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ABSTRACT

Characterization of colourful materials must include reflective, spectroscopic and colorimetric properties. Therefore, powder
commercial pigments (Xadrez®) were investigated to identify their structure, morphology, composition and real colour, in order
to use them as patterns to new materials. Results from X-ray diffraction, X-ray fluorescence spectroscopy and electronic spectros-
copy indicated the compounds that give colour to the pigments brown, red, yellow and black as, generally, iron oxides, in the
phases hematite (á-Fe2O3), goethite (á-FeOOH) and magnesium ferrite (MgFe2O4), in different proportions. Meanwhile, blue and
green pigments contained copper phthalocyanine and other compounds responsible for their colour. Commercial pigments
presented different degrees of solar reflectance: the highest value was 44.7 % to white pigment and the lowest 2.2 % to black
pigment. Colorimetric data made it possible to calculate the real colour of the pigments, using the free software of ColorMine
library, and, then, to assess the colour of new synthetic pigments.
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1. Introduction
Dyes and pigments are products used to add colour to materi-

als and food in industry. In addition they have an important role
in coatings, for example, protection against corrosion.1,2 Both are
easily mistaken, because their major application is to provide
colour. The differences between them are, generally, the size of
the particle and solubility in the medium: pigments have larger
particle size than dyes, but, on the other hand, dyes are more
soluble than pigments.3–6

These differences affect the product, if the application in paints
and coatings is considered. Pigments provide, simultaneously,
covering, opacity, tinting and colouration, while dyes only
provide tinting. Furthermore, the power of tinting and resis-
tance to light must be considered in the application of each
material. For that, dyes have bigger tinctorial power and
pigments have more resistance to light.3 Because of this, dyes are
more used in textile and food industries, while pigments are
used in paints, plastics, glasses and ceramics.2,7,8 More specifi-
cally, pigments have been known for their colour properties
since antiquity, when pieces of rocks containing iron oxides were
used in cave paintings.9 The broad variety of colours in this seg-
ment is due to the facility of obtaining several kinds of pigments,
such as organic,10 inorganic,9 natural,1 synthetic12 and artificial1.

The humankind evolution and the more sustainable environ-
mental effects during production made the synthetic pigments
nowadays the most manufactured.1,9 Because the production
process can be controlled, it was possible to generate a variety
of pigments possessing properties that amplify their applica-
tion in covering and colouration.10,13 Therefore, this work aims at
the characterization and the study of commercial pigments,

to identify their composition, morphology, structure and real
colouration, to make it possible to compare new materials and
conventional pigments.

2. Experimental

2.1. Commercial Pigment Samples
Powder pigments samples (Xadrez®) in the colours yellow,

blue, brown, black, green and red were purchased in the local
market of Guarapuava-PR. Since it is used to give colour to
plaster and grout, powder plaster was employed as white
pigment reference.14 The samples (Fig. 1) were pulverized in a
mortar, sifted through 65 mesh and subjected to structural, spec-
troscopy and colorimetric characterization.

2.2. Characterization Techniques
X-ray diffraction (XRD) was performed using a Bruker D2

Phases X-ray diffractometer, employing a copper cathode (λ =
1.5418 Å), which was operated at a power of 30 kV and current of
10 mA. Data were collected by step scanning over a 2θ range
from 20 ° to 70 °, with an increment of 0.05 ° s–1. The software
Match! and the crystallography files from the .(ICSD) were used
to identify the phases. The estimation of crystallite size was
calculated from the Debye-Scherrer equation (k = 0.9 e 1.39), by
measuring the width at half-height (FWHM) of the most intense
pick of the diffractogram.15

The X-ray fluorescence spectroscopy (XRF) analyses were
performed using a Shimadzu EDX-720 X-ray fluorescence
spectrometer equipped with a Rh tube (50 W) and high resolu-
tion Si(Li) state detector. For the analysis, the samples were set in
a plastic sample holder with a support film of Mylar (polysty-
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rene) and put into the carousel of the equipment. The data were
used to estimate the composition of the samples.

The morphology of the samples was observed by scanning
electron microscopy (SEM). The images were acquired with a
FEI (Quanta 650) microscope, with 2.5 nm and 30 kV beam. The
samples were previously dispersed in isopropyl alcohol using an
ultrasound bath and deposited on silicon (100).

Electronic spectroscopy (UV-Visible) and colorimetry (CIE
L*a*b*) measures, for powder samples, were performed in an
Ocean Optics USB 2000 optical fibre spectrophotometer,
equipped with tungsten-halogen lamp and silicon (350–720 nm)
and germanium (720–1050 nm) detectors. For suspended
samples, a Shimadzu UV-1800 spectrophotometer was used.

The diffuse reflectance of powder pigments was measured by
near infrared spectroscopy, using a Perkin Elmer (Frontier
FT-IR/NIR) spectrophotometer, with spectral resolution of
16 cm–1 and accumulations of 32 scans. The reflection spectra
were scanned in a range of 700 to 2500 nm. The spectral
reflectance data were used to calculate the surface solar
reflectance of each sample. For that, the correction of the
reflectance intensity to each wavelength was made using the
solar spectrum pattern ASTM G173, from (ASTM).16

3. Results and Discussion

3.1. X-Ray Diffraction (XRD)
Figure 2 presents the X-ray diffractograms of the pigments.

The results were compared and indexed with the diffraction
patterns from ICSD database. The crystallographic profiles of
the blue, the green and the brown pigments exhibited more than
one phase, due to the presence of dispersing compounds in its
constitution, such as calcium and magnesium carbonates and
silicon oxide. This white matrix is not responsible for the colour
of the materials.17 Meanwhile, the samples of the yellow, the red
and the black pigments had the predominance of only one iron
oxide phase, which was goethite (α-FeOOH), hematite (α-Fe2O3)

and magnesium ferrite (MgFe2O4), respectively. The difference
of crystallinity among the materials was not numerically signifi-
cant. However, the estimation of the mean crystallite size, which
was calculated to extremes of structure factors (k), presented a
difference of 45 nm between the highest and the lowest value.14

For both structure factors, crystallites in the nanometric order
were observed (Table 1).

3.2. X-Ray Fluorescence (XRF)
Table 2 presents the results of the elemental composition

obtained by XRF, in which the main elements of each sample are
highlighted. The results were in accordance with XRD data, that
is, all pigments had iron in its composition, and this was the
major component for most of the samples. The results also indi-
cated that copper is the compound responsible for the colour of
the blue and the green pigments, since copper phthalocyanine –
a metalized macrocyclic compound with a copper atom – is
applied, according to the literature, as pigment. The colour of
this organometallic varies from blue to green, depending on the
aromatic rings substitution: in the blue pigment, the copper is
not substituted; in the green pigment, since the iron percentage
is high, a mixture of blue copper phthalocyanine and yellow
goethite (FeO(OH)) is suggested.18,19
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Figure 1 Flasks containing plaster and powder colourful commercial pigments.

Table 1 XRD parameters: crystallinity degree and estimative of crystal-
lite dimension of plaster and commercial pigments.

Pigments Crystallinity/% Crystallite size/nm

k = 0.9 k = 1.39

Plaster 89.5 40.9 59.0
Blue 85.1 65.6 94.5
Green 83.9 44.4 56.7
Yellow 79.7 39.3 64.2
Red 85.8 51.2 73.9
Brown 78.7 44.4 64.1
Black 79.7 20.0 28.8

Table 2 Results of elemental analysis by X-ray fluorescence of plaster and colourful commercial pigments.

Pigments XRF data/% weight

Si P S K Ca Ti Cr Mn Fe Cu Zn Sr

Plaster 4.84 32.76 61.78 0.19 0.41
Blue 29.09 7.26 51.51 1.66 3.29 6.91 0.26
Green 20.07 2.80 42.72 0.13 32.74 1.27 0.27
Yellow 0.15 99.85
Red 0.19 0.17 99.08 0.37 0.17
Brown 4.65 2.86 91.29 0.18 1.01
Black 3.11 5.28 90.12 1.48
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3.3. Electronic Spectroscopy (UV-VIS)
The absorbance spectra (Fig. 3a) of the blue and the green pig-

ments presented typical bands of the macrocyclic phthalo-
cyanine in the range between 200 and 400 nm (B-band or Soret).
These bands are related to the transition of charge between the
central metal and the phthalocyanine rings (MLCT) and the
transitions – * of the macrocyclic ring, since there is a high elec-
tronic density, due to the 18 electrons from the macrocyclic ring
A nother characteristic band (Fig. 3b) is the Q-band, in the range
between 550 and 800 nm, due to the electronic transitions from
HOMO to LUMO in the orbitals of the phthalocyanine rings.20–22

The reflectance spectra of the powder pigments were obtained
between 400 and 780 nm (Fig. 4). The bands are more pronoun-
ced in the main region of each colour (blue, green, yellow and
red). The reflectance spectra of the plaster, the black and the
brown pigments did not present a defined band, because of the
total or low reflectance of every wavelength. This phenomenon
occurs due to the composition and the phases identified in the
XRD, that were calcium sulfate, goethite, hematite, magnetite,
magnesium ferrite and copper phthalocyanine.17,18,23

3.4. Scanning Electronic Microscopy (SEM)
The morphological characterization from SEM images (Fig. 5)

made it possible to observe that the particles present different
shapes in each pigment. The SEM image of plaster (Fig. 5a)
showed that the crystals exhibited lamellar, irregular and
bimodal shapes, suggesting the possibility of a mixture of α and
β plaster, since in α plaster predominates needle morphology
and in β more heterogeneous shapes.24 The SEM images of blue
and green pigments (Fig. 5b,c) corroborated XRD data, due to
the presence of bimodal morphology, from the additional
phases in the composition. Even though similar compounds
were identified in these pigments, the particles had distinct
shapes, which means the compounds that give colour to the ma-
terials are influenced directly by morphology. For the other pig-
ments, homogeneous and monomodal shapes were identified,
with particles of needle shape (Fig. 5d) and porous spheres
(Fig. 5e,f,g).

3.5. Near Infrared (NIR)
The diffuse reflectance between the wavelengths of 750 and
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Figure 2 X-ray diffraction profile of plaster and colourful commercial pigments.
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1100 nm, corresponding to the most important zone of the
spectra related to heat generation, was measured, to investigate
the solar reflectance NIR of the pigments.25 The reflective band
in this region was detected only for the plaster and the blue
pigment, which makes them ‘cold’ pigments, that is, they do not
achieve high temperatures when exposed to solar radiation.26

For the other pigments, this behaviour was not observed, due
to the iron percentage in the composition and the crystallinity
values, since iron with crystalline behaviour has high absor-
bance in this wavelength range.27

The diffuse reflectance data were used to calculate the
adjusted solar reflectance, using a pattern spectrum from
standard ASTM G173 (solar disk spectral radiation, diffuse sky
and soil reflection in the surface turned south and inclined to 37 °
in the horizontal).15,28 The mean of the values are presented in

Table 3, with the highest of 44.7 % for the white plaster and the
lowest of 2.2 % for the black pigment. The results are in accor-
dance with the literature regarding commercial pigments.29,30

3.6. Colorimetry – CIE L*a*b* Method
The values of the colour parameters (L* a* b*) and the colours

calculated by the software from the ColorMine library are
presented in Table 3. The results obtained through colorimetric
coordinates are characteristic of each pigment (Fig. 1). These
come from each compound used in the production: the iron
oxide pigments (yellow, red, brown and black) followed the
colours of minerals derived from the element iron (goethite,
hematite, magnetite and magnesium ferrite);15 the green and the
blue pigments, from the organometallic copper phthalocyanine,
with and without goethite in the mixture.14,15
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Figure 3 Electronic spectra of blue and green pigments in solution (UV-Vis), in absorbance mode. (a) B-band and (b) Q-band.

Figure 4 Electronic spectra (UV-Vis) of plaster and powder colourful commercial pigments in diffuse reflectance mode.
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Figure 5 SEM images of plaster and colourful commercial pigments: (a) Plaster; (b) Blue; (c) Green; (d) Yellow; (e) Red; (f) Brown; (g) Black.
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4. Conclusion
The structural (XRD), morphological (SEM) and spectroscopic

(XRF and UV-Vis) properties were important to identify the
compounds that give colour to each commercial pigment: the

macrocyclic metalled with copper and the iron oxides (hematite,
goethite and magnesium ferrite). The plaster (the white
pigment) had calcium carbonate as major component and
presented morphology characteristic of the α- and β-plaster
mixture. With respect to solar adjusted reflectance, the plaster
and the blue pigment presented the characteristic of ‘cold’
pigments. The colorimetric coordinates, using the free software
ColorMine, confirmed the colours provided from the identified
colourants.
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