AR Fa08 F 1M
© 62 SURFACE TECHNOLOGY 20174E 11 A

21 PVD @Rk EMS AR HEEHEIR

BT, TER', EXM, kWG, FIUT
(1. PERZRTEMRRAS TREVAN PENZREBFFRSNARASESRINR wleE
RSP RABERINE, L TR 315201; 2. DBAS MRANZSTRES R, 01§ 200072)

W E. AOBEEREREIREFRTEE ARG EZ2HX, Pohfok T SHHGERF4, HERBK
A EAR G £ R RAKE R o, 2ESE., AEfERFIRET, BEWELEALSKEER,
PVD AR et J B e R A BB TR A R R AT R R, B AT SRR SRR AR TR B T AR,
AR, HEAMBAEREE AN E TS S LEESRT, FIRT AR EREE R ERTE, Fh
AEAOAAT IR L, 3G G A0 RAL B AL, & BB B EMAT 2. BRGG TR ETIRSFH R Tl E R
BRI ORY . BR T RRREB Cu JINYE A R TRE, RIBRRIR B, R
BB A ERIEA T T AR AT R IR, EEANRT Cu W95 AT PVD B Rk B4, MR BEREF
A F R ARG YR, T TR ET Cu 09 ENIZ, WA T Cudi@suh, B2 T A CuhEA
HFOVLARAR R 5 B R R 09 K T &y A L R T o

X PVD; REUAE; 48, &My, AE,; EEME, REHER

FESES: TG174444 XEkFRIRED: A XEHS: 1001-3660(2017)11-0062-07

DOI: 10.16490/j.cnki.issn.1001-3660.2017.11.009

Research Progress of Structure and Performance of PVD Hard Coating
Incorporated with Copper

BAI Xue-bingl’z, LI Jin-longl, WANG Yong—xinl, ZHU Li-hui*, WANG Li—ping1

(1. Key Laboratory of New Marine Materials and Applied Technologies, Zhejiang Key Laboratory of Marine Materials and Pro-
tective Technologies, Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo
315201, China; 2. School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

ABSTRACT: Surface friction and wear are the main forms of mechanical parts failure and damage, which affects the service
life of materials. The main traditional measure used to reduce material wear was to adopt liquid lubricant. However, in high
temperature environment, vacuum environment, sea water and other environments, the grease could not give a full play. PVD
hard wear-resistant and anti-friction coatings had been becoming the new achievements of lubricating material development, and
widely researched and developed currently. In the field of marine industry, mud, algae, bacteria and other marine organisms at-

tached to the surface of ship and marine equipment could not only lead to the reduction of wear-resistant performance and sta-
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bility of ship equipment, but also cut down ships’ sailing speed and increase the fuel consumption, which was a serious threat to

the safety of maritime navigation. Hard anti-fouling coatings could be well applied in marine equipment parts as a protection.

The research progress of the self-lubrication, abrasion resistance, anti-bacterial and anti-fouling properties of the hard coatings

incorporated with soft metal Cu by physical vapor deposition to expand the functions of hard coatings was reviewed. The influ-

ence of the introduction of Cu on the structure, hardness, tribological behavior and anti-bacterial properties of the PVD hard

coating is emphatically introduced and the anti-friction and antibacterial mechanisms of Cu in the hard coating are discussed.

The future development direction and application prospects of the hard coatings incorporated Cu by physical vapor deposition

have been envisaged.

KEY WORDS: PVD; hard coatings; copper; structure; lubrication; friction property; anti-bacterial property
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Tab.1 Research situation of Cu and Ag in various fields in
recent years

No. Coating Soft-metal Application Year  Reference

Friction, An-

1 TiN Cu ti-bacterial 2013,2015 [18-20]
Superhard

2 ZN Cu Material 2000,2003 [21-25]
Friction, An-

3 CrN Cu ti-bacterial 2007 [26]

4 MoN Cu Friction 2011 [27]
Friction, An-

5 TaN  Cu, A ti-bacterial 2013 [28]

6 ZrO Cu Anti-fouling 2016 [29]

Anti-bacterial,
7 DLC Cu Anti-fouling 2011,2016 [30-31]
Stainless

Cu. Ag Anti-bacterial 2014,2015 [32-33]
steel

9 Tialloys Cu Anti-bacterial,

Anti-fouling

ARSCHET Cu BT BAT B 18 T R ATwvERE
LRI T A R 5 A USRI A= W B 15 T T A T 5
PR, I 1B 6 B 5 v 0 T T A1 T LA R 1 TR
XA TGRSR, [ X AR SRAB R IR 2= B K S AT
TREE,

1 SEXERR R SR #20E
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P SR ZE AT B3R . R B AE T XRD
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R T 32 A e
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2015 [34]
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WZTE 100 CHN 150 CHy, HAT L5 0 BE 4 i ik
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Tab.2 Ionic potentials of various oxides®!

Ionic potential

Compound Coordination number (o=2/r)
TiO,: Titanium(IV) 6-coordinate, 54
oxide octahedral )
MoO;: Molybde- 6-coordinate, 32
num(VI) oxide tetrahedral )
CrO,: Chromium(IV) 4-coordinate, 73
oxide tetrahedral )
Cr,05: Chromium(IIT) 6-coordinate, 4
oxide octahedral
. 4-coordinate,
CuO: Copper(Il) oxide tetrahedral 2.8
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Fig.3 Morphology of staphylococcus aureus: a) sample with-
out Cu; b) sample with Cut*®!

b % Cul i 2T
B2 KIGFFREAMIESR (37 CHMHFR 24 h) 1
Fig.2 Cell morphology of escherichia coli: a) original morphology; b) sample surface without Cu; c¢) sample with Cu cultivated
for 24 hat 37 CH

c Cuﬁnu%@ﬁ

Kl 3b), —BEANEET 240 I HAE NI s i,
U B AR Al HARMEFE ] Yokota T 1 Ohta M &
457 Cu B THIABHLHICY, RN Cu BT

WG T AR BT TR IR AN P A B | R A
W, B TS, SO EEIRE, B A %
WAL T

5 ZEE5RE

G5 B AR Sy [ A o 0 s RUOR TR, REAS
R TR SR R BESEVERE , DRI R AR TP B 4 AU
AT o Bt 2% FEL S W I s X 5 BE IR A T R
Xk — A9 e S A T AT B A o O 2 AR T
PR o AR T LA =I5 THIEA T BEIR A RIS

1) il TR R AR At R AR A e, ek
JZ R RBEFAK RUEE Cu Rl Ag T3 I AT 28 43 A
Tl TR, DB R S RO PR A TS

2) Vet AR A 2 A T bR A S TSN A
JZrb, FIHZ R0 Fas e poRs & S5 R AR, Bk
S S B4 D R P E

3) RedFERIEFESIA, AU EAE N, 928
B SO UR SRS R S U PR RER PR R S Ak,
R IZ B IIRE, B E R — 1.

S 30k

[1] WAN S, TIEU A K, XIAY, et al. An Overview of In-
organic Polymer as Potential Lubricant Additive for
High Temperature Tribology[J]. Tribology Internation-
al, 2016, 102: 620-635.

21 fUMS%, Eig, HBEBL SRR Z R

PERE RS E R [J]. TP EA B4R =), 2015(11):
2962-2974.
HE Peng-fei, WANG Hai-dou, MA Guo-zheng. Re-
search Progress of High-temperature Tribological Pro-
perties of Silver-containing Hard Coatings[J]. Transac-
tions of Nonferrous Metals Society of China, 2015(11):
2962-2974.



$a6E H 11

FIE VKA &40 PVD B R 2 8945 H S AR RERIT 5T SR - 67 -

(3]

BEREIL, SRISoE. BERREMR R A R AR 5]
P24, 1993(1): 73-81.

XUE Qun-ji, DANG Hong-xin. Developing Situation
and Tendency of the Tribological Research[J]. Tribol-
ogy, 1993(1): 73-81.

VOEVODIN A A, MURATORE C, AOUADI S M.
Hard Coatings with High Temperature Adaptive Lu-
brication and Contact Thermal Management: Review
[J]. Surface and Coatings Technology, 2014, 257: 247-
265.

AOUADI S M, GAO H, MARTINI A, et al. Lubricious
Oxide Coatings for Extreme Temperature Applications:
A Review[J]. Surface and Coatings Technology, 2014,
257:266-2717.

SANTECCHIA E, HAMOUDA A M S, MUSHAR-
AVATI F, et al. Wear Resistance Investigation of Tita-
nium Nitride-based Coatings[J]. Ceramics Internation-
al, 2015, 41(9): 10349-10379.

BEE R, R PR RACRORD] WS
FEE 2010(12): 1-12.

LUO Jian-bin, LI Jin-jin. Advancements and Future of
Tribology[J]. Lubrication Engineering, 2010(12): 1-12.
FEIEBE, B2 MRS OB R R UK S W 5Tk
[J]. PPREIF & 50, 2014(1): 1-8.

REN Run-tao, LIANG Jun. Marine Antifouling Coat-
ings: Development and Trends[J]. Development and
Application of Materials, 2014(1): 1-8.

CHAMBERS L D, STOKES K R, WALSH F C, et al.
Modern Approaches to Marine Antifouling Coatings
[J]. Surface and Coatings Technology, 2006, 201(6):
3642-3652.

TURNER A. Marine Pollution from Antifouling Paint
Particles[J]. Mar Pollut Bull, 2010, 60(2): 159-171.
HSIEH J H, CHIU C H, LI C, et al. Development of
Anti-wear and Anti-bacteria TaN-(Ag,Cu) Thin Fil-
ms—A Review[J]. Surface and Coatings Technology,
2013, 233: 159-168.

ADELEYE A S, ORANU E A, TAO M, et al. Release
and Detection of Nanosized Copper from a Commer-
cial Antifouling Paint[J]. Water Research, 2016, 102:
374-382.

LKL R IR A U B B 15 IR 2 [D]. AL o
FE R AR KR, 2013.

HONG Fei. Research and Development of Environ-
ment-friendly Marine Anti-biofouling Coatings[D].
Hefei: University of Science and Technology of China,
2013.

EHE, 5k b BT TS R R BOR B R S BR S
B I]. HERE TR, 2009(6): 19-23.

MA Shi-ning, ZHANG Zhan-ping. Development and
Future Trends of Antifouling Coatings for Ship[J].
China Surface Engineering, 2009(6): 19-23.

e, ARNE. MEANBT TS BORHI]. P E AT, 2004
(1): 44-46.

ZHANG Chun, SHI Chun-hui. Marine Anti-fouling
Coating[J]. China Ship Repair, 2004(1): 44-46.
BSOS, BRTR, SO s, S5 SR@IERE DTS AR
R R]. FERE TR, 2014(5): 14-31.
ZHAO Wen-jie, CHEN Zi-fei, MO Meng-ting, et al.

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

[30]

Progress in Surface Tailoring for Environment-friendly
Anti-biofouling Material[J]. China Surface Engineer-
ing, 2014(5): 14-31.

B, R, A, SF. FRE BT RS KR
BUIR[I]. #HEFTAR, 2016(7): 68-73.

ZHAO Xin, ZHU Jian-jian, LI Meng, et al. Domestic
Application and Development Statues of Anti-bacterial
Agent[J]. Materials Review, 2016(7): 68-73.

ROZ, dKimdh, W, 5. Cu X TiN-Cu 44
KGR SR MRS T Z,
2015, 23(1): 63-68.

SONG Gui-hong, ZHANG lJing-jing, YANG Xiao-
ping, et al. Influence of Cu Content on Structure and
Properties of TiN-Cu Nanocomposite Films[J]. Mate-
rials Science and Technology, 2015, 23(1): 63-68.
ANDREASEN K P, JENSEN T, PETERSEN J H, et al.
The Structure and the Corresponding Mechanical
Properties of Magnetron Sputtered TiN-Cu Nanocom-
posites[J]. Surface & Coatings Technology, 2004, 182
(2/3): 268-275.

WANG X Q, ZHAO Y H, YU B H, et al. Deposition,
Structure and Hardness of Ti-Cu-N Hard Films Pre-
pared by Pulse Biased Arc lon Plating[J]. Vacuum,
2011, 86(4): 415-421.

MUSIL J, DANIEL R. Structure and Mechanical Prop-
erties of Magnetron Sputtered Zr-Ti-Cu-N Films[J]. Sur-
face & Coatings Technology, 2003, 166(2/3): 243-253.
MUSIL J, ZEMAN P. Structure and Microhardness of
Magnetron Sputtered ZrCu and ZrCu-N Films[J]. Va-
cuum, 1999, 52(3): 269-275.

MUSIL J, ZEMAN P, HRUBY H, et al. ZrN/Cu Nano-
composite Film—A Novel Superhard Material[J]. Sur-
face & Coatings Technology, 1999, 120-121(99): 179-
183.

MYUNG H S, LEE H M, SHAGINYAN L R, et al.
Microstructure and Mechanical Properties of Cu Doped
TiN Superhard Nanocomposite Coatings[J]. Surface &
Coatings Technology, 2003, 163-164(9): 591-596.
ZEMAN P, CERSTVY R, MAYRHOFER P H, et al.
Structure and Properties of Hard and Superhard
Zr-Cu-N  Nanocomposite Coatings[J]. Materials
Science & Engineering A, 2000, 289(1/2): 189-197.
EZIRMIK V, SENEL E, KAZMANLI K, et al. Effect
of Copper Addition on the Temperature Dependent Re-
ciprocating Wear Behaviour of CrN Coatings[J]. Sur-
face & Coatings Technology, 2007, 202(4): 866-870.
SHIN J H, WANG Q M, KIM K H. Microstructural
Evolution and Tribological Behavior of Mo-Cu-N
Coatings as a Function of Cu Content[J]. Materials
Chemistry & Physics, 2011, 130(3): 870-879.

HSIEH J H, YEH T H, LI C, et al. Antibacterial Prop-
erties of TaN-(Ag,Cu) Nanocomposite Thin Films[J].
Vacuum, 2013, 87(1): 160-163.

ZHAO D, LU Y, WANG Z, et al. Antifouling Proper-
ties of Micro Arc Oxidation Coatings Containing
Cu,0/Zn0O Nanoparticles on Ti6Al4V[J]. International
Journal of Refractory Metals and Hard Materials, 2016,
54:417-421.

LIU Y, GUO P, HE X, et al. Developing Transparent



68 - £ WO

S

2017 4F 11 A

[33]

[37]

[38]

[39]

Copper-doped Diamond-like Carbon Films for Marine
Antifouling Applications[J]. Diamond and Related
Materials, 2016, 69: 144-151.

CHAN Y H, HUANG C F, OU K L, et al. Mechanical
Properties and Antibacterial Activity of Copper Doped
Diamond-like Carbon Films[J]. Surface and Coatings
Technology, 2011, 206(6): 1037-1040.

FKE. & Cu HUREAHAFENIERENTFT[D]. M-
FIN R, 2014,

WANG Yong-xia. Properties of a Copper-bearing An-
tibacterial Duplex Stainless Steel[D]. Fuzhou: Fuzhou
University, 2014.

K, AR, i, . 316L-Cu HL BN 55 4R Al R 4
HCu B FRIBTRIE )] TP EHS T A, 2015,
19(5): 4027-4032.

ZHANG Dan, REN Ling, YANG Ke, et al. Antibac-
terial Activity of Cu Ions Released from 316L-Cu An-
tibacterial Stainless Steel[J]. Journal of Clinical Reha-
bilitative Tissue Engineering Research, 2015, 19(5):
4027-4032.

Touk, BER, skEMb, 55 FAE Cu PIRKE
ERNBTRETERNIEIESE[T]. BRI EZ R, 2015
(3): 52-53.

DING Yuan-sheng, ZHAO Wang-yue, ZHANG Hong-
wel, et al. Preliminary Study on Antibacterial Activity
of a Novel Antibacterial Titanium Alloy Containing
Cu[J]. Heilongjiang Medicine and Pharmacy, 2015(3):
52-53.

HAN J G, MYUNG H S, LEE H M, et al. Microstruc-
ture and Mechanical Properties of Cu Doped TiN Sup-
erhard Nanocomposite Coatings[J]. Surface & Coat-
ings Technology, 2003, 163-164(9): 591-596.
OZTURK A, EZIRMIK K V, KAZMANLI K, et al.
Comparative Tribological Behaviors of TiN-, CrN- and
MoN-Cu Nanocomposite Coatings[J]. Tribology In-
ternational, 2008, 41(1): 49-59.

ERDEMIR A. A Crystal Chemical Approach to the
Formulation of Self-lubricating Nanocomposite Coat-
ings[J]. Surface and Coatings Technology, 2005, 200
(5): 1792-1796.

ERDEMIR A, LI S, JIN Y. Relation of Certain Quan-
tum Chemical Parameters to Lubrication Behavior of
Solid Oxides[J]. International Journal of Molecular
Sciences, 2005, 6(6): 203-218.

] S, gk—dx%, RN l, 4%, Sn-Ag-Cu R il A 1H
TR I B B A R M (D). T S B, 2016(8): 48-
52.

XIANG Yi-he, ZHANG Yi-bing, YAN Song-shan, et
al. Elevated-temperature Tribological Behavior of
Sn-Ag-Cu Self-lubricating Materials[J]. Lubrication
Engineering, 2016(8): 48-52.

B, KA, ks, S5, i 5E B i R A S
RIS LRIAR[I]. FRMHA, 2016(1): 7-12.

QIAN Gang, FENG Yi, ZHANG Xue-bin, et al. Re-
view on Research of Cu-based Self-lubricating Elec-
trical Contact Composites[J]. Surface Technology,
2016(1): 7-12.

[41]

[43]

[44]

[45]

[47]

[48]

IR, ffthAL, D30k, 4. Fe-Mo-Ni-Cu-£71 5 5
5L AW G AR BE R MERE T L (7). R
%, 2014(6): 617-622.

GUO Jun-de, HE Shi-quan, MA Wen-lin, et al. Tri-
bological Characteristics of Fe-Mo-Ni-Cu-Graphite
High Temperature Self-lubricating Composites[J]. Tri-
bology, 2014(6): 617-622.

o, s, sKBOY. BUREAIOTS kR[], A4k
T.,2012(6): 521-525.

MA Wei, TUO Ting-ting, ZHANG Shu-fen. Research
Development of Antibacterial Agents[J]. Fine Chemi-
cals, 2012(6): 521-525.

D, sl REHUE AT NPT IERET]. £
AR, 2016(6): 134-139.

MA Tao, LI Yun-gang. Research Progress in Surface
Antibacterial Stainless Steels[J]. Surface Technology,
2016(6): 134-139.

KUO Y C, LEE ] W, WANG C J, et al. The Effect of
Cu Content on the Microstructures, Mechanical and
Antibacterial Properties of Cr-Cu-N Nanocomposite
Coatings Deposited by Pulsed DC Reactive Magnetron
Sputtering[J]. Surface and Coatings Technology, 2007,
202(4): 854-860.

SKEME, BN, HABRLL, 4. Ti6Al4V £ Ti-Cu-N
G0 K I S AR B AR PR RE IS (7], R,
2014(4): 1-5.

ZHANG Hui-qiao, HUANG Xiao-bo, TIAN Wei-hong,
et al. Antibacterial Properties of Ti-Cu-N Composite
Films Deposited on Ti6Al4V Alloy by Magnetron Spu-
ttering[J]. Surface Technology, 2014(4): 1-5.

DAN Z G, NI H W, XU B F, et al. Microstructure and
Antibacterial Properties of AISI 420 Stainless Steel
Implanted by Copper lons[J]. Thin Solid Films, 2005,
492(1/2): 93-100.

HSIEH J H, YEH T H, HUNG S Y, et al. Antibacterial
and Tribological Properties of TaN-Cu, TaN-Ag and
TaN-(Ag,Cu) Nanocomposite Thin Films[J]. Materials
Research Bulletin, 2012, 47: 2999-3003.

X1 T, SHAHZAD M B, XU D, et al. Effect of Copper
Addition on Mechanical Properties, Corrosion Resis-
tance and Antibacterial Property of 316L Stainless
Steel[J]. Mater Sci Eng C Mater Biol Appl, 2017, 71:
1079-1085.

ZHAO J, XU D, SHAHZAD M B, et al. Effect of Sur-
face Passivation on Corrosion Resistance and Antibac-
terial Properties of Cu-bearing 316L Stainless Steel[J].
Applied Surface Science, 2016, 386: 371-380.
YOKOTA T, TOCHIHARA M, OHTA M. Silver Dis-
persed Stainless Steel with Antibacterial Property[J].
Kawasaki Steel Technical Report(English Edition),
2002, 46: 37-41.

Ha2, TF, XUHE. s TR L], P
PR A2 A4 (F AR R), 2004(1): 31-38.

XIA Jin-lan, WANG Chun, LIU Xin-xing. Research on
Antimicrobial Agents and Their Mechanisms of Ac-
tions[J]. Journal of Central South University (Science
and Technology), 2004(1): 31-38.




<<
  /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 /LeaveColorUnchanged
  /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 600
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [612.284 841.890]
>> setpagedevice


