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Abstract Using non-isothermal thermogravimetry (TG),
the oxidation kinetics of oxygen-deficient lithium—titanium
ferrospinel, Lio,649Fel_598Ti0,5Zn0,2Mn0V05104,,;, manufac-
tured by ceramic engineering is investigated. The oxidation
annealing of powder samples is performed in air. Accord-
ing to the X-ray phase analysis, the processes giving rise to
variations in oxygen content occur within single-phase
spinel structure. The experimental kinetic results are pro-
cessed using the Netzsch Thermokinetics software. The
oxidation rate constants and the effective coefficients of
atmospheric oxygen diffusion into the ferrites are deter-
mined. The effective activation energy E of oxygen dif-
fusion is found to be 1.95 eV. It is demonstrated that an
increase in the oxygen non-stoichiometry parameter ¢ as a
result of recovery annealing of ferrite powders in vacuum
at T = 1,070 K for 2 h gives rise to a slight decrease in E
down to 1.89 eV. The activation energy of oxygen grain-
boundary diffusion is identified by the electroconduction
method. The resulting value 1.93 eV is fairly consistent
with that obtained by TG.
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Introduction

Materials based on lithium ferrospinels involve a wide
range of compositions and structural modifications, which
predetermines their varied functional properties and quite
extensive application areas [1—4]. Most promising for the
microwave electronics are those lithium—titanium ferrites
that are prepared by the methods of ceramic engineering [1,
2]. The latter techniques are characterized by a consider-
able influence of the gaseous medium at high temperatures
on the defect formation in the oxygen sublattice of ferro-
magnetic materials [1-5].

When interacting with the surrounding medium, ferrite,
depending on such external thermodynamic parameters as
temperature (7) and partial oxygen pressure in a gas
medium (P), can either absorb oxygen (oxidative reaction)
or lose it (reducing reaction). This results in a spontaneous
violation of the oxygen stoichiometry of the compound. In
many cases, this material might acquire optimal physico-
chemical properties at quite definite oxygen content. In
order to manufacture ferrites with the required character-
istics, it is therefore very critical to perform a compre-
hensive investigation of the diffusion exchange between
the complex oxide and the gas medium and to obtain data
on the kinetic and diffusion characteristics of this process.
An analysis of the literature data has shown that for lithium
ferrospinels these data were absolutely lacking until the
studies reported in [6, 7]. The latter publications present
diffusion characteristics of oxygen measured using the
electroconduction method.

Problems of that kind are most efficiently solved using
the method of thermogravimetric analysis. The potential
of this method has considerably increased due to the
advent of advanced supersensitive equipment. Examples
of successful application of this approach to the study of
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the oxidation kinetics of some types of materials are
given in [8-11].

The purpose of this study is to apply thermogravimetric
analysis to finding the kinetic parameters of oxidative
processes in polycrystalline lithium—titanium ferrites with
different degrees of oxygen non-stoichiometry.

The Curie temperature of investigated material is equal
540 K. It is well known that diffusion rate in oxide
ceramics under such low temperatures is extremely small.
TG researches have shown that the powder ferrite mass
remained practically a constant at heating from 300 up to
700 K. Therefore, it is impossible to analyze the influence
of magnetic phase transition (ferrimagnetic to paramag-
netic) on researched diffusion process. In this connection
this study is devoted to investigation of diffusion absorp-
tion of oxygen in ferrite in temperature range when the
ferrite is in a paramagnetic phase.

Experimental procedures

The material under study was lithium—titanium ceramics,
Li0_649FC1.598Ti0_5ZHO_2Mn0'05104,(5. Ferrite pOWderS were
synthesized under industrial conditions. Their chemical
composition is given by the manufacturer. Our independent
check by methods of the X-ray fluorescent analysis (device
INNOV-X X-50, the USA) and secondary ion-mass spec-
trometry (device PHI-6300, the USA) has confirmed results
of the manufacturer.

Pellets measuring 18 mm in diameter and 3 mm in
thickness were prepared by single-action cold compaction
of synthesized ferrite powders, followed by roast-sintering
in air (partial oxygen pressure P = 0.21 atm.) at
T = 1,370 K for 2 h. The heating and cooling rate was
10 K/min. Upon sintering, thin near-surface layers, pos-
sessing a higher oxidative degree with respect to the bulk,
were mechanically ground off both sides of the pellet. The
thickness of the layer to be removed with non-uniform
oxygen distribution over the depth was determined from
the layer-by-layer measurement of electric conductivity of
the ceramic samples. It was found to be about 500 pm. The
remaining internal volume of the ceramic pellet was
ground in an agate mortar to yield powder. The freshly
prepared powder was then screened through a series of
sieves to separate a fraction with an average grain size of
20 um. The volume of the resulting fraction was divided
into two halves. The first half was left as-sieved (Type A)
without any thermal treatment, while the powder in the
second half was subjected to recovery annealing in vacuum
(residual gas pressure P = 3 x 10~* mm mercury column)
at T= 1,070 K for 2 h. This treatment yielded ferrite
powder (Type B) with high oxygen deficit as compared to
Type A powder.
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The X-ray diffraction analysis was performed in an ARL
X’TRA diffractometer (Thermo Electron ARL Products,
USA-Switzerland) using CuK,, emission. Changes in mass
of the samples due to their interaction with the gas medium
were registered directly in the course of thermal treatment
using an STA 449 C Jupiter Analyzer (Netzsch-Geratebau
GmbH, Germany) with the sensitivity of balance 0.1 pg.

Oxidation kinetics under isothermal conditions presents
certain difficulties associated with inevitable influence of
the heating stage on the results obtained. In order to study
the oxidation kinetics of Type A and B powders we,
therefore, used a combination of non-isothermal and iso-
thermal TG. Note that the non-isothermal heating was
performed in a linear mode with the rates 0.5, 1.0, 3.0, and
8.0 K/min.

For the TG measurements, the lithium—titanium powder
was put into an Al,Oj3 crucible shaped as a cup. To ensure
accurate baseline measurements, the crucible was loaded
with inert powdered Al,O3, whose mass was equal to that
of the powder under study.

Experimental results and discussion

According to the X-ray diffraction data, the powdered
lithium—titanium samples of Types A and B consisted of
single-phase spinel. In the initial state their lattice param-
eters were a = 8.368 A and a = 8.370 A, respectively.
This implies that vacuum annealing of the powder is fol-
lowed by an increase in the lattice parameter. According to
the data reported in [12], lattice parameter variation is due
to the Fe™ — Fe™ transition resulting in increased con-
centration of crystal-forming Fe'? cations, whose ionic
radius is larger than that of Fe cations. There is a certain
interrelation between the Fe™/Fe 2 concentration ratio and
the deviation of the oxygen sublattice of ferrite from stoi-
chiometry. The higher is this ratio, the smaller is the lattice
parameter and the smaller is non-stoichiometry of ferrite
with respect to oxygen.

The above considerations imply that oxygen deficit in
powder B is higher than that in powder A.

Shown in Fig. 1 are the TG curves for the Type A
ceramic powder during the first (curve a) and repeated
(curve b) heating. The TG curves for the Type B powder
sample are not qualitatively different from those for the
Type A sample. It is also evident from Fig. 1 that during
the first heating with increasing the temperature, the mass
of the analyzed sample increases up to the temperature
T =~ 1,000 K (see “Introduction” section).

This result testifies to the fact that the Type A material
in the initial state exhibits deviation from non-stoichiom-
etry of oxygen toward its deficit. Within the specified
temperature range, the content of oxygen does not
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Fig. 1 Changes in mass of powdered ferrite in Type A sample during
the first (curve a) and repeated (curve b) heating. Heating rate 2 K/
min. Cooling rate 10 K/min

correspond to the equilibrium state of the condensed phase
with the gas medium. That is why an additional non-iso-
thermal heating gives rise to oxidation of the sample under
study.

Upon reaching the temperature 7' =~ 1,000 K, the ferrite
mass begins to decrease (see “Experimental procedures”
section, curve a in Fig. 1). That means that oxygen escapes
from ferrite powder into the surrounding atmosphere. This
occurs due to a shift of the oxygen equilibrium toward its
excess, when this temperature is increased while the partial
oxygen pressure in the surrounding medium is retained
constant. Thus, the interaction of ferrite powder with the
medium above 1,000 K transits into the reduction regime.
It should be noted that the oxidation stage is hardly present
in the process after repeated heating of the powder, and the
mass loss in the course of heating is compensated for by its
increase during the cooling stage (Fig. 1, curve b).
Reversibility of these processes is indicative of the fact that
ferrite composition changes only with respect to oxygen.

The results of the TG analysis allowed us to identify the
temperature interval for heating this material 7 = 670—
920 K, within which one can correctly analyze the kinetics
of oxygen absorption in non-stoichiometric ferrite pow-
ders. The kinetic analysis was carried out using a combined
heating mode involving both non-isothermal and isother-
mal stages. The analyzed sample was heated at a certain
rate from 7 = 670 K to T = 920 K. This was followed by
a comparatively long isothermal tempering at this tem-
perature until equilibrium with the surrounding medium
was reached, which was indicated by the conservation of
constancy of the sample mass. The kinetic behavior of
mass variation in Type A powder is presented in Fig. 2.
Arrows show the points of time of transitions from non-
isothermal heating to isothermal tempering.

The X-ray diffraction studies demonstrated that after
oxidative annealing the lattice parameter in Type A and B
ferrite powders decreased down to a = 8.360 ATt appears
quite reliable that the resulting lattice parameter is con-
sistent with the stoichiometry of the ferrite under study.
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Fig. 2 Oxidation kinetics of Type A Li-Ti ferrites. Experimental TG
measurements (dots) and calculated curves (solid lines)

The relative mass gain for the Type A powder as a result of
annealing was found to be Am/m = 0.14%, which was
smaller than for the Type B powder, with the mass gain for
the latter being Am/m = 0.25%. The respective variations
in non-stoichiometry parameter Ad were calculated from
the formula Ad = (Am/m)-(M/M,), where Am is the mass
change in transition from the initial conditions toward the
equilibrium with the surrounding medium, m is the oxide
mass under the initial conditions, M is the molecular mass
of the oxide under study, and M, is the atomic mass of
oxygen. The values of Ad for Type A and B powders were
found to be 0.017 and 0.030, respectively. According to the
X-ray phase analysis, the processes resulting in oxygen
content variation in ferrites occurred within single-phase
spinel structure. The data obtained allow one to analyze the
revealed kinetic behavior within the framework of a single-
phase oxidation mechanism of ferrite.

The kinetic results were processed using a license software
program Netzsch Thermokinetics developed for those who
use devices manufactured by Netzsch-Geratebau GmbH. The
calculations relied on the method of multivariate nonlinear
regression involving solution of a system of differential
equations associated with a particular type of reaction. This
software program is basically described in [13].

The analysis performed has demonstrated that it is the
D3k model (three-dimensional diffusion model according
to Fick’s diffusion law) which provides a most satisfactory
description of the kinetic dependences obtained. The cal-
culated kinetic parameters are summarized in Table 1, and
the curves constructed using these parameters are plotted in
Fig. 2.

It is clear from the data presented in Table 1 that there is a
slight decrease in the activation energy of oxidation when the
degree of oxygen non-stoichiometry of ferrite increases.

The Netzsch Thermokinetics software makes it possible
to calculate the kinetic dependences of the degree of
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Table 1 Kinetic characteristics of ferrite oxidation calculated from TG data

Powder sample Kinetic model

Parameter logA/s™

1

Parameter E/kJ mol ! Parameter E/eV

A Dsr 5.75
B Dsr 4.79

181 1.88
166 1.72

transformation (o) for isothermal conditions from the
known constants of the reaction rate (Fig. 3). Parameter «
represents a ratio of the current mass gain values to the
maximum possible gain, which corresponded to the oxi-
dation of lithium—titanium spinel to stoichiometric state.

Since the oxidative reaction proceeds in a diffusion
regime, so from the calculated dependences of « on time
we can estimate the effective coefficients of oxygen dif-
fusion in ferrite for different temperatures of oxidative
annealing. Processing of the kinetic results relied on the
solution of the second Fick’s law [14]

6 o~ 1 D
a=1- 7T2z;’ﬂexp{—[nn}zl_()zz‘} (1)

where D is the diffusion coefficient, R is the particle radius,
and 7 is the annealing time.

The calculations have revealed that for Type A and B
powders the temperature dependences of the effective
diffusion coefficient are described by the expressions
D(cm?/s) = 6.38 e % and D(cm?/s) = 2.25 e~ 8YKT
respectively. It is clear that the values of Ej, for both A and
B powder systems are virtually the same. The resulting
activation energy Ej tends to be lower than the activation
energy of bulk oxygen diffusion typical for ferrites
(E = 2.5-3 eV) [15]. This discrepancy could have been
caused by a considerable role of grain boundaries in the
oxidative process. This point of view is favored by the
following experimental findings.
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Fig. 3 Isothermal behavior of degree of transformation « in the
oxidative reaction of Type A ferrites calculated for different
temperatures
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Grain-boundary diffusion in polycrystalline Li-Ti ferrites
sintered at 7 = 1,380 K for 2 h was investigated by the
method of layer-by-layer measurement of the activation
energy of electrical conduction E,,. This technique is detailed
in [16, 17]. Samples shaped as ceramic pellets with uniform
distribution of E, over the depth were subjected to oxidative
annealing (in air at an oxygen pressure of P = 0.21 atm.). In
the course of oxidative annealing, as a result of grain-
boundary oxygen diffusion a depth profile of E (x) was
observed to form, which reflected the diffusant distribution
over the depth. The E,(x) profiles were approximated by the
formula reported in [16], which analytically related the value
of E,(x) to the oxygen ion concentration N(x) in point x. In so
doing, N(x) was prescribed as a respective solution to the
Fisher’s diffusion equation [18].

Since the grain-boundary width ¢ is unknown, it was not
the coefficient of grain-boundary diffusion D, but rather
the product ¢6-Dy, entering the analytical expression for the
Fisher’s model. We derived the following expression for
the grain-boundary temperature dependence:

oD, = 6.8 - 107> - exp(—1.93 /kT)

It is evident that the resulting values of the activation
energy are close to those obtained using TG. This fact
supports the assumption that during oxidation of non-
stoichiometric ferrites grain-boundary diffusion is the
predominant diffusion mechanism.

Conclusions

We have identified kinetic characteristics of oxidation of
lithium—titanium polycrystalline ferrites and oxygen dif-
fusion coefficients controlling this process.

It has been shown that the activation energy of oxidation
coincides with the activation energy of grain-boundary
oxygen diffusion. The results obtained indicate that
absorption of oxygen in ferrite is predominantly controlled
by grain-boundary diffusion.

References

1. Levin BE, Tret’yakov YD, Letyuk LM. Physicochemical prin-
ciples of preparation, properties, and applications of ferrites.
Moscow: Metallurgiya; 1979 (in Russian).

2. Valenzuela R. Magnetic ceramics. Cambridge: Cambridge Uni-
versity Press; 1994.



Investigation of oxidation processes in non-stoichiometric lithium—titanium ferrites

887

10.

11.

. West AR. Basic solid state chemistry. New York: Wiley; 1988.
. Viswanathan B, Murthy VRK. Ferrite materials science and

technology. New Delhi: Narosa Publishing House; 1990.

. Gundlach EM, Gallagher PK. Thermogravimetric determination

of the oxygen non-stoichiometry in Nig 563Zn¢ 133F€2 2504+, and
Ni0.3752n0_375F62_2504+},. Thermochim Acta. 1998,31815—20

. Surzhikov AP, Pritulov. AM, Ghyngazov SA, Lysenko EN.

Investigation of oxygen diffusion in Li-Ti ferrites. Perspektivniye
Materialy. 1999;6:90.

. Surzhikov AP, Lysenko EN, Ghyngazov SA, Frangulyan TS.

Determination of the oxygen diffusion coefficient in polycrys-
talline Li-Ti ferrites Rus Phys J. 2002;45:989.

. Sanders JP, Gallagher PK. Kinetics of the oxidation of magnetite

using simultaneous TG/DSC. J Therm Anal Calorim. 2003;72:
777-89.

. Vourlias G, Pistofidis N, Pavlidou E, Chrissafis K. Oxidation

behaviour of precipitation hardened steel TG, X-Ray, XRD and
SEM study. J Therm Anal Calorim. 2009;95:63-8.

Kalogirou M, Samaras Z. Soot oxidation kinetics from TG
experiments. J Therm Anal Calorim. 2010;99:1005-10.
Amankwah RK, Pickles CA. Thermodynamic, thermogravimetric
and permittivity studies of hausmannite (Mn;0,) in air. J Therm
Anal Calorim. 2009;98:849-53.

12.

13.

14.

15.

16.

17.
18.

Ridgley DH, Lessoff H, Childress JD. Effects of lithium and
oxygen losses on magnetic and crystallographic properties of
spinel lithium ferrite. ] Am Ceram Soc. 1970;53:304-11.
Opffermann J. Kinetic analysis using multivariate non-linear
regression. J Therm Anal Calorim. 2000;60:641-58.

Mianowski A, Marecka A. The isokinetic effect as related to the
activation energy for the gases diffusion in coal at ambient
temperatures. Part 1. Fick’s diffusion parameter estimated from
kinetic curves. J] Therm Anal Calorim. 2009;95:285-92.
Zhuravlev GI, Golubkov LA, Strazova TA. Main types of ferrite
microstructure and their formation. Poroshkovaya Metallurgiya.
1990;6:68.

Surzhikov AP, Peshev VV, Pritulov AM, Ghyngazov SA. Grain-
boundary oxygen diffusion in polycrystalline ferrites. Rus Phys J.
1999;42:490.

Patent RU 2169914, GO1N13/00; 1999.

Fisher JC. Calculation of diffusion penetration curves for surface
and grain boundary diffusion. J Appl Phys. 1951;22:74-7.

@ Springer



	Investigation of oxidation processes in non-stoichiometric lithium--titanium ferrites using TG analysis
	Abstract
	Introduction
	Experimental procedures
	Experimental results and discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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


