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Aol e LEA A F el ZE (Oﬂaﬂ Hlg| 2| ©] E )(poly(ethylene terephthalate), PET) Z &2
FAE ez MAE] S5t 718 B4 2 259 FAIE AAET 29 A2E PET 59 ¥
Qe HEZY T AfoUA, TA}W} 17 (FE-SEM), 921 &n7Z(AFM), XA ZAAEAIN (XPS)S &
of BAsirh A4 43t 2 229 54 ¥ PET T2 & HEZS 10.8°2% v]x2]¥ PET H|sle]
85% AN, F ¥ AFoUAE 42.25 mNm' 22 vjx{zg]" PETA Y3t 650% 7}o}°iu} w3t
RMS(root mean square) 71&7]+= 1.965 nm=Z v|*2]E PET &9 H]E}Oﬂl 348% S7FsIR e, 144 #571%
C-OH Z3te =& of 3u] 7M7to] S71ekdtt. ol A3 B4s ¥ 253 4 A2]¥ PET é% Fe] ¥
e s 5} ol 2%k 3}5HA 2)7h wkgolA 7|QlE Aoz AHEY. o] ARy, 71 B
s} 2 20 A H2HS PET & 39S 19802 A A 5 e a4 wgo g 7ue).
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Abstract: In this study, poly(ethylene terephthalate) (PET) was treated with fluorination and ultrasonic washing treatment
for hydrophilic modification of PET film. We measured the change of surface modified PET film surface characteristics
using contact angle, surface free energy, FE-SEM, AFM and XPS. After direct fluorination and ultrasonic washing treat-
ment, the water contact angle was measured to be 10.81°, 85% reduction compared to the untreated PET film. Total sur-
face free energy has been measured to be 42.25 mNm™, 650% increase compared to the untreated PET film. Also RMS
roughness has been measured to be 1.965 nm, 348% increase compared to the untreated PET film. Hydrophilic functional
group C-OH bond concentration has increased approximately 3 times. These results are attributed to the hydrophilic func-
tional group and cavitation due to chemical etching. From this result, it was suggested that the fluorination-ultrasonic
washing treatment method could be useful to make PET film surface hydrophilic.

Keywords: poly(ethylene terephthalate), fluorination, ultrasonic washing, hydrophilic surface, surface free energy.
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Step Reaction (Kcal/mol)
o F,>2F +375
Initiation
>CH, +F, ® >CH- + HF +F- +4.1
| >CH,+F- 9 >CH- + HF -34.0
Propagation
>CH- +F, < >CHF +F- -68.0
2F D F, -375
L >CH- +F- < >CHF -107
Termination A
Polymerization 2>CH- - >CH-CH<
Fragmentation, Charring -C-C-C- = n[-C-]

Figure 1. Fluorination mechanisms of organic polymers.’
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Figure 2. Mechanisms of the surface reactions of the PET film: (a)
direct fluorination; (b) oxyfluorination.
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(@ F, gas cylinder (D) Pressure gauge

(2 HF absorber (NaF pellet) (& F, absorber (Al,0;5)
(@ Buffer tank (9) Glass cock

@ N, gas cylinder @0 Liquid nitrogen

® 0, gas cylinder (1) Rotary vaccum pump
(® Reactor

Figure 3. Schematic diagram of fluorination apparatus.'’
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distilled water)2] =A12 7+ 1024 A28 Y3 ), A
oM Azt F MAE, AlFe] ¢5¥ PET 55 &
2:3f ¥hg7lo] ¥ & ot 22 A AR B4
2 ke EAsE Wi o, 714 Bashy e vy
3 E48) A9 /N =E Figure 23 Figure 390" 742}
et E4s)el] AM8E B4 71~E Messer Griesheim
GmbHAF] =12 99.8%2] 7HSE ARSI M, Aka 7hAae
TE 99.999%°] JEE TS ARESIITE W) R %
S 100°CE AAsIaL PET 255 Wh7lol ¥& § 24 7t
o]l 28] HAZ F 1.0x10° torr7HA] B 73 TH
Ashs e BA 7EE 67 Y5k 75 torrl
FABIATE. kA BAshe B4 7R} Ak4 TF
4:60 2 sto] WA AN AP S ], 123
ted 150 torrell A 1027F F-A18F3A T, whg-o] &t
I2E olgate] W71 33] HA AL Al A
sp7h k=¥ PET 252 S/57F &4 Hlel7 el
%23 94 7] (power sonic, Hwashin Instrument,
Korea)g ©]-83l] 40 kHz, 4=l 1087 vESAIZ] & 4
Zol|A Az

oNf- HE|= k4] & &S PETE BHsIL
52 438 2 223} A offel ule} DF, DFS, OF, OFS
= Wrgsislon, 2 2718 Table 19 WFERASITH

FH S HIL vA2)E PET, 248} 2 253 4] A
2% z}7+¢] A= DF, OF, DFS, OFSel thale] g2t 24
7](Phoenix 300, Surface Electro Optics Co. Ltd, Korea)E
olgste] A &%l SHTSH IS BulQl Hotol ek
€h(diiodomethane: DM)S2 39 H{E57+S 74310t HE
7F 54 A, Z12Fe] PET E& 9ol #2912 1070¢] AHS
A7gstal, 2 ghs S5k B+t e =Esoh S84
HZ7Fe Owens-Wendt-geometric mean methodS ©]-8-51¢]
A Aol U A (surface free energy) #ES AlAFeldct. Bk
PET 9| $2:5} 2 28} 4] Aol o8 2] - 518
#9] Wz} B B 54E BA5] sl FAA )
(FE-SEM, field emission scanning electron microscope Hita-
chi, S-5500, Japan)3} ¥ &}7+e & |7 (AFM, atomic force
microscope, Bruker, USA)S ©|&3}A Tl AFM EA4L&
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Table 1. Sample Designations Given by Reaction Conditions

Samples Process* Conditions
PET untreated -
DF D 75 torr, 10 min
DFS D and S 75 torr, 10 min // 40 kHz, 10 min
OF (0] 150 torr, 10 min

OFS O and S 150 torr, 10 min // 40 kHz, 10 min

*D: Direct fluorination. O: Oxyfluorination. S: Ultrasonic washing.

Zay, 43748 A33, 20133

Tapping mode?l}A] Si tip(size <10 nm, Nanowald, Switzerland)
< ARE-SFATH
an f EE

=48t ¥ =0t Ao ME 22| - SFEH el '
M SM. 7)1 E4st 9 239 A Aol WE PET ¥
59 #4 F Wske S4s] flsto] FE-SEM?F AFMS
o]-g-ste] A eH, SA4E AHE Figure 49 Figure 5
off YeblIet. B3k AFM 250 €Jste] fofxl RMS(root
mean square) 712 7] ZtS Table 20 YJERFITE

Figure 4] (b)2t (d)ll el At 2ol mx{2]€ PET(a)
o] WL AY E4ast ¥ Fhkh B4ast ldd & 3
o] M1zelY] A= AL HAFUL. 5t B4s) & 23T
FAZE AE ()9} (e B8 A JAPE (b, d)
of Hlste] o] B AZozl AL BTt o]¢ 12

/el thg e 19 AA7E 43T AFM HoE el o

& Ao} 3 Asisdch

Figure 5(a)° w]*2]® PETS] ¥4 34 dlole1E veh)
AoH, RMS AZ71E 0.565 nm= S = Ack £ 7)1
43l W 2891 434 2J2)€ DF, DFS, OF, OFS 5] RMS
AA7]& 0252~1.965 nm?] M= 4=t DF ¥ OF
Zgo] RMS 7127]& viAle] 29 PETe vlste] thef

Figure 4. Surface images of PET film using FE-SEM: (a) PET; (b)
DF; (c) DFES; (d) OF; (e) OFS.
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Figure 5. Surface morphology of PET film using AFM: (a) PET; (b)
DF; (c) DFS; (d) OF; (e) OFS.

50% 7HAskn). ol et A A4S v A, B4 7k
of o]t s}5HAQl 2)7F dido] WASHEA] EHo] HEks|A|
7] whiEel Aoz Azt a5hA el A7F | B
gzl o8t g8t w33} AdE o] k. E4sl kgl 7l
Y= B4 7pa2NE A B4 gHZiF)°] PET 25
FEHO] IR (edge) - WHSt] R-F FE|Z 71 €3
T}, Figure 50 YeRA 21z} ZFo] PET & HHE A2
B R o]FofA] glom, o] T B9 o] Y
o] okt edge F-E-olT}. webA F4sh whgo] JYHH &
2] FEo] A&H o7 27kEo] PET H o] HEs|A=
Aoz A7kt AH 4%t & 253 A X2]E DFS
o] RMS A#7] PET, DFel| H|3te] th2f 3.50), 7.8 = =
Al Z7YekATh vbdel, shaka B4t & 2Sub oA A g
# OFS] RMS #27|= PET, OFel H|3le] thek 1.14, 2.5
v Z7sle] AHEAS & 223 A A2lE DFSe) Hlsh
o 1 F71Eo] AA et 717 B4 & 253 A
of 2Jgk RMS AZA7] zloli=, 23} FAo) 9Jet 353t &
2t Aol rkar AT 2 uh A oA B
e 3Eet dae B¢l e} slshE el v s Fut
SoE B 3k o] 3k dAde 233 FAL Al BAEe a5 E)
o], 2guke] Al7] 2 vk EZe] 1 Jdeol we) g

(e3

° 2 AYEAJTTF ARAHA] G, J1gfe R
o]Fo7l oUAE F x| g F2 w7t WEdth
WEE A YA E wEE7] Ue] Edol| JEFS nIAA o
Ao} aA7ke] B - 3} Q] WS FXIAIA wE vt
$o] o]Fold F Jr=F gt} o] S FE3 A
o2} sk, e} 1A AN Lok T3t A<l v
7M5-2 Figure 69 ZFshA] eIt DFE 252
A APk, 353} 34l 9sled C-HF, C-C, C-H 2%
o] T =L ¢ FFslaL MFAde] =& C-OH, C-O0H 2
ol FAH7] Wil AoZ FETE I o] wf) B4
Zoll A% 1A #57] ool =&H A FAY 2
2R yE U7t AdE o] gzt A9S ¥4
SR Z] o ZH] W A 7}o] o] FofRittal Azt TS 1
g OF= %9l C-OH, C-O0HS} 722 H4A B57171
FE o]FaL 3101, DR H|sle] 250 A M2 e
A% 9] A3 vkl gt Aev] Wst ¢ AFe=M i
H 2)7to] | o] Fojxitkar AHZbET

EH ¥&Zb J 59 AGR0UX| Het S/ DM
olg3le] =49 w|Ag PET & 2 7| B4sl-%289 &
Al Agle ZEo] Heat FE57HS Table 201 eI PET

Table 2. Changes in RMS Roughness & Contact Angle of
PET Film Depending on the Fluorination-Ultrasonic Washing
Treatment

AFM data Contact angle (°)
Samples 7 range RMS Water Diiodo

(nm) (Rq, nm) methane
PET 5.966 0.565 71.3(x2.7)  27.0(£2.9)
DF 1.630 0.252 48.1(#3.3)  38.0(+2.6)
DFS 18.237 1.965 10.8(+4.1)  35.1(%¢1.6)
OF 1.794 0.247 33.8(+3.5) 31.9(1.8)
OFS 4.044 0.618 34.9(x1.1)  28.5(x1.9)
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Figure 7. Changes in surface free energy of PET film depending on
the fluorination-ultrasonic washing treatment.
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Figure 8. XPS wide scan spectra of (a) PET; (b) DF; (c) DFS; (d)
OF; (e) OFS.

Table 3. XPS Surface Element Analysis Parameters of PET
Film Depending on the Fluorination-Ultrasonic Washing
Treatment
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Figure 9. Deconvolution of the core level Cls spectra: (a) PET; (b) DF; (c) DFS; (d) OF; (e) OFS.
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Table 4. XPS Surface Element Analysis Parameters of PET Film Depending on the Fluorination-Ultrasonic Washing Treatment

PET DF DFS OF OFS
Pp. FWHM Con. Pp. FWHM Con. Pp. FWHM Con. Pp. FWHM Con. Pp. FWHM Con.
C(1) 284.6 1.6 72.5  284.6 1.6 84 284.6 1.6 532  284.6 1.6 79.7  284.6 1.6 72
C2) 286.2 1.6 133 286.2 1.6 49 2863 1.6 42.8  286.8 1.6 17.8  286.7 1.6 24.7
C(3) 288.6 1.6 143 2883 1.6 3.1 288.2 1.6 4 288.6 1.6 2.5 288.6 1.6 33
C4) - - - 287.3 1.6 8 - - - - - - - - -

P.p.: Peak position (eV). FWHM: Full width at half maximum (eV). Con.:

Concentration (%).

Int. J. Adhes., 24, 171 (2004).

. B. K. Lee, J. S. Rho, and H. G Kim, Polymer Science and

. H. Touhara and F. Okino, Carbon, 38, 241 (2000).

F dashs e & Al o2’ Aake o dH 9
& & JEZ e ¥9 AR 7t A5 A7) Technology, 13, 751 (2002).
Aoz Y vFEHETE A, 253 A A2)A] Byt 10
= 358 Al oJsted C C/C-H Zgo] 953 C-OH 11

wshe Zlow Bae.

12.

A. Tressaud, E. Durand, and C. Labrugere, J. Fluorine Chem.,
125, 1639 (2004).
Y. S. Lee and B. K. Lee, Carbon, 40, 2461 (2002).

>4 = 13. L. H. Thompson and L. K. Doraiswamy, Ind. Eng. Chem. Res.,
= 38, 1215 (1999).
. = x Vo = o ol e 14. Y. G. Adewuyi, Ind. Eng. Chem. Res., 40, 4681 (2001).
2 Arelde Ao de] ol 8HA A= PET 5 |5 D, Feng and C. Aldrich, Adv Environ. Res., 4, 103 (2000).
=2 EE} BolsH 3197908 A7) st 718 B4 16. G. J. Price and M. McCollom, Ultrason Sonochem., 2, S67
st 9 29 A A2lE Sk, 2 PET Z59 ¥H 54 (1995).
wslol tsle] AT AA Basl @ 2o 42 7 17. G. J. Price and M. McCollom, Fuel, 74, 1394 (1995).
&3t DFSe] & #Z7}o| PET, DF, OF, OFSdl| H]5le] 713 18. J. H. Cho, S. G Ko, Y. K. Ahn, K. C. Song, and E. J. Choi, J.
wr o o 222 T Magpnetics, 16, 163 (2006).
;jlr] ;‘rjﬁ Ujﬂ z]m sl 3}; }Cioogi Z‘%;j}; ‘i];‘%; 19. J. M. Lee, S. J. Kim, J. W. Kim, P. H. Kang, Y. C. Nho, and Y.
- T # 35 - S. Lee, J. Ind. Eng. Chem., 15, 66 (2009).
Zo g AlRETh 71} E4%E B 259 A AP E 53 20,

w9 N B2 PETS] B59] If SA FA ol

0| A eFomA] 7hest FAo 2% PET BE9] HHS
A 2oz AT = Jde el wEo g Tkt

AEAL A= 380 7Fed Ao VhE

[o

It
ki
ror

=
[

1. J. C. Yun and J. Y. Do, Polymer(Korea), 36, 795 (2012).

2. H. Ji, X. Liu, H. S. Choi, J. H. Kim, and H. O. Park,
Polymer(Korea), 36, 65 (2012).

3. 1. Y. Yang, S. W. Myung, H. S. Choi, and 1. H. Kim, Polymer(Korea),
29, 581 (2005).

4. S. W. Woo, M. Y. Song, J. S. Rho, and Y. S. Lee, J. Ind. Eng.
Chem., 11, 55 (2005).

5. C. H. Lee, D. Y. Jung, Y. J. Park, H. J. Song, and K. S. Lee,
JKIIE, 23, 184 (2009).

6. H.R. Yu,J. G Kim, J. S. Im, T. S. Bae, and Y. S. Lee, J. Ind. Eng.
Chem., 18, 674 (2012).

7. M.J. Jung, J. W. Lim, L. J. Park, and Y. S. Lee, Appl. Chem. Eng.,
21, 317 (2010).

8. M. Noeske, J. Degenhardt, S. Strudthoff, and U. Lommatzsch,

Zay, 43748 A33, 20133

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

J. S. Im, S. C. Kang, B. C. Bai, J. K. Suh, and Y. S. Lee, Int. J.
Hydrogen Energy, 36, 1560 (2011).

M. J. Jung, E. G. Jung, J. W. Lim, S. I. Lee, and Y. S. Lee, Colloid
Surface A, 389, 274 (2011).

J. W. Lim, J. M. Lee, S. M. Yun, B. J. Park, and Y. S. Lee, J. Ind.
Eng. Chem., 15, 876 (2009).

H. R. Yu, S. H. Cho, B. C. Bai, K. B. Yi, and Y. S. Lee, Int. J.
Greenh. Gas Con., 10, 278 (2012).

M. J. Jung, E. G Jeong, S. Kim, S. I. Lee, J. S. Yoo, and Y. S.
Lee, J. Fluorine Chem., 132, 1127 (2011).

Y. S. Lee and B. K. Lee, Carbon, 40, 2461 (2002).

Y. H. Kim, Prospectives of Industrial Chemistry, 8, 82 (2005).
L. Y. Meng and S. J. Park, Carbon Lett., 13, 178 (2012).

C. Wang, P. C. Lai, S. H. Syu, and J. Leu, Surf Coat. Technol.,
206, 318 (2011).

M. J. Chuang and A. K. Chu, Appl. Surf- Sci., 257, 3943 (2011).
A. R. Addamo, E. Selli, R. Barni, C. Riccardi, F. Orsini, G
Poletti, L. Meda, M. R. Massafra, and B. Marcandalli, Appl. Surf’
Sci., 252, 2265 (2006).

G. Nanse, E. Papirer, P. Fioux, F. Moguet, and A. Tressaud,
Carbon, 35, 175 (1997).




<<
  /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
  /SyntheticBoldness 1.00
  /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


