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Abstract In this study, we confirmed that the SWRO(Sea Water Reverse Osmosis) production water has more
hard corrosiveness than the tap water by fundamental experiment. According to the result, the target of this
study was aimed at developing maintenance and anti-corrosion method. In the early stages of the research, batch
tests using mild steel coupons and electrochemical experiments were applied to compare the corrosiveness
between SWRO production water and the tap water. After then, two corrosion control methods for SWRO
production water were applied. Liquid lime(Ca(OH),) and Carbon Dioxide(CO,) were inserted and compared with
the combination of liquid lime with phosphate corrosion inhibitor and carbon dioxide.

The water qualities were evaluated through LSI(Langelier Saturation Index) and proper injection ratio was
deduced by the result. Since then, simulated loop system test were performed to evaluate anti-corrosion effect
depending on corrosion inhibitors. Subsequently, carbon steel pipes equipped at the loop system were detached
for SEM, EDX and XRD analysis to acquire quantitative and qualitative data of the major corrosion products
inside the pipes.

In conclusion, the controled groups with anti-corrosion techniques applied were effective by appearing 97.4%
and 90.9% of improvements in both case of liquid lime and the liquid lime with a phosphate corrosion
Inhibitor. furthermore, major components of scale were iron oxides, on the other hand, protective effect of film
formation by calcium carbonate(CaCOs) could be confirmed.
key words : Anti-Corrosion, Calcium Hydroxide, Desalination, Phosphate Corrosion Inhibitor, SWRO

2 ATe FEIE SWE/E =S 0] ATHAYEAINS 078l E<4=B01-04-04)0] ]3] =3 =] 5Tt
"WAIAA 2R (dswoo7337@kisei.re.kr)
A5 104 129 2% A 114 019 12 AL 119 019 13Y

529



22 A12A AZ, 2011

=2

—

.M

st 71ge APAl Fag
Bshlel B R5 B
ARl dAelo] BEE A
24 7 Bael g
kst g e 4
A 92T low], A ARe) FE
2AcH1.2],

AutA © 2 SWRO(Sea Water Reverse Osmosis) A
i pHZF S ml ARo] AtiE oz Aol By
o] i 7l el FUET R FETE AR Al A
W 9 wEAEel Azl RARAE SuE & o
[3-7]. wtebA] BAE A9t FARGE o] 22 Ado] &
£2 kg Fk Ash BAlo] AU BAA %ol
g,

ol¢t WHE =] AgS Am R, v=te] Fe- A
A A 220] 30% oL x5 71 87} o
4 7tk AEEoEa RAAAAE FHal AL
SWRO AiAtpo} THelsl A7 Ao HIA A
olth. 747he L] A SWRO AARRo| tat A
7171€ Htbe sieERE -8 Ao 34 HE
A8 2Eom Saela e Agels, o] 49

al

s

i

3

310

AR 7e] Y vlushAR 71Ee) $4egE]
HH, el A% 283 g7 LAl ofat

Aol BANAZ &) gk AT K1RET gl

[81. olefst Aol it shest Hofe] %4

F

[e]

A7 97142 FINOR SWRO A4k tigh 24
A7\E Augtehe el sieast Aol 7
eo] 9912 FuY 4 e o e

2 a7t A% 2819 FUEE FE71E 100y
Slem o|5HE AAFS] $13) ¥ We] SWRO B4 7121
o] BASE Azste] ALGSIGT B pH 23
3 RAoAA L o, £UL B BE $2L pH
6.5~75, LSI > 0 ©& A3 o]of gt Haluz|
P4 BobskaAt g,

T
o

Al

=

O

2, M3 Wy

21 M8 M=

B o) Mg BE S A7 Ao R &
2 EWS goton], 34585 YIS 4718 A4S
918 OLHIE O 2 A|ZBEI 80°C drying ovenoll A 2 AJZF

530

& xR & giAA ol

o ol mytsle] ALgataict.

AGR EaAES AAAGOR FhFse] 127 em x
76 cm x 0.16 cm (EHF 22.15 o] 278 wE &
TG A3 Aol T W AL AMgskalrt

S 1)
=

3

Aste] shea]
(Loop system test)2 =

gz Aol RaAe]

ot

M > mx o
L
o2

ol
o

>,
o 32
Rl L

i)
2is

Mo
w2
=
=
o
ox

=
2
o !

et

o

05
o

(2

W

N

H

29
QL
2
5

=]
.“’_*

oz
i
lo
il

oX
I}
filo

off > > O f W
=

ok oz it

=
lo
o

2 %= [ MDD, mg(dm*day) =

o] 7 Al (mg) — A&
Hol THH (dm? X 2P L5 (day))

1

— |

>
|

o]

gl

™
el

Al
%1000

MDD: 1dm*o X 14 7r

R e

wojul
ANt
A Aol

e oy 13

Al
=
= 7R 2R

s4)e)

2l o} AA(L

| Aol S B

S48 Bk AEE A HR 40 om x Al
0] 50 cm x 7| 1.5 em®l 2749] o}z =%

Qtell 40L2] H4(D SWRO 4kp0F SWRO AYik+

A4 5], SWRO A4S0} SWRO A4kl 224

o~

SHRACIAA)E F2lohe] 0.5m/so] §L0R 2847

Z]
™

)



Ap£3)% 0§ SWRO A4S Ao} AT

soluleh Ago] A 2 Ayans
SRS 2] 9 B by

AAE SWRO AJAb=e] st 1 F5Fo
0, pH 6.5~7.5, Z7]A%E%E 100xs/cm

of @t

ol 2AE

2 Metrohm 827 pH meter
QL AEAE, FhYEe
sl AR
(conductivity):= EC meter(Orion 5- Star Multi-meter,
USA)E, H(Fe), T-2](Cu), G40 2(Cl), FAto]2(SO04)
o] w1 DR2500 (Hach, USA)S o] &3}o] HAla1eic).

AlHS] #W  BAL  SEM(Scanning  Electrode
Microscopy)Z} EDX(Energy X-ray
microanalysis) & B34 mejulaiel =it B4 T U2
of FAREE] AE=E HofeiGlaL, U T
Bo a3 9 R G0 HE uts
He=2 u|watych XRD(X-ray Diffraction) 5410

Dispersive

MU oft R

rr ox mju

ABL epoxy 2T F 2] Fof
AR #600712] @LeHA Aulslel
o}, epoxy resind} AlETS] Ajolol] ERA HAE SfaA
Amercoat 90 epoxy= H|Ql8 XE]& sl o = A|H

o w% WAL laiz A sech
Aol dhg WA AR W A713K) AR RO A4

531

ot 258 BHON ololplen], LEL 25TE §
Aspsict. w4 B4 vlmel] skl A5k}
Rl ol gk Tafel oWk ABS s,

B ATOIAL TalSAPHS 9Js) EASEIA
=%
235 HAld&r HAo]= PGStat30 AutoLab potentiostat
(ECO CHEMI, Netherland) ©] ARgE|Ql o, Atfz=o
B IeE gAgol, 7ledso R e E3RSAS(SCE
;saturated calomel electrode)o] A% iTh

o

o_‘g_o]

[N

H
pi=)

Kl
]

s
>

H|3 of-g- wof
E3L pHE oF 6.72
Haolo] wj-

Fsiek.

= o
oX,
[o

=0

ot
O

32 3% 3 5= 2

3.21 =¥ 2™ Fg

o] vl oJgt
A1 SWRO AJ4kg=e]]

CEEEERE

[E 1] SWRO Aikp(CHrghe) +xa2 454,

Results
SWRO
25 £ 05
6.7 + 0.1

Contents
Tap water

25 £ 0.5
7.8 £ 0.1

Temperature(C)
pH

Calcium hardness
(mg/L as CaCOs)
Alkalinity (mg/L as CaCO3)

12 £ 2 47 £ 2

10 £ 2

730 + 10
130 £ 5
0.1 £ 0.05

60 £ 2

125 + 2
10 £ 2
02 £ 0.05

Conductivity (11S/cm)
Cl' (mg/L)
Turbidity(NTU)

AR, SWRO AJitk=o] EA4E 11
CO9l 27 FYJBrE U3l el SWRO AJaks:
1000m(1L)E 7|Zo2 3lo] ofall

it



S| assle e A12d AlS, 2011

0.01~0.06% 7}%] NAFAA 5] 0]

t}. o]& SWRO AJAl=o] COZ
MRyt

FAFE AR 319
Z013)] pHZ 6.5~7.5

[E 2] ddass|o] 24 ol v AY
SWRO water(mf) Ca(OH), (%) Foul
amounts(mL)
999.9 0.01
999.8 0.02
999.7 0.03
999.6 0.04 1000
999.5 0.05
999.4 0.06
), A7) A A 2ke 2]H o] 279 0.004, 0.005,
0.015, 0.033%2] P,Os(14HAA] F-A1AAANE 212 529
3le] LSI = 0 91 =4S #lsksch
747}e) A 24 &%, pH, TDS, 474 E, 29dd,
A7|AELE, SO7, CI'E BAslo] LAx45 H715 2
T} A g Aol A 2437} 0.06% FYH 2ol LSI

57t 0ol Ueke] F4140] ¢l
AT, F WA AgNE R wA

AA
0.0045% Z2¢]E] A0 A] LSI X227} 0 oAk

[ RN
AT

471 A HelEE  o]&sto]
LSI(Langelier Saturation Index), RSI(Ryznar Stability
Index), RTW modelo] ©]3F LSI ¥ RI, LR(Larson Ratio)
BAA4E Age] HAE BISHTHO-11]. A4
HEZ LSIE AuEd O9 31 Zo] 552 -0.54,
SWRO AJAk= -4.37, SWRO Ak of HAFA A,
COE FYst Hfol= 0.32, SWRO /%“
A3, CO, 183 P,OsE 718 H9= 0.122
ASl 24 §5el T %240 Aols nalc

1 9o BARR ALlEle e uet A

frioll gk atol= ARAE AE4E
A|g=2]9] A7Fe LSI9F o] SWRO A4k
COE T A5 7P 74

47 M BAo] B RO

Z=o| HAFA

417

9
= e
o] A

/go] WSkl SWRO *o

Cebt

A

pul

532

oLs
BRs|
BRTWLSI
BRTWRI

Value

SWRO Mih$ + SWRO Mdh# +

“Tap water ﬁmﬁw

Sanple

(£454C02) &3 +CO2 +

ERCE]

bhidbl

=

Ca(OH)z9—]' COE +4
A7t Hleldalo R wolujpke st B
% WEE 243 Aneld gz
607 MDD(mg/dm'’ - day)2 wj-$ H
v v, ARe] SAE
Wol eazgatoll A t 2t
T 93.8~99.4%F TlO

88888

Al (MDD)

+30

——CE=AA
-5 ABEB)

-

18254

- 88

M -
320 62MH  122M) 1528

(23 3] izt AFtolA ez

21204

a9 49 19
Zdo] gt SEM 24
EDX E4Z43E5 vebd

5L 7k7F Al

Aot

T

Electron Image |

[O2 4] SWRO AJAiks=
SEM 5.4 A7}

Z30A Eart



§3 SWRO AJape] HalAo] o7t

Full Scalekésy

o]#gt EDX
of F2 Fe JFL2 o]Fofl &7

24234 o) ey

o] MWL RS AT 5 Uk

T2 AEE 329 A Yol iste] FAIARA S
sforals] 913 XRD £4< AAlg 2ok 19 63} 2
t}. 32  Magnetite(Fex0s), Lepidocrocite (FeOOH),
Hematite(Fe20s3), GoethiteQ} 72 A ASEZ 9% o
W, AFEAS £33l Sgd|= ZbzF 233, 26.0, 21.3,
29.4%2 It

o)== D. J. Lee., et al.(2008)2] A+E E3f vtazl B
A ES] AR W ol Abda] QAR AT Hol

FH12].

|

il

No. moeaaam 1 (0= 3 2(ajza)
2000 - ol
H " ‘u'i'"!nﬂulllt Fo,0 )
By L . n'F {iran hydroxide oxkde; FeOOH)
1800 - ‘,- H {hematite; Feo,0 )
rnnedpaent® G (Gouthite, sym; FeOOH)
1400
& 1200 o
-
£ 1
.
E
T u_ kb .
480 " | i | L
I ™ i Ml oGl Fu ™ £
mno ook '_|._ F B -r' | o .I-\,.. "
. .‘\" ' u...'\.-f_'j\ -.:4'.,,',':..’ hy W -u\_::.l - .:,_1
10 m » . 5 a0 ] n 90
2 oideg)
[ 6] SWRO 44k 7o) 4 e 4k e 27]
ofl digt XRD Az}

533

Electron Image

B

[ 7] SWRO+Ca(OH),+CO, XA
579 SEM &4Z23

1Y 72 SWRO AJAko] Al sie) COE 59
3 2AA AR Suie] BAH 2AL
SEM 54 Zolch. 717 89] EDX 242312 F3) A
Bo] sz mA) $le] 25 Fol YAo| Hglom,
S PASHE 7o el Cad) el B T

v
£(CaC0y) W4 Tufo] FHE o= 4 9lgict

Qo]
=

1
Full Scalekeis
E

1 1
Full ScalekBaf Full Scalekgad

Fe a
a |

Zn U Ca
Cl
|

i
Full Scalek®aH

204 izl uj
B A7)

—=Sa

Fe Fe

|

3 1
Full Scalek®aq

1
Full Scalek®aH

[712 8] SWRO+Ca(OH),+CO,
£ 2Adof digt EDX

Nc 200.&-0952-2{& 8 T(B)a )

e

3000 ;' c % C {calcibe; chOJ
H % L(Leplodocrocite; FeO(OH)
" r M (magnetite: Fe,0 )
2500 K e
— 2000 -
g
o]
E [l
= 1000 L
500 L, 'J <
. \\_, -~ Y “.,._ L/ _|..- ) _'-.' ] L
0 20 ) “© %0 [ 70 80 o0
2 oideg)
[32! 9] SWRO+Ca(OH),+CO, 7oA BraZbah 5
27| del| g XRD A}
I3 9% SWRO Aibpol A Ao ezt #1
Rxgo] FHRS HAT XRD Zuolth F=



SrAbaly|&aksl =] A2 413, 2011

Calcite(CaCOs), oxide (Fe OOH),
Magnetiti(Fe:04)7} F=27gdollon, SHuE dold
A3}t 52,9, 16.0, 31.1%=2 shibzzo] 713 Wol FAE
2AE BRIT 4 ok o)t Bag EHl] Bbd 1
Bujupo] AEQIeHs 2S ojn]shu, SWRO Al44=0]

SARolel] EAHH OB HgH 5 9SS HolFE A

Iron hydroxide

aY 108 hEa AR S Wie B9
3 Abglolch Abdl gime] o] Hla| 2% A
o BAAES} e e A1 o 4 girk o) 24
50] )02 QIF FriRe] Al WhAlT/Ero] B4

Y 11 S Husle] W BRE B A

olct.

[ 10] SWROS} SWRO+Ca(OH), +C0,2] Z27ol|A A]
of ghade] WRARICEE ).

[32! 11] SWROSWRO+Ca(OH),+C0,2] 2704 A
9] g e] W FARIEY ).

ZerEstniet BAAMA FYol mE
Al "It

% 125 SWRO  AJAREeE SWRO A4S0l
Ca(OH),, CO, Z12]3L POsE FRE = oflA T
o] FAES Hlwg Aol

SWRO A4S HiR7HA)CE 3Fal, SWRO AJAK
o Ca(OH),, CO» 12|13l FAAAIAIE FUTE & A3
(B)2.2 sto] 15UE WhA&A 02 moujuks 4
A}t e] FA == 606~1,038 MDDE Hl-9- 52
W, Ao BATL 42.75~122.4 MDDE U
ok AFATE Sl gadolA dixtol didh dEwol

33 +
=

;

lo pob et o>

534

AAlo] ETH= 882~93.4%2 e Zlo2 FI5H
H

= [e)
N = -
U T AN Fa B0t nlaste] tha 1
o

—-CIEAA
1000 -5 4808

[22] 12] SWRO2} SWRO+Ca(OH),+COy+5-4] &1 7| A of]
Ao zAoflA gzt me] FAE=(MDD).

18 138 SWRO AJAk22} SWRO AJAFS: + Ca(OH),
+ CO; + AAFAA HAAAA ] A oA ghaFt
T T RS HPT Aol

[32 13] SWROLISWRO+Ca(OH),+COx+E-A] o] 7| A of]
Ao oA s R ARIE®

2.

o Ho

QEEREEE REERS
9k 1%
23k Aplolt.

e 4
b3

=g

14] SWRO2}SWRO+Ca(OH),+COy+H- 2] 1A
274 Eazde] Y AR (dd 9.

7419}



Ap£3)% 0§ SWRO A4S Ao} AT

N
M
T

oA}

10

re
e
-
rr
o
o,

£ SWRO AJAko]
FAA] avkE A7) 9%t
3], CO,, YAFFA FA1
P2

2
o

o
o to

By

%

B o1
12 bu

oX i
B o

T _lxﬂ

R R

o
o2t
p‘g

¢

3 =

e

¢

m

w2 o> P
ot
=
o rlo

o offt
k) 1o
BN
i1

o
=)

i
=)
m it

Oz

5
1
N
o
o
paed
o
o,
:{o
B

_l% ¢
O:

b
>
Job
o

(=]

.0

2
X
)

32
° ki

8
filo

=]
RN

]
&

5 N

Y
AN o 2 o
oo v 12

s

o ¢

e o >
o,

o

o,

M

i

<L foh lo i ok
TR e=R=}
ox

P

sle} qlarel)
0.9%2] SAl]o}E ey 2L
, SWRO A4ks=of] 94}-44 3](Ca(OH))
14 e 55.1%9] Ao} FIHE Lt

Aol A4S

o 1x

>
2
=
I
o
ot
o,
e
ot

oft
r
=S
ol
o

X
o
B
)
)

=t L oof

52
=

i)
fu
2
o

SWRO AJAL

gdoz ol
4319 AL B Ca¥,

X

x =
Hoz

[1] K. Burashid, and A. R. Hussain., “Seawater RO plant
addur
desalination plant operation assessment”, Desalination,
165, pp.11~22, 2004.

M. A. Darwish and N. Al-najem,
problem
pp-167~177, 2005.

AT, A5 o @t Alad B gk
2 547, dddistn SFEAAT, EEAT
18(2), pp.235~252, 1999.

(AF=AESTATFL, FpERe] FARRE 9
e FAME IS B SRFAA AL A
", JpAh S 7 =T IEARY, S, pp.1~2, 2006.
Works
Foundation, “Internal Corrosion of Water Distribution
Systems(second edition)", pp.30~36, 1996.

Works
Foundation, “Internal Corrosion of Water Distribution

Systems(second edition)", pp.554~557, 1996.

Works

operation and  maintenance  experience:

“The water
177(1~3),

(2]

in  kuwait", Desalination,

Lo

(31

[4

—_

American  Water Association  Research

(5]

American  Water Association  Research

(6]

American  Water Association  Research

(71

535

Foundation and DVGW-Technologiezentrum Wasser,
“Internal corrosion of water distribution
1996.

(A)r=AEFSFATEA, “SWRO A4kgo] tigh £

WA 71 A 194 FHFERIA", sfegeatE

AR, ZEFUFE, pp.9~17, 2008.

[9] J. W. Ryznar.,
Amount of Calcium Carbonate Scale Formed by a
water", Journal of AWWA, 36, pp.472~486, 1944.

[10] W. F. Langelier, “The Analytical of
Anti-corrosion Water Treatment", Journal of AWWA,
28(10), pp.1500~1521, 1936.

[11] W. F. Langelier., “Mechanism and Control of Scale

of

systems",

8

[t}

(m >

“A New Index for Determining

Control

Formation in Sea Water Distillation", Journal
AWWA, 46(5), pp.461~469, 1954.

[12] D. J. Lee, Y. I. Kim, Y. I. Song, and H. A. Park,,
“The water problem in Kuwait.", Journal of Korean
Society of Water and wastewater, 22(3), pp.379~383,

2008.

& Al(Dal-Sik Woo) [H3 3]

o
T

° 1998 2¢ :
237} (3

® 19984 3¢ ~ 20104 12 :
AR AT B
74 4%

| o 20119 19 AR (AR

ARFeATL

Azetn 87

[H3|#]

® 2007 2% : AlEHstn AAxt
shojst st

© 20094 29 : AZdEm Uyl
kel sekat (o]sh4Ah

© 20099 8¢ ~ 2011 1€¥ : (A
At A

T O 71

Tyl

3|4=w+4=3}, Corrosion, Remineralization



SrAbaly|&aksl =] A2 413, 2011

gl 7 (Kyu-Won Hwang) ("33

© 2004 29 : AAEE AHA
shojjet 4wkt

* 2006 29 : AMTRER Yulth
st FHEEskat (FsHAh

e 20069 109 ~ 20114 1Y
(A= AHT AL A7

PP
3443}, Corrosion, 1% *] ]

& M Ol(Seok-Min Yoon) [H3lH]

e 1989 29 : KAIST A&+
N

e 1994\ 8¢ : KAIST AJEF3H
3}t

e 1994 11¥ ~ 20119 1¢
() ZRATsATY T

BaLey 2w

<TiEop
3fl=E4>, Membrane, AJefQ]eiA, F4]

2t o FMyung-Hwa Kwak) (M8

—

® 199811 29 : Folrfstw uiry
o g St eAAD

e 20074 29 : Zoloislw Aui)
a9 B3FSUF LAY

| e 2007 109 ~ 2011 1€

() = oA ade

AAFEE L5

<TEop
B4, Membrane, 122, #H4=2]0]-§-

536




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


