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ABSTRACT: Recently, photogenerated cathodic protection, as one of new electrochemical protection methods, has become a
research focus in the field of corrosion protection. TiO, film has outstanding advantages among photogenerated cathodic protec-
tion technologies due to excellent electron-hole separating power, good stability, low cost, etc. Photogenerated cathodic protec-
tion principle of the TiO, film was first introduced, and later various preparation methods of the TiO, film material including
sol-gel, anodic oxidation etching, hydrothermal method, thermal decomposition, electrophoretic deposition and magnetron sput-
tering were presented. For existing problems of the TiO, film material, different doping/composite modification approaches
were illustrated, covering metal/non-metal doping, surface metal deposition, carbon nanomaterial composite and semiconductor
composite. Meanwhile, research progress of photogenerated cathodic protection of different TiO,/metal systems was summa-
rized. At last, the outlook was presented for future development of TiO, photogenerated cathodic protection technology. Major
future development trends of photogenerated cathodic protection technology were proposed to be widening light absorption
range of TiO, film, improving electron-hole separation efficiency, and developing high-binding, wear-resistant and ag-
ing-resistant TiO, coating.
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Fig.2 SEM image of TiO, nanotube array
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PUR AP, Sl sk kN, il LR 2 Sk
PR B R D' 3 IR A T 5 > R A U 8 DG R A 2 340
B AR T RBHYG A RORAE 5 38 b 1) 2% T el Pk
arE I HSE R E . — kS Tio, B A MAES LS
A& ALHE WO;. SnO,. ZnO. Cu,0. CdS. CdSe. CdTe.
PbS ZEB1 X} TiO, i Bk 42 8 AL &= A ik,
Sn0,. ZnO 58 &, RENSHE = HAE MG A& T M B LR 37
BEPIR R, AR R RN R, i8R
AR R A TR ARG o X TiO, 1 i RRiR 2 A Fy
AT R Aot AT 4 L i
Tk, SLEESCRIEA AR, Rt ik 5wk
Ak, EAMERNRERA RS . B g-CNy 5 TiO,
B4, TR YE Tio, MERHRYEIIE R, el nT W
WectERE, e A O B, HR R IR
LA R R, R4 e R PR R
1o AR H ) U HU AR, E AR S TiO, MR AR )
B4, VIHZE HRiAE7E R ),

3.3 ERMKREGUIE

TE AR AR B 3 T A 48 T M 5t 4 RT A A AE
-2 R E S, HAlC A Pty Au, Pd, Ru,
Ag &P RAe L SRR VTR — O
e —ZEEmY, MR RR TR, BERSHET N
YK, 7E TiO, KBRS LU Au 5, 7801 ok
(>420 nm) MRS, JEHREEREEILE 150
uA/em®, KRAHE TSR, R St 4 m
DUB R I 8 i FE— S B Ve, Wil £, 5t
SR TRE S A T - A SO E A L, FRAG
BEMERERE, M HS5IE TiO, 5 A SHEM#fik
T LD

3.4 HmMHBESHME
TE TiO, MR R PR A AL T, SR

JERLRCR A — YIS AT AT R T ik B A0 22065 5 TiO,
AN

H
S5, PR S0 s LR T AR AL S 1 S R P RE, T

DLR HAE R SR M TR AR, 9RkAh TiO, #18
HE AP A SIS M AT LU Tio, (6
A A LLRS AT LR A A FL A i
PR U MR IR AR A et B ST R, 18R
A S WIS ) ' R U R B R A OR A R S WY 4

B,

3.5 FAHNEESYXHE

TREAER S SR E S T RAME A TR Ak
B 5 S 2 R BGERE R, M4 58 Bkt
P R, (LRELE nT W6 T & A iAo
1 BB A BN -TiO, ( PPy-TiO, ) 4K 45 55 4 Wi ] i
Q235 BRI B i L A7 RS 2 180 mV, SR MM 4K £k
524 TiO, YK A BRI 304 AEEANTE 3.5%NaCl IF
PR Bl 2 M 50 mV (vs. SCE) FFEF|-150 mV
A, WNIEIREN/TION & A WM nT R 54K A 1 1k
AL A 50 mV FF%5]-0.65 V (vs. SCE) ZiAH41,
SR, AVLREWIECIR T 5k, BIKT Tio, &
B ARG e A B AR AR AR

RERRRIPRE/ EBERTR

HAT, e B AR P s i i 55 TAE £ ZEE e
It BHAR T 4 & A4 L B PR, 16 A 4 i 2R
A B AR Y T 2 B 58 W 48/ o 5 SR DG AR
A, fEFEE R SRR E S & 9K Tio,
W Z AT A B R A B S B T A, DA K
HHEZENRE XA E. TiO, )2/4 8tk
PR PR AR RALHE TIOY NEENIE R | TiO /4R & |
TiO/BRAN I 22 2521

WFFE s, 24 TiO, BJEXT 304 ANEH40 2 1 1Y 7
TR KTF 20%0F, A B TF AR IR T AN 5 4K 0 g ol
AL, RIS ER . SRRt A L, Bl
KT TiO, HNERENS & 5 T 4F B BRI RICR , i
H Tio, AR AT LI B EE 304 ASG5HT A o5 il Fn 4
JEh, AABA TiO, AT 316 AN JE il i i
W R [ 2~3 ARG

TiOy/Cu 12K R AIFFE &) 152 R Fn ik
PRI BEXT TR 26 B A AT i 2 52 I« 28 400~700 °C #Akk
BLIiIE b SP Py 00 N 12l N B e S ER VAR 55 AN ]
HBZEREN 0.1 pm B, SHRAFAE B IF1OE A
FHEA . XEARRSAMYE A et MO-TiO, —JtiR)Z/Cu
RAIIEFE BRPY, AT Tio, W2 CTE i
FrMEA B 520 . Sb-Sn0,-TiO, 1432 7E—600 mV i H
H B G FRATATAB R, 1T CeO,-TiO, 142 NI AE-900
mV I AR E AT AR BE

amorphous-TiO,/anatase-TiO,/Ti-Fe “Aft4)/0-Fe,03
52 A R E X RRAR A A BB AR 1 FE A5 R B,

4



Fa1E FH3IW

Bl 45 TiOo A B AR 3 40 K i IR ATF 5 3k - 207 -

ZEAERECHEN AR THE, HhHWE
0-Fe,O; BERT LABH IE Fe 78k, X5 TiO, ZIE AL n-n Y
SRS, A BT AT, R o-Fe,0; i
B —E Mg AE TR

I EL, TiO, U 2 X AN B AA B2 A B4 0 B
PRYEF 0T 1 ok e 57 458 67 A 4 SR A BB AR AR 4
SCRREEAR . 1 7S @A BRI &1 Tio, )2
HA A N2l BRI T A A HLIRZEMR 2
T — R R, (HA DL 2 A 500 IR A KBRS
TEG A, W B BAREE A T PrEm
TiO, A AR I IR 2, # R I AR Y3/, J2& B wi
I ) — A~ FE LT

5 RE

TiO, Y AE BN AR P I BEAF A T [ 4, DIl
RCRAR, WS TT BB G 1 TR R s, B 2= ik
G AR R, BRI 16 AR BR3P B B K R A
W BTLA, 4R TiO, whBs e e, 42
i TiO, JeA i -2 SO I 7 BERCR , 24 )R TiO,
JCLE AR B B — A EEWESETT 1 o [, S
TiO, BOLH TAEAFRE ST , JT & HAT G T A R LY
TiO, Wi, W2 LR R TTm 2 —.

FURT, J6A BISR AR 3P SR B BF ST B R 7B
BT A AR B AP, T X T 7 < e 2 i o 450
HE AR UR SR AT A A o T AE AN AN L B
BT 55 < B A RL R T AR A 5 ) RAF TR RE AL
S PUBEACR B ER TiO, W2, XHTSEAeE A
kB JE ok s B BAT R

EE B

(11 #RUE, PR, e, 5. M9 LRSS S5 Hn

F4 JE5 e By 4P ——BRAR S E F (], b AR R, 2014,
33(2): 65-76.
HAN En-hou, CHEN Jian-min, SU Yan-jing, et al.
Corrosion Protection Techniques of Marine Engineer-
ing Structure and Ship Equipment—Current Status and
Future Trend[J]. Materials China, 2014, 33(2): 65-76.

[2]  YUAN J, TSUJIKAWA S. Characterization of Sol-Gel-
derived TiO, Coatings and Their Photo Effects on
Copper Substrates[J]. Journal of the Electrochemical
Society, 1995, 142: 3444-3450.

[3] FUJISAWA R, TSUJIKAWA S. Photo-protection of
304 Stainless Steel with TiO, Coating[J].
Science Forum, 1995, 185-188: 1075-1081.

(4] ok, Xlug. GRS B R R I]. 8 5 B
1, 2015(3): 250-257.

ZHANG Jing, LIU Zheng. Progress in Research on
Photo-cathodic Protection[J]. Corrosion and Protec-

Materials

[3]

[9]

[10]

[11]

[12]

[13]

[14]

tion, 2015(3): 250-257.

L1 TiO, YK AE 3 U B H A 4 B 43 B ole A
B O3 M RE R B SE (D], dbat: T E RN =B K %,
2015.

LI Hong. Modification of TiO, Nanotubes and Photo-
generated Cathodic Protection of Composites on Met-
als[D]. Beijing: University of Chinese Academy of
Sciences, 2015.

CHEN X, MAO S S. Titanium Dioxide Nanomaterials:
Synthesis, Properties, Modifications, and Applications
[J]. Chemical Reviews, 2007, 107: 2891-2959.

DAHL M, LIU Y, YIN Y. Composite Titanium Dioxide
Nanomaterials[J]. Chemical Reviews, 2014, 114: 9853-
9889.

Finh. TiO, WEEAE A5 1 By I B A BIF 5T K i
H[D]. B #iylE T K%, 2014,

WU Zhen-hong. Study of Anticorrosion Mechanism
and Application of TiO, Thin Films on Stainless Steel
[D]. Hangzhou: Zhejiang Sci-Tech University, 2014.
X, XIEDG, B, 5. miborkflasa
SAALBRAUKE N[ Wi A7 & Jm AP kS TR, 2011,
40(4): 723-727.

LIU Hai, LIU Guo-guang, HOU Ze-hua, et al. Prepara-
tion of Doped Titania Nanotube Arrays by an Electro-
chemical Method[J]. Rare Metal Materials and Engi-
neering, 2011, 40(4): 723-727.

Tz, R, AEE, 5 ERAELER S A
PBR AR S B9 B 52 (0], A=A BT 5 R, 2010
(1): 14-17.

NING Cheng-yun, WANG Yu-qiang, ZHENG Hua-de,
et al. Study on Preparation of TiO, Nanotube Arrays by
Anodizing Processes[J]. Chemical Study and Applica-
tion, 2010(1): 14-17.

SR, R, wlE, G5 KR Tio, 9K A
S R[], L TR, 2006(4): 54-57

CAI Ling-feng, HUANG Lei, PENG Feng, et al. Re-
search Progress of Titanium Dioxide Nanotubes Pre-
pared by Hydrothermal Method[J]. Science and Tech-
nology in Chemical Industry, 2006(4): 54-57.

WANG X, LI Z, SHI J, et al. One-dimensional Tita-
nium Dioxide Nanomaterials: Nanowires, Nanorods,
and Nanobelts[J]. Chemical Reviews, 2014, 114: 9346-
9384.

SR T, XUTESE, %, 5. TiO, WBE ] & AR
FEHEIE[I]. MORHAE BEER, 2012(2): 153-156.
ZHANG Bao-feng, LIU De-bo, ZHOU Ya-jun, et al.
Research Progress of Preparation Process for TiO,
Film[J]. Material and Heat Treatment, 2012(2): 153-
156.

TRAR, BRUEME, BRI, WO DR ) 4 (004) B ) Y
TiO, WEME[I]. A TR 4, 2016(5): 1416-1420
ZHANG Xin, XU Hai-yan, CHEN Bo. Preparation of
TiO, Thin Film with (004) Orientation via Liquid
Phase Deposition[J]. Journal of Synthetic Crystals,
2016(5): 1416-1420.



+ 208 -

Fom f

S

2018 4F 3 H

[16]

[17]

[18]

[19]

[20]

(21]

RIRIME, LG, BUGFS. R4 U0 98 B H AR i) e
[J]. E=5, 2009(6): 19-25.

YU Dong-hai, WANG Cheng-yong, CHENG Xiao-
ling. Recent Development of Magnetron Sputtering
Processes[J]. Vacuum, 2009(6): 19-25.

BEIZEMG. 29K TiO, 3% M 45 F Xk HOG AR B i 73 85 FDlG
HEALPERERI I [D]. WK e JRJETTRAE, 2008.
XUE Lian-peng. The Effects of TiO, Surface Structure
on Photoinduced Charges Separation and Photoca- ta-
lytic Activity[D]. Harbin: Heilongjiang University,
2008.

WAL, TiO, K HAHSCH BHRZE A I 4% | T DL OG 4 i
FOGMEALPERERFSE[D]. Trrg: IHA R, 2012.
ZHANG Zhao-ke. Study of TiO, and Related Mate-
rials: Microstructure Modulation, Visible-light Expan-
sion and Phorocatalytic Property[D]. Jinan: Shandong
University, 2012.

ERSCH. 2R 4 oK B Ak ST FL A 0 5 SR I R A R
RE e Ak b gy B T [D]. & AL v [ B 22 R K7
2015.

BI Wen-tuan. Interfacial Charge Separation Strategies
for 2D Nanomaterials and Their Applications in Solar
Energy Conversion[D]. Hefei: University of Science
and Technology of China, 2015.

KUMAR S G, DEVI L G. Review on Modified TiO,
Photocatalysis under UV/Visible Light: Selected Re-
sults and Related Mechanisms on Interfacial Charge
Carrier Transfer Dynamics[J]. Journal of Physical Ch-
emistry A, 2011, 115: 13211-13241.

MOHAMED A E R, ROHHANTI S. Modified TiO, Na-
notube Arrays (TNTAs): Progressive Strategies to-
wards Visible Light Responsive Photoanode: A Re-
view[J]. Energy & Environmental Science, 2011(4):
1065-1086.

JING L, ZHOU W, TIAN G, et al. Surface Tuning for
Oxide-based Nanomaterials as Efficient Photoca- ta-
lysts[J]. Chemical Society Reviews, 2013, 42: 9509-
9549.

KIRAE. ANF B TiO, 40K K51 MR A i £
SOUHALTERE[D]. A8 GIE T K, 2015.

LIU Ling-juan. Preparation and Photocatalytic Per-
formance of TiO, Nanotube Arrays Modified by Dif-
ferent Ways[D]. Hefei: Hefei University of Technolo-
gy, 2015.

JARZR. 9K TiO, IRJ2 L HE G Z M & 5t H]
WA PERERTSE[D]. )N B B TOR %, 2010.
ZHOU Min-jie. Study of Preparation and Photoca-
thodic Protection Properties for Nano-sized TiO,
Coatings and Its Composite Coatings[D]. Guangzhou:
South China University of Technology, 2010.

WRA T, K32 S, BUTMG, A5 AT DL 6 A R
ST HE R [T]. fh2=iE ), 2004(6): 613-619.

CHEN Yu-zhe, ZHANG Peng-yi, ZHU Wan-peng, et
al. Progress in Visible Light Responding Photoca- ta-
lysts[J]. Progress in Chemistry, 2004(6): 613-619.

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

NAH Y-C, PARAMASIVAM I, SCHMUKI P. Doped
TiO, and TiO, Nanotubes: Synthesis and Applications
[J]. Chem Phys Chem, 2010, 11: 2698-2713.

MOSAR, PREESR, EE, . BB F(Co™HIBA TiO,
ORAE 5 HOLAE BT AR 44T 0], AR, 2011
(3): 79-84.

LIN Cheng-gang, LIN Ze-quan, LI Ling, et al. A Study
on Co-doped TiO, Nanotube Arrays for Photogenerated
Cathodic Protection of Stainless Steel[J]. Electroche-
mistry, 2011(3): 79-84.

CHUNG C, HSIEH P, HSIAO C, et al. Mutifunctional
Arc Ton Plated TiO, Photocatalytic Coatings with Im-
proved Wear and Corrosion Protection[J]. Surface &
Coatings Technology, 2009, 203: 1689-1693.

PELAEZ M, NOLAN N T, PILLAI S C, et al. A Re-
view on the Visible Light Active Titanium Dioxide
Photocatalysts for Environmental Applications[J]. Ap-
plied Catalysis B: Environmental, 2012, 125: 331-349.
LIJ,LIN CJ, LAI Y K, et al. Photogenerated Cathodic
Protection of Flower-like, Nanostructured, N-doped
TiO, Film on Stainless Steel[J]. Surface & Coatings
Technology, 2010, 205: 557-564.

ARLL. TiO, 94K A8 3 B B AT A JEE R 43 i Dle A=
FIAR fR 47 Pk fig i B 52 [D]. Lot Fr E R 2= B K2,
2015.

LI Hong. Modification of TiO, Nanotubes and Phot-
ogenerated Cathodic Protection of Composites on
Metals[D]. Beijing: University of Chinese Academy of
Sciences, 2015.

XK, ZEL4T, 6%, 4. SnO,/TiO, 4K FEFIXT 304
AEE W BT AR RCR[I]. MRS, 2014(6): 1-4.
LIU Yi, LI Hong, QIAN Yi, et al. Photo-Generated
Cathodic Protection of 304 Stainless Steel by SnO,/
TiO, Nanotube Array Film[J]. Materials Protection,
2014(6): 1-4.

X5, BT MANEH ZnO. TiO, & & M REA
W AR PEREMTSE[D]. B BLITRA, 2015.

LIU Yu. Photogenerated Cathodic Protection Properties
Based on Micro-Nano ZnO/TiO, Composite Films[D].
Xiamen: Xiamen University, 2015.

IR, TiO, PORAFFESIE R CdX (X=S, Se)f&Hi &
TG AR B PR 37 0 0K BH RE H b b 19 0% HiL AT R BIF 5
[D]. EIT: BEITR#%, 2011

LIN Ze-quan. Modification of CdX (X=S, Se) on TiO,
Nanotubular Array Film and Its Photoelectric Perfor-
mance in Photogenerated Cathodic Protection and
Sensitized Solar Cells[D]. Xiamen: Xiamen University,
2011.

ZHOU X, JIN B, LI L, et al. A Carbon Nitride/TiO
Nanotube Array Heterojunction Visible-light Photo-
catalyst: Synthesis, Characterization, and Photoelectr-
ochemical Properties[J]. Journal of Materials Chemi-
stry, 2012, 22: 17900-17905.

BAEDE. g-C3Ny/TiO, Al g-C3Nu/Bir05/TiO, 44K A 1Y
il # N ' v A AL R T e W 1 e S HLBRATT X [D]. At



Fa1E FH3IW

Bl 45 TiOo A B AR 3 40 K i IR ATF 5 3k - 209 -

[36]

[38]

[41]

[42]

M W TR R, 2015,

LU Jia-ni. Study on Synthesis of g-C;N4/TiO, and g-
C3N,4/Bi,05/TiO, Nanotubes for Photoelectrocatalytic
of Pollutants and Mechanism[D].
Hangzhou: Zhejiang Gongshang University, 2015.

BU Y, CHEN Z. Effect of Oxygen-doped C5Ny4 on the
Separation Capability of the Photoinduced Electron-
hole Pairs Generated by O-C;Ns@TiO, with Quasi-
Shell-Core Nanostructure[J].
2014, 144: 42-49.

ZHANG Z H, ZHANG L B, HEDHILI M N, et al.
Plasmonic Gold Nanocrystals Coupled with Photonic
Crystal Seamlessly on TiO, Nanotube Photoelectrodes
for Efficient Visible Light Photoelectrochemical Water
Splitting[J]. Nano Letters, 2013, 13: 14-20.

FRFETT. A1 SR/ TIO, &5 WY il 2 S HOG AR B
TRAPPEREDTSE[D]. & R %, 2013.

GUO Xiang-qin. The Effect of Graphene on the Pho-
tocathode Protection of Titania Films for 304 Stainless
Steel[D]. Qingdao: Ocean University of China, 2013.
ZHU P, NAIR A S, PENG S, et al. Facile Fabrication of
Ti0,-Graphene Composite with Enhanced Photovoltaic

Degradation

Electrochimica Acta,

and Photocatalytic Properties by Electrospinning[J].
ACS Applied Materials & Interfaces, 2012, 4: 581-585.
BELL N J, NG Y H, DU A, et al. Understanding the
Enhancement in Photoelectrochemical Properties of
Photocatalytically Prepared TiO,-reduced Graphene
Oxide Composite[J]. Journal of Physical Chemistry C,
2011, 115: 6004-6009.

REN J, QIAN B, LI J, et al. Highly Efficient Poly-
pyrrole Sensitized TiO, Nanotube Films for Photocat-
hodic Protection of Q235 Carbon Steel[J]. Corrosion
Science, 2016, 111: 596-601.

CUI S, YIN X, YU Q, et al. Polypyrrole Nanowire/
TiO, Nanotube Nanocomposites as Photoanodes for
Photocathodic Protection of Ti Substrate and 304
Stainless Steel under Visible Light[J].
Science, 2015, 98: 471-477.

LEI C, LIU Y, ZHOU H, et al. Photogenerated Ca-

Corrosion

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

thodic Protection of Stainless Steel by Liquid-phase-
deposited Sodium Polyacrylate/TiO, Hybrid Films[J].
Corrosion Science, 2013, 68: 214-222.

OHKO Y, SAITOH S, TATSUMA T, et al. Photoel-
ectrochemical Anticorrosion and Self-cleaning Effects
of a TiO, Coating for Type 304 Stainless Steel[J].
Journal of the Electrochemical Society, 2001, 148:
B24-B28.

Bk, FRA, SEE, % 304 AENLK TiO,
W2 SR IE 35 B I P RE (D). AF MR, 2009
(4): 63-66.

ZENG Zhen-ou, ZHOU Min-jie, ZHAO Guo-peng, et
al. Microstructure and Corrosion Resistance of Nano-
sized TiO, Coating on 304 Stainless Steel[J]. Materials
Protection, 2009(4): 63-66.

HONG I T, KOO C H. Antibacterial Properties, Corro-
sion Resistance and Mechanical Properties of Cu-
modified SUS 304 Stainless Steel[J]. Materials Science
and Engineering: A, 2005, 393: 213-222.

YUN H, LI J, CHEN H, et al. A Study onthe N , S
and Cl
Protection of Stainless Steel[J]. Electrochimica Acta,
2007, 52: 6679-6685.

LIU L, HU J M, LENG W H, et al. Novel Bis- si-
lane/TiO, Bifunctional Hybrid Films for Metal Corro-
sion Protection Both under Ultraviolet Irradiation and
in the Dark[J]. Scripta Materials, 2007, 57: 549- 552.
YUAN 1J, FUJIISAWA R, TSUJIKAWA S. Photopot-
entials of Copper Coated with TiO, by Sol-Gel Method
[J]. Zairyo-to-Kankyo, 1994, 43: 433-440.

SUBASRI R, DESHPANDE S, SEAL S, et al. Evalua-
tion of the Performance of TiO,-CeO, Bilayer Coating

Modified Nano-TiO, Coatings for Corrosion

as Photoanodes for Corrosion Protection of Copper[J].
Electrochemical and Solid State Letters, 2006, 9: B1-
B4.

HUANG J, KONISHI T, SHINOHARA T, et al. Sol-
Gel Derived Ti-Fe Oxide Coating for Photoelectroch-
emical Cathodic Protection of Carbon Steel[J]. Zairyo-
to-Kankyo, 1998, 47(3): 193-199.




<<
  /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


