¢
4
s J.C. Toledo et alii, Frattura ed Integrita Strutturale, 62 (2022) 279-288; DOI: 10.3221/IGF-ESIS.62.20

T

High-quality nodule analysis in spheroidal graphite cast iron using
X-ray micro-computed tomography

J. C. Toledo

Departamento de Ingenieria Industrial, Universidad Tecnoldgica Nacional-Facultad Regional Rafaela, Acuna 49, Rafaela, Santa
Fe, Argentina

Juantoledojn 2@gmail.com, htip:/ [ orcid.org/ 0000-0002-6047-035X

F. V. Diaz

Departamento de Ingenieria Electromecanica, Universidad Tecnoldgica Nacional-Facultad Regional Rafaela-CONICET, Acuiia
49, Rafaela, Santa Fe, Argentina

Jelipe.diaz(@yfrra.utn.edu.ar, btips:/ [ orcid.org/ 0000-0003-4998-5536

M.E. Peralta

Departamento de 1V alidacion de Equipos y Componentes, Instituto Nacional de Tecnologia Industrial-Centro Litoral, Ruta

Nacional N°34 km 227.6, Rafaela, Santa Fe, Argentina
meperalta@inti.gob.ar, btips:/ [ orcid.org/ 0000-0001-5807-8618

D. O. Fernandino

INTEMA, Universidad Nacional de Mar del Plata-CONICET, Av. Colon 10850, Mar del Plata, B7606BVZ, Argentina

dfernandino@fi.mdp.edu.ar, htips:/ [ orcid.org/ 0000-0003-4647-2663

ABSTRACT. This work is a continuation of the studies presented in a recent
paper by the authors, where a methodology to obtain different nodule quality
categories in spheroidal graphite cast iron, was proposed. In this study, an
exhaustive analysis of the highest-quality graphite nodules was performed.
The experimental methodology involves X-ray micro-computed tomography
analysis and digital image post-processing of the high-quality graphite nodule
population. Furthermore, different subpopulations were selected, following a
nodular size criterion. The procedure involves the evaluation and comparison
of the sphericity and compactness distributions and the distances between
neighbouring nodules by using ad-hoc image processing software. The results
reveal the complementary nature of the sphericity and compactness
parameters, which allow classifying, with great accuracy, different nodular
quality categories of spheroidal graphite cast iron. Additionally, new
viewpoints about the nodular morphology study and the distribution of
quality nodules in the metallic matrix were provided, which could be extended
to other heterogeneous materials.
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INTRODUCTION

and devices [1]. CI is continually progressing in terms of microstructure and mechanical properties. The

microstructure of CI depends on the chemical composition, cooling rate conditions, and subsequent heat treatments
[2]. Propetly controlling the carbon and silicon contents and the cooling rate, the graphite crystallizes directly from the melt
[3,4]. Then, the mechanical properties will strongly depend on the shape, size and distribution of the graphite particles in
the metallic matrix. Lamellar graphite, corresponding to grey cast iron, allows generating a material with good casting and
machining capabilities but brittle. Nodular graphite, corresponding to spheroidal graphite cast iron (SGI), improves the
ductile behaviour and will give good mechanical strength and excellent fatigue properties. SGI has achieved a strong impact
since its first application, and it has been researched and applied for several decades. The SGI microstructure is composed
of a distribution of quasi-spheroidal graphite nodules embedded in a metallic matrix, which can be modified to obtain
different grades of SGI by performing different heat treatments [5]. It is worth noting that the most relevant properties,
such as fatigue strength, toughness, mechanical properties, and fracture are related to the graphite nodules morphology in
terms of size, nodularity, and nodular count [6-11]. Regarding the damage micromechanisms, the influence of the graphite
nodules morphology on SGI for different loading conditions was also analysed in the literature [7,9,12,13]. In general, it
was observed that the damage micromechanisms can change or be different depending on the metallic matrix microstructure
and the graphite nodules morphology. For example, it was reported that graphite nodules with low nodularity (poor quality)
affect the fatigue crack propagation path and the crack growth mechanisms [7,13]. Accordingly, the correct evaluation of
the graphite nodules quality is an important task to understand the mechanical response of an SGI component in service.
In this context, the complete characterization of the graphite nodules needs the evaluation of nodular count, size, shape,
neighbouring distances, and spatial distribution. This geometrical characterization can be performed by means of using X-
ray micro- computerized tomography (WCT) [14-15]. uCT is a non-destructive 3D scanning technique that allows observing
the internal structure of the SGI with a very high spatial resolution in the case of small-thickness samples. This technique is
based on measuring X-rays attenuation, which is produced when X-rays pass through the sample evaluated in different
angular positions. X-rays attenuation generates a data set that is then processed using a reconstruction algorithm to generate
the 3D volume [16,17]. Afterwards, the reconstructed volume is observed from a slice (virtual cross-section) or by
representing a 3D view containing the internal features of the complete volume. This technique allows characterizing the
spatial distribution of graphite nodules with great precision, quantifying the size, shape and location of each nodule regarding
a coordinate system [18]. In addition, this technique allows examining the distribution of nodular size, the clustering
tendency, and the sphericity (SG) and compactness (C) parameters for each nodule. The SG parameter, commonly evaluated
in SGI analysis [19,20] to estimate nodular quality, is obtained from the surface (Ar) and volume (Vr) of the nodule

( : ast iron (CI) is an iron-carbon-silicon cast alloys used to manufacture different components of machines, structures

SG = 70.33 (6V£)0.67/Ar (1)

On the other hand, the parameter C is obtained by relating Vr to the volume of the sphere that circumscribes the nodule

(Vs)
C=Vr/Vs @)

Although this parameter is not usually used as a nodular quality estimator in SGI, the authors recently evaluated SG and C
parameters to establish quality categories for graphite nodules from a SGI sample by uCT [21]. In that work, the C parameter
was identified as a very good geometric parameter to adequately classify the graphite nodule quality, even better than SG
since, although the SG distributions associated with subpopulations of high and medium compactness are similar, the
tomographic images show substantial differences in terms of nodular quality of both subpopulations.

This work proposes to continue the above-mentioned study by evaluating a population of 1910 high-quality graphite nodules
using uCT and digital image processing. The present study includes the analysis of different subpopulations, which are
defined following a nodular size criterion. For these subpopulations, the distances between neighbouring nodules, the spatial
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distribution, the tendency to clustering and the relation between SG and C parameters with the nodular size, are explored
aiming at the improvement of the quality category classification in spheroidal graphite cast iron and other materials.

EXPERIMENTAL METHODOLOGY

n ad hoc SGI sample (60-40-18 SGI grade according to the ASTM A395) with 6.4 mm x 5.1 mm x 1.2 mm was
A used to generate the high-resolution 3D images. Details of the testing material can be found in Diaz et al. (2021)
[21].
X-Ray Micro-Tomography
The X-ray uCT was performed employing a Phoenix V |tome| x S 240 tomograph (General Electric). It is known that
beam hardening occurs when a tomogtraphic image is generated due to preferential absorption of low-energy X-rays [22,23].
Beam hardening produces non-linearity in the X-ray attenuation when it crosses the thickness of the sample and, in addition,
different artefacts in the tomographic image [24,25]. Accordingly, a 0.1 mm Cu filter was used to alleviate the artefacts
produced since by filtering the source, low-energy X-rays are removed. Additionally, the reconstruction software performs
a digital correction of the artefacts generated.

Parameters setting of the uCT procedure.

Optimization of the quality and resolution of the uCT images was performed from an experimental setting of the contrast
resolution (CR), the noise, the spatial resolution, and the dimensional uncertainty. The CR allows distinguishing several
structures due to their singularity in the grayscale. The noise, caused by the attenuation coefficient variation between voxels
[26,27], is related to the amount of signal received by the detector (a high-intensity signal generates an image with a low
noise level and high CR). Considering that the contrast-to-noise ratio (CNR) is measurable and improvable, the CNR was
used to evaluate the quality of the tomographic image performed [28]. Additionally, if the spatial resolution in the uCT
image is high, smaller and closer structures can be distinguished, whereas the size and location of the graphite nodules in
the sample are related to the dimensional uncertainty.

Considering the above-mentioned and after some experimental tests, an increase in the acceleration voltage (set at 80 kV)
led to a noise reduction, whereas an increase in the filament current (set at 90 uA) led to an improvement in the CR. Using
the Phoenix datos | x 2 CT software [29], 20 measurements in different cross-sections of the tomographic image were carried
out to obtain the CNR value, which was 10.45. Moreover, spatial resolution was optimized by combining the smallest voxel
size and the best magnificatdon [30]. The spatial resolution was about 7 pm/voxel, with a magnification of 27X. 30
tomographic images of steel wire patterns were used to obtain the dimensional uncertainty, which was about * 5.8 um, with
a confidence level of 95%. Details of the uncertainty calculation can be found in Diaz et al. (2021) [21].

Processing of the data retrieved from uCT analysis

The equivalent diameter, D (the diameter of a circumscribed sphere in the graphite nodule), SG and C parameters were
evaluated from 1910 highest-quality nodules, which belong to a region of interest (ROI) of 2.6 x 2.1 x 0.5 mm. Then, the
AQ population was defined according to the D, SG and C parameters. Only graphite nodules with a diameter greater than
25 um were considered to avoid inclusions or micro-shrinkage defects, which are common in cast materials. That population
corresponds to the nodules with SG and C values greater than 65% and 50%, respectively. The parameters used to classify
each subpopulation and the corresponding count, are listed in Tab. 1, where G1, G2, and G3 correspond to small, medium,
and large nodules, respectively. It is worth noting that these values were obtained from an exhaustive evaluation of the SG
and C distributions for 9238 nodules, which is detailed in Diaz et al. (2021) [21].

The count shows that small and medium-sized nodules prevail. Fig. 1 shows three quality nodules extracted from each
subpopulation. Note that the nodules have the same SG values and different C values. The digital image processing of the
uCT images was carried out using Volume Graphics VGSTUDIO MAX 3.0 (version 3.0, Volume Graphics, Heidelberg,
Germany) [31]. This software is widely used in many laboratories and industries due to its excellent performance.

Gap definition

The smallest distance between a nodule and the nearest neighbour, called a “Gap”, was determined from the surface of the
circumscribed sphere of each nodule, as shown in Fig. 2. Therefore, if the nodules evaluated were spheres, the values should
be strictly positive or zero. However, the Gap is negative when the circumsctibed spheres share a part of their volume,
which is expected for low-quality nodules, and rarely occurs for high-quality nodules. Consequently, the Gap values could
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be used as an indirect measure of nodular quality. For example, if the percentage of negative values is small, the quality of
the nodules will be high.

Population Subpopulation Diameter (um) Sphericity (%) Compactness (%) Count

G1 25-40 65-100 50-100 724
AQ G2 40-60 65-100 50-100 852
G3 60-80 65-100 50-100 334

Table 1: Parameters associated with each subpopulation.

@ (®) ©

Figure 1: Nodules from each subpopulation. The parameters are: (a) D = 31 um, SG = 67%, C = 63%; (b) D = 51 um, SG = 67%, C
= 53% and (c) D = 70 um, SG = 67%, C = 57%.

Gap

Figure 2: Schematic representation of the Gap parameter.

RESULTS

Spatial distributions and Gap analysis
ig. 3 shows the spatial distributions of the G1, G2 and G3 subpopulations. This figure corroborates the G1 and G2
F high counts and the highest quality of the nodules evaluated. In all cases, the nodules are uniformly distributed.
However, in all subpopulations, zones with clustered nodules and zones with nodules following a linear or curved

pattern are observed.
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Figure 3: Spatial distribution of nodules in subpopulations: (a) G1, (b) G2 and (c) G3.
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Fig. 4 shows the Gap parameter distribution for AQ. Negative values are small (7.4% of the population), indicating the
nodular quality is high. Regarding the positive values, the distribution is hyperbolic, with a very high count for the smallest
Gap values, which corroborates the clustering tendency of high-quality nodules. Tab. 2 shows the negative Gap nodule
count and percentage. This percentage increases when the nodule size increases. The small percentage associated with G1
(small nodules) denotes a high number of high-quality nodules. On the other hand, the percentage is similar for G2 and
G3 (medium and large nodules).
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Figure 4: Gap distribution of the AQ population.
. Negative Gap ~ Negative Gap
Subpopulation Count nodule count nodules (%)
Gl1 724 18 24
G2 852 85 9.9
G3 334 38 11.3

Table 2: Gap values from the evaluated nodules

Sphericity and compactness distribution analysis

The SG and C distributions of the population AQ and its subpopulations G1, G2 and G3 are shown in Fig. 5. The G1
range is wider than the G2 range, which is wider than the G3 range. Therefore, the SG range decreases when the nodule
size increases (see Fig. 5a). Fig. 5b shows the C distributions. The ranges of G1, G2 and G3 are similar. The C ranges also
decrease when the nodule size increases. Different amplitudes for the ranges of SG and C are observed. For SG, the
amplitudes are 14, 10 and 5% for G1, G2 and G3, respectively. For C, the values are 23, 20 and 16% for the same
subpopulations. Therefore, the C values are more diverse than the SG values.

In Fig. 5a, AQ initially increases; then, it decreases with a high slope and, finally, it decreases with a low gradient. The shape
of AQ in Fig. 5b is similar, but it includes a stationary zone. In both cases, the G2 shape reproduces the AQ shape. On the
contrary, the G1 and G3 shapes differ from the AQ shape. In addition, the G2 subpopulation, which contains middling size
nodules, shows a significant count and high values of C and SG.

The C distributions of G1 and G2 have similar shapes in the 50-55% range. From 55%, the G2 count is higher than G1
and G3, and the G1 count decreases, approaching the G3 count. For higher values of C, G1 and G3 have similar counts.
Furthermore, in the SG range of 65-69%, the G2 count is higher than the G1 count and, in the SG range of 70-75%, the
behaviour is the opposite. In the SG range from 65 to 70%, the count is high, and from 71 to 79%, the count is low.
Considering the first range (high count), when SG increases, the counts of G1 and G3 increase and decrease, respectively.
In the C distribution (range from 50 to 60%), the trend is the opposite because when C increases, the counts of G1 and G3
decrease and increase, respectively.

These results show that small and large nodules have opposite behaviours. Furthermore, these behaviours are reversed when
the parameter evaluated changes. Therefore, the SG and C parameters are complementary when small and large nodule
subpopulations are evaluated.
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Figure 5: Count distribution of geometrical parameters of graphite nodules: (a) Sphericity, (b) compactness.

Fig. 6 shows a plot where each nodule of AQ is represented by a grey circle whose coordinates are SG and D. According
to the dataset, a nodule concentration zone (NCZ), with ranges of 30-70 pm and 65-70% for D and SG, respectively, was
selected. On the other hand, in Fig. 7, the distribution of compactness vs nodule diameter in subpopulation AQ is plotted.
Here, another NCZ with ranges of 30-70 um and 50-63% for D and C, respectively, was selected. It is convenient to
evaluate the G1, G2 and G3 nodules within both NCZs to optimize the analysis because the SG and C ranges are well-
defined. Therefore, a new subpopulation (AN) is defined. AN adds the nodules concentrated in both zones. Furthermore,
75% of the AQ nodules are included in the AN subpopulation (1476 nodules).

Evaluation of the AN subpopulation

Observing the NCZ of Fig. 6, when SG increases, the small nodule count increases, while the large nodule count decreases.
On the other hand, when C increases in the NCZ of Fig. 7, the behaviour is the opposite. The count of the small and large
nodules decreases and increases, respectively. These results corroborate the inverse behaviour of G1 and G3 mentioned
above. In addition, these results would justify the combined use of both parameters (SG and C) due to their complementary
nature. The spatial distribution of the AN subpopulation is shown in Fig. 8, where a nodule uniform distribution and some
nodule-clustering zones are observed.
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Figure 6: Distribution of sphericity vs nodule diameter in population AQ. NCZ: nodule concentration zone.
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Figure 7: Distribution of compactness vs nodule diameter in population AQ. NCZ: nodule concentration zone.
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Figure 8: Spatial distribution of the AN subpopulation.

Tab. 3 shows the count for all combinations of SG and C of the AN. The SG and C ranges in the AN subpopulation are 5
and 13%, respectively. Therefore, for the same nodules evaluated, the C values are more diverse, which allow better nodular
identification. The higher counts are observed in the 66-67% SG and 51-58% C ranges. These ranges correspond to low
and medium values for both parameters. Furthermore, the count is meagre for nodules with high SG and low C and nodules
with high C and low SG. It should be noted that, in the work of Diaz et al. [21], the graphite nodule shape is more sensitive
to C values than SG values.
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C (%)
50 51 52 53 54 55 56 57 58 59 60 61 62 63
65 12 26 13 9 11 15 19 8 18 15 4 6 2 2
66 13 34 31 32 37 33 32 35 34 25 23 20 19 15
Sc 67 17 23 29 26 25 23 33 28 26 27 21 14 16 16
C4) 68 13 23 26 23 27 21 22 21 20 22 17 13 12 10
69 17 12 12 14 12 12 15 16 9 11 8 6 9 10
70 12 7 11 13 9 17 9 9 7 3 5 5 1 3

Table 3: Count for sphericity (SG) and compactness (C) combinations.

Tab. 4 shows the count and the maximum (Cmax) and minimum (Cmin) compactness values associated with each sphericity
value. The C range for all SG values is the same (13%), regardless of the count. Each SG value is associated with at least
one nodule whose C is maximum and at least one nodule whose C is minimum. It is worth noting that even when the SG
value is maximum (70%), the C value can be minimum (50%). Therefore, for each SG value, the nodule quality is associated
with the C value.

(So/f; Count C(’j/?)‘x Crmin (%)
65 160 63 50
66 383 63 50
67 324 63 50
68 270 63 50
69 163 63 50
70 111 63 50

Table 4: Count and maximum and minimum compactness for each sphericity value

In the analysis of the different subpopulations, the distinctive combined behaviour of SG and C parameters is highlighted.
Therefore, in the morphological evaluation of graphite nodules to define, with accuracy, nodular quality categories, both
parameters should be simultaneously evaluated.

CONCLUSIONS

his work explores the distances between neighbouring nodules, spatial distributions and clustering tendency, and
I the combined behaviour of the sphericity and compactness parameters in 1910 high-quality nodules of a ferritic
sample using X-ray micro-tomography and digital image processing. The following conclusions can be highlighted:

e The evaluation of the Gap parameter in the AQ population corroborated the high quality of the nodules evaluated.
Furthermore, tomographic images show that these nodules are uniformly distributed.

e The exhaustive study of different subpopulations, following a nodular size criterion, revealed the complementary nature
of the sphericity and compactness parameters, which define and govern nodular quality.

e From the analysis of the AQ population and following a nodule concentration criterion, a new subpopulation, AN, is
defined. AN allowed evaluating the behaviour of different size nodule groups for well-defined ranges of the sphericity
and compactness parameters.

e In the AN subpopulation, the study of the link between the nodular size distribution and sphericity and compactness
parameters, allowed confirming the complementary nature of these parameters.

e The results in this work not only justify the combined use of the sphericity and compactness parameters to establish
nodular quality categories in spheroidal graphite cast iron and other materials, but also provide new perspectives on
the nodular morphology study and the distribution of quality nodules in the metallic matrix.
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NOMENCLATURE

CI: Cast Iron

SGI: Spheroidal Grafite cast Iron

uCT: Micro Computerized Tomography

SG: Sphericity

C: Compactness

Ar: Surface of the graphite nodule

Vr1: Volume of the graphite nodule

Vs: Volume of the sphere that circumscribes the nodule.

CR: Contrast Resolution

CNR: Contrast to Noise Ratio

ROI: Region of Interest

D: The Diameter of a circumscribed sphere in the graphite nodule

AQ: Graphite Nodule Population defined according to the D, SG and C parameters
G1: Graphite Nodule Subpopulation corresponding to small nodules

G2: Graphite Nodule Subpopulation corresponding to medium nodules

G3: Graphite Nodule Subpopulation corresponding to large nodules

NCZ: Nodular Concentration Zone

AN: Graphite Nodule Subpopulation corresponding to nodules concentrated in the NCZ

288




<<
  /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


