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Practical Advantage of Using WS2Nano Coating versus Standard Anti-Corrosion
Protection in Industry 4.0

Dragan VUKSANOVIC*, Goran JAKSIC

Abstract: The aim of this paper and research is to obtain real and statistically relevant data that would be an indication of justification of the application of nanotechnology
from the aspect of improving the functional properties: anti-corrosive, antifoaming and thermosetting when applying surface protection based on nano particles tungsten
disulphide fullerene structure (WSy) (on metallic materials, coloured materials and alloys), as well as from the aspect of economic cost-effective use of new technologies in
Factory of the Future (FoF) and Industry 4.0. The results of the corrosion test show that the WS: nanofullerene protection is 72 times higher than the browning layer and is
1.5 times higher than the phosphate layer, with an economically acceptable price-quality ratio (2.5 to 8.8 times more expensive compared to the mentioned protection); since
the nano agent, besides anti-corrosion protection, also has anti-wear, antifriction, thermosetting properties.
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1 INTRODUCTION

Nanotechnology is a field of science that has been
wrapped in secrets for many years and protected from the
public's view, because its foundation lies in strictly guarded
projects of space and military programs. Basically, it deals
with the study and application of various structures of
extremely small dimensions (ranging from 10 nm to 100
nm).

Nanoparticles are one of the most common products of
nanotechnology and are defined as bodies with a diameter
of less than 100 nm. Nanotechnology is as such an ideal
basis and one of the key new technologies applied in the
development of Industry 4.0.

Due to their specific structure and small dimensions,
the nanoparticles are characterized by completely different
properties than those of the original materials from which
they are made.

In Fig. 1, a comparative comparison of the size of
nanoparticles relative to some other known reps can be
seen:
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Figure 1 The Nanoscale - Introduction to Nanotechnology [1]

Depending on the desired application effects
(depending primarily on their origin and structure), nano
layers can be applied to almost all types of surfaces (metal,
plastic, lacquered wood, glass, ceramics, textiles, ...).

The distribution of nano-composite materials is as
follows:

e fullerene,
¢ nano fibre,

*  nano pipes,
+ graphene,
* nano particles,
e nano wire,
e quantum dots.
In Fig. 2, you can see the physical appearance of the
basic division of materials used for the production of nano
composites:

Graphene Nanoparticles Quantum dots

Figure 2 Materials for nano composites

According to [2], for the production of polymer
nanocomposites, where the name nanocomposite is used to
describe a wide spectrum of materials in which at least one
component has submicron dimensions (< 100 nm),
nanoparticles of metal (Al, Fe, Au, Ag, ...), oxides (ZnO,
Al,O3, CaCOs, TiO,, Si0O»), carbide (SiC), etc., whereby
reducing the material size to the nanometre level leads to
changes in the optical, thermal, mechanical, electrical and
magnetic characteristics of the nanocomposite (depending
on which properties of the nanocomposite we want to get
it).

Various types of nanoparticles are used to obtain
different desired material characteristics. For example,
particles based on [3]:

* aluminium nanoparticle (used to obtain material that is
characterized by good conductivity),

» silicon carbide - SiC (used to obtain materials with the
following characteristics: high strength, hardness and
corrosion),

e calcium carbonate (used if we want to achieve a
relatively low product cost).
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Types of nano composites can be divided into three

groups:
e ceramic matrix nano composites (ceramics + TiO; +
Cu)

They are distinguished by:

- high mechanical strength,

- low coefficient of scratching,

- high corrosion resistance.

e Polymer-matrix nano composites (polymer matrix +
nanoparticles of ceramics, metal, metal sulphides, ...)

- depending on the type of implanted nanoparticles, the
characteristics of the newly created nano composite
depend on,

- better mechanical, antifriction and anti-abrasive
properties,

- better electrical properties.

e Metal-matrix nano composites (metal matrix + carbon
nano tubes, tungsten disulfide - WS,)

- high tensile force,

- excellent mechanical characteristics,

- Dbetter electrical conductivity,

- excellent corrosion resistance.
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Figure 3 Dispersion of nanosheets of transition metal chalcogenides and BN in
aqueous solution requires the use of surfactants such as sodium cholate or
SDS. (a) Photograph of dispersions of MoSz, WS, MoTez, MoSez, NbSey,

TaSe;, and BN stabilized in water by sodium cholate. The powders were
sonicated at initial concentration, Ci = 5 mg/ml, with a surfactant of
concentration C(SC) = 1.5 mg/mL for 30 min; (b) Chemical structure of two
layers of a transition metal dichalcogenide where M is the transition element and
X the chalcogen. Two polytypes of single-layers are shown: trigonal prismatic
(Dsn) and octahedral (Dsd); (c) Sodium cholate. (Reproduced with permission
from Refs. [4]

In Serbia, at this moment, the only company that deals
with the production of nanoparticle-based protective
products is "Speedup International d.o.0.", from Belgrade.
Nanomaterials that are produced are the most common on
the basis of fullerene particles WSo.

Depending on the base oil and operating conditions,
WS, nano-fullerenes which are extremely thermal-and
pressure-resistant, can reduce the friction coefficient of
impregnated surfaces up to 30% using a combination of
super-lubricating and surface-treated coating functions.

This is achieved in such a way that the inorganic,
"onion-like" multilayered nano-structure of 20-100
concentric WS, layers (the diameter range between 30 and
70 nm) reacts to abrasion by exfoliating thin outer layers
of particles that cover the surfaces with the continuous
layer of the dual effect lubricant.

Nanospheres

Nanorods

Nanodisks

Figure 4 Polymer nanoparticle shape and surface properties are critical
parameters for drug release. (a) Nanospheres, rods, and discs (Scale bar: 500
nm); (b) Confocal micrographs of nanoparticle uptake in breast cancer cells
without trastuzumab protein coating; (c) Increased nanoparticle uptake with
trastuzumab protein coating. Microparticles of different size (above 1 pm) of the
same shapes were also tested and found to exhibit different uptake
characteristics. [4]

Due to these layered structures of nanofullerene
particles, WS»,-based agents have great anti-friction and
anti-wear characteristics. These characteristics allow the
repair of damage in the form of micro-cuts (or erosion
resulting from exploitation), using and combining different
nanotechnology-based agents and processes (with the
application of different thickness of nano-agent layers).

2 METHODS

We used the standard experimental method and the
toughest procedure for corrosion testing, standard JAS 0
270, METHOD 107, REGIME C.

2.1 Experimental

In this experiment has been tested the comparative
behaviour of 3 different types of anti-corrosive surface
protection at 4 different parts made of structural steel.

Types of anti-corrosive surface protection:

1. Browning layer,
2. The phosphate layer,
3. Nano protection (WS, nanofullerene structure).

Type of test material: structural steel (Steel grades:
25CrMo4, Number: 1.7218)

Total number of tested pieces: 36 pcs (3 pes for each
type of surface protection per position).

The duration time for testing procedures: 7 days.

2.2 Preparation of External and Internal Surfaces of
Materials for Anticorrosion Surface Protection

Preparation of parts for surface protection is a very
important factor. Fig. 5 shows an automated grinding plant
and the preparation of metal surfaces for applying surface
protection, while Fig. 6 shows the appearance of the parts
after the final preparation for application of the protection.

2.3 Nano Coating Procedure
The procedure of programming the CNC machine for

applying nano coating is done by us in strictly controlled
environment friendly conditions (temperature, pressure,
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machine speed, inclination) using the nano coating on WS,
basis.

Figure 5 Display of the machine for the machine removal of metal coatings and
the collection of parts for application of surface protection

Figure 6 Rotamat R90C nano coating machine
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Figure 7 Display of parts during application of nano coating in the Rotamat
R90C machine

CNC machine programming is done because of the
repeatability of the process. When a technological process
for a particular position is won, that technology remains
permanently recorded in the memory of the machine for
later use. As many times as necessary to do the serial
production of nano protection for a particular position, the

procedure and results obtained are always the same. The
advantage is that after "conquering" a technological
process for a certain position, the presence of a technologist
engineer is no longer required in exploitation, but it is
sufficient that only a technician is present for manipulation.

2.4 Testing Procedure

The test is carried out to verify the correctness of the
function and resistance of the agent in salt fog conditions,
as well as to gain insight into the uniformity of the quality
of the corrosion protection of the substances being tested.
In Fig. 9, the prepared parts can be seen before the start of
the test in the saline fog chamber.
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' Figure 8 Display of parts before testing and placing in a saline fog chamber

After selecting the austerity regime (in our case it was
the strictest regime of corrosion testing), the agents were
placed in the chamber and the testing began.

A 5% solution of sodium chloride (NaCl p.a.) for
testing was made and processed according to these
regulations:

*  pH of saline solution: 6.5,
- Salt fog concentration: 1.6 cm?/h.

The spraying lasts for two hours, after which the
products are taken from the saline fog chamber and stored
in a device with a temperature of 35 + 2 °C and a relative
humidity of 90 to 95% over a period of 22 hours.

After the end of the cycle, the agents were examined
and tested for corrosion while still moist from saline fog
(or after rinsing and drying).

The entire procedure and test procedure were repeated
for the next 7 days.

In the pictures from the regular number from 10 to the
number 18, the entire test procedure can be visually seen,
as well as the test results themselves.

» Figure 9 Display of treated parts during the tesiing in a saline fog chamber

Tehnicki viesnik 28, 1(2021), 285-290

287



Dragan VUKSANOVIC, Goran JAKSIC: Practical Advantage of Using WS2 Nano Coating versus Standard Anti-Corrosion Protection in Industry 4.0

PEHITIEN +

B [T I [T S
o T T TR

28 §on N ELS

Figure 10 Display of parts after the 7 days testing in a saline fog chamber

Process parameters:
e  Charger quantity:
- Without filler (position 4)
With filler: m =1 - 1.2 kg (positions 1, 2, 3)
Material pressure: p = 0.06 - 0.12 bar
Material temperature: 7= 30 - 50 °C
Drum speed: V=2 rpm
Drum angle: 37 °
Amount of protective agent: 250 - 380 gr
Number of cycles: 8-10
Cycle duration:
Spray gun: ¢ =30 - 60 sec
- Drying: t=3 - 5 min.

3 RESULTS

In the examinations shown below, we can see the
results of comparative laboratory testing of surface
protection (browning layer, phosphate layer and nano
coating) with required and established values.

3.1 Examination

= DAY 1 (Beginning of testing)

About 1h after testing, we do not have any trace of
corrosion on parts and all coatings meet the requirements.

The next testing was performed 2 hours after the start
of the examination and the following results were obtained.
The corrosive changes were observed on the browning
layer coating, but there were not observed traces of
corrosion on phosphate layer coatings and nano coating.
= DAY 2 (Results after 24 h of testing)

After 24h of testing, at browning layer was observed
corrosion at all parts. On the other hand, no trace of
corrosion was observed on the parts treated with phosphate
layer coatings and nano coating.
= DAY 3 (Results after 48 h of testing)

After 48 h of testing, at browning layer was observed
corrosion at all parts and trace of corrosion at parts treated
with phosphate layer. On the other hand, there were no
corrosion marks at parts treated with nano coating.
= DAY 4 (Results after 72 h of testing)

After 72 h of testing, corrosion was observed at all
parts treated with browning layer and phosphate layer. On
the other hand, a slight corrosion trace was observed on
position 3 (parts treated with nano coating).
= DAY 5 (Results after 96 h of testing)

After 96 h of testing, corrosion was observed at all
parts treated with browning layer and phosphate layer. On
the other hand, traces of corrosion were detected on
position 2 and position 3, which were treated with nano
coating.

= DAY 6 (Results after 120 h of testing)

After 96 h of testing, corrosion was observed at all
parts treated with browning layer and phosphate layer. On
the other hand, at parts which were treated with nano
coatings corrosion was detected (on the positions 2 and 3),
and at these parts was also noticed the removing of the
coating on the edges.
= DAY 7 (Results after 144 h of testing)

After 144 h of testing, corrosion was observed at all
parts treated with browning layer and phosphate layer. On
the other hand, at parts which were treated with nano
coatings, spot corrosion was observed and removed
coating on edges at all pieces, but at positions 1 and 4 traces
of spot corrosion were observed.

All results of testing 4 different types of anticorrosion
protection could be seen in the following Figs. 11 to 17,
where the level of corrosion is marked as:

0 - No corrosion
1 - Traces of spot corrosion
2 - Full corrosion.

1 Day
Type of anti corrosion . . - -
. Position 1 Position 2 Position 3 Position 4
protection
Browning layer 2 2 2 2
Phospate
0 0 0 0
layer
NANO
. 0 0 0 0
coating

Figure 11 Results of anti corrosion testing after 1day in salt chamber

2. Day
Type of anti . s - -
. . Position 1 Position 2 | Position3 | Position 4
corrosion protection
Browning layer 2 2 2 2
Ph
ospate 0 0 0 0
layer
NANO 0 0 0 0
coating

Figure 12 Results of anti corrosion testing after 2 days in salt chamber

3. Day
Type of anti . s - -
. . Position 1 Position 2 | Position 3 | Position 4
corrosion protection
Browning layer 2 2 2 2
Phospate
1 1 1 1
layer
NANO 0 0 0 0
coating

Figure 13 Results of anti-corrosion testing after 3 days in salt chamber

4. Day
Type of anti - - . "
. . Position 1 Position 2 | Position3 | Position 4
corrosion protection
Browning layer 2 2 2 2
Phospate
2 2 2 2
layer
NANO
. 0 0 1 0
coating

Figure 14 Results of anti-corrosion testing after 4 days in salt chamber

S. Day

Type of anti

. . Position 1 Position 2 | Position3 | Position 4
corrosion protection
Browning layer 2 2 2 2
Phospate
2 2 2 2
layer
NANO
. 0 1 1 0
coating

Figure 15 Results of anti-corrosion testing after 5 days in salt chamber
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6. Day
Type of anti - " - -
. . Position 1 Position 2 | Position 3 | Position 4
corrosion protection
Browning layer 2 2 2 2
Phospate
2 2 2 2
layer
NANO
. 0 2 2 0
coating

Figure 16 Results of anti-corrosion testing after 6 days in salt chamber

7. Day
Type of anti L " - L
. . Position 1 Position 2 | Position 3 | Position 4
corrosion protection
Browning layer 2 2 2 2
Phospate
2 2 2 2
layer
NANO
. 1 2 2 1
coating

Figure 17 Results of anti-corrosion testing after 7days in salt chamber
4 DISCUSSION

The results of concurrent testing show that when using
the same material (structural steel for testing all 4
positions) and the same test conditions, nano surface
protection on the basis of WS2 is 6 times more durable than
the browning layer, and 2 times more durable than the
protection of the phosphate layer.

All parts were protected with a thin layer of protective
oil before the corrosion testing according to the standard,
which additionally increased the anticorrosion protection.

The thickness of the applied protective layer on the
parts treated with nano coating was everywhere uniform
and ranged from 5 to 15 microns.

The thickness and formulation of the protective layer
at parts depends directly on the geometry of the parts
themselves.

If the parts have a complex geometric shape and sharp
edges, it is more complex to make the appropriate
protective formulation and nano coating technology.

Comparing the obtained results with the usual results
of the corrosion test on steel according to the standard JAS
0270, METHOD 107, REGIME C, where it can be stated
that the beginning of corrosion on steel parts protected by
the browning layer occurs after testing for 2 hours in saline
solution (or for 1 hour in saline), while on the phosphate-
protected photovoltaic steel coatings after 4 hours of salt
solution (or 2 hours in saline chamber), it can be clearly
seen that the standard types of surface protection
(browning layer and phosphate layer) do not deviate from
the results of the above values, more precisely, they are
confirming the standard.

A comparative techno-economic analysis (which can
be seen in Tab. 1 and Tab. 2) says that the ratio of cost-
quality protection is far on the side of newly developed
WS, based nano protection (fullerene structure) compared
to the existing standard methods (minimum 72 times better
anti-corrosion protection than brunir and minimum 1,75
times better anti-corrosion protection than phosphate
layer); especially when taking into account the fact that the
nano protection is not only anti-corrosive in itself, but also
has other very important characteristics (anti-abrasive,
antifriction, temperature-resistant, with the characteristic
of drastic reduction in light reflection of the work).

Table 1 Comparative techno-economic analysis of the quality of surface
protection 1

Comparative techno-economic analysis
of the quality of surface protection

Quality of surface protection
-Time to the appearance of corrosion-
» [h]
No Position
Browning layer Phosphat Layer WS2 nano coating
Spot Total Spot Total Spot Total
corrosion | corrosion | corrosion | corrosion | corrosion | corrosion

1 Position 1 - 2 72 96 96 144
2 Position 2 2 n 96 120 144
3 Position 3 - 2 n 96 168
4 Position 4 2 n 96 168

Table 2 Comparative techno-economic analysis of the quality of surface
protection 2

Comparative techno-economic analysis
of the quality of surface protection
WS2 nano anti corrosion improvement
comparisation
No Position
Browning Phosphat
layer layer
1 Position 1 144h/2h=72 144h /96 h=1.5
2 Position 2 144h/2h=172 144h /96 h =15
3 Position 3 168h/2h=284 168 h /96 h =1.75
4 Position 4 168h/2h=284 168 h /96 h=1.75

Tab. 3 also shows that the cost of surface protection for
browning layer and phosphate layer is the same, while nano
protection is 5 to 8.8 times more expensive compared to
the above.

Table 3 Comparative techno-economic analysis of the quality of surface
protection 3

Comparative techno-economic analysis
of the quality of surface protection

Anticorosion price comparison

No Position

Browning Phosphat WS2
layer layer nano coating

1 Position 1 1 1 2.78
2 Position 2 1 1 5.98
3 Position 3 1 1 8.8
4 Position 4 1 1 2.5

The tables below (Tab. 4, Tab. 5 and Tab. 6) show
comparative techno-economic analysis of the prices of
standard surface protection procedures and how to get
comparative calculations of the anti-corrosion coating
prices.

Table 4 Comparative techno-economic analysis of the prices of the standard

Tehnicki viesnik 28, 1(2021), 285-290

procedures of surface protection
Weight of Browning layer Phosphat W2 . Number Quantityof
. ", . L . nano coating used nano
No Position one piece price layer price price of treated materials
k EUR/Ks EUR/Ks -coati
[kg/pes] [EURKg] [EURKg] [EURLier) | ™00 C0%i08 [pes] Liter]
1 Position 1 Wi NI Ql
2 Position 2 w2 N2 Q2
- A B=A c
3 Position 3 W3 N3 Q3
4 Position 4 W4 N4 Q4
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Table 5 Comparative techno-economic analysis of the prices of the standard
procedures of surface protection

Anti-corrosion Coating Price
. Browning WS2
No Position layer Phosphat layer | nano coating

price price [EUR/pes] price
[EUR/pes] [EUR/pes]
1 Position 1 B1=A/W1 P1=B/W1 N1=C/W1
2 Position 2 B2=A/W2 P2=B/W2 N2=C/W2
3 Position 3 B3=A/W3 P3=B/W3 N3=C/W3
4 Position 4 B4=A/W4 P4=B/W4 N4=C/W4

Table 6 Comparative techno-economic analysis of the prices of the standard
procedures of surface protection
Anti-corrosion Price Comparison

Browning Phosphat WS2
layer layer nano coating
price price price

No Position

Position 1 | BLP1=B1/P1=1
Position 2 | BLP2=B2/P2=1
Position 3 | BLP3=B3/P3=1
Position 4 | BLP4=B4/P4=1

PLP1=P1/B1=1
PLP2=P2/B2=1
PLP3=P3/B3=1
PLP4=P4/B4=1

WNCP1=N1/P1=2.78
WNCP2= N2/P2=5.98
WNCP3=N3/P3=8.8
WNCP4=N4/P4=2.5

N RSN NN

According to all mentioned, use of this procedure in
relation to the existing methods has fully justified the
expectations.

5 CONCLUSIONS

Transition to the upcoming new Industrial revolution
known as Industry 4.0 will necessitate that those who are
currently working in the industry acquire the significant
appropriate knowledge and skills to introduce new
technologies and processes (concentrations of technical
expertise and know-how with respect to Industry 4.0),
which they currently do not have.

The need to develop and implement the new modern
leading-edge technologies is a key factor to ensure the
development of products and the only way to be able to
compete with international rivals and attract foreign
customers.

Related to Industry 4.0, among one of the most
defining technology trends are benefits of using advanced
materials  (nanotechnology). Products based on
nanotechnology have a wide area of application in different
industries (aerospace, automotive, defense, construction,
health, etc.).

Advanced materials and nanotechnology have been
identified as a priority area in the majority of EU Member
States [5].

When we are speaking of nano composites, the basic
conclusion that can be performed is that they, although
having up to 10 times less active particles than ordinary
composites, generally have better thermal, mechanical,
electrical and chemical characteristics, and can cover all
areas of industrial applications depending on their
composition and structure.

Also, nano coatings inhibit corrosion several times
better than the standard procedure, decrease friction and
increase wear protection and durability.

In conclusion, we can say that even though a lot has
been done today in the area of anti-corrosive surface

treatment with standard procedures, in the future there is a
lot of space for technological advancements in the area of
nano-technology and nano coatings.

The obtained results of this test are only indicative of
this fact.

6 REFERENCES

[1] Hoffman, D. Size of the nanoscale. Retrieved from: https://
introtonanotechnology.weebly.com/the-nanoscale.html

[2] Ivankovié, M. (2007). Polimerni nanokompoziti. Polimeri:
Casopis za plastiku i gumu, 28(3), 156-167.

[3] Sercer, M. (2011). Nano kompoziti i nanotehnika. Dan
Novih Tehnologija - DaNTe 2011.

[4] Heinz, H., Pramanik, C., Heinz, O., Ding, Y., Mishra, R.,
Machron D., Flatt, R., Estrela-Lopis, 1., Llop, J., Moya, S.,
& Ziolo, R. (2017). Nanoparticle decoration with
surfactants: Molecular interactions, assembly, and
applications. Science Direct, 72(1), 1-58.
https://doi.org/10.1016/j.surfrep.2017.02.001

[5] Walendowski, J., Kroll, H., & Schnabl, E. (2016). Thematic
Paper 3 - Industry 4.0. Advanced Materials
(Nanotechnology). Regional Innovation Monitor Plus 2016.

[6] Rabaso, P., Dassenoy, F., Ville, F., Diaby, M., Vacher, B.,
Le Mogne, T., Belin, M., Cavoret, J., & Lett, T. (2014). An
Investigation on the Reduced Ability of IF-MoS2
Nanoparticles to Reduce Friction and Wear in the Presence
of Dispersants. https://doi.org/10.1007/s11249-014-0381-5

[71 Tevet, O., von Huth, P., Popovitz-Biro, R., Rosentsveig, R.,
Wagner, D, & Tenne, R. (2011). Friction mechanism of
individual multilayered nanoparticles. Proceedings of the
National Academy of Sciences of the United States of
America. 108. 19901-6.
https://doi.org/10.1073/pnas.1106553108

[8] Gullac, B. & Akalin, O. (2010). Frictional Characteristics of
IF-WS2 Nanoparticles in Simulated Engine Conditions-.
Tribology Transactions, 53(6), 939-947.
https://doi.org/10.1080/10402004.2010.511761

[9] Rosentsveig, R., Tenne, R., Gorodnev, A., Feuerstein, N.,
Friedman, H.,Fleischer, N., Tannous, J., & Dassenoy, F.
(2009). Fullerene-Like MoS2 Nanoparticles and Their
Tribological Behavior. Tribology Letters, 36, 175-182.
https://doi.org/10.1007/s11249-009-9472-0

[10] Rothschild, A., Popovitz-Biro, R., Lourie, O., & Tenne, R.
(2000). Morphology of Multi-wall WS2 Nanotubes. The
Journal of Physical Chemistry B, 104, 8976-8981.
https://doi.org/10.1021/jp001783d

[11] Rapoport, L., Bilik, Y., Feldman, Y., Homyonfer, M.,
Cohen, S.R., & Tenne. R. (1997). Hollow Nanoparticles of
WS2 as Potential Solid-State Lubricants. Nature, 387, 791.
https://doi.org/10.1038/42910

Contact information:

Dragan VUKSANOVIC, Dr. Ing.

(Corresponding author)

Singidunum University,

Technical Faculty, Department of Engineering Systems in Management,
Danijelova 32, 11000 Belgrade, Serbia

E-mail: dragan.vuksanovic.13@singimail.rs

Goran JAKSIC, Dr. Ing.

SPEEDUP INTERNATIONAL d.o.0.,

TadeuSa KoS¢uska 30, 11158 Belgrade, Serbia
E-mail: speedup.belgrade@gmail.com

290

Technical Gazette 28, 1(2021), 285-290




<<
  /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


