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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 colout, 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 (a-Fe,O,), goethite (a-FeOOH) and magnesium ferrite (MgFe,0,), 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."” 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.**

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.” Because of this, dyes are
more used in textile and food industries, while pigments are
used in paints, plastics, glasses and ceramics.””® 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.” The broad variety of colours in this seg-
ment is due to the facility of obtaining several kinds of pigments,
such as organic," inorganic,’ natural,' synthetic'> and artificial'.

The humankind evolution and the more sustainable environ-
mental effects during production made the synthetic pigments
nowadays the most manufactured."” 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."” Therefore, this work aims at
the characterization and the study of commercial pigments,

* To whom correspondence should be addressed. E-mail: anaissi @ unicentro.br

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." 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 (A =
1.5418 A), which was operated at a power of 30 kV and current of
10 mA. Data were collected by step scanning over a 26 range
from 20 ° to 70 °, with an increment of 0.05 ° s™'. 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.”

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 setin
a plastic sample holder with a support film of Mylar (polysty-
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Figure 1 Flasks containing plaster and powder colourful commercial pigments.

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™ 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)."

3. Results and Discussion

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

and magnesium ferrite (MgFe,O,), 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."
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 XRE 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.™"

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

. ) . . Pigments Crystallinity/% Crystallite size/nm

The results were compared and indexed with the diffraction T =139
patterns from ICSD database. The crystallographic profiles of : :
theblue, the green and the brown pigments exhibited more than Plaster 895 409 59.0
one phase, due to the presence of dispersing compounds in its Blue 85.1 65.6 945
constitution, such as calcium and magnesium carbonates and Green 83.9 44.4 56.7
silicon oxide. This white matrix is not responsible for the colour Yellow 79.7 39.3 64.2
of the materials.” Meanwhile, the samples of the yellow, the red Red 85.8 51.2 739
and the black pigments had the predominance of only one iron gf;)c‘,lin ;g; géé gg;
oxide phase, which was goethite (¢-FeOOH), hematite (a-Fe,O,) : . i
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



https://journals.co.za/content/journal/chem

ResearcH ARTICLE

K.W. Borth, R. Ferreira, D.Galante, F.J. Anaissi and M.G.P. Valenga,

217

S. Afr. J. Chem., 2019, 72, 215-221,
<https://journals.co.za/content/journal/chem/>.

Bla'ck

| ! | ! | . | ' | !
MgFe,O,
PDF: 96-900-3800

A A

Brown

-

CaMg(CO,),
PDF: 96-900-3514
Fe O,

PDFi 96-101-0370

Red

-—

Fe,O,
PDF: 96-901-5965

|

Yellow

FeO(OH)
PDF: 96-100-8769

I VY D

Green

Normalized Counts (a.u.)

CaMg(CO,),
PDF: 96-900-0574
Sio,

PDF: 96-412-4034

A A L

Blue

L JLA e

CaMg(CO,),

PDF: 96-900-0574
Sio,

PDF: 96-210-0189

A AAA A

Lot

Plaster

2CaSO,_H,0
PDF: 96-900-5522

N

T

20 25 30 35 40

L L L L
45 50 55 60 65 70

20 (degree)

Figure 2 X-ray diffraction profile of plaster and colourful commercial pigments.

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.”*

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.”'**

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 & and
B plaster, since in a plaster predominates needle morphology
and in § more heterogeneous shapes.” 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,£,g).

3.5. Near Infrared (NIR)
The diffuse reflectance between the wavelengths of 750 and
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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.
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Figure 4 Electronic spectra (UV-Vis) of plaster and powder colourful commercial pigments in diffuse reflectance mode.

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.” The reflective band
in this region was detected only for the plaster and the blue
pigment, which makes them ‘cold’ pigments, that s, they do not
achieve high temperatures when exposed to solar radiation.”
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.”

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).”” 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.”*

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);"” the green and the
blue pigments, from the organometallic copper phthalocyanine,
with and without goethite in the mixture.""
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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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Figure 6 NIR region spectra of plaster and colourful commercial pigments.

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

Table 3 Mean of adjusted solar reflectance and colorimetric data of
plaster and colourful commercial pigments.

Pigment  Colorimetry parameters Software Adjusted
solar L o b* colour reflectance/%
Plaster 96.11 —0.10 2.04 447
Blue 3786  -882  -39.90 . 34.1
Green 57.07  -31.69  18.07 . 24.6
Yellow 66.20 6.52 53.16 D 23.6

Red 38.07 2828 2385 . 27.3
Brown 33.61 9.02 13.62 . 49
Black 20.14  -1.69 2.31 . 22

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 a- and f-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.

Acknowledgements

Authors thank funding agencies: CNPq (310041/2016-3 and
427127/2018-1), Capes, Finep and Fundagao Araucéria (001/2016
- CPBA/PROPESP). K.W. Borth thanks CNPq (447902/2014-8) for
a scientific initiation scholarship. Besides that, the authors are
grateful for the CNPEM facilities and thank the LNNano staff for
the SEM experiments.

ORCID iDs

D. Galante: orcid.org/0000-0002-3265-2527
EJ. Anaissi: orcid.org/0000-0002-5454-472x
M.G.P. Valenga: orcid.org/0000-0002-0962-5782
References

1 E Bondioli, T Manfredini and A.PN. Oliveira, Pigmentos Inorga-
nicos: Projeto, Produgao e Aplicacao Industrial, Ceram. ind., 1998, 3,
13-17.

C.C.I. Guaratini and M.V.B. Zanoni, Corantes Téxteis, Quim. Nova,
2000, 23, 71-78.

3 L.W.Mckeen, Fluorinated Coatings and Finishes Handbook, 2nd edn., S.1.,
Elsevier, 2016.

Brasil. Agéncia Nacional de Vigilancia. Resolu¢do - CNNPA n° 44, de
1977. Diario Oficial [da] Uniao. 1978 fev. 01 [accessed on 5 October
2017]. Available at:
http://www.anvisa.gov.br/anvi-salegis/resol/44_77 htm

5 C. Saron and M.L Felisberti, Acdo de colorantes na degradagao e
estabilizacao de polimeros, Quim. Nova, 2006, 29, 24-128.

A. Gurses, M. Acikyildiz, K.Giines and M.S. Giirses, Dyes and pig-
ments: their structure and properties, in A. Giirses, M. Acikyildiz, K.


https://journals.co.za/content/journal/chem
https://orcid.org/0000-0002-3265-2527
https://orcid.org/0000-0002-5454-472x
https://orcid.org/0000-0002-0962-5782
http://www.anvisa.gov.br/anvi-salegis/resol/44_77.htm

ResearcH ARTICLE

10

11

12

13

14

15

16

17

18

K.W. Borth, R. Ferreira, D.Galante, F.J. Anaissi and M.G.P. Valenga,

221

S. Afr. J. Chem., 2019, 72, 215-221,
<https://journals.co.za/content/journal/chem/>.

Giines and M.S. Giirses, Dyes and Pigments, 1st edn., Springer, 2016,
13-29.

PB.L. Constant, P.C. Stringheta and D. Sandi, Corantes alimenticios,
B. CEPPA, 2002, 20, 203-220.

S.E Santos, M.C. Andrade, ].A. Sampaio, A.B. Luz and T. Ogasawara,
Synthesis of ceria-praseodymia pigments by citrate-gel method for
dental restorations, Dyes Pigm., 2007, 75, 574-579.

EQ. Mariani, KW. Borth, M. Muller, M. Dalpasquale and EJ. Anaissi,
Sustainable innovative method to synthesize different shades of iron
oxide pigments, Dyes Pigm., 2017, 137, 403-409.

L. Cao, X. Fei, H. Zhao and Y. Gu, Inorganic-organic hybrid pigment
fabricated in the preparation process of organic pigment: prepara-
tion and characterization, Dyes Pigm., 2015, 119, 75-83.

K. Gong, Y. Pan, L.]J. Rather, W. Wang, Q. Zhou and T. Zhang, Natural
pigment during flora leaf senescence and its application in dyeing
and UV protection finish of silk and wool - a case study of
Cinnamomum camphora, Dyes Pigm., 2019, 166, 114-121.

E. Ghelardi, I. Degano, M.P. Colombini, J. Mazurek, M. Schilling, H.
Khanjian and T. Learner, A multi-analytical study on the photochem-
ical degradation of synthetic organic pigments, Dyes Pigm., 2015,123,
396-403.

A.E Costa, PM. Pimentel, D.M.A. Melo, M.S.C. Camara, L. Chantelle,
M.AE Melo and R.L.B.A. Medeiros, Preparacdo de pigmentos de
aluminatos de cobalto para aplicacdo em vidrados ceramicos,
Ceramica, 2016, 62, 179-185.

J. Godleman, M. J. Almond and W. Matthews, An infrared micro-
spectroscopic study of plasters and pigments from the Neolithic site
of Bestansur, Iraq, J. Archaeol. Sci. Rep., 2016, 7, 195-204.

B.D. Cullity and S.R. Stock, Elements of X-ray diffraction, 3rd edn.,
Addison-Wesley Publishing Company, Massachusetts, 1956.

S. Jose, A. Jayaprakash, S. Laha, S. Natarajan, K.G. Nishanth and
M.L.P. Reddy, YIn0.9Mn0.103-ZnO nano-pigment exhibiting in-
tense blue color with impressive solar reflectance, Dyes Pigm., 2016,
124, 120-129.

M.C.E Karlsson, Z. Abbas, R. Bordes, Y. Cao, A. Larsson, P. Taylor and
B.M. Steenari, Characterisation of silicon, zirconium and aluminium
coated titanium dioxide pigments recovered from paint waste, Dyes
Pigm., 2019, 162, 145-152.

D.L.A. Faria and TS. Pugliari, Um exemplo de aplicacdo da
microscopia raman na autenticacdo de obras de arte, Quim. Nova,
2011, 34, 1323-1327.

19

20

21

22

23

24

25

26

27

28

29

30

R.S. Oliveira, M.R.S. Oliveira, S.C. Oliveira and E.A. Ponzi, Materiais
eletrocromicos organicos: uma breve revisao de violégenos, ftalo-
cianinas e alguns complexos de mateis de transicdo, Rev. Virtual
Quim., 2013, 5, 596-629.

D. Dini and M. Hanack, Phthalocyanines as materials for advanced
technologies: some examples, J. Porphyr. Phthalocyanines, 2004, 8,
915-933.

L. Madriz, J. Tata, V. Cuartas, A. Cuéllar and R. Vargas, Celdas solares
fotoelectroquimicas basadas em Bi2WO6, Quim. Nova, 2014, 37,
226-231.

R. Bairak, M. Durmus, S. Meydanal, S. Kemal and I. Degirmencioglu,
Synthesis, structural and spectroscopic characterization, and
photophysical and photochemical properties of peripherally tetra-
triazole-subsituted highly soluble metallophthalocyanines, Polyhe-
dron, 2012, 48, 1-8.

U. Hempelmann and V. Schneider, High colour purity iron oxide red,
European Coatings ., 2004, 20.

A.A. Barbosa, A.V Ferraz and G.A. Santos, Caracterizacdo quimica,
mecénica e morfolégica do gesso 8 obtido do pélo do Araripe,
Ceramica, 2014, 60, 501-508.

W. Bao, E Ma, Y.T. Zhang, Z.F Deng, X.Y. Zou and W. Gao, Synthesis
and characterization of Fe3+ doped Co0,5Mg0,5A1204 inorganic
pigments with high near-infrered reflectance, Powder Technol., 2016,
292, 7-13.

R. Levinson, H. Akbari and J. Reilly, Cooler tile-roofed buildings with
near-infrared-reflective non-white coatings, Build. Environ., 2007, 42,
2591-2605.

J.AM. Dematté, S.R. Aratjo, PR. Fiori, C.T. Fongaro and M.R. Nanni,
Espectroscopia Vis-NIR-SWIR na avaliagao de solos ao longo de uma
topossequéncia em Piracicaba (SP), Rev. Ciénc. Agron., 2015, 46,
679-688.

A. Synnefa, M. Santamouris and K. Apostolakis, On the develop-
ment, optical properties and thermal performance of cool colored
coating for the urban environment, Sol. Energy, 2007, 81, 488—497.
D.A. Luxmoore, M.TR. Jayasinghe and M. Mahendran, Mitigating
temperature increases in high lot density sub-tropical residential
developments, Energy Build., 2005, 37, 1212-1224.

S. Bretz, H. Akbari and A. Rosenfeld, Pratical issues for using solar-

reflective materials to mitigate urban heat islands, Atmos. Environ.,
1998, 32, 95-101.


https://journals.co.za/content/journal/chem


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.06667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.06667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K 0
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




