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CRYSTAL-LATTICE DEFECTS
PACS numbers: 61.66.Dk, 61.72.S-, 64.75.-g, 68.43.Mn, 68.43.Nr, 88.30.R-

Alloy Based on Intermetallic (Ti, Zr)(V, Mn, Cr),_,
Obtained Using Titanium Sponge for Hydrogen Sorption

V. A. Dekhtyarenko

G.V.Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine,
36 Academician Vernadsky Blvd.,
UA-03142 Kyiv, Ukraine

The microstructure and phase composition of a cast Ti;,Zrs, ,Mn,,V; ,Cr;
alloy obtained using titanium sponge, as well as the phase composition of hy-
drogenation product, are investigated by scanning electron microscopy and
X-ray phase analysis. As found, the complete replacement of expensive iodide
titanium with a relatively cheap titanium sponge does not affect the struc-
ture and phase composition of the alloy. As shown, the saturation of the alloy
with hydrogen occurs at room temperature and pressure of hydrogen of 0.21
MPa in a short time up to a capacity of 2.12% mass.

Key words: Laves phase, titanium sponge, hydrogenation, dehydrogenation,
hydrogen capacity.

MeTogamMu cKaHyBaJIbHOL €JIEKTPOHHOI MiKPOCKOIIii Ta peHTTreHiBChKOro (haso-
BOTO aHAJi3y MOCJiAMKEeHO MiKPOCTPYKTYPY i (pasoBuii cKjaajl JIUTOTO CILJIaBy
Ti;5 42139 ,Mn,,Vy ,Crs,0TpUMaHOr0 3 BUKOPUCTAHHAM THTAHOBOI I'yOKHU, a Ta-
KOK (pa30BUH CKJIAJ IPOAYKTY rigpyBaHHs. BcTaHoBiieHO, IO IIOBHA 3aMiHa
KOIIITOBHOTO TUTAHy HOMMAHOTO Ha BiHOCHO [OelleBy TUTAHOBY T'yOKY He
BILIMBAE Ha CTPYKTYPY Ta (asoBuil ckian cuaasy. [lokasaHo, 1110 HAaCUUYEHHA
CILJIaBY BOJHEM BiOyBaeThCA 3a KiMHATHOI TeMIiepaTypu Ta TucKy BogHio 0,21
MIlIa 3a KopoTKuii yac g0 emHocTi 2,12% wmac.

Karouosi ciosa: dasa JlaBeca, TuranoBa ry6Ka, rigzpyBauus, JeriipyBaHHSI,
BOJHEBA EMHICTD.

MeTomamMu cKaHUPYIOIIEH 3JIeKTPOHHOM MUKPOCKOIIMY M PEHTTEeHOBCKOTO (ha-
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30BOT0 aHAJIM3a MCCJEeAOBAaHBI MUKPOCTPYKTypa ¥ (Da30BBI COCTAaB JIMTOI'O
crmaasa Tiyy 47213y ,Mn,,V; ,Cr;, mOIyd4eHHOTO C KCIOJb30BAHHEM THTAHOBOI
ryOKm, a TaKk'Ke (DasoBBII COCTaB MPOAYKTA TUAPUPOBAHNUA. Y CTAHOBJIEHO, UTO
IIOJTHAS 3aMeHa JOPOTOT0 TUTAHA HOAUIHOTO Ha CPABHUTEIBHO JEIIEBYIO TUTA-
HOBYIO I'yOKYy He BJIMSAET Ha CTPYKTYPY U (hpa30BuIil cocTaB cmyaBa. [lokasaHo,
YTO HACBIIIEHNE CILJIaBa BOAOPOJOM IIPOMCXOIUT IIPU KOMHATHO! TeMIepaType
u paBaeHun Bogopoaa 0,21 MIla 3a KOpoTKUIA IPOMEKYTOK BpeMEeHHU 10 EMKO-
cru 2,12% macc.

Kuarouessie caoBa: pasa JlaBeca, TuTaHoBas rybKa, rufpupoBaHue, JeTUAPU-
poBaHUE, BOIOPOAHASA EMKOCTb.
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1.INTRODUCTION

At present, due to the rapid development of hydrogen energy and the
active use of hydrogen in the automotive industry, the search for new
materials for its safe storage and transportation in a bound state (as
hydrides) is promising [1]. Particular attention is paid to the alloys
based on the Laves phase TiMn, as they have a fairly high sorption ca-
pacity H/Me ~ 1 [2] and are easily activated [3].

It was shown in [4] that partial replacement in the Laves phase
TiMn, of titanium by zirconium and manganese by vanadium allows to
increase the amount of absorbed hydrogen and improve the sorption
kinetics; however, the thermal stability of the resulting hydride in-
creases. The authors have shown that an increase in hydrogen capacity
occurs due to the redistribution of hydrogen atoms in the tetrahedral
voids. Also, the authors found that an increase in the thermal stability
of the resulting hydride is explained by the fact that titanium atoms
occupy vacant positions of manganese atoms. The raw components
used to obtain the alloy had purity at least 99.9%.

The authors of [5] investigated the hydrogen-adsorption properties
of the alloy Tig 7,21, ,sMn, 4V, , obtained by induction smelting and me-
chanical alloying. It was shown that, regardless of the method of ob-
taining, the alloy had two-phase structure comprised of Laves phase
and bce-solid solution; however, the hydrogen capacity significantly
differed: for the alloy obtained by the casting method it was up to 2%
mass, whereas after mechanical alloying it was only 1.2% mass. Ele-
mentary powders with size of 60 um and purity of 99.9% were used to
obtain the alloy, irrespective of the manufacturing method.

In the work [6], the possibility of (Tiygs4r) 15)1.05MN; 5Cr sV 1M, al-
loy (where M = Ni, Fe, Cu) using as a material for hydrogen storage was
shown. It was found that this alloy is a single-phase one with the Laves
phase, and the maximum hydrogen capacity can be achieved only in one
cycle of sorption-desorption. It was also shown that replacing manga-
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nese by Ni, Fe or Cu in the given range leads to an improvement in the
processes of sorption and desorption of hydrogen, as well as to increase
in hydrogen capacity. The authors used components with a purity of at
least 99.5 % to produce the alloy.

The authors of [7] studied the hydrogen-adsorption properties of
Ti, ¢oCr, ;Mn, ;Fe, ¢ alloy with RE additions (RE — La, Ce, Ho), which is
used as a material for hydrogen storage. It was shown that in the initial
state the alloy had single-phase structure of the Laves phase, and after
adding RE a second phase, an oxide based on RE appeared. The addi-
tion of RE leads to an increase in the size of the primitive cell, and,
consequently, to an increase in the amount of hydrogen absorbed and
to the improvement of the sorption and desorption processes. The au-
thors claim that after adding RE the alloys are able to absorb hydrogen
at room temperature and pressure of hydrogen 34—43 MPa to a capaci-
ty of 1.715% mass. The raw components used to obtain the alloy had
purity at least 99%.

Previously, we have shown [8] the prospect of using as a material for
safe storage and transport of hydrogen in a bound state the alloy
Ti,5 424150 . Mn,,V; ,Cry based on intermetallic (Ti, Zr)(V, Mn, Cr),_.. This
alloy has rather high for its class hydrogen capacity of 2% mass and
the maximum rate of hydrogen desorption is reached at 115°C. Like
most other researchers, to obtain the alloy we used high-purity (expen-
sive) components: iodide titanium and zirconium, as well as electrolyt-
ic vanadium, manganese and chromium, which significantly increased
the cost of the hydride.

The purpose of the present work was to assess the possibility of re-
ducing the cost of the resulting hydride by replacing the high-purity
components by cheaper ones. For this goal, previously investigated [8]
alloy Ti,; ,Zr;, ,Mn,,V, ,Cr; was melted, wherein iodide titanium ($70
for 1 kg) was replaced by cheap grades of titanium sponge (TG-110,
TG-130, TG-TV, $10 for 1 kg).

2. MATERIALS AND METHODS

The alloy was produced by electric arc melting in a laboratory furnace
with a non-expendable tungsten electrode in an atmosphere of purified
argon. Titanium sponge, iodide Zr (99.975), electrolytic Mn (99.9),
electrolytic V (99.5), electrolytic Cr (99.5) were used as starting com-
ponents. The deviation of the chemical composition of the alloy from
the nominal was determined by fluorescence X-ray spectral analysis
(VPA-30). It coincided with the nominal one within the measurement
error (0.03%).

Metallographic studies were performed using a scanning electron
microscope VEGA3STESCAN.

The phase composition and parameters of crystalline lattices were
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determined by X-ray phase analysis at a DRON-3M diffractometer.

For the study of hydrogen adsorption properties, cast alloy was used
in a monolithic state. The interaction of the alloy with hydrogen was
studied by the Sievert’s method at unit IVGM-2M [9] at room tempera-
ture and pressure of 0.21 MPa. The amount of absorbed hydrogen was
determined by weighing with an accuracy of 1.5:10 g and calculated
by changing the pressure in a closed volume. The studies on the desorp-
tion of hydrogen were carried out on an automated dilatometric com-
plex (ADC) with a mass spectrometer [10].

3. RESULTS AND DISCUSSION

Scanning electron microscopy showed that the complete replacement of
iodide titanium by titanium sponge did not affect the structure of the
alloy (Fig. 1). As in earlier work [8], the structure of the alloy com-
prised of coarse crystals of the intermetallic (Ti, Zr)(V, Mn, Cr),_,
(Laves phase) with faceted shape, with inclusions of b.c.c.-solid solu-
tion inside.

The presence of intermetallic (Ti, Zr)(V, Mn, Cr),_, and traces of bcc-
solid solution was confirmed by the X-ray phase analysis method,
which indicated the stability of the phase composition of the alloy (Ta-
ble 1). As expected, two intermetallics (Ti, Zr)(V, Mn, Cr), , with dif-
ferent crystalline lattices (hexagonal C14 and cubic C15, Table 1) were
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Fig. 1. The microstructure of the cast alloys Ti,; 4,215, ,Mn,,V; ,Crs;: a—iodide
titanium, b—titanium sponge.
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TABLE 1. The results of X-ray phase analysis of the initial and hydrogenated
alloys.

Parameters of crystalline lattice of phases
Alloy +0.0002 (nm)
Ti,s 42150 ;Mn,,V, ,Cry Initial Hydrogenated
C14 C15 cl4 | Ci5
Todide Titanium [8] Z:g'gggg @=0.7203 ‘g:g ’géf; @=0.7665
. . a=0.5073 a=0.7188 a=0,5489 a=0.7776
Titanium sponge c=0.8334 ¢=0,9017

present in the alloy. The presence of intermetallic compound (Ti,
Zr)(V, Mn, Cr),_, with a cubic lattice can be explained basing on the
phase diagram of the Zr—Cr system [11]. In accordance with this dia-
gram, a Laves phase with a hexagonal lattice, which exists up to a tem-
perature of 1550°C, is formed from the liquid, and below there is a
phase transformation during which a Laves phase with a cubic lattice
is formed, which exists in equilibrium conditions at room temperature.

The process of interaction of the alloy with hydrogen was studied
under the same hydrogenation parameters as for the alloy previously
investigated (room temperature, pressure of hydrogen 0.21 MPa). The
process of active absorption of hydrogen by the alloy obtained from ti-
tanium sponge started after two minutes (incubation period) of contact
with the hydrogen-containing medium and lasted for five minutes,
wherein the hydrogen capacity of 2.12% mass was achieved, and for
the alloy obtained from iodide titanium it was 2.08% mass (Fig. 2).
Subsequent exposure for 30 minutes did not result in renewal of the
hydrogen absorption. When saturated with hydrogen, regardless of
the initial state of titanium, the destruction of solid samples to the
state of powder occurred. This occurred due to the high rate of hydro-
genation at room temperature, so there was not enough time for relax-
ation of the stresses that arose upon hydrogen dissolving. Analysis of
the obtained hydride showed that after the first hydrogenation, the
size of powder particles varied from 1 to 100 um, while the largest
amount of powder obtained had a size of 22 um.

According to the data of the X-ray phase analysis, hydrogenation of
the alloy obtained from titanium in different starting conditions re-
sulted in the formation of hydrides based on the original phases (Table
1, Fig. 3). As expected, during hydrogenation there was no change in
the structure of the metal matrix, but only an isotropic increase in the
volume of the primitive cell by 20% occurred, and the data obtained
coincide with the results of [12]. Comparing the parameters of the
crystalline lattice of the phases after hydrogenation (Table 1), it can be
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Fig. 2. Change of the concentration of hydrogen over time upon the first hy-
drogenation of the alloy: a—iodide titanium, b—titanium sponge.

suggested that the hydrogen capacity of the alloy obtained from tita-
nium sponge increased due to the Laves phase of the C15 type.

According to the data presented in [13] for alloys with chromium,
the process of decomposition of the obtained hydrides can be carried
out without heating, at room temperature. It can be assumed that the
difference between the parameters of the lattices of the C15-type Laves
phase in the alloys after hydrogenation is explained by the different
amounts of desorbed hydrogen at room temperature and atmospheric
pressure.

The process of hydrogen release at an initial pressure of 4.107® Pa
from hydrogenation products obtained by saturation of the alloy with
hydrogen, regardless of the initial state of titanium, started at room
temperature, while it is possible to remove no more than 4% of the ab-
sorbed hydrogen. The renewal of the process of hydrogen release by al-
loys was possible only under heating (Fig. 4), and the maximum rate of
hydrogen release was achieved at a temperature of 115-120°C, where
in full desorption occurred at 300—-320°C.

After the sorption-desorption cycle, the alloy, irrespective of the
initial state of titanium, had an activated surface, and therefore, the
subsequent sorption of hydrogen occurred at room temperature and
the same pressure (0.21 MPa) starting from the first seconds of contact
with the hydrogen-containing medium. The reduction of the incuba-
tion period after the sorption-desorption cycle from minutes to seconds
can be explained by the following factors. Firstly, the destruction of
the monolithic sample to the state of the powder occurred, at the ex-
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Fig. 3. Hydrogenated alloy diffraction pattern.
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Fig. 4. Dependence of the intensity of hydrogen release from temperature: a—
iodide titanium, b—titanium sponge.

pense of which the reaction surface for the dissociation of hydrogen
molecule increased, and secondly, the decrease in the concentration of
oxygen on the surface of the particles as a result of its interaction with

released atomized hydrogen.

4. CONCLUSION

The complete replacement of titanium iodide by sponge does not affect
the structure, phase composition and hydrogen sorption-desorption

properties of Ti;5 4Zr5, ,Mn,V; ,Cr; alloy.



1290 V. A.DEKHTYARENKO

REFERENCES

1. Fundamental Aspects of Renewable Hydrogen Energy and Fuel cell
Technologies (Ed. Yu. M. Solonin) (Kyiv: KIM: 2018) (in Ukrainian).

2. H. Taizhong, W. Zhu, Y. Xuebin, C. Jinzhou, X. BaodJia, H. Tiesheng, and
X. Naixin, Intermetallics, 12, No.2: 91 (2004).

3. X.Yu, B. Xia, Z. Wu, and N. Xu, Mater. Sci. Eng. A, 373, Nos. 1-2: 303 (2004).

4. E. A. Anikina and V. N. Verbetsky, Int.J. Hydrogen Energy, 36, No.1: 1344
(2011).

5. M. Kazemipour, H. Salimijazi, A. Saidi, A. Saatchi, and A. Arefarjmand,
Int.J. Hydrogen Energy, 39, No. 24: 12784 (2014).

6. P. Liu, X. Xie, L. Xu, X. Li, and T. Liu, Progress in Natural Science:
Materials International, 27, Iss. 6: 652 (2017).

7. Zh. Yao, L. Liu, X. Xiao, Ch. Wang, L. Jiang, and L. Chen, J. Alloys Compd.,
731: 524 (2018).

8. T. V. Pryadko and V. A. Dekhtyarenko, Metallofiz. Noveishie Tekhnol., 40,
No. 5: 649 (2018) (in Russian).

9. G. F. Kobzenko and A. A. Shkola, Materials Diagnostics, 56: 41 (1990)
(in Russian).

10. 0. M. Ivasishin, V. T. Cherepin, V. N. Kolesnik, and M. M. Gumenyuk,
Instrumentation and Experimental Technique, 3: 147 (2010) (in Russian).

11. B. Predel, Cr-Cs...Cu—Zr (Berlin—Heidelberg: Springer-Verlag: 1994).

12. S.V.Mitrokhin, J. Alloys Compd., 404-406: 384 (2005).

13. S. N. Klyamkin, A. Yu. Kovriga, and V. N. Verbetsky, Int.J. Hydrogen
Energy, 24, Nos. 2—3: 149 (1999).


https://doi.org/10.1016/j.intermet.2003.08.005
https://doi.org/10.1016/j.msea.2004.02.008
https://doi.org/10.1016/j.ijhydene.2010.06.085
https://doi.org/10.1016/j.ijhydene.2010.06.085
https://doi.org/10.1016/j.ijhydene.2014.06.085
https://doi.org/10.1016/j.pnsc.2017.09.007
https://doi.org/10.1016/j.pnsc.2017.09.007
https://www.sciencedirect.com/science/article/abs/pii/S0925838817335004%23!
https://www.sciencedirect.com/science/article/abs/pii/S0925838817335004%23!
https://www.sciencedirect.com/science/article/abs/pii/S0925838817335004%23!
https://www.sciencedirect.com/science/article/abs/pii/S0925838817335004%23!
https://www.sciencedirect.com/science/article/abs/pii/S0925838817335004%23!
https://www.sciencedirect.com/science/article/abs/pii/S0925838817335004%23!
https://doi.org/10.1016/j.jallcom.2017.10.075
https://doi.org/10.1016/j.jallcom.2017.10.075
https://doi.org/10.15407/mfint.40.05.0649
https://doi.org/10.15407/mfint.40.05.0649
https://doi.org/10.1016/j.jallcom.2005.02.078
https://doi.org/10.1016/S0360-3199(98)00041-X
https://doi.org/10.1016/S0360-3199(98)00041-X


<<

  /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



