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RESEARCHES ON THE REDUCTION OF STEEL HYDROGEN CONTENT
BY ITS SECONDARY TREATMENT INSIDE THE LADLE
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Original scientific paper
The paper introduces the results obtained in the determination of the variation domains of the technological parameters used for steel secondary treatment
in LF-type installations, in view of improving its quality. The use of the resulting technological parameters allows the production of low-gas steel

(particularly low-hydrogen) and brings new information pertaining to steel degassing in the steel secondary treatment installations.

Keywords: argon; bubbling; hydrogen,; mathematical modelling; refining; steel; yield

Istrazivanje smanjenja sadrzaja vodika u ¢eliku njegovom sekundarnom obradom unutar ljevackog lonca

Izvorni znanstveni ¢lanak

U radu se daju rezultati dobiveni odredivanjem podrucja varijacije tehnoloskih parametara primijenjenih kod sekundarne obrade celika u instalacijama LF-
tipa u svrhu poboljsanja njegove kvalitete. Primjena dobivenih tehnoloskih parametara omogucuje proizvodnju ¢elika s malom koli¢inom plina (naro¢ito
vodika) i pruza nove spoznaje u odnosu na otplinjavanje ¢elika u instalacijama za sekundarnu obradu celika.

Kljuéne rijeci: argon; celik; korist; matematicko modeliranje; mjehuranje, procis¢avanje; vodik

1 Introduction

Steel purity, respectively its high quality, starts as
early as its elaboration stage where, besides an
appropriate charge, the process itself has to be carried out
accordingly. This involves the observance of the
elaboration technology according to the specific aggregate
in use, the steel grade and the purity requirements
referring to the content of non-metallic inclusions and the
gas content, as specified by standards and/or by the
beneficiary [1].

Along the years, in spite of the various analyses of
steel refining and gas content, there are still aspects that
are worth being looked into.

During steel secondary treatment in an LF-type
installation, chemical composition is corrected and an
adequate (active) slag is obtained in order to have a good
degassing, desulphurization and deoxidizing; at the same
time, steel temperature is kept within the technological
limits required by continuous casting.

Steel refining in the LF-type installation is supposed
to lead to the following metallurgical effects [2 + 5]:

- temperature adjusting and diminishing its variations;

- adjustment of the metal bath chemical composition;

- deoxidizing and desulphurization with or without
synthetic slags;

- reduction of the gas and non-metallic inclusions in
the steel content.

Between the metallurgical effects and the factors that
condition them, there is a close interdependency, also
reflected by the succession of the process stages [5+7].
Thus:

a) synthetic slag addition leads to:

- screening the electric arc, with beneficial effects on
the thermal output and the wear of the furnace — ladle
refractory material;

- less contact between the metal bath and the oxidizing
atmosphere;

- desulphurization;

- increase of inclusionary purity.

b) steel heating up at a rate of 3 + 5 °C/min. allows:

- lime and fluorine melting and obtaining a fluid and
active slag;

- pulverous material injection;

- addition of special deoxidizing-alloying elements,
aluminium wires or those filled with deoxidizing or
modifying elements.

c) argon injection leads to:

- homogenizing the chemical composition and the
temperatures of the metallic melting;

- stimulation of the reactions slag — melting,
particularly in case of desulphurization;

- flotation and decanting of non-metallic inclusions
and, as a result, a higher steel inclusionary purity.

The economical effects resulting from the process of
steel elaboration — refining considered for the
metallurgical duplex ensemble CAE — LF are shown in [6,
8+ 111
- cutting down the tapping temperature in the primary

aggregate by 40 + 80 °C;

- reduction of the elaboration times in the primary
aggregate;

- reduction of wear and refractory material
consumption by 10 + 20 %, due to the lower
functioning temperature;

- lower electric power consumption by 20 + 50 kWh/t
and lower electrode consumption by 0,1 + 0,2 kg/t.

Inside the LP installation, the main factors that can
influence the hydrogen and particularly the nitrogen
content are the parameters of the bubbling gas, the
pressure and flow rate (argon), the humidity of the lime
and bauxite.
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2 Laboratory experiments

In order to study the influence of steel processing
parameters inside the LF installation upon the rate of
hydrogen removal from the metallic bath, research and
industrial experiments have been carried out on the
electric furnace-LF installation-continuous casting flux of
an electric steel plant.

The evolution of the oxygen content has been
analyzed along the process of steel elaboration and
casting, for a number of 20 unalloyed charges, meant for
pipe manufacturing. During the industrial experiments,
we measured the level of hydrogen in the metal bath after
steel tapping from the ladle, at the entrance of the ladle
into the LF installation, when the first steel sampling was
made, at the end of the treatment into the LF installation,
when steel temperature and the hydrogen level were
gauged, and the final steel sampling was made in the
tundish of the continuous casting machine. In the LF
installation new slag is formed, its role being to achieve
desulphurizing, and whose characteristics should be
optimal in terms of viscosity and basic character in order
to boost processes of inclusion degasification and
decanting.

The parameters under consideration were: the
structure of the metallic charge and additives, the
humidity of the charge, the characteristics of the slag, the
parameters of melting and oxidizing, the purity of the
oxygen blown into the furnace, the temperature of the
metallic bath inside the furnace, the additives used in the
furnace and in the ladle, the ladle additives during the
treatment inside the LF installation, the content of
hydrogen in the steel at different stages of the elaboration
process, the parameters of argon bubbling inside the LP
installation (flow rate, pressure, duration, temperature of
the metallic bath) as well as the chemical composition of
the slag inside the LF installation. The values of the
above-mentioned parameters have been obtained both
directly, by means of the gauging and control apparatus
and by laboratory analyses of the steel and slag samples
collected at different stages of the technological flux.

Taking into consideration the overwhelming
influence of steel processing inside the LF installation
upon the steel hydrogen content as well as upon the rate
of its removal, the processing of the resulting data has
lead to correlations between the significant parameters of
steel treatment inside the LF installation and the rate of
hydrogen removal.

The independent parameters of choice were: the
argon flow rate (Dy/Nm’/h); the duration of argon
bubbling (#,/min); the pressure of argon when bubbled
(py/bari); and steel temperature (7/°C).

The dependent parameter of choice was the rate of
hydrogen removal (7y/%). The data were processed in
MATLAB, which resulted in a series of double and
multiple correlations. The regression surfaces (1%, 2" and
3™ degree) respectively the level curves for the variation
of the hydrogen removal rate and argon pressure inside
the LF installation are shown in Fig. 1 + 3.

Correlation equations, correlation coefficients and
deviation from regression surface ny = f{Dy, py) are:

ny =—005-D, +12,43- p, +20,02 % (1)

Correlation coefficient: R = 0,38; deviation from the
regression surface: S =7,76.

Ny =—0,005-DE +0,02-D, - p, —0,02- pi + 2
559-Dy +699,44- p, —308135 %
Correlation coefficient: R = 0,92; deviation from the

regression surface: S = 3,25; point of maximum: p, = 4,48
bar; Dy = 555,39 Nm’/h; 77y = 55,39 %.

Ny =615-¢7. D2 —~0,007-D¢ - p, +1,63-D, - pi —
~123,59- pi +0,025-DE —=6,15-D, - p, +62114- pt + (3)
+1,76-D, —610,01- p, —463,61 %

Correlation coefficient: R = 0,96; deviation from the
regression surface: S = 2,23; point of maximum: p, = 4,50
bar; Dy = 556,32 Nm’/h; 77 = 55,62 %.

The regression surfaces (1%, 2™, 3™ and 4™ degree)
respectively the level curves for the variation of the
hydrogen argon pressure and temperature inside the LF
installation are shown in Fig. 4 + 7.

Correlation equations, correlation coefficients and
deviation from regression surface ny = (py, #,) are:

My =13,78- p, +0,11-1, —2437 % (4)

Correlation coefficient: R = 0,44; deviation from the
regression surface: S=7,51.

530 540 350 60 570 550 520 B0 610

Db / Nm3ih
Figure 1 75 = f(Dy, pv) — correlation 1% degree

Ny =—66,55- pf +0,08- py, -, —0,009-17 +

5
+589,37- py +131-1, —1324,45 % ®)
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Correlation coefficient: R = 0,95; deviation from the
regression surface: S = 2,49; point of maximum: py, = 4,49
bari; #, = 88,12 min; 5y = 55,06 %.

........;3’_,4-:_
530 540 550 560 570 550 580 600 B0
Dy /WP in
Figure 2 7y = Dy, py) — correlation 2™ degree

Dy / Nm*/n
Figure 3 7y = Dy, py) — correlation 3™ degree

Ny =—85,78- pi =032 pi -1, —0,021- p, -17 —
—0,0003-1; +1097,54- p2 +6.52-py, -, +016-t7 —  (6)
—4800,35- p, —27,30-1, +7331,34 %

Correlation coefficient: R = 0,97; deviation from the
regression surface: S = 2,24; point of maximum: py, = 4,58
bari; #, = 91,88 min; #y = 55,15 %.

M =899,49- py +2,74- py -1, +0,03- pp -1y +

+0,0003- py, 13 +9,04-¢ % .1} —16228,03- pi -
—40,15- pE 17 —0,43- p, -1f —0,005-1; + (7
+109608,44 - p? +204,93- p, -1, +1,69-1 —

—328823,45- p, —387,16-1,, +37069199 %

Correlation coefficient: R = 0,99; deviation from the
regression surface: S = 0,66; point of maximum: py, = 4,55
bar; #, = 89,92 min; 7y = 55,63 %.

The regression surfaces (1% and 2™ degree)
respectively the level curves for the variation of the
hydrogen argon flow rate and temperature inside the LF
installation are shown in Fig. 8 + 9.

Correlation equations, correlation coefficients and
deviation from regression surface #y = f(t,, Dy) are:

My =0,09-1, —0,053-D, +6811 % (8)

Correlation coefficient: R = 0,25; deviation from the
regression surface: S=28,12.

My =—0,004-12 —0,002-¢, - D, —0,008- DE + )
+232-t,+9,41- D, —2688,05 %
Correlation coefficient: R = 0,92; deviation from the

regression surface: S = 3,25; point of maximum: # =
86,12 min; D, = 560,42 Nm’/h; nu = 56,17 %.

4.1 4.2 4.7 4.4 4.5 4.6 4.7 4.0

Py / basi

Figure 4 75 = f(pv, 1) — correlation 1% degree

In order to determine the most significant industrial
variation domains of the independent parameters, the
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MATLAB program also gave multiple (triple)
correlations. In the case of establishing some correlations
between a dependent parameter and three independent
parameters, the resulting correlations were represented as
2nd degree polynomial functions.

Py / bari
Figure 5 7y = f(py, 1) — correlation 2" degree

Py / bari
Figure 6 7y =f(py, 1) — correlation 3™ degree

Py / bar

rbfmin

Figure 8 57y = f(tv, Dy) — correlation 1* degree

Hypersurfaces regression equation obtained is:

Ny = —0,003-DZ —60,25- p? —0,005 -7 —
~0,08-D, - pyy +0,10- py, £, —0,002-1, - Dy + (10)
+399-Dy +581,39- p, +183-1, —2442,05 %
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Behaviour in the vicinity of hypersurfaces middle:
Dy, mea = 569,15 Nm*/h; pp, mea = 4,37 bar; ty, mea = 84,95
min; 7y, mea = 45,58 %.

43 44 445
Py 7 bari
Figure 11 5 = f{pv, to, Dy = Dy mea) — correlation 2™ degree

.,ﬁ%‘%%.;«w
%
"/’q..‘* SR s

I‘A:
e
Tt

[ 2L
" 545 550 55 560 BB 570 675 GED 585 590

Dy / Wm’ih
Figure 10 5 = f{ Dy, po, to = tomea) — correlation 2™ degree

¢,/ min

1
. . nd
Correlation coefficient: R = 0,97; deviation from the Figure 12 1= Us, Dy, po = pomes) - correlation 2% degree
regression surface: S =2,03.
Maximum point coordinates are: D, = 552,61 Nm3/h;
pyr=4,5 bar; t, = 91,84 min; 5y = 55,62 %.

As this hypersurface cannot be represented in the
4 - dimensional space, each independent variable has been
successively replaced by its mean value, which allowed
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their representation in the 3 - dimensional space, which
allowed the interpretation of its graphical form.

Average values used are: D, = 569,15 Nm3/h, Py =
4,37 bar, t, = 84,95 min, 7y = 45,58 %.

The regression surfaces ™ degree) respectively the
level curves for the variation of the hydrogen removal
rate, argon pressure and temperature inside the LF
installation are shown in Fig. 10 + 12.

Correlation equations are:

151y med ) = —0,003- DZ —60,25- p2 —0,08- Dy, - py, + (11
+3,79- D, +589,98- p, —2324,63 %

Stationary points: Dy, = 555,39 Nmz/h; Py = 4,49 bar;
nu = 55,39 %; point of maximum.

1 (Dp mea )= —60,25 - pg —0,005-12 +0,10- p, -1, + (12)
+531,57- p, +0,48-¢, —1158,68 %

Stationary points: p, = 4,48 bar; ¢, = 88,04 min; 5y =
54,87 %; point of maximum.

M (pbmed)= —0,005-1‘& _01003'D§ - (13)
—-0,002-t, - Dy +2,27-t, +3,61- D, —1051,55 %

The graphical and analytical analyses of the double
correlation equation have lead to the following results:

- The correlations expressed by a 1% degree
polynomial and shown in Figs. 1, 4 and 8, allow the
choice of steel treatment parameters inside the LF
installation so that hydrogen removal rate is superior to
the mean values resulting from the charges under
analysis. In order to reach this target, the values of the
processing parameters should be chosen so that ny is
always within the hatched domain;

- Correlation #y = fipy, Dy) shown in Fig. 2, which
establishes by a 2" degree function the dependency
between the hydrogen removal rate, the bubbling duration
and the pressure of argon during bubbling, has its
maximum value, of 55,39 %, located on the graphical
representation within the hatched area - zone A.

- The graphical representation of correlation
mi = fipe, Dy) by a 3™ degree polynomial function is
shown in fig.3. The correlation surface has a maximum
point with value 55,62 %, located within the hatched
domain A. As compared to the graphical representation of
Fig. 2 one can notice the narrower domain in the vicinity
of the maximum point. Whereas in the graphical
representation shown in Fig. 2 the maximum point is
located inside the level curve with the #y value of 50 %,
in Fig. 3 it is located inside the level curve with the 7y
value of 55 %;

- For correlations 7y = f(py, #,) the conclusions are
similar to those of the preceding correlation. For the
correlation analyzed and defined by a 4™ degree function,
one can notice that the surface shows a well defined sub-
domain with the maximum point located within the level
curve, with a value of 55,63 % and the other two partial
sub-domains inside the level curve, with the value 55 %,
but with a maximum point outside the variation interval
of bubbling parameters (argon pressure and bubbling

duration). Also, Fig. 7 shows that the surface also has
three sub-domains where (probably minimum) points
could be located, whose values for the hydrogen removal
rate are below the mean ones; these sub-domains have to
be avoided.

- Correlation ny = f(t,, D,) is expressed by two
polynomial functions, one of the 1* degree and the other
of the 2™ degree. In the case of the graphical
representation shown in Fig. 9, the maximum point whose
value is 56,17 can be found inside the level curve of value
55 (so in sub-domain A);

- The correlation shown in Fig. 10 has value 55,39 %
for the #y maximum point, located in the hatched area
(A). Bubbling duration and argon pressure have to vary in
such a way that the hydrogen removal rate should be
within the sub-domain 7y > 51 % (domain A+B);

- In the case of the correlation shown in Fig. 11, the
maximum point is located in sub-domain A; it is desirable
that the independent parameters be located within this
sub-domain, or at least in sub-domain B;

- For the correlation shown in Fig. 12, the maximum
point is located in sub-domain A; it is desirable that the
independent parameters be located within this sub-domain
or in A+B.

3 Conclusions

The analysis of the data processed graphically and
analytically leads to the following conclusions:

- The variation of the independent parameters within
technological limits also determines for the dependent
parameter a variation within technological limits, it
being located on a regression surface or in its vicinity,
considering the dispersion, the deviation and the
standard error.

- The intersection of the correlation surfaces with level
plans (parallel to the horizontal plan), resulted in
obtaining level curves (level lines for 1% degree
polynomial  functions), which allowed the
establishing of variation limits for the independent
parameters in the vicinity of the stationary point in
case there is a saddle point. For each graphic
representation the (hatched) sub-domains show the
areas where the values of the dependent parameter
should be, which, in fact, determines the variation
limits for the independent parameters;

- Considering the value of the triple correlation
coefficient R = 0,97 and the deviation S = 2,3, it is
considered that this correlation expresses very
accurately the correlation between the three
parameters of steel treatment in the LF installation
and the hydrogen removal rate.

In order to obtain over 50 % hydrogen removal from
the steel, the optimal variation domains of the parameters
under analysis are:

- the argon flow rate Dy = 540 + 582 Nm’/h

- the duration of argon bubbling #,= 65 + 110 min

- the pressure of argon when bubbled p, = 4,2 + 4,7
bar.

1386

Technical Gazette 23, 5(2016), 1381-1387



A. Socalici i dr. Istrazivanje smanjenja sadrzaja vodika u Celiku njegovom sekundarnom obradom unutar ljevackog lonca

4 References

[1] Stefanoiu, R.; Geantd, V. Refining of steel by injecting inert
gas. BREN Publishing House, 2008.

[2] Dragoi, F. Researches regarding the reduction of the gas
content from the steels produced and treated on the EBT-LF
technological flow. Politehnica Publishing House,
Timisoara, 2012.

[3] Socalici, A.; Heput, T.; Dragoi, F. Contributions on gas
influence on the quality of steel products. Politehnica
Publishing House, Timisoara, 2012, pp. 56-71.

[4] Dragoi, F.; Socalici, A.; Ardelean, E.; Popa, E.; Heput, T.
Researches on the influence of the slags formed in the
installations on the hydrogen removal efficiency. // Revista
de metalurgia, Madrid. 47, 6(2011), pp. 477-484. DOI:
10.3989/revmetalm.1112

[S] Geanta, V. Refining processes and technologies of steel,
Printech Publishing House, Bucuresti, 2003.

[6] Stefanoiu, R. Research on steel refining processes with
inert gases, PhD thesis, University Politehnica of Bucuresti.
2004.

[7]1 Vukojevic, N.; Oruc, M.; Vukojevic, D. et al. Performance
analysis of substitution of applied materials using fracture
mechanics parameters. // Tehnicki vjesnik-Technical
Gazette. 17(4), (2011), pp. 411-418.

[8] Ghosh, A.; Chattopadhyaya, S. Prediction of HAZ Width of
Submerged Arc Welded Plates. // Advanced materials
research. Vols. 584-286(2011), pp. 2481-2484.

[9] Milinovi¢ A.; Krumes D.; Markovi¢ R. An investigation of
boride layers growth kinetics on carbon steels / Tehnicki
vjesnik-Technical Gazette. 19, 1(2012), pp. 27-31.

[10] Sen, S.; Sen, U.; Bindal, C. An approach to kinetic study of
borided steels. // Surface and Coatings Technology. 191, 2-
3(2005), pp. 274-285. DOI: 10.1016/j.surfcoat.2004.03.040

[11] Socalici, A.; Popa, E., Heput, T.; Dragoi, F., Researches
regarding the improvement of the steel quality. // Solid
State Phenomena, Proceedings of the Int. Conference on
Advanced Materials and Structures/Timisoara, 2013,
pp-273-278.

Authors’ addresses

Ana Socalici, Associate Professor PhD Eng.

Politehnica University of Timisoara,

Faculty Engineering of Hunedoara,

5 Revolutiei street, Hunedoara, 331128, Romania
+40254207530/+40254207576, virginia.socalici@fih.upt.ro

Erika Popa, Lecturer PhD Eng.

Politehnica University of Timisoara,

Faculty Engineering of Hunedoara,

5 Revolutiei street, Hunedoara, 331128, Romania
+40254207530/+40254207576, erika.popa@fih.upt.ro

Vasile Putan, Lecturer PhD Eng.

Politehnica University of Timisoara,

Faculty Engineering of Hunedoara,

5 Revolutiei street, Hunedoara, 331128, Romania
+40254207530/+40254207576, vasile.putan@fih.upt.ro

Florin Drigoi, PhD Eng.

Arcelor Mittal Hunedoara,

DJ 687-Nr. 4, Hunedoara, 331111, Romania
+40254716121, florin.dragoi@fih.upt.ro

Tehnicki viesnik 23, 5(2016), 1381-1387 1387


mailto:erika.popa@fih.upt.ro

	BY ITS SECONDARY TREATMENT INSIDE THE LADLE
	1 Introduction
	Inside the LP installation, the main factors that can influence the hydrogen and particularly the nitrogen content are the parameters of the bubbling gas, the pressure and flow rate (argon), the humidity of the lime and bauxite.


<<

  /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 [595.276 841.890]

>> setpagedevice





