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Abstract

Depletion of world resources, increasing pollution and climate change effects, make it necessary a shift from linear economy to
systemic economy — an economy of technologies integrated to reach a non-polluting, zero emissions production system. Transition
to renewable resources requires replacing the existing crude oil refinery with biomass refinery. Along with conventional biomass
refinery technologies, bioengineering and nano-technologies are becoming significant players of systems in the design of clusters
of integrated biorefinery technologies.

This study presents a set of samples obtained by combining biomass waste such as wood waste with other types of recyclable
construction waste compatible with the new material. In the context of the growing economy of raw materials, it is considered
necessary to develop a material capable of absorbing as much waste as possible from nearby areas. Thus, the investigated samples
are presented and analyzed to highlight their physicochemical properties and compatibility with integrated waste and, last but not
least, to significantly improve these characteristics by introducing nanoparticles obtained by plasma conversion of municipal waste.
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1. Introduction

Wood is a natural material of organic nature,
with a pleasant appearance, easy to process, and has
been used since ancient times in the construction of
buildings and engineering works, shipbuilding etc.
Being a material with a relatively low durability due
to the presence in its structure of compounds that
allow the development of microorganisms, fungi,
insects etc., but also of the physical instability in water
action, changes in its structure are generally favored
by temperature and humidity.

Although over time many flame-retardant or
anti-cavity treatments for wood protection have been
developed (oil types), as well as modern processing
technologies that considerably increase its physical
and mechanical properties, it remains a material with
limited durability. Therefore, researchers have
imagined, developed and made, this time in the
laboratory, alternatives ~ through  interesting
combinations that have removed some of these
inconveniences but created others (Chanhoun et al.,
2018; Keskisaari and Kaérki, 2018; Spirchez and
Lunguleasa, 2016; Suzuki et al., 2008).
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There are researchers (Kinoshita et al., 2018;
Kodama et al., 2012; Lukawski et al., 2018, Sevilla et
al., 2007; Song et al., 2020; Suzuki et al., 2017) who
have also studied the introduction of nanocarbons into
the wood component. Thus, wood-derived
nanocarbons (Kinoshita et al., 2018) can be easily
synthesized from wood powders by metal-catalyzed
carbonization, which gives superior properties to the
new material. The composite biomaterial known as
liquid wood is biodegradable and reusable in 5 cycles
without affecting its basic properties. In literature,
there are several types of artificial wood called liquid
or synthetic wood with three variants: arbofill,
arboblend and arboform (Négele et al., 2002; Perkins
2018; Puiu, 2018; Tecnaro, 2018). Another research
team has developed a revolutionary biomaterial called
Zeiform (www.zeoform.com). Also called "The Holy
Grail of eco-materials", zeiform is a new green
material derived from raw cellulose with the following
characteristics: it preserves the natural beauty of the
wood, it has plasticity and it is completely nontoxic
and is environmentally stable.

There are several artificial or synthetic woods
in the literature called Wood Plastic Composites -
WPC, whose composition differs depending on the
recipe and the use or not of recyclable waste
(Keskisaari and Karki, 2018; Najafi, 2013; Saeed et
al., 2009). Thus, natural fibers vary between 24-64%,
the plastic is generally 30% but it is also found with
other percentages (40%), the rest being provided by
lubricants or coupling agents in most cases (Puiu
2018). Also called liquid wood due to the thermal
treatment of the component elements, synthetic wood
is already the product of several development research
teams (Petrescu et al. 2021), (Henke et al. 2021).

Numerous researches (Avram et al., 2014;
Lupescu et al., 2017; Pintilei et al., 2015) have been
carried out on different materials with modern and
efficient means such as Scanning Electron
Microscopy (SEM) or spectral analysis - X-ray
spectrum in dispersed energy (EDAX) permits the
observation and characterization of heterogeneous
organic and inorganic materials on a nanometer (nm)
to micrometer (um) scale and provides information’s
about the samples including texture, chemical
composition, crystalline structure and orientation of
material particles.

The area to be examined or the microvolume to
be analyzed is irradiated with a finely focused electron
beam and a 2-dimensional image is generated that
displays spatial variations in these properties. A very
interesting observation is that the SEM is also capable
of performing analyses of selected point locations on
the sample; this feature is very useful in qualitatively
or semi-quantitatively determinations of chemical
compositions (using EDAX), crystalline structure
(Goldstein et al. 2003).

At the same time, the recovery of waste has
become more and more appealing because the cost of
natural raw materials is gradually increasing due to the
decrease in the volumes of natural resources. The
experimental planning of the tests in order to obtain
the perfect compositions will be done using design of
experiment and response surface methodology. The
optimization of the composition and the properties of
the new synthetic wood obtained in this way will be
carried out by using these advanced optimization
methods (Bliuc et al., 2017; Dean and Dragulji¢ 2017,
Montgomery, 2017; Lepadatu et al., 2018) for
achieving the desired characteristics alongside with
the maximization of waste (Ashori 2008; Goodship
2007) content.

This paper investigates the possibility of
introducing in the composition of a future new
material called synthetic wood recyclable waste as
varied as possible based on the strength of the bonds
induced by this variety.

2. Material and methods

The present study proposes the conception of a
biomaterial that responds to the recycling philosophy
including the circular economy by maximizing the
content of recyclable waste that can be integrated into
its recipe. In this context, it is proposed and analyzed
several variations of recipes that primarily use woody-
recyclable wood materials such as sawdust, wood
biomass etc., as well as other waste compatible with
this recipe and which improve the physical-
mechanical characteristics of the new biomaterial with
a huge absorption potential for recyclable waste.

The wood biomass waste of different types and
dimensions resulting from the constructions that were
used in the experimental tests are shown in Fig. 1.

(d)

Fig. 1. Biomass waste used for experimental research to produce synthetic wood: (a) wet linden 35%;
(b) dried beech; (c) beech powder; (d) oak chips
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The experimental tests were made as a series of
combinations between different types of waste
(sawdust of different sizes as well) with different
additives and binder. The dosing was established both
in volumetric (Fig. 2a) and mass measures (Fig. 2b).
All the samples (Fig. 3) were obtained as a cold
mechanical mixture in a blender at first, so as not to
generate additional energy consumption necessary to
increase working temperatures up to 200 degrees.

The hardening of the samples (Figs. 2-4) was
slow for a relatively long period, but their quality is
quite promising in the first place in terms of
mechanical strength. What we have not been able to
do yet is to give it properties that facilitate its modeling
and processing. The material is still quite brittle and
does not allow a thread to be made in its mass. The
advantages induced by the production and use of this

synthetic biomaterial wood are: ensuring physical-
mechanical performance superior to classic wood; full
use of wood waste; various molding, extrusion and
preservation of natural wood beauty; it can be used in
multiple fields with low production / operating costs;
much less production time than the natural one.

3. Results and discussion

In this study is presented the characteristics of
synthetic wood, a biomaterial with a huge potential in
the absorption of biomass waste and not only. Thus,
the combination of different biomass wastes with
binders and other recyclable materials can generate a
product with net characteristics superior to natural
wood linked primarily to its average production
duration but also to properties such as superior
mechanical strength or resistance to water absorption.

(b)

Fig. 2. Samples obtained through volumetric/mass dosing: (a) volumetric dosing; (b)mass dosing

(@)

(c) (d)

Fig. 3. Samples obtained by adhesive composition based on cold mass mixture: (a, b) represent the simple mixture with white
cement and/or lime (c, d) represent the simple with different percentages of grin cement and/or silica powder

@

(b)

Fig. 4. Hardened samples: (a) represent the simple mixture of different percent of waste recycled wood, (b) represent the simple
with mixture of different percentages of waste recycled fine wood
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The compatible recyclable resources for the
production of synthetic wood used in the various
mixtures from the experimental presented researches
were mainly: biomass waste: forestry; wood waste
production; waste from the wood construction sector
or packaging cartons; polymer waste, plastic bags,
packaging; other industrial recyclable waste
compatible. The binder used to obtain the samples was
an ureilite type resin combined in different
configurations with sodium silicate - solution. The
ureilite adhesive composition based on urea-
formaldehyde resin is a classic composition with room
temperature hardening and with the characteristics
presented in Table 1.

Table 1. Binder Characteristics

Characteristics Name UM Conditions of
admissibility
Appearance - viscous liquid,
weak
opalescent
Density at 20°C g/em? 1.33+0.03
Dynamic viscosity at mPa/s 1000 - 3000
20°C
Solid substance, 2 h at % 70+ 2
120°C
pH, at 20°C - 7.5+£0.5
Free formaldehyde, % 3.50
max.
Shear Bonding N/mm? 8
Strength in dry state,
min.
Gelling time at 20°C, minutes 45
max.

The urea-formaldehyde resins, mixed with
fillers (cellulose fibbers and dyes), can be pressed into
heated forms, where condensation between
macromolecules takes place, through the participation
of CH,OH groups, which they contain. The final resin
is composed of three-dimensional macromolecules
(Fig. 5) and is insoluble and infusible.
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Fig. 5. Urea-formaldehyde resin composed of three-
dimensional macromolecules

By this study it is proposed and analyzed
several variations of recipes that primarily use woody-
recyclable wood materials such as sawdust, wood
biomass, etc., as well as other waste compatible with
this recipe and which improve the physical-
mechanical characteristics of the new biomaterial with
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a huge absorption potential for recyclable waste. From
the beginning the research was founded on the
accepted and necessary idea to use as efficiently as
possible the resources coming from recyclable waste
to obtain a new material that includes as much of this
chosen waste so that their compatibility facilitates the
achievement of this goal. Thus, different specimens
with mechanical mixing and slow cold or accelerated
hot drying were designed. The analyzed samples were
made from cold mixtures of quantities of wood
biomass with a polymeric matrix.

Two samples were prepared to microstructural
investigation (Fig. 6 — Simple P, and Fig. 9 — Sample
P») and analyzed to identify and determine the bonds
of the microstructures of the different constituents as
well as their influence on the physicochemical and
mechanical properties of the newly obtained material.

@

Fig. 6. Prepared sample P to microstructural investigation:
(a) represent the whole P sample (b) represent a part of the
resized P1 sample for microstructural investigation

Samples made by the research team long ago
(Sample P,) and which have kept their
physicochemical characteristics until today were also
analyzed. Thus, using the electron microscope (SEM
Quanta 200 3D microscope) it was possible to capture
at different scales the microstructure made from the
combinations in the polymer matrix of the different
constituents. Scanning electron microscopy was
obtained on the same samples used for energy
dispersive X-ray spectroscopy, chemical analysis and
optical microscopy, performing SEM images at high
magnification powers (500X/2000X — Fig. 7).

Also, with the help of the electron microscope
was determined the elementary chemical content
structure of the new material. The figure above shows
a spectral analysis - X-ray spectrum in dispersed
energy (EDAX) which indicates the percentage of the
elementary structure of the new material. The
crystalline formations are clearly differentiated from
the organic binder (formed from urea-formaldehyde
resin). The crystals have sizes ranging from 20-70 pm
with a slight appearance of segregation. The shape and
size of the SiO; crystals (from the silica powder added
as the initial ingredient), the CaSOs crystals and the
calcium silicates and the silico-ferro-aluminates that
are part of the cement added to the mixture are clearly
highlighted.
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Fig. 7. Scanning electron microscopy images of synthetic wood sample
at different scales — sample Pi: (a) 500; (b) 1000; (c) 2000

However, Fig. 8 shows that the appearance of
the sample is quite homogeneous, showing that in the
end our mixture was well done. The elemental
chemical composition, observable in Fig. 8 and Table
2, indicates an increased percentage of C and O, which
is absolutely normal since both the organic binder and
the crystalline formations contain these elements. And
the fairly high calcium content is explainable because
most crystalline formations contain this element in the
structure. In the Table 2, a spectral analysis is
presented - X-ray spectrum in dispersed energy
(EDAX), which also indicates the percentage of the
elementary structure of the new material for the two
analyzed sample. For the simple no 2 (Fig. 9) we did
the same investigation to compare and analyze. Thus,
the electron microscope managed to capture at
different scales the microstructure made from the
combinations in the polymer matrix of the different
constituents.

The considerations related to this Fig. 10 are
similar to those related to Fig. 7. The differences
consist in the fact that an increase of the degree of
homogeneity is observed (the influence of temperature
is felt as the dispersion of the crystals in the binder is
uniform). Also, with the help of the electron
microscope was obtained the elementary chemical
analysis of the new material. Comparing the chemical
composition presented in Table 2 — sample 1, with the
chemical composition in Table 2 - sample 2, a
significant increase of the percentage of C is observed,
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but also the decrease of the percentages of Si and Ca.
This is due to the fact that for sample P, the amount of
binder was increased and the additions decreased
(8107 no longer appears in the composition of sample
P»). The comparative analysis of the results of the two
samples indicates the highlighting of the shape and
size of SiO, crystals (from silica powder added as
initial ingredient), CaSO, and calcium silicates and
silico-ferro-aluminates that are part of the cement
added to the mixture. It should also be noted that the
appearance of the sample is quite homogeneous,
showing that in the end our mixture was well done.
Fig. 11 (investigated surface) shows lance-shaped
crystals, this form being specific to calcium sulphate,
so the percentage of gypsum is significantly higher for
sample P, (so the percentage of Ca of 6.95% of sample
P, is due, mostly calcium from the addition of
gypsum).

The new material obtained by incorporating as
much recyclable waste of the compatible types (seed
shells, ash, glass powder) as possible into the initial
matrix while optimizing its dosage by employing
advanced methods of experimental planning can lead
to significant improvements of the physical-
mechanical characteristics, such as:

e Higher mechanical resistance through
physicochemical combinations and reactions between
binders and recycling additions, some of them brought
to nanometric powder sizes;

(b)

Fig. 8. X-ray diffractograms of synthetic wood — sample P1: (a) Chemical element identification; (b) Investigated surface
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Table 2. Chemical composition of synthetic wood

Sample P; Sample P;

Element Wt% At% Element Wt% At%
CK 13.08 20.71 CK 31.23 42.73
NK 03.17 04.31 OK 45.90 47.14
OK 41.83 49.74 NaK 00.60 00.43

NaK 06.91 05.72 SiK 01.71 01.00
SiK 13.44 09.10 SK 01.82 00.93
SK 01.04 00.61 CIK 01.78 00.83
CIK 00.70 00.37 CaK 16.95 06.95
KK 00.72 00.35 Matrix Correction ZAF
CaK 19.11 09.07

Matrix Correction ZAF

(b)

Fig. 9. Prepared sample P2 to microstructural investigation: a) represent the whole P2 sample;
(b) represent a part of the resized P2 sample for microstructural investigation

(@ (b)

Fig. 10 Scanning electron microscopy images of synthetic wood sample
at different scales — sample P2: (a) 500; (b) 1000; (c) 2000
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Fig. 11. X-ray diffractograms of synthetic wood — sample P2: (a) Chemical element identification; (b) Investigated surface
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e Better soundproofing (phonic and sonic
insulation);

e Improved fire resistance by adding cement
powder;

e Thermal insulation by adding polystyrene
waste;

e Many ways of processing it: casting,
extrusion, cutting

The presented investigations wanted to

highlight the ability of such a material to incorporate
varied recyclable waste in its structure, waste that can
bring significant improvements to its physical and
mechanical properties. To reuse wastes is imperative
in the context of the increasingly acute shortage of raw
materials and the potential of such a material can make
it very attractive. Our interest in obtaining synthetic
wood is also based on the heat treatment behavior of
lignin, when it acts as a thermoplastic adhesive,
melting and forming a strong binder for all its
components, thus achieving a very good internal
cohesion and implicitly superior physical-mechanical
properties.

4. Conclusions

This paper presents the characteristics of
synthetic wood, a biomaterial with a huge potential in
the absorption of biomass waste and not only. Thus,
the combination of different biomass waste with
binders and other recyclable materials can generate a
product with net characteristics superior to natural
wood linked primarily to its average production
duration but also to properties such as superior
mechanical strength or resistance to water absorption.
Also called liquid wood due to the thermal treatment
of the component elements, synthetic wood is already
the product of several development research teams
that we have presented in this research.

Although the images obtained by electron
microscopy clearly distinguish the crystalline
formations and the binder (urea-formaldehyde resin),
as well as their degree of homogeneity, it should be
noted that the larger formations (such as those
obtained from residual wood) cannot be observed.
These formations are too large to be captured by
electron microscopy. To see if their distribution is
uniform in relation to the rest of the components, we
must use other methods (optical microscopy).

Crystalline formations are responsible for the
increase of mechanical strengths and therefore their
weight in the matrix of the new material, the chemical
composition and last but not least a uniform
distribution and a high degree of homogeneity are
important.

The synthetic wood presented in this paper can
be obtained much faster than natural wood and has the
advantage that it includes in its structure a wide range
of recyclable waste. Thus, this recyclable waste can
increase its reuse by incorporating them in a new
material with properties at least similar to the natural
one or even much improved.

Acknowledgements

This paper was realized with the support of project EFECON
— Eco-innovative products and technologies for energy
efficiency in construction, POC/71/1/4 - Knowledge
Transfer Partnership, Cod MySMIS: 105524, ID: P_40_295,
Project co-financed by the European Regional Development
Fund.

References

Ashori A., (2008), Municipal solid waste as a source of
lignocellulosic  fiber and plastic for composite
industries,  Polymer—Plastics ~ Technology — and
Engineering, 47, 741-744.

Avram P., Imbrea, M.S., Istrate B., Strugaru S.J., Benchea
M., Munteanu C., (2014), Properties of Al2O; and
NiAlSi coatings obtained by atmospheric plasma
spraying on 34CrNiMo(6) substrate, Indian Journal of
Engineering and Materials Sciences, 21, 315-321.

Bliuc 1., Lepadatu D., Tacob A., Judele L., Bucur R.D.,
(2017), Assessment of thermal bridges effect on energy
performance and condensation risk in buildings using
DoE and RSM methods, FEuropean Journal of
Environmental and Civil Engineering, 21, 1466-1484.

Chanhoun M., Padonou S., Codjo Adjovi E., Olodo E., Doko
V., (2018), Study of the implementation of waste wood,
plastics and polystyrenes for various applications in the
building industry, Construction and Building
Materials, 167, 936-941.

Dean A., Voss D., Dragulji¢ D., (2017), Design and Analysis
of Experiments, 2nd Edition, Springer International
Publishing AG, Amsterdam, The Netherlands.

Goldstein J.I., Newbury D.E., Michael J.R., Ritchie
N.W.M., Scott J.HJ., Joy D.C., (2003), Scanning
Electron Microscopy and X-Ray Microanalysis,
Springer-Verlag Publishing House, New York.

Goodship V., (2007)., Introduction to Plastics Recycling,
IInd Edition. Smithers Rapra Technology Limited
Publisher, United Kingdom.

Henke K., Talke D., Bunzel F., Buschmann B., Asshoff C.
(2021), Individual layer fabrication (ILF): a novel
approach to additive manufacturing by the use of wood,
European Journal of Wood and Wood Products,
https://doi.org/10.1007/s00107-020-01646-2.

Keskisaari A., Kirki T, (2018), The use of waste materials
in wood-plastic composites and their impact on the
profitability of the product, Resources Conservation
and Recycling, 134, 257-261.

Kinoshita H., Suzuki K., Suzuki T., Nishina Y., (2018),
Tribological properties of oxidized wood-derived
nanocarbons with same surface chemical composition
as graphene oxide for additives in water-based
lubricants, Diamond and Related Materials, 90, 101-
108.

Kodama Y., Sato K., Suzuki K., Saito Y., Suzuki T., Konno
T.J., (2012), Electron microscope study of the
formation of graphitic nanostructures in nickel-loaded
wood char, Carbon, 50, 3486-3496.

Lepadatu D, Judele L, Antonescu I., (2018), Advanced
Experimental Design and Optimization Methods for
New  Building Materials Developed in Civil
Engineering. In: Sustainable Industrial Processing
Summit SIPS2018 New and Advanced Materials and
Technologies, F. Kongoli, F. Marquis, P. Chen, T.
Prikhna, N. Chikhradze (Eds.), vol. 6, Montreal,
Canada, 263-286.

591



Lepadatu et al./Environmental Engineering and Management Journal 20 (2021), 4, 585-592

Lukawski D., Lekawa-Raus A., Lisiecki F., Koziol K.,
Dudkowiak A., (2018), Towards the development of
superhydrophobic carbon nanomaterial coatings on
wood, Progress in Organic Coatings, 125, 23-31.

Lupescu S., Istrate B., Munteanu C., Minciuna M.G.,
Focsaneanu S., Earar K., (2017), Characterization of
some master Mg-X System (Ca, Mn, Zr, Y) alloys used
in medical applications, Chemistry Journal, 68, 1310-
1315.

Montgomery D.C, (2017), Design and Analysis of
Experiments, 9th Edition. Wiley, New York,

Négele H., Pfitzer J., Nédgele E., Inone E., Eisenreich N.,
Eckl W., Eyerer P., (2002), Arboform - A4
Thermoplastic, Processable Material from Lignin and
Natural Fibers, In: Chemical Modification, Properties,
and Usage of Lignin, Hu T.Q. (Ed.), Kluwer Academic
Publishers, New York, 101-117.

Najafi S.K., (2013), Use of recycled plastics in wood plastic
composites-A review, Waste Management, 33, 1898-
1905.

Perkins S., (2018), Artificial wood, Scientific American,
319, 12-12.

Petrescu T.C., Mihai P., Toma I., (2021), Tensile testing of
a biocomposite materia, liquid wood, Springer Series in
Geomechanics and Geoengineering, 249-253.

Pintilei G.L., Crismaru V.I., Abrudeanu M., Munteanu C.,
Luca D., Istrate B., (2015), The influence of
Zr02/20%Y203 and Al203 deposited coatings to the
behavior of an aluminum alloy subjected to mechanical
shock, Applied Surface Science, 352, 169-177.

592

Puiu E., (2018), Contributions on the behavior of bio-
composites in the injection process, PhD Thesis, A.L
Cuza University of lasi, Romania.

Saced M.O., Hassan M.N., Mujeecbu M.A., (2009),
Assessment of municipal solid waste generation and
recyclable materials potential in Kuala Lumpur,
Malaysia, Waste Management, 29, 2209-2213,

Sevilla M., Sanchis C., Valdés-Soh T., Morallon E., Fuertes
A.E., (2007), Synthesis of graphitic carbon
nanostructures from sawdust and their application as
electrocatalyst supports, Journal of Physical Chemistry
C, 111, 9749-9756.

Song K., Ganguly I., Eastin I., Dichiara A., (2020), High
temperature and fire behavior of hydrothermally
modified  wood  impregnated  with  carbon
nanomaterials, Journal of Hazardous Materials, 384,
121283.

Spirchez G.C., Lunguleasa A., (2016), Wood Biomass, an
Important Source of Renewable Energy, AGIR Press,
Bucharest, Romania.

Suzuki K., Saito Y., Kita H., Sato K., Konno T., Suzuki T.,
(2017), Production of carbon nanoshell chains by the
Co-catalyzed carbonization of wood, Tanso, 2017, 55-
62.

Suzuki T., Matsuzaki H., Suzuki K., Saito Y., Yasui S.,
Okazaki N.,  Yamada T., (2008), High
electroconductivity of wood char obtained by iron-
catalyzed carbonization, Chemistry Letters, 37, 798-
799.




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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 1.50000
  /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 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 -1
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


