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ABSTRACT

In this study, we modified the surface of ground calcium carbonate (GCC) with polyelectrolytes with dif-
ferent molecular weight using Layer-by-Layer (LbL) multilayering technique and investigated its effect
on the paper properties. Polydiallydimethylammonium chloride (poly-DADMAC) and poly sodium
4-styrene sulfonate (PSS) which have different molecular weights were used for LbL multilayering. Zeta
potential and particle size of the LbL modified GCC were measured. After preparation of handsheets,
their structural and mechanical properties were evaluated. The zeta potential and average particle size
of the modified GCC were affected by the molecular weight of anionic polyelectrolyte (PSS). The zeta
potential was higher and the particle size was smaller when GCC was treated by PSS with high molecular
weight compared to the case with low molecular weight of PSS. The tensile and internal bond strength
of the handsheets was increased with an increase in the number of layers on GCC particles, but the molec-
ular weight of polyelectrolyte did not significantly affect the paper strength.

Keywords: Filler, LbL multilayering, polyelectrolyte, molecular weight, tensile strength
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Table 1. Characteristics of polyelectrolytes used

23

Polyelectrolytes

Molecular weight, g/mol

Charge density, meq/g

Poly-DADMAC(L)

100,000-200,000

Cationic +6.7+0.1
Poly-DADMAC(H) 400,000-500,000
o PSS(L) 70,000
Anionic -4.7+0.1
PSS(H) 1,000,000
Table 2. Addition level of polyelectrolytes
— Addition level based on - Addition level
Cationic polyelectrolytes GCC. % Anionic polyelectrolytes based on GCC, %
PSS(L) 0.5
Poly-DADMAC(L) 04 PSS(HD 07
PSS(L) 0.4
- 0.3
Poly-DADMAC(H) PSS(H) 0.6
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LbL multilayering & }of u| x| &= 22}k 9] 95k 3 22 E935t & A el g (Zeta-meter 3.0+, Zeta-meter,
el A Aol Aol MY TEAMA AL AL USA)E o] &ato] AHHYE Brea YEEA ]

shgl o ofo] 24 R A 3 A 2 = poly-DADMAC
(polydiallyldimethylammonium chloride, Sigma-
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Addition of cationic
polyelectrolytes

Addition of the DI water,
redispersing (by ultrasonic machine)

= =
6060
o°c°o

2 layer GCC ,

_________

Centrifugation

3 - 3
30% GCC Modified
i )] Reaction GCC
(1 min)
Removal of . ‘
supernatant Adsorption of PSS, | <
Centrifugation |
@ @ @ [55s
. || e.e o
Modified 1 O O
i

Removal of
supernatant

Addition of the DI
water, redispersing
(by ultrasonic machine)

_________

e s

.1 layer GCC ,

________

Fig. 1. Schematic procedure of LbL multilayering of polyelectrolyte onto ground calcium

carbonate (GCC).
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== Poly-DADMAC(H)/PSS(L) === Poly-DADMAC(H)/PSS(H)

40

Zeta potential, mV

0 1 2 3 4 5 6 7
Layer number

A olAIE - ol - &3 - ol 3t 4z .

£0]7]& 44(5) 2012

—&— Poly-DADMAC(L) /PSS(L) —k— Poly-DADMAC(L) /PSS(H)

== Poly-DADMAC(H)/PS5(L) =rr=Poly-DADMAC(H)/PS5(H)

Median size, im

Layer number

Fig. 2. Zeta potential (a) and median size (b) of LbL multilayered GCC with the number of layers.
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GCC retention,

55 |

P-DAD(L)/PSS(L) P-DAD(H)/PSS(L) P-DAD(L)/PSS(H) P-DAD(H)/PSS(H)

Fig. 4. Retention level of LbL multilayered GCC
depending on molecular weight.
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Fig. 5. FE-SEM images of handsheets treated with
(a) unmodified control GCC,
(b) poly-DADMAC(L)/PSS(L),
(c) poly-DADMAC(H)/PSS(L),
(d) poly-DADMAC(L)/PSS(H), and
(e) poly-DADMAC(H)/PSS(H).
(7 layer GCC; ash content: 20%).
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Fig. 6. Bulk of handsheet treated with (a) poly-DADMAC(L)/PSS(L), (b) poly-DADMAC(L)/PSS(H)
LbL multilayered GCC.

=
=]



Poly-DADMACT} PSSQ] BExlekg oajdt &

+ Control D3layer @®Slayer A 7layer
33

28

23 |

%;
18 ¢ .
0

13

Tensile index, N-m/g

10 15 20 25 30 35
Ash content, %

Internal bond strength, J/m?

4 Control (O3 layer

d&o MAL Fol =4 A e 9% 29

@5layer A 7layer

130
¢
100 4
" %
70 f L 2
40 " . . .
10 15 20 25 30 35

Ash content, %

Fig. 7. Tensile and internal bond strength of handsheet treated with poly-DADMAC(L)/PSS(L) LbL

multilayered GCC.

MAA ) BA7A g 2
sto] Bevt S74e 2 ﬂgqq
Fol9 Z ke S HotuX
of &A1 Z] A 71%011&
A 3l o] AL multilayering A
ZE7h R E 7 Ho] A= e
o & = kol ot

Fig. 89] 7 layer 7§ A A & 4
= R AR R e b
ok, EApekol Aol gk vl 7hA] 23]
4% %] ®% control¥} H I A] ¢1%
=7 FAEGT I S e &
poly-DADMAC(L)/PSS(L) %
7H wol A E low Y] 2
A Ueiith 2 A1E AlA6}

ox
Jo
1o
1o
i,
%
©

e
S,
o
ku
olx % C—ij

©

o

_r.
of
™

J_E;Om{n

]

ol 10 N
i)
dorlr ok (E ox

Ut %2 o

o 2
-

° o
o to e

ox, —{1; i

o

N
—_

o
il
4

N

i ofo
i S
£ 4
3w
N
[
Ehis

2
>
o
i\-

)

ol N
ot HT
HE
=
Hr X
my ofo
o4

i

A
N

E?i'
2
o
> o
ro

iu)
H1 2D o

U o

e r
=
Mz
>
)
&l«

L 3L rflo o AL 20 A

i

1
q

WL
I o
lo
ol
4o oX
>
)

c
o

30

H Control O3 layer 05 layer |7 layer

25

20

15

Tensile index, N-m/g

10
P-DAD(L)/PSS(L) P-DAD(H)/PSS(L) P-DAD(L)/PSS(H) P-DAD(H)/PSS(H)

A9 BAgol £ 242 APA oA
| Folo] A4S v H=
IANEEEEL)
Huge ) 1 G A4 Yok YR ATHEE
VA ES SAS A2 et 1

202 of 443

[e]
oict. 7% 24
x

+ 3 Zof| LbL multilayering #] 2] A] ZE A} H 3] 2 o

d

Aol v L Ay o 3

of #A ¢l o] LbL multilayeringof 2|3} 7} = &AF & 3}
E UEy 271 b2l 20% 3 =

A5 S A A = 315 L A of 8%}
A7 29 fe A

Internal bond strength, J/m?

130

-
1=
S

~
=]

5
S

R A

Bt o] 5345 Fo|of o] 7] o5z uhvh At
23 EHD Qg0 ko] 71 A o] EAfo] Aol3t F
Mol 4454 b A ota ga g 2
Aol 4 AHE T TEAHH A EAbepo] Fo

SAH A LA

solshopet.

M Control I3 layer

&5 layer W7 layer

P-DAD(L)/PSS(L) P-DAD(H)/PSS(L) P-DAD(L)/PSS(H) P-DAD(H)/PSS(H)

Fig. 8. Tensile and internal bond strength of handsheet with LbL multilayered GCC depending on molecular

weight of polyelectrolyte (ash content: 20%).



30 A - olAE - olFl & - A - ol "I - Fol7]& 44(5) 2012

4. 2 E

[—

o
o

ol gt B2 A 8} A poly-DADMACT}
}o] LbL multilayering # 2] ¥ 52 g4t

M
By

)
w2
i
Lo 2 ok
oo
ofr

24 AAAE AZT 0] B4 9 524 4 A
=4 W35 3718t T LbL multilayering A 2] A],
Fole/d A A poly-DADMACH t} 0]
48R A PSS Bl 3 AL S A
A o] A 919k Y ol FaFet= vk zloH, A EA
¢ PSS(H)E o] 83 749 PSS(L)ol| vl 3 #=3
A H & AR E e 29 Y= & FA5
ok B3 FATAL 5 NEAAE FAst] Azt 5
2 A= 23l BA o] layer 147} F7kekol whef 7}

=7 FAHYLH I FJHNE A EAHE poly-
DADMAC(L)/ PSS(L) 23 | A A7} 245 9lS

Mg e AE S Bt T A8 A 3
B0 BAfapol 44oho] wg AT Fol o &
Aol w4 = ke A gleh. LbL hE F S ol &
o mHAel FHE AAS SN B B
BEE FAAI AL ol HEES H S FANL 4
ERELEERES T B RS LR

AL Af

& A= 20119 & A A B A A0 2 3o
Y %] 714 % 7} (KETEP) 9] x| 9L who} 233t o 7
A4 Yot (No. 2010201010037A).

ol
o

—

rat

=
(L

1. Bown, R., Particle size and structure of paper fillers
and their effect on paper properties, Paper Technology,
39(2):44-48 (1998).

2. Hubbe, M., Pawlak, J., and Koukoulas, A., Paper's ap-
pearance: A review, Bioresources, 3(2):627-665
(2008).

3. Dong, C., Song, D., Patterson, T., Ragauskas, A., and
Deng, Y., Energy saving in papermaking through fill-

er addition, Ind. Eng. Chem. Res, 47:8430-8435
(2008).
4. Shen, J., Song, Z., Qian, X., and Liu, W., Modification

for papermaking grade fillers: A brief review,
Bioresources, 4(3):1190-1209 (2009).

5. Shen, J., Song, Z., Qian, X., and Ni, Y., Carbohydrate-
based fillers and pigments for papermaking: A re-
view, Carbohydrate Polymers, 85:17-22 (2011).

6. Zhao, Y., Hy, Z., Ragauskas, A., and Deng, Y.,
Improvement of paper properties using starch-modi-
fied precipitated calcium carbonate filler, Tappi J.,
4(2):3-7 (2004).

7. Mabee, S., and Harvey, R., Filler flocculation technol-
ogy - increasing sheet filler content without loss in
strength or runnability parameters, Proceeding of
2000 TAPPI Papermakers Conference, TAPPI Press,
Atlanta, USA, p.797 (2000).

8. Lee, K. H., and Lee, H. L., Preflocculation of GCC
with cationic PAM and cationic starch and the influ-
ence of their dosage and shear rate on prefloc size,
Jounal of Korea TAPPI 38(4):1-9 (2006).

9. Caruso, F., and Gittins, D. 1., Tailoring the poly-
electrolyte coating of metal nanoparticles, J. Phys.
Chem. B, 105(29):6846-6852 (2001).

10. Decher, G., Hong, J. D., and Schmitt, J., Buildup of ul-
trathin multilayer films by a self-assembly process:
III. Consecutively alternating adsorption of anionic
and cationic polyelectrolytes on charged surfaces,
Thin Solid Films, 210:831-835 (1992).

11. Lingstrom, R., and Wagberg, L., Polyelectrolyte mul-
tilayers on wood fibers: Influence of molecular
weight on layer properties and mechanical properties
of papers from treated fibers, Journal of Colloid and
Interface Science, 328(2):233-242 (2008).

12. Wégberg, L., Decher, G., Norgren, M., and Lingstrom,
T., The build-up polyelectrolyte multilayers of micro-
fibrillated cellulose and cationic polyelectrolytes,
Langmuir, 24(3):784-795 (2008).

13. Eriksson, M., Torgnysdotter, A., and Wagberg, L.,
Surface modification of wood fibers using the poly-
electrolyte multilayer technique: Effects on fiber
joint and paper strength properties, Ind. Eng. Chem.
Res., 45:5279-5286 (2006).

14. Eriksson, M., Notley, S. M., and Wagberg, L., The in-



15.

16.

Poly—-DADMACT} PSS9] BEA}ekS ghg

fluence on paper strength properties when building
multilayers of weak polyelectrolytes onto wood fi-
bres, Journal of Colloid and Interface Science,
292:38-45 (2005).

Eriksson, M., Pettersson, G., and Wagberg, L.,
Application of polymeric multilayers of starch onto
wood fibres to enhance strength properties of paper,
Nordic Pulp & Paper Research Journal, 20(3):270-
276 (2005).

Youn, H. J., Chin, S. M., Ryu, J. and Kwon, H. S,
Basic study on electrochemical properties of multi-

layered pulp fibers with polyelectrolytes, Jounal of
Korea TAPPI, 39(4):53-60 (2007).

17.Youn, H. J., Lee, S., Ryu, J., and Chin, S. M., Effect of

18.

polyelectrolyte type in Layer-by-Layer multilayering
treatment on physical properties of paper, Jounal of
Korea TAPPI, 41(4):65-72 (2009).

Youn, H. J., Chin, S. M., Ryu, J., and Lee, S.,
Electrochemical properties of pulp fiber with LbL
multilayeirng by polyelectrolyte at the different pH
and salt concentration, Jounal of Korea TAPPI,
40(4):59-65 (2008).

19. Youn, H. J., Lee, S., Chin, S. M., Ryu, J., and Sim, K.,

20.

Investigation of proper polyelectrolyte of Layer-by-
Layer multilayering for improvement paper strength,
Jounal of Korea TAPPI, 127-137 (2009).

Xu, Y., Chen, X., and Pelton, R., How polymers
strengthen filled papers, Tappi J., 4(11):8-12 (2005).

21. Yoon, S., and Deng, Y., Starch-fatty complex modi-

fied filler for papermaking, Tappi J., 5(9):3-9 (2006).

22. Nypeld, T., Osterberg, M., and Laine, J., Tailoring sur-

face properties of paper using nanosized precipitated
calcium carbonate particles, ACS Appl. Mater.

23.

24.

25.

26.

27.

28.

29.

31

Interfaces, 3:3725-3731 (2011).

Long, B., Wang, C., Lin, W., Huang, Y., and Sun, J.,
Polyacrylamide-clay nacre-like nanocomposites pre-
pared by electrophoretic deposition, Composites
Science and Technology, 67:2770 - 774 (2007).
Othman, R., Zakaria, S., Chia, C., and Zuriyati.,
Mechanical and optical properties of CaCO3 lu-
men-loaded paper: Effect of polyethylenimine and
alum, Sains Malaysiana, 39(3):435-439 (2010).

Sui, Z., Salloum, D., and Schlenoff, J. B., Effect of mo-
lecular weight on the construction of polyelectrolyte
multilayers: stripping versus sticking, Langmuir,
19:2491-2495 (2003).

Wong, J. E., Diez-Pascual, A. M., and Richtering, W.,
Layer-by-Layer assembly of polyelectrolyte multi-
layers on thermoresponsive P(NiPAM-co-MAA)
Microgel: Effect of ionic strength and molecular
weight, Macromolecules, 42:1229-1238 (2009).
Gillies, G., Lin, W., and Borkovec., Charging and ag-
gregation of positively charged latex particled in the
presence of anionic polyelectrolytes, J. Phys. Chem.
B., 111:8626-8633 (2007).

Hierrezuelo, J., Sadeghpour, A., Szilagyi, 1., Vaccaro,
A., and Borkovec, M., Electrostatic stabilization of
charged colloidal particles with adsorbed poly-
electrolytes of opposite charge, Langmuir, 26(19):
15109-15111 (2010).

Saarinen, T., Osterberg, M., and Laine, J., Properties
of cationic polyelectrolyte layers adsorbed on silica
and cellulose surfaces studied by QCM-D: Effect of
polyelectrolyte charge density and molecular weight,

Journal of Dispersion Science and Technology,
30:969 - 979 (2009).




<<
  /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
  /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 false
  /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 300
  /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 300
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


