed circles are related
to the references and the open ones to the samples made
in this work.

As observed, it was very difficult to obtain orange and
yellow colours with the present pigments, while obtaining
brown, beige and dark grey colours was easy. This is partly
due to the unstability of the yellow pigments at high
temperatures.

For example, regarding to reference 708, good matches
with both nano and micro pigments were obtained. With
regard to reference 707, it is close to axis a+ and is very
difficult to cover this region. However, using nano pigments
a good match was made for it, but it was difficult to make
a good match with the micro pigments.
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Table III : Composition of nano and micro pigment mixtures and CIE Lab specifications of the reference and resulted colours

E b* a* L* Frit (wt%) K (wt%) Y (wt%) M (wt%) C (wt%) Code

19.740 14.556 48.621 – – – – – 41 Ref

0 19.740 14.556 48.621 20.06 0 14.58 5.5 59.86 Nano

0 19.740 14.556 48.621 20 14.06 15.95 49.99 0 Micro

4.354 2.199 88.083 – – – – – 873 Ref

0 4.354 2.199 88.083 71.68 0 18.31 3.21 6.8 Nano

0.173 4.183 2.25 88.12 97.85 0.04 0 2.11 0 Micro

20.096 1.516 86.847 – – – – – 152 Ref

4.419 18.126 3.94 83.029 83.019 0 16.81 0 0 Nano

0.726 20.023 1.095 86.114 90.87 0 8.96 0.17 0 Micro

17.652 33.958 58.219 – – – – – 39 Ref

12.728 33.507 21.704 53.959 23.44 0 52.08 24.48 0 Nano

1.919 17.337 33.042 58.26 20 0.77 0 79.23 0 Micro

6.856 3.582 56.968 – – – – – 826 Ref

0.001 6.852 3.582 56.968 56.65 18.23 22.18 2.94 0 Nano

1.192 6.776 3.393 56.941 83.56 7.21 9.23 0 0 Micro

–24.02 –14.35 60.314 – – – – – 788 Ref

17.738 –18.61 2.522 59.534 70.52 0 7.68 0 21.83 Nano

14.107 –18.98 –1.33 57.79 64.53 0 6.89 0 28.58 Micro

3.419 5.282 67.311 – – – – – 721 Ref

0.001 3.419 5.2809 67.31 79.87 0 10.13 2.78 7.22 Nano

0.452 3.658 4.912 67.184 87.56 0 0 1.83 10.61 Micro

57.810 –0.837 83.322 – – – – – 330 Ref

27.59 –1.481 16.771 72.902 29.9 0 70.1 0 0 Nano

22.173 3.45 16.661 78.622 79.94 0 20.06 0 0 Micro

25.727 19.059 59.737 – – – – – 34 Ref

0.155 25.719 19.921 56.651 22.18 0 69.55 8.27 0 Nano

0.001 25.727 19.059 59.738 35.3 1.92 18.66 44.12 0 Micro

–1.549 22.112 59.967 – – – – – 707 Ref

2.148 –1.560 21.418 62 85 0 0 15 0 Nano

20.684 9.918 15.606 78.370 75 0 0 25 0 Micro

10.06 18.6 88.385 – – – – – 771 Ref

2.91 9.743 3.339 85.496 90.64 0 9.05 0.31 0 Nano

2.886 9.618 3.564 85.448 90.09 0 5.58 4.33 0 Micro

–10.04 –0.074 77.404 – – – – – 708 Ref

7.906 –4.362 –0.395 82.908 94.31 0 0 0 5.695 Nano

7.504 –14.11 1.022 71.173 90 0 0 0 10 Micro

27.824 25.123 53.999 – – – – – 38 Ref

3.171 27.834 22.041 53.056 20 0 67.76 12.24 0 Nano

0 27.824 25.123 53.999 20.01 2.29 15.24 62.46 0 Micro

39.274 37.44 68.313 – – – – – 709 Ref

20.16 52.254 24.065 60.622 53.22 0 46.78 0 0 Nano

19.355 51.254 24.065 59.283 57.33 0 42.67 0 0 Micro

– – – – – – – – 331 Ref

4.101 17.76 3.444 78.769 82.04 0 17.96 0 0 Nano

2.229 19.689 0.622 82.337 91.25 0 8.57 0 0 Micro
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Conclusions
In this study, cyan, magenta, yellow and black nano

pigments used for printing by jet printers have been mixed
to obtain various reference colours and the results were
compared with those of the equivalent micro ones.
However, thermal stability depends on the type of both
nano pigments and ceramic matrices; it is high in the case
of black, cyan and magenta colours, which are stable in
the whole firing range tested although less intense colours
are achieved with respect to conventional micro pigments.
Nanotitania is less stable at high temperature, but its yellow
colouration is better than that of the corresponding micro
pigment. It was concluded that, it is possible to reach
various colours by mixing the pigments according to CMYK
system, provided proper pigments are chosen. The severe
difficulty in simulating orange and yellow colours was the
instability of the yellow pigments used in this work. Hence,
it is intended to use stable yellow pigments in future
experiments. However, simulation of beige, brown and grey
colours, which are very commonly used for decorating tiles,
were successfully accomplished in this work.
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Fig. 9 – The position of the samples in CIE Lab circle: (a) nano and (b) micro pigments
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