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Development of Magnetic After-Effect Setup
and Application in the Study of Relaxation Processes

in Fe-C, Fe-Cu and Fe-Cr Alloys

Abstract. A magnetic after-effect setup, based on an open magnetic circuit, is developed and presented. The magnetic after-effect experiment aims
to determine the time and temperature dependence of the initial susceptibility, which is obtained by an AC measurement of the mutual inductance.
After sample demagnetization, the change of the time dependent initial susceptibility is measured for particular ferromagnetic materials at a chosen
temperature. The setup is applied for the investigation of relaxation processes of dislocations and carbon atoms in Fe-C, Fe-Cu and Fe-Cr alloys.

Streszczenie. Przedstawiono ukiad do badania lepko$ci magnetycznej w obwodach otwartych. Badano poczatkowg susceptancje jako funkcje
temperatury i czasu. Analizowano procesy relaksacyjne w stopach Fe-C, Fe-Cu i Fe-Cr. (System do badania proceséw relaksacyjnych w

stopach Fe-C, Fe-Cu i Fe-Cr)
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Introduction

Magnetic relaxation is the relaxation of a magnetic
system to an equilibrium state or steady-state condition as
the magnetic field is changed. The corresponding
measurement technique, also known as Magnetic After-
Effect (MAE) spectroscopy, has been constantly improved
in the last few decades and applied to several pure
ferromagnetic materials and a great number of alloys in
order to obtain detailed information on intrinsic defects,
impurity atoms and their interactions [1]. It is a non-
destructive evaluation technique that belongs to the group
of relaxation techniques which has the great advantage to
be sensitive not only to the mere presence of the lattice
defects - to what most other methods are confined - but, in
addition, to detect defect movements such as local
reorientations or diffusional migration [2].

The MAE is a general term for the following
phenomenon: after demagnetization of the sample under
consideration a time-dependent decrease of the initial
reversible susceptibility, y, (or alternatively, the increase of
its reciprocal value, i.e. the reluctivity » = 1/%) is observed for
particular ferromagnetic materials at specific temperatures.
Such disaccommodation of the initial susceptibility is due to
interactions between the magnetic domain walls and the
thermally activated motion of microstructural defects
towards energetically more favourable positions. These
interactions result in a time-dependent process of magnetic
domain wall stabilization [3], which leads to the reduction of
domain wall mobility, and hence to the decrease of the
initial susceptibility with increasing time.

Here, we developed a fully automated magnetic after-
effect setup. It is used for the study of relaxation processes
of carbon interstitials, dislocations as well as their interplay
in Fe-C, Fe-Cr and thermally aged Fe-1%Cu alloys. This
contributes to the development of a non-destructive
evaluation technique for the analysis of irradiation induced
embrittlement of nuclear reactor pressure vessel steels.

Experiment

The purpose of the MAE experiment is to determine the
time and temperature dependence of the initial
susceptibility, which is obtained by an AC measurement of
the mutual inductance.
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Magnetic after-effect setup:
Schematic representation of the magnetic relaxation
setup is given in Fig. 1.
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Fig. 1. Schematic representation of the magnetic after-effect setup.
The core element of the setup is the ferromagnetic sample under
test around which concentric coils are placed (open magnetic
circuit). The open magnetic circuit is inserted in a temperature-
controlled environmental chamber. The dashed line (- - -)
represents the demagnetization stage and the full line (---) shows
the magnetization stage to measure initial susceptibility.
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As the core element of the setup, the sample under test is
placed within three concentric cylindrical coils, as shown in
Fig. 2.

Fig. 2. The ferromagnetic
sample placed as the
core of three concentric
cylindrical coils (open
magnetic circuit). Coil 1
— to measure induced
voltage; Coil 2 — to apply
the excitation current
during the magnetization
stage; Coil 3 — to apply
the excitation current
during demagnetization
stage.

_sample

L,=13 mm
L,=L,=50mm
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The time dependent magnetic flux in the sample results
in an induced voltage in coil 1, positioned closest to the
sample. Coil 2 is used for applying the excitation current
during the magnetization stage, while the outlying coil 3 is
applied for the excitation current during the demagnetization
stage. The MAE setup is designed for ferromagnetic
rectangular samples with dimensions 1.3x%1.3x30 mm?®.
Since no additional means are present to close the flux
path, this configuration can be considered as an open
magnetic circuit. In order to determine the temperature
dependence of the susceptibility this circuit is inserted in a
temperature-controlled environmental chamber.

The experimental procedure consists of three steps:

1. The temperature of the environmental chamber is
controlled to a predefined temperature set point by the
combined action of resistive heating and liquid nitrogen
cooling.

2. After the temperature stabilization at the set point, the
demagnetization procedure begins, starting with an
alternating magnetic field with initial amplitude of about 10
kA/m and decaying. Fig. 3 shows the electronic scheme of
the MAE setup.
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Fig. 3. Electronic scheme of the magnetic after-effect setup. The
linear power amplifier is used as a current source. R — resistor of 1
kQ, CSR — four-point current sense resistor with resistance value of
1 Q, G —instrumentation amplifier with a gain of 1065, F — low pass
filter with cut-off frequency f;= 500 Hz.
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The linear amplifier is used as source of the excitation
current applied during the demagnetization phase. For the
application of ..., coil 3 is placed around the sample
under test.

3. Once the field metric demagnetization is finished, the
demagnetizing electronic circuit opens. Then, a magnetic
AC sinusoidal excitation is applied to the sample, with small
constant effective amplitude, H,, of about 10 A/m, which is
small enough to correspond with the reversible region of the
magnetization curve (magnetic induction = 1 mT). The
design of coil 2 is done such that the magnetic field
amplitude of 10 A/m corresponds with the excitation current
amplitude of the order of mA. This order of magnitude for
the electrical current enables us to apply the excitation
directly from the DAQ, without additional amplifier (since the
analogue output of the DAQ-card can deliver a maximum
current of 5 mA), having the advantage that no DC - offset
and no additional noise is introduced in excitation coil 2. An
appropriate resistor (R) is added to the circuit in order to
maximize the usage of the voltage range of the analogue
output channel of the DAQ (10 V).
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The measurement of the initial susceptibility:

During the sinusoidal field excitation, characterized by
the amplitude H,; and the excitation frequency, f... the
initial susceptibility of the sample under test at constant
temperature set point 7, is measured. The measurement is
performed at specific time points ¢, starting from 1 s to 180
s, and with a time interval 4¢. This interval is the interval
between succeeding initial susceptibility measurements,
and is set here to 1 s.

Moreover, in order to obtain the susceptibility value at a
certain discrete time point, #, the waveforms of the
excitation current 7,,,,(2) (coil 2), and induced voltage V;,q.(1)
in coil 1 are measured during a certain time scope J¢ around
t;, i.e. during [t; — 0t/2, t;+ 6t/2]. The time interval ¢ and the
frequency f...; of the applied current 7,..(T) are chosen in
such a way that the following expression is fulfilled: ¢t =
Jfeeir < At The integer value j gives the number of periods
of Lt and Via.(t) that are measured during the time
interval J¢. The excitation frequency set point is an interplay
between maximizing the signal-to-noise ratio and
minimizing the skin effect. Moreover, with a higher j or Jt, a
higher accuracy of the susceptibility measurement is
obtained. By using the parameters f.,.;; and J¢t which are set
in the experiments to 275 Hz and 0.2 s, respectively, the
number of measured periods of the waveforms 7,,..(1) and
Vinduc(t) |Sj =55.

The waveforms 1,..(1) and Vi..(t) which are obtained
during the time interval ¢Jt, are served as input data for two

Fourier transformations, resulting in fmag(t) and I}induc(t)

which are the amplitudes of the excitation current and the
induced voltage respectively. Both amplitudes correspond
to the set point of excitation frequency, f,.... By using these
amplitudes, we obtain the mutual inductance 4, T7),
between coil 1 and coil 2 of the open magnetic circuit
around the sample:

Vinduc (ti»T)

(1) Am(tiaT): A .
27 foxcit '[mag(tivT)

where, the angular frequency o is equal to 2zf,,.;.. In order
to obtain the initial value of the magnetic susceptibility, we
have used the basic equations which describe the
correlations between the relative permeability x,, and the
magnetic susceptibility. Taking into account the relation
between the magnetic inductance B, 7) and the effective
magnetic field which acts on the sample, H (1, 1), i.e. :

2 B;.T)=u Hyt.T),

and considering the definition of the relative permeability u,
= wuy as well as y = u. — I, we expressed the initial
susceptibility in the following way:

é(ti’T)

—_— 1.
Ho Hej](tlsT)

@) 2;,T) =

The amplitude of the induced voltage in coil 1 is given
as a function of the number of turns of coil n;, cross section
of the specimen S, angular frequency w, and the
amplitude of the magnetic inductance:

(4) Vinduc(ti’T):ﬂl'nl'Smat'w'B(tiaT)-

An approximation related to the fact that the cutting
frequency of 500 Hz might be too close to the excitation
frequency of 275 Hz is taken into account by adding the
correction factor ; (error for susceptibility #; < 7) in Eq. (4).
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Using the following expression related to coil 2, where the
amplitude of the effective magnetic field is proportional to
the amplitude of excitation current [4]:

(B)  Hep(t;.1) Ly =B 1y - Lag (.7,

as well as Egs. (1) and (3), the value of the initial magnetic
susceptibility is obtained as follows:

Ap(;,7) - Ly
P Bomyny - Sy Ho

(6) Z(ti:T): —1|

with n, - the numbers of turns of coil 2. However, due to the
choice that the magnetic path length is the length of the cail
2 L,, the correction factor g, appears in Eq. (5). For each
discrete time point ¢, these measurements and processing
are performed, resulting in one initial susceptibility value y
for each ¢.

Magnetic after-effect spectra:

One of the typical experimental results of these
measurements is shown in Fig. 4 where the change of initial
susceptibility as a function of time ¢; is plotted.
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Fig. 4. The change ot magnetic susceptibility as a function of time,

of a non-deformed, for 60 h thermally aged at 773 K Fe-1%Cu

sample. The measurement was performed at 262 K.

This measuring sequence - temperature control,
demagnetization, and measurement of initial magnetic
susceptibility, is then repeated for other temperature set
points in a range of 200 K to 500 K and with a temperature
step of 4 K. A few MAE curves, obtained from the tests
performed at different temperatures, are presented in Fig. 5.
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Fig. 5. MAE curves obtained from the measurements performed at
different temperatures for non-deformed, thermally aged for 60 h at
773 K Fe-1%Cu- samples.

Once the measurements are performed for all temperatures
T, in order to study the specific temperature dependence of
the magnetic after-effect, the experimental isothermal data
can be processed into isochronal curves. These curves or
so-called MAE spectra show the relative change of initial
susceptibility, S, as a function of temperature between two
times #y:, and 1,4 in the following way:
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(7) S(T) — Ay (T) _ l(ti = [begmaT)_Z([,' = tendaT) ,
Kend 2 =tonasT)

Alternatively, it can be presented as the relative change of
the reluctivity, » (r = 1/y) [5]:

E(T) _ 7t =topg,T) —1(; :tbegin’T)

1 r(t; = tbeginﬂT)

(8)

with set parameters f.,;, = / s and t; = 180 s, where r; =
(tyegiy T). Notice that, when neglecting the second term in
the RHS of Eqn. (6), the correction factors g; and S,
disappear in (7) and (8).

If a certain thermally activated relaxation process
(interaction between magnetic domain walls and the lattice
defects) exists at a specific temperature, the decrease of
the isothermal susceptibility with time is more pronounced,
as shown in Fig. 5. Such interaction will be characterized by
a peak occurring (local maximum) in the isochronal
relaxation curve — the relative change of reluctivity as a
function of temperature, see Fig. 6.
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Fig. 6. Isochronal relaxation curve of non-deformed, thermally aged
for 60h at 773 K Fe-1%Cu sample. The peak at about 262, denoted
as E/"° is recognized as the Snoek relaxation process of carbon
interstitial atoms in iron lattice.

Materials

The details of the Fe-C, Fe-1%Cu and Fe-2.5%Cr alloys
production and the sample preparations are published
elsewhere [5, 6, 7]. The chemical composition of the
materials used in these studies is given in Table 1.

Table 1. The nominal composition of investigated alloys

Material Nominal composition (wt.%)

Fe-C (< 200 ppm impurities; ~ 30 ppm C)
Fe-1%Cu 1%Cu (~ 30 ppm C)

Fe-2.5%Cr 2.5%Cr; 0.01%C

The various stages of copper precipitation, which plays
an important role in dislocation dynamics, in Fe-1%Cu
alloys were achieved by a thermal aging process, consisting
of time-dependent heat treatments at 773 K in argon
atmosphere, and subsequent fast quenching into iced
water. The duration of the heat treatment varied from 0.1 h
to 480 h. The Fe-2.5%Cr sample was also thermally aged
but on 823 K for 0.75 h followed by water quenching, thus
avoiding creation of carbides. The Fe-C alloys were not
thermally treated.

The second set of samples of Fe-Cu and Fe-Cr alloys
was, prior to the MAE measurements, subjected to a
torsional cyclic plastic deformation in a consistent way by
an angle of z/2 over their length at room temperature. This
corresponds to a local deformation of about 6% (aR/L). Fe-
C samples were deformed by an angle of 37/2 (18%), also
at room temperature.
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Results

The MAE spectra of non-deformed and cold-worked
samples of Fe-C; Fe-1%Cu and Fe-2.5%Cr alloys are
shown in Fig. 7.
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Fig. 7. The MAE spectra of non-deformed (ND) and cold-worked
(CW) samples of Fe-C (a), Fe-1%Cu (b) and Fe-2.5Cr% (c) alloys.
The Fe-1%Cu samples were thermally aged for 20h at 773 K — the
aging time which corresponds to the peak hardening of this alloy.
The as provided (a.p.) Fe-2.5%Cr sample, after plastic deformation
and MAE measurement, was thermally aged (t.a.) for 0.75 h at 823
K and tested again.

In the case of non-deformed samples for all alloys, by
increasing the temperature the relative change of reluctivity
exhibits a peak at about 260 K, denoted as E,. The full
width at half maximum (FWHM), temperature position (7¢)
and the integrated intensity are the main peak parameters
which are used to analyze the relaxation processes. They
are proportional to the distribution of relaxation times
(FWHM), activation energy (7¢), and concentration of
relaxed defects (integrated intensity) [8]. On the basis of
previous investigations which show very good agreement
with the peak parameters obtained in our measurements,
the E;-peak is assigned to the Snoek relaxation process of
carbon interstitials [3].

As a consequence of plastic deformation we have a
more complex structure, see Fig. 7. Beside the Snoek-peak,
the MAE spectra of cold-worked samples in all alloys exhibit
an additional structure, denoted as E,, which temperature
position is in the range between 320 K and 340 K. The
previous investigations based on the MAE measurements
have shown that the temperature of 330 K corresponds to
the activation energy of 1.08 eV [9]. This value agrees well
to the activation energy of the relaxation process related to
dislocation motion obtained from the previous internal
friction measurements [10]. Moreover, the FWHM of the E,-
peak (= 60 K) which is much larger than in the case of E,,
indicates that this relaxation process is not governed by a
single relaxation time, but a distribution of times. This gives
an additional argument in favor of assignment of the F,-
peak to the relaxation process of line defects such as
dislocation motion.

Contrary to the Snoek-peak in the spectra of non-
deformed thermally aged Fe-1%Cu samples, the E;,— peak
observed in the spectra of plastically deformed samples
shows a reduced intensity, see Fig. 7(b). Such behavior is
expectable, since a certain amount of carbon atoms is
segregated at dislocations during plastic deformation. In
addition, the different ratio of the E; and E, peaks intensities
in the spectrum of the CW Fe-C sample comparing the one
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in Fe-Cu and Fe-Cr samples is a consequence of the
applied amount of plastic deformation.

Conclusion

To conclude, we developed a fully automated magnetic-
after effect setup which is based on an open magnetic
circuit consisting of three concentric cylindrical coils. The
experimental procedure which enables the measurement of
time dependent initial (reversible) magnetic susceptibility
consists of three stages - temperature control,
demagnetization and magnetization (which is the actual
measurement of the time-dependent decay of the initial
susceptibility at a fixed temperature). This measuring
sequence is repeated for each temperature set point within
the studied temperature range.

In order to observe relaxation processes by using the
new developed magnetic after-effect setup, we performed
measurements on Fe-C, Fe-1%Cu and Fe-2.5%Cr alloys. In
the isochronal relaxation spectra of all alloys, two types of
processes, observed at 260 K and around 330 K, are
assigned to the Snoek relaxation of carbon interstitial atoms
and thermal activation of dislocation motion (under plastic
deformation), respectively.
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frame of the FWO project G.0127.08.

REFERENCES

[1] Kronmdller H., Vacancies and Interstitials in Metals, Eds.
Seeger A., Schumacher D., Schilling W., and Diehl J., North-
Holland Publ. Co., Amsterdam, (1970)

[2] Walz F., Weller M., Hircher M., Magnetic After-Effect and
Internal Friction as Quantitative Tools for the Analysis of
Carbon and Nitrogen in a-lron, Phys. Stat. Sol. A, 154 (1996),
765

[3] Blythe H.J., Kronmiiller H., Seeger A., Walz F., A Review of the
Magnetic Relaxation and Its Application to the Study of Atomic
Defects in a-lIron and Its Diluted Alloys, Phys. Stat. Sol. A, 181
(2000), No. 2, 233-345

[4] Jiles. D, Introduction to Magnetism and Magnetic Materials,
Chapman and Hall, London (1991)

[5] Verheyen K., Jardin M., Almazouzi A., Coincidence Doppler
broadening spectroscopy in Fe, Fe-C and Fe-Cu after neutron
irradiation, J. Nucl. Mater., 351 (2006), 209

[6] Konstantinovi¢ M.J., Almazouzi A., Scibetta M., van Walle E.,
Tensile properties and internal friction study of dislocation
movement in iron—copper system as a function of copper
precipitation, J. Nucl. Mater., 362 (2007), 283-286

[7] Matijasevi¢ M., Almazouzi A., Effect of Cr on the mechanical
properties and microstructure of Fe—Cr model alloys after n-
irradiation, J. Nucl. Mater., 377 (2008), No. 1, 147-154

[8] Nowick S.A. and Berry B.S., Anelastic Relaxation in Crystalline
Solids, Academic Press, New York/London (1972)

[9] Walz F. and Blythe H.J., Evidence for a two-interstitial annealing
mechanism in o-Fe based on magnetic after-effect
measurments, Cryst. Latt. and Amorph. Mat., 17 (1988), 373-
403

[10] Konstantinovi¢ M.J., Interplay of dislocation-related relaxation
processes in iron-based materials, Phys. Rev. B, 78 (2008),
No. 5, 052104

Authors: ir. Boris Minov, Ghent University, Department of Electrical
Energy, Systems and Automation/Belgian Nuclear Research
Centre, address: Boeretang 200, B-2400 Mol, Belgium, E-mail:
bminov@sckcen.be; dr. Milan J. Konstantinovi¢, Belgian Nuclear
Research Centre, address: Boeretang 200, B-2400 Mol, Belgium,
E-mail: mkonstan@sckcen.be; Prof. dr. ir. Luc Dupré, Ghent
University, Department of Electrical Energy, Systems and
Automation, address: Sint-Pietersnieuwstraat 41, B-9000, Ghent,
Belgium, E-mail: luc.dupre@ugent.be

123




<<
  /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


