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Formation of Hydrophobic Self-assembled Monolayers on

Paper Surface with Silanes
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ABSTRACT

This study was conducted to modify the surface properties of papers by formation of hydrophobic self-assembled
monolayer(SAM) on paper surface with silanes. A base paper [(0.5% AKD) and base paper II(1.0-1.5% AKD) were
reacted with silanes(PFDTES, DMDCS, MODDCS) by immersion method and vapor deposition method.
Hydrophobic SAMs(contact angle value>120") were obtained on all papers after treatment with 10l PEDTES for
15min, with 5011l DMDCS for 30min, with 50 1l MODDCS for 300min. When applying PFDTES to paper surface,
lower silane concentration and shorter reaction time were required, whereas MODDCS with long alkyl chain
required the longest reaction time of 300min. The stockight sizing degree of silane treated papers were increased
between 105sec(base paper I) and 130sec(base paper II). The wet tensile strength of PEDTES-treated base papers(],
ID) increased by 10-34% after SAM formation. However, the wet tensile strength of the DMDCS-treated base
paper(I) was found to decrease from 0.067kN/m to 0.038kN/m; this may due to the cellulose degrading as a result
of generated hydrogen chloride when hydroxyl group of cellulose were reacted with DMDCS. No apparent changes
of PPS roughness on silane-treated papers are observed. The ATR-IR spectrum showed absorption peak located
at 465 and 1200cm-1 which can be assigned to the Si-O-C asymmetric stretching and Si-O-C bonds, respectively.
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Properties Base Pa.p.er | Base Pal.)e.r II
(Thermo-sensitive Paper) (Pressure-sensitive Paper)
Basis weight 43 .Sg/m2 45 .Og/m2
Pulp Hardwood-BKP 100% Hardwood-BKP 100%
Freeness(ml CSF) 370~400 350~380
Filler (Talc+GCC) 10~13 % 7~10 %
AKD (internal sizing agent) 0.5% 1.0~1.5%

Tensile strength(MD/CD)

3.5/2.0 (kgf/15mm)

4.0/2.5 (kgf/15mm)

Table 2. Properties of silanes

Items PFDTES MODDCS DMDCS
HC o, o s a CH;
Chemical structure ,Si\ CHg(CHQ)qecHQ*Si*CHS CI*S‘I*CHQ)
He” O CHaCHLCR) R 5 4
Molecular formula Ci6Hi9F1703Si1 Ci9H40Ci2Si (CH3):SiCp
Mw (g/mol) 610.38 367.51 129.06
Boiling point (C) 209-230 185 63-70
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Effects of silane concentration and reaction
time on contact angle of PFDTES-treated
base paper I(AKD 0.5%).
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Fig. 3. Effects of silane concentration and reaction
time on contact angle of DMDCS-treated
base paper I(AKD 0.5%).
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Fig. 2. Effects of silane concentration and reaction
time on contact angle of PFDTES-treated
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Fig. 6. Effects of silane concentration and reaction
time on contact angle of MODDCS-treated
base paper I(AKD 0.5%).
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Fig. 8. Effects of silane concentration and reaction
time on contact angle of DMDCS-treated
base paper I(AKD 0.5%) by gas phase.
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Fig. 7. Effects of silane concentration and reaction
time on contact angle of MODDCS-treated
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o [ ——
~ 100
2 ‘
2 80
g
L 60
t —e— control
g % B 10u
A 508
20
51000 u¢
02
0 30 60 240

Reaction Time (min)

Fig. 9. Effects of silane concentration and reaction
time on contact angle of DMDCS-treated
base paper II(AKD 1.0-1.5%) by gas phase.



70 om0 %

Ao = HCl AA S 918 A4 3152 7 2| e ez A1
£2 9 A7LHCIO| i Z ) A7) Lol Al &4
02 QIEk B0l 48 AE] 45HE op|F 5

3.1.2 EetE7|15AY

(e}
68-70C 2 7] 5}5}0] MZ2 0 A A Qo] A3HA7]7] 7}
golsto] A o] 2jof & 5:7]5-2H(vapor deposition
method) ] B © 2 A 2]5to] SAM g/ of] §lofA] of
w v o] &A1/ ol 114} 51Tt Fig. 89
A A 17 Fig. 99] 7] 11 94] 302-2] 18- A]
ZF o] 110° o)de] F&7HS FAdstlet whebA 5
7} 97 =2 ool W F 7kA| v &
o= 2to] 7} glal T H Th W2 F e of A
o] ¢ 71 RkSAZ Q2 gtk A S

O

o

S715&

th-,

i
e

o rlr
>

3.2 AHZ|5|E AO|=2E

Fig. 100 4] T2 19} ZHE A A 18] AH| 7] 8| E
(stockigt) Afo] 2= 717t 801} 232 Y lTh &
5] YA = YA 1Rt} 7 v o] 9] s = W3] Afo]
Aol Ho Sl AS AH 78| E Alo] 2= Ao A e
oI = USITE WA Aol g o] F A THHI o A %=
PFDTES®} DMDCS 2 SAM &4 3} 0] 3.9] Afo| 2%
= H 71t AaE ROt AR e E e
79 DMDCS # 20| PFDTES # 2]t Bt} =2 A
7| 3| E Alo] 2= & K YTt
3.3 X}p7|=2 ctExiat &AM gtol

1 OO /|-

o3 .
E I

Zol7]& 42(1) 2010

DOCONTROL ®mPFDTES mDMDCS
180

160 -
140
120
100
80
60
20 -
20 -

Stockigt sizing degree (sec)

Base paper |

Base paper |

-
=

g
[,
[—]

. Stockigt sizing degree(sec) of silane
treated papers.

Agkah A2 0 2 ¥ 9] -OH7]7H Akstel 94
% Si-0-C, Si-C A2 ATR-IR AH E & 9] w3 2
S 538 2Held 4= QIrh 4000-400cm” ¢ &0 A]
resolution 4.0cm™, 270 4= 243 9] scan parameterso]|
A 275501 Table 3 A5t 3teto] At 1o
sfrob IR w2 o] 91712 ep L ey

Fig. 119 9€A19 ATR-IR AHEZHo|A=
1202.79cm™ & Ao A] FEF 2| & 7 I £ Si-O-C
Agt 9 AEAF JLZ(siloxane components)] HE 7]
H3 2 5(deformation vibration)2 R o]F= 13
272 helsh = 91tk Fig. 122] 912 119] IR £
1150-1000cm™ & tjol| A ME 2 @ A 9]

l

Table 3. Locations of the ATR-IR band spectra and their assignments for silane compounds

Peak(cm'l) Assignment
1274 CH3 deformation vibrations of the siloxane components
1200 Si-O-C bond

1150-950 broad band

765
465

Si-O-Si asymmetric stretching and/or Si-O-C bond

C-O bonds in cellulose
Si-C asymmetric stretching
Si-O-C asymmetric stretching
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Fig. 11. ATR-IR spectra of silane treated base
paper I (AKD 0.5 %).
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Fig. 13. Wet tensile strength(kN/m) of silane treated
papers.
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Fig. 12. ATR-IR spectra of silane treated base
paper II (AKD 1.0-1.5 %)).

AR Fol o EH
2] A et o3 24
YL WA o B2l H A olet. Fig. 142) 2 50|
gﬂqqigqgﬁﬂgﬂéxgqbﬂﬂnﬂﬂ

et ALl Ae At 5o
w1 A7)0l = W87 ek A& HolEr)

2749] Ao} ot
7

B 2 A 2} A7H S 2 sto] A 50 Alet
(PFDTES, MODDCS, DMDCS) 2.2 Zo| 9] #}
7128 SEA A S S 457120 o] Abe] 4
22 THL FAAZT}

K] %52] A% PFDTES = & 2to] g 2]of o]
271747 W AIZk] 15308 AR 71 At

P

OCONTROL ®PFDTES ®DMDCS

9.00 - 834 829 840

8.00 -
7.00 -
6.00 -
4.92

5.00 -

4.00 -

PPS Roughness (um)

3.00 -

Base paper | Base paper Il

Fig. 14. PPS Roughnesss(tm) of silane treated
papers.



72 EXIE

PFDTES: 101l 7}ek0] v]ef Hgjvto g r Fo| 29
o T A kS P45} 120° o] 4Fe] 7ML Lreh
%Atk DMDCS-2 Bhg-7] o F= 71 &] s 717 Agho
B ko) wizrehy] o] SAM A4 Alofl= =t
o] &L Aetabi 20 F R BEzto) HeA

of o] & wj7kx] 9] RE-G-AJ7HE- 308 0|42 & PFDTES
9] 155 ¥t} Zth. MODDCS= 120° o] A4+e] M &7+-e
BB 7HA] Al At 71 71 §Eg-Al 7ol E a6t9)
o} 50ul SR & A 5AI7EHES- 0] $o 110° o] 4]
H&ZFo] B4 =L 10001l A 2] Alofl = ¥H-g- 2 A|7F o]
ofl 120°2] HZ7}o] Lehdtt. PFDTES 7} DMDCS
St MODDCS ] H] 3l §h-g-0] Yofg ufj 4= 7ol &
st A o] 2lef ¥hg-o] oA o =gt o] &
Al Agke] wer] xfo] & Qe H&2ke] & Aol ¢l
=8

DMDCS= A1} 348-57] 52 o] F= 712 v
WO 2 SAM FAE Al Eat=d], FE7F50ul o4
o8 A S0l Y F 7HA] Bhg-H 1F S
E A7 QAL ARG FE B o= 57|52 o
o] 71 RESAIZHS I8 & $ir

PFDTESE DMDCS 2.t} o2 A7k Yo] ¢ =2
2o =GRl o AH| 75| E Alo] 2= FALo) A
o =0k B3 7 A s G YA 1R} 5= vl o)A
o] F & W Ato]o] E]o] 9= Fol 2] - AH|7]
S| E Afo]| 27} SAM A 2] Fof| = 3] =94t

SAM F/J YA 9] ATR-IR A E o] A Fx 2] of
Z o= ZA5HA] ¥ 1200cm™, 765cm-1, 465cm-1
b o o ] 2 PE-S F3f Si-0O-CAT, Si-C A% 5
AE2 QA0 Siol AT EIE 4= ek

SAM 7|4
Holl fde
o2 Folo EE|H B4
=tk ok 97 19
0.052kN/m 9] 487} = ]
A Aee] SAM g4 §h
F Phg-Al7to] o
o= st 1 A
(YA ) Abof o3t Hod = A S T8
S T A= 71A
3 2A| FFS WA

sp7h stk ol
3]

A]

<

1.

10.

11.

12.

o3 .
E I

Zol7]& 42(1) 2010

o]

—

=2
S

ror

=
(L

Allara, D. L., Parikh, A. N., Rondelez, F., Evidence for
aunique chain organization in long chain silane mon-
olayers deposited on two widely different solid sub-
strates, Langmuir, 11(7): 2357-2360 (1995).

. Brzoska, J. B., Azouz, 1. B., Rondelez, F., Silanization

of solid substrates: A step toward reproducibility,
Langmuir, 10(11): 4367-4373 (1994).

AR, AR, H A, A 2R AN o8

o EWAT 7|4, DEABET] S, 172): 172-
181 (20006).

. Shang, H. M., Wang, Y., Limmer, S. J., Chou, T. P.,

Takahashi, K., Cao, G. Z., Optically transparent su-
perhydrophobic silica-based films, Thin Solid Films,
472(1-2): 37-43 (2005).

. Hare, E. F., Shafrin, E. G., Zisman, W. A., Properties

of films of adsorbed fluorinated acids, J. Phys. Chem.,
58(3): 236-239 (1954).

. A guide to silane solutions from Dow Corning.

http://www.dowcorning.com/content/publish-
edlit/SILANE-GUIDE.pdf.(2005).

.Love, J. C., Wolfe, D. B., Haasch, R., Chabinyc, M. L.,

Paul, K.E., Whitesides, G. M., Nuzzo, R. G., Formation
and structure of self-assembled monolayers of alka-
nethiolates on palladium. J. Am. Chem. Soc., 125(9):
2597-2609 (2003).

. Wasserman, S. R., Tao, Y.-T., Whitesides, J. M.,

Structure and reactivity of alkylsiloxane monolayers
formed by reaction of alkyltrichlorosilanes on silicon
substrates, Langmuir, 5(4): 1074-1087 (1989).

. Banga, R., Yarwood, J., Morgan, A. M., Evans, B.,

Kells, J., FTIR and AFM studies of the kinetics and
self-assembly of alkyltrichlorosilanes and (perfluoroalkyl)
trichlorosilanes onto glass and silicon, Langmuir,
11(11): 4393-4399 (1995)..

Silberzan, P., Le ger, L., Ausserre’, D., Benattar, J. J.,
Silanation of silica surfaces. A new method of con-
structing pure or mixed monolayers, Langmuir, 7(8):
1647-1651 (1991).

Tripp, C. P., Hair, M. L., An infrared study of the re-
action of octadecyltrichlorosilane with silica, Langmuir,
8(4): 1120-1126 (1992).

Mathias, T., Brent, S. M., Kasenya, G., And Franz, G.,



ARsh wkgol O3k Fo| Ewle] 244 A7) 2Y BHAY YA 73

An ellipsometric study of thin films on silica plates
formed by alkylchlorosilylation reagents, Journal of
Colloid and Interface Science, 148(1): 182-189
(1992).

13. Kawasaki, M., Sato, T., Tanaka, T., Takao, K., Rapid

self-assembly of alkanethiol monolayers on sputter-
grown Au (111), Langmuir, 16(4): 1719-1728
(2000).

14. Yamada, R., Wano, H., Uosaki, K., 2000, Effect of

temperature on structure of the self-assembled mono-
layer of decanethiol on Au(111) surface, Langmuir,
16(13): 5523-5525 (2000).

15. Ulman, A., Formation and structure of self-assembled

monolayers, A. Chem. Rev., 96(4): 1533-1554 (1996).

16. Tappi press, Surface wettability of paper(angle of con-

tact method), Tappi test method T458 om-84, Atlanta,
USA. (1983).

17. =229 9], Folof Afo|=m= Al W (2H]7]

3] E), KS M 7025, http://www.standard.go.kr/code0
2/user/0B/03/SerKS View.asp?ks no=KSM7025
(2007).

18.

19.

20.

21.

22.

AREEPE, Fo| @ BA-HRAE 54, KSM
ISO 3781,

https://www .standard.go.kr/code02/user/0B/03/Ser
KS_View.asp?ks no=KSMISO3781# (2007).

Tappi press, Roughness of paper and paperboard
(Print-surf method), Tappi test method T555 om-99,
Atlanta, USA. (1999).

Fadeev, A.Y., McCarthy, T. J., Self-assembly is not
the only reaction possible between alkyltrichlorosilanes
and surfaces: monomolecular and oligomeric covalently
attached layers of dichloro- and trichloroalkylsilanes on
silicon, Langmuir, 16(18): 7268-7274 (2000).
Shenghai, L., Haibo, X., Suobo, Z., Xianhong, Wang.,
Facile transformation of hydrophilic cellulose into
superhydrophobic cellulose, Chem. Commun., 46:
4857-4859 (2007).

Zimmermann, J., Reifler, F. A., Fortunato, G.,
Gerhardt, L. C., Seeger, S., A simple, one step
approach to durable and robust superhydrophobic
textiles, Advanced Functional Materials, 18(22):
3662-3669 (2008).




<<
  /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
  /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
    /AGaramondPro-Regular
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Apple-Chancery
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChosunilboNM
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /ExpoM-HM
    /FranklinGothhvy
    /FranklinGothic
    /FranklinGothic-Bold
    /FranklinGothic-BoldItalic
    /FranklinGothicCondensed
    /FranklinGothic-Italic
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinGothlte
    /FZSY--SURROGATE-0
    /FZXBSFW--GB1-0
    /FZXBSJW--GB1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-HeavyCond
    /HelveticaNeueMedium
    /Helvetica-Oblique
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Medium
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MagicR-HM
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /Mhansek
    /MHunmin
    /MicrosoftSansSerif
    /MingLiU
    /Mla
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NSimSun
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PyunjiR-HM
    /Raavi
    /San02M
    /SandJg
    /SandKm
    /SandTg
    /SandTm
    /SeoulHangangM
    /SeoulNamsanM
    /SeUtum
    /SHeadG
    /Shruti
    /SimHei
    /SimSun
    /SinMyungJoyakja
    /Sylfaen
    /SymbolMT
    /TaeM
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSThgrgl
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDIGasiIIB
    /YDIYGO120
    /YDIYGO330
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDSAH
    /YetR-HM
    /ZWAdobeF
  ]
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


