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Fig. 1 Crystal structures of Ti-Ni intermetallic compounds (Gray and blue balls represent Ni atoms and Ti atoms, respectively): (a)

TiNi; (b) Ti,Ni; (c) TiNis
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Table 1 Lattice parameters, enthalpy of formation (AH) and cohesive energy (E..;) of Ti-Ni intermetallic compounds, together with

reference data

Unit cell parameter

AH/ Eoon/
Compound -1 -1
G/A b/A C/A OL/(O) ﬂ/(o) y/(o) (eV-atom ) (eV-atom )
2.9399 4.9301 4.0066 90 90 107.35 —0.444 -6.383
TiNi
o 2.8981%7 464637 4.108207 90127 9017 97.78[27 —0.411%8 -6.311%%
11.2933 11.2933 11.2933 90 90 90 -0.308 -6.434
Ti,Ni
o 11.31932 1131931 11.3193" 9012 901! 901! -0.3483%
5.1170 5.1170 8.3515 90 90 120 -0.512 -6.173
TiNi
o 5.101087 5101087 8.30678Y 90P3! 908! 12081 -0.558%
2 Ti-Ni &g A4k G2 AT s 4 5
Table 2 Independent elastic constants of Ti-Ni intermetallic compounds
Independent elastic constant/GPa
Compound
Cl 1 CIZ C13 Cl 5 C22 CZS C25 C33 C35 C44 C46 C55 C66
TiNi 253.1 1374 1037 -02 2425 1361 0.1 1967 0.1 859  —0.1 29.5 97.7
Ti,Ni 203.5 1127 40.3
TiNis 3423 113.1 1233 342.6 84.1
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Table 3 Mechanical properties of Ti-Ni intermetallic compounds, including Voigt’s bulk modulus By, Reuss’s bulk modulus By,

Hill’s bulk modulus B, Voigt’s shear modulus Gy, Reuss’s shear modulus Gy, Hill’s shear modulus G, elastic modulus E, poisson

ratio v, B/G value and universal anisotropy index 4y and hardness H

Compound By Br B Gy G E BIG 4 Ay H
160.7 1565 1586 63.6 57.7 154.4 2.74 0.34 1.16 6.15
TiNi
13787
143.0  143.0  143.0 423 422 115.3 3.38 0.37 0.02 3.64
Ti,Ni
146.183% 494850
1940 1940 1940  101.0 100.0  256.0 1.94 0.28 0.10 14.67
TiNi,

184
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Table 4 Theoretical density p , longitudinal wave velocity v,
transverse wave velocity v, average wave velocity v, and

Debye temperature @, of Ti-Ni intermetallic compounds

Compound (g-fm/*% (mv~ls/*l) (mv~ls/*l> (nrz/*b s
TiNi 6.38 6076.0 3007.3 33756 5104
Ti,Ni 5.70 5912.6 27209 3065.7 418.9
TiNij 7.85 64574 3569.2 3976.8 731.2
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TiNi;

o S5—TJ71i, FLUEsm 55 vl LU A & 407 56
SEVEREAR, BRI ) 2As e v, DRI
TiNi; A 2ER e MEm T TiNi (R 2E ke k. )
A, AN BRI R 2R R KT 4 R
PERHE, BRI 3 F g (A6 A 3 24 R e PRI R/
HEFF A TiNis TiNi TipNi, X550 A ke 75 e 45
w8,

Ti-Ni 4 Jai [0 40 G 40 1) s e Vg = 293 A1 76 -8.5~0
eV At X 3. XX AR BEEATR Sy, T AAS 3
T2 6 DX P ) R PR B DR T R FL T
s, DA R E RS Z . VA3 2 TiNi. TipNi
A TiNG; 42 )8 046 & 90 (1 7 35 bt v 25053 0l b
6.997. 5.994 HI 8.501. {8X, TiNiy #1452 Rl
L E (R R T Ni-d A s i oaik), PR 2L Ay
R R A R, TR T BRI . T
Ni(3d*4s) e 3ttt Ti(3d%4s®) s £ (ks i v, 78
Ti-Ni )& LAY RS Ni A S =R, 1
B TR R . I, 7RI 3 R &R LA
P TiNi R4k 2F B B o, TioNi (LA R S5, X 5070
T SR A R T IR B A R 2 e — B

oy I e [RGB N B i e o

0.026D
fo =" a7)

ne

s DA TOKBESR IS AT ne Ry R A
ML 7258 . L4358 TiNi. TiNi M TiNi; 4@ i &
YIt4 @ rE R 0.166. 2.370 F1 0.132, A LA H
Ti_Ni f4x 8 P KT TiNi A1 TiNis 1, TiNi 1948 1
W KT TiNis K)o GIHTIH K204, BEE Ni A 2
BN, Ti-Ni ) [H 4GS 0 L0 SR 1k B 2
1M TiNi; (148 Mm99 -

3 %t

1) TiNi. Ti;Ni 1 TiNi; & J& [RS8 HAT 40
FRE HR S G EWIER, &8 B ) d158 2155
(JHEF? A TiNiz. TiNi. TiNi; 3 Fh & @ EL S0
PREEFERE B LRI 2% DR RS e i, kgl itase
PE K ENIHEF B TipNi TiNi. TiNis.

2) TiNi F1 TiNi A AEPEAHCGEEPE TipNi a8 T
TiNi 1), TiNi; [F%EJE MR

3) 3 Pl s AL A R oK BN HE T A
TiNiz+ TiNi. Ti;Nie

4) 3d 1S TiNi. TiNi fl TiNi; 428 A4k & fix



2552

PR R AR

2016 4 12 H

TEE R T AR 3 Mt ey, BiE Ni
F BRI, SR e R 2, IR
SETEAESG . SRR LLIAERE N, A2 T ) 5 A
W, R EAEIRSS, PR B ATE R AR

T
REFERENCES
(11 30 M, x0wesr, SH%. S/ S Hes B E RS I it

(2]

(3]

(4]

(3]

(6]

(7]

(8]

HHEED. P EAGCEREEI], 2010, 20(S1): $972-5976.
WEN Chao, LIU Xiao-xin, MA Yan-jun. Design and
manufacture of explosion-containment vessel made of Ti/steel
clad plate[J]. The Chinese Journal of Nonferrous Metals, 2010,
20(S1): s972—-s976.

SV == T RS = A R ) N SR e 7 A
2011(3): 12—14.

LI Yan. Behaviotsard applications of Ti/steel composite sheets[J].
China Titanium Industry, 2011(3): 12—14.

HEA, PG, e, R A BN A R I L
BRI N I, AR TR HERE, 2005, 22(4): 36-38.

GAO Bao-li, LI Ping-cang, HUA Xian-feng, SONG Jun. Ti-steel
clad plate application in steam condenser of seashore station[J].
Titanium Industry Progress, 2005, 22(4): 36—38.

FHUE, B, T, B, A& OR, P RE
ORI BRE-SL BN R S AR L 2], Fifs &JE k5 1
£, 2010, 39(2): 309-313.

WANG Jing-zhong, YAN Xue-bai, WANG Wei-qi, YAN Jing-ya,
RONG Yao, Yan Ping. Titanium cladding steel plates with
interlayer by explosion and rolling bonding[J]. Rare Metal
Materails and Engineering, 2010, 39(2): 309-313.

MGRHE, SKRBLK, SRR, FMAR, XA, & W, TR
ST < )AL 3 R S A B T 2 AT A R R (D). b E R
Mk, 2014(2): 24-28.

LIU lJi-xiong, ZHANG Hang-yong, GUO Jia-lin, WANG
Ding-chun, LIU Run-sheng, GAO Qi, JIANG Hai-tao. Effects of
interfacial intermetallic compounds on mechanical behaviors of
titanium clad steel plates[J]. China Titanium Industry, 2014(2):
24-28.

JIANG H T, KANG Q, YAN X Q. A novel diffusion model
considering curvature radius at the bonding interface in a
titanium/steel explosive clad plate[J]. International Journal of
Minerals Metallurgy & Materials, 2015, 22(9): 956—965.

SAM S, KUNDU S, CHATTERIJEE S. Diffusion bonding of
titanium alloy to micro-duplex stainless steel using a nickel alloy
interlayer: Interface microstructure and strength properties[J].
Materials & Design, 2012, 40(5): 237—244.

MORSE S L, MCGLYNN J J. Titanium clad steel and process
for making: US, US4023936[P]. 1977.

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

MURAYAMA J, KOMIZO Y. Titanium-clad steel and a method
for the manufacture thereof: US, US4839242[P]. 1989.

PENG H, ZHANG J, ZHOU R, LI X. Diffusion bonding
technology of a titanium alloy to a stainless steel web with an Ni
interlayer[J]. Materials Characterization, 1999, 43(5): 287-292.
SHIUE R K, WU S K, CHAN C H, HUANG C S. Infrared
brazing of Ti-6AI-4V and 17-4 PH stainless steel with a nickel
barrier layer[J]. Metallurgical and Materials Transactions A,
2006, 37(7): 2207-2217.

KUNDU S, CHATTERIEE S, OLSON D, MISHRA B. Effects
of intermetallic phases on the bond strength of diffusion-bonded
joints between titanium and 304 stainless steel using nickel
interlayer[J]. Metallurgical and Materials Transactions A, 2007,
38(9): 2053-2060.

KUNDU S, SAM S, CHATTERJEE S. Interfacial reactions and
strength  properties in  dissimilar titanium  alloy/Ni
alloy/microduplex stainless steel diffusion bonded joints[J].
Materials Science and Engineering A, 2013, 560(2): 288—295.
KUNDU S, ANAND G, CHATTERIJEE 8. Diffusion bonding of
17-4 precipitation hardening stainless steel to Ti alloy with and
without Ni alloy interlayer: Interface microstructure and
mechanical properties[J]. Metallurgical & Materials Transactions
A, 2013, 44(5): 2196-2211.

KUNDU S, CHATTERIJEE S. Interfacial microstructure and
mechanical properties of diffusion-bonded titanium-stainless
steel joints using a nickel interlayer[J]. Materials Science and
Engineering A, 2006, 425(S1/2): 107-113.
THIRUNAVUKARASU G, KUNDU S, MISHRA B,
CHATTERIEE S. Effect of bonding temperature on interfacial
reaction and mechanical properties of diffusion-bonded joint
between Ti-6Al-4V and 304 stainless steel using nickel as an
intermediate material[J]. Metallurgical and Materials Transactions
A, 2014, 45(4): 2067-2077.

AL AR R E IR A KA R A S/ AN BN U B
[D]. FR: FEKA, 2011.

HUANG Li. Diffusion bonding of surface self-nanocrystallined
Ti alloy and stainless steel with a Ni interlayer[D]. Chongging:
Chonggqing University, 2011.

HINOTANI S, OHMORI Y. The microstructure of diffusion-
bonded Ti/Ni interface[J]. Materials Transactions Jim, 1988,
29(2): 116—124.

R, B, BESCEs, WIRDS, EDR. RO TN
BB 12 S AU L Dy 2 M REROWE T[], W okt
5THE, 2015, 44(2): 349-354.

DONG Feng, CHEN Shao-ping, FAN Wen-hao, HU Li-fang,
MENG Qing-sen. Phase transformation and mechanical
performance of interface between Ti/Ni diffusion bonding

couples activated by electric field[J]. Rare Metal Materails and



26 4 12 ) £, S5 Ti-Ni RSP TS5 ) A s A S B 5

2553

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

Engineering, 2015, 44(2): 349-354.

HINOTANI S, OHMORI Y. The microstructure of diffusion-
bonded Ti/Ni interface[J]. Materials Transactions Jim, 1988,
29(2): 116-124.

EMADINIA O, SIMOES S, VIANA F, VIEIRA M F,
CAVALEIRO A J, RAMOS A S, VIEIRA M T. Cold rolled
versus sputtered Ni/Ti multilayers for reaction-assisted diffusion
bonding[J]. Welding in the World, 2016, 60(2): 337-344.
CLARK S J, SEGALL M D, PICKARD C J, HASNIP P J,
PROBERT M J, REFSON K, PAYNE M C. First principles
methods using CASTEP[J]. Zeitschrift Fir Kristallographie,
2005, 220(5/6): 567-570.

PERDEW J P, WANG Y. Accurate and simple analytic
representation of the electron-gas correlation energy[J]. Physical
Review B, 1992, 45(23): 13244—-13249.
MONKHORST H J, PACK J D. Special points for
Brillouin-zone integrations[J]. Physical Review B, 1976, 13(12):
5188-5192.

HAMMER B, HANSEN L B, NORSKOV J K. Improved
adsorption energetics within density-functional theory using
revised Perdew-Burke-Ernzerhof functionals[J].
Review B, 1999, 59(11): 7413-7421.

FISCHER T H, ALMLOF J. General methods for geometry and

Physical

wave function optimization[J]. Journal of Physical Chemistry,
1992, 96(24): 9768—9774.

KUDOH Y, TOKONAMI M, MIYAZAKI S, OTSUKA K.
Crystal structure of the martensite in Ti-49.2 at.%Ni alloy
analyzed by the single crystal X-ray diffraction method[J]. Acta
Metallurgica, 1985, 33(11): 2049—-2056.

BATALOVIC K, KOTESKI V, STOJIC D. Hydrogen storage in
martensite Ti-Zr-Ni alloy: A density functional theory study[J].
Journal of Physical Chemistry C, 2013, 117(51): 26914-26920.
MUELLER M H, KNOTT H W. The crystal structures of Ti,Cu,
Ti,Ni, TiNi,O, and Ti,Cu,O[J].
Metallurgical Society of Aime, 1963, 227: 674-678.

TOPREK D, BELOSEVIC-CAVOR J, KOTESKI V. Ab initio

Transactions of the

studies of the structural, elastic, electronic and thermal properties
of NiTi, intermetallic[J]. Journal of Physics & Chemistry of
Solids, 2015, 85: 197-205.

TAYLOR A, FLOYD R W. Precision measurements of lattice
parameters of non-cubic crystals[J]. Acta Crystallographica,
1950, 3(4): 285-2809.

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

CHEN Q, HUANG Z, ZHAO Z, HU C. First-principles study on
the structural, elastic, and thermodynamics properties of NizX (X:
Al, Mo, Ti, Pt, Si, Nb, V, and Zr) intermetallic compounds[J].
Applied Physics A, 2013, 116(3): 1-12.

BORN M, HUANG K. Dynamical theories of crystal lattices[M].
New York: Oxford University Press, 1956: 141-160.

COWLEY R A. Acoustic phonon instabilities and structural
transitions[J]. Review B, 13(11):

phase Physical

4877—-4885.

1976,

HILL R. The elastic behaviour of a crystalline aggregate[J].
Proceedings of the Physical Society, 1952, 65(5): 349-354.
BOND W L. Physical properties of crystals: Their representation
by tensors and matrices[J]. Journal of Physics & Chemistry of
Solids, 1957, 3: 338.

SESTAK P, CERNY M, POKLUDA J. Elastic properties of B19’
structure of NiTi alloy under uniaxial and hydrostatic loading
from first principles[J]. Strength of Materials, 2008, 40(1):
12-15.

PUGH S F. Relations between the elastic moduli and the plastic
properties of polycrystalline pure metals[J]. London Edinburgh
& Dublin Philosophical Magazine & Journal of Science, 1954,
45(367): 823—-843.

FRANTSEVICH I N, VORONOV F F, BOKUTA S A. Elastic
of metals and insulators:
handbook[M]. Kiev: Naukova Dumka, 1983: 60—180.
TVERGAARD V, HUTCHINSON J W. Microcracking in

constants and elastic moduli

ceramics induced by thermal expansion or elastic anisotropy[J].
Journal of the American Ceramic Society, 1988, 71(3): 157—166.
RANGANATHAN S I, OSTOJA-STARZEWSKI M. Universal
elastic anisotropy index[J]. Phys Rev Lett, 2008, 101(5): 055504.
YOUSEF E S, EL-ADAWY A, EL-KHESHKHANY N. Effect
of rare earth (Pr,0;, Nd,0;, Sm,03, Eu,0;, Gd,0; and Er,O;) on
the acoustic properties of glass belonging to bismuth-borate
system[J]. Solid State Communications, 2006, 139(3): 108—113.
MUSIC D, HOUBEN A, DRONSKOWSKI R, SCHNEIDER J
M. Ab initio study of ductility in M,AIC (M=Ti, V, Cr)[J].
Physical Review B, 2007, 75: 174102.

LIYF, GAOYM, XIAOB,MINT, FANZJ,MAS Q,XULL.
Theoretical study on the stability, elasticity, hardness and
electronic structures of W-C binary compounds[J]. Journal of

Alloys & Compounds, 2010, 502(1): 28-37.



2554

R 4 A AR 2016 4 12 H

First-principles calculations of electronic structure and
mechanical properties of Ti-Ni intermetallic compounds

WANG Peng', LI Jun', LIN Chong-zhi', YANG Liu', PENG Lin', WANG Ying', XIAO Chong', CHEN Jing-chao®

(1. Pangang Group Research Institute Co., Ltd., State Key Laboratory of Vanadium and Titanium Resources
Comprehensive Utilization, Panzhihua 617000, China;
2. Key Laboratory of Advance Material of Rare Precious and Nonferrous Metals,

Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The crystal structure, enthalpy of formation, cohesive energy, mechanical properties, Debye temperature and
electronic structure of TiNi, Ti,Ni and TiNi; intermetallic compounds were calculated by using first-principles ultrasoft
pseudo-potential approach of the plane wave based on density functional theory (DFT). The calculated results show that
three intermetallic compounds all have thermodynamic stability and are easy to form alloy. TiNi; has the strongest alloys
forming ability. The crystal structures of those intermetallic compounds are stable in energy and mechanics, the stability
in descending order are as follows: Ti,Ni, TiNi, TiNiz. TiNi and Ti,Ni are ductile, and the ductility of Ti,Ni is
significantly higher than that of TiNi. TiNi; has a poor ductility. The 3d electronics are the mainly bonding electrons. As
the increase of relative amounts of Ni in those intermetallic compounds, the average bonding electrons are growing, the
strength of chemical bonds enhance, the metallicity weakens. This leads to gradually increase of the elasticity modulus,
hardness and Debey temperature.

Key words: Ti-Ni; intermetallic compound; electronic structure; mechanical property; first-principle

Received date: 2015-09-07; Accepted date: 2016-03-15
Corresponding author: WANG Peng; Tel: +86-8123380654; E-mail:scwangp@gmail.com
(wE I B




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


