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Abstract

Mass based pellet model has been solved using least-squares formulation to describe the evolution of
species composition, pressure, velocity, total concentration, mass diffusion flux in porous pellets for the
steam methane reforming (SMR) process. The diffusion-reaction problems are computationally intensive,
requiring efficient numerical methods for dealing with them. This paper presents formulation and
algorithm of least-squares spectral element method (LS-SEM) for solving multicomponent mass diffusion
pellet models. The mass diffusion flux is described according to the rigorous Maxwell Stefan model. The
effectiveness factors have been calculated for the SMR process and compared with the literature data. The
model evaluations revealed that the least-squares method is well suited for solving the multicomponent
mass diffusion pellet models for the SMR process, achieving exponential convergence.
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1. Introduction

The sustainable energy supply system of the future features electricity and hydrogen as the dominant
energy carriers. Today, almost all hydrogen is produced via steam methane reforming of natural gas.
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Hence, the steam methane reforming is one of the important processes by the Norwegian gas industry for
utilization of natural gas. Steam methane reforming (SMR) is a heterogeneous catalyzed process where
methane and steam react over a nickel-based catalyst at high temperatures to produce synthesis gas which
is basically a gas mixture of H,, CO and CO,. The two reformer reactions (I), and (IT) and the water-gas
shift reaction (III) are the most important reactions when methane is converted in the presence of steam to
yield synthesis gas. The three main reactions in a SMR are represented by following equations [1]:

CH,(g)+H,0(g)=CO(g)+3H,(g)  AH,, =206.2k)/mol I
CH,(g)+2H,0(g) = CO,(g)+4H,(g)  AH,, =164.7kJ/mol (0
CO(g)+ H,0(g)=CO,(g)+ H,(g)  AH,,, =—41.5kJ/mol ()

In this study the kinetic expressions were taken from literature. The reforming and shift reaction kinetics
for the SMR process were obtained using Langmuir-Hinshelwood methodology by Xu and Froment [1].

Mathematical modeling of intraparticle mass- and heat transfer in porous pellet has been studied by
many researchers. Elnashaie and Abashar [2] developed a mathematical model to study the phenomena of
diffusion and chemical reactions in porous catalyst pellets for steam methane reforming process. They
have compared the rigorous dusty gas model to the simpler Wilke-Bosanquet model. However, in their
model they have taken the assumptions of steady state, negligible viscous flow and isothermal condition.
We have focused a mass based pellet model with Maxwell-Stefan kinetics. Following established practice
for heterogeneous catalytic reaction systems, the internal 77 - and overall {2 effectiveness factors were
defined in our study [3].

In recent years, the work by Bochev [4] has shown the applicability of the least-squares spectral
method (LSM) to solve engineering problem equations. Sporleder et al. [5] have solved fixed bed reactor
model using the LS-SEM. Dorao and Jakobsen [6] applied least-squares method to solve population
balance problems. This paper presents the formulation and the algorithm of the LS-SEM to solve the
diffusion-reaction pellet model. The SMR is a very important process, known to be strongly diffusion
limited. It has been studied extensively by many researchers and a variety of numerical methods applied
to deal with the strong concentration gradients. Orthogonal collocation [7], in particular has been found to
be an adequate method that is now routinely used in diffusion-reaction problems. But in this paper we
have applied the LS-SEM method to solve the diffusion-reaction problem in a porous pellet to check the
suitability of the method on the diffusion reaction problem.

The main goal of this paper is to check the suitability of LS-SEM for multicomponent mass diffusion
pellet model.

2. Mathematical Model Formulation

In this study we have used a general model for the pellet in which the reactions take place on active
sites within the porous body which represents an assembly of individual grains or channels. A mean pore
diameter is assumed and the ratio between the porosity and tortuosity is used to characterize the fixed
structure of the pellet. Possible pellet structural changes are not considered. Time dependent mass based
pellet model, containing the multicomponent Maxwell-Stefan diffusion flux and including convection
times have been given by Rout et. al. [8]. The initial- and boundary conditions given by Rout et. al. [8]
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have been applied in the model equations. A system of non-dimensionalized model equations is used in
the simulations.

3. The least-squares spectral method (LSM)

The basic idea in the LSM is to minimize the integral of the square of the residual over the
computational domain. Consider the generalized formulation of an arbitrary set of partial differential
equations and boundary conditions:

Lf=g in Q (1)
Bf=f. on I'=0Q ()

In which Q denotes the domain, 02 indicates the boundaries of the domain and f is the unknown
function. Here, we assume that L is a linear operator which corresponds to the system of equations and
B is the boundary condition operator determining the problem domain.

Since the residual form of the equations (1) and (2) are R, =Lf — g and R. = Bf — /.., the norm-
equivalent functional may be written as

1 1
V()= [ (Lfy—g)dQ+ > | (Bf,—f.)dr. (3)

Furthermore, the function f(x) can be approximated by a truncated series expansion adopting nodal basis
like,

f(x)~ £, (x) =Zf_,-h,»(x) @)

where . is the basis coefficient associated with the basis function h . (X) In nodal base, the basis
functions consist of Lagrangian polynomials through Gauss-Labatto-Legendre (GLL) collocation points.
Due to nodal basis property, the basis coefficient fj is equal to the value of the discrete solution f (x)
at the GLL points (nodes) X . i.e., f, =f(x))

Introducing solution function expansion and] minimizing the norm-equivalent functional, we found:

01 (2 T (L 2
—— fLh —g|dQ+—— fBh, —f. | dl'=0, 5
af;{ 2 0 jZO Jj j g afl-{ 2 r jZO J J I ( )
where Q=[x _.,X  1X[V, > Voax X[ Zyin>Zma ] I three dimensional space. After differentiation,

the equation (5) can be written as;
N N
[ Zoijhj—g hdQ+ [ Z.:ijhj—fr hdl =0 (©)
Jj= Jj=
As our aim is to find the value of f e the equation (6) can be represented on the form,
N N
[ Z.:f_ LhLhdQ+ | Zof BhBhdT = | gLhdQ+ [ fBhdT ™)
Jj= Jj=

This statement can be expressed in the inner product form as,
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N N
> f <Lh,Lh >+ f <Bh, Bh >=<gLh >+<f Bh > ®)
Jj=0 J=0
In the matrix form, the equation 8 can be written on the form:
[4],f+[B],f=F, +F, ©)

(4], =<Lh,,Lh, >, [B], =<Bh,,Bh, >, F, =<gLh, > andF, =<f., Bl >.Moreover, the
matrix [A Y from the equation 9 can then be expressed in the point wise form by the Gaussian
quadrature rule:

~2th (x, LA (x, )= Z J4[AL, [L]; =[LIALL], (10)

where the elements in the matrix L is deﬁned as, [L], i =Lh, (x ). Here, it is noted that W, and
X, are the weights and points of quadrature [9], and A i is the dragonal matrix containing weights of the
quadrature Hence, the matrix A can be written in the compact matrix form as:

A=L"AL (11)
Then, the source vector F, from equation 9 can be written in the point wise form:
P
T
F, ~> w e )Lh(x)=[L]Ag (12)
i,=0

So, the vector F  can be written in the compact matrix form as:

F =L"Ag (13)
3.2 Implementation of LSM to the mass based pellet model

Figure 1 illustrates the algorithm for solving the dynamic pellet model by using the LS-SEM. It starts
with initial guess f' at simulation time, t =0 . Then, we have divided the whole computational domain
into several sub-domains. Further, the non-linear flux expression demands a suitable linearization
procedure. Hence, the Picard method is used to linearization procedure [10]. The Picard method, also
known as successive approxrmatlon iteration, calculates the current value ' from the previous
value £ . £ = G(f ), where G is a problem definition function whrch is the expression of the
previous value of - Therefore, the initial guessed value of unknown f* has been divided for different
elements with linearization. So, the initial guessed value for each elekment 1sf . Together with initial
guessed vale of each element f' , the linearized operator L/(f! ) for cach clement with their
corresponding source vector g (f] ) are calculated.

Computation of system matrices A’ (ft ) and F (ft )are carried out for each element by the LS-
SEM. We have assembled the matrices A’ (f )and F (f7) for each element into global system
matrices for the whole computational domaln ie, 4 (‘ft )and F '(f") . In the next step, we have
solved the overall system matrices to get values of f* . We did update f* with f* until specified
convergence criteria is reached. We have defined two convergence criteria like:

Epn = \(L'(EOE" — (), L'E " —g(t")) <10° (14)
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k+1

et 5 et * -10
Eiteration = \/f —f ’ -t <10

The residual denotes a measure for the overall error obtained for the system of equations discretized by
the least squares method. The iteration overall error denotes a measure of the difference in variable values
between the second last- and the last preceding iterations. After we have received our specified
convergence criteria, we went to next time step. We checked the current simulation time with the
If both were not same, then, we did update f' with

final *

LOOP 2

‘ Initial guessfor each element: f;
T

LOOP 1

i
v v
Compute the linearized operator for each element C': ( f:. | Compute the linearized operator for each element: g (f'.f)
g €
. i . — f‘l
Compute the systemmatrices for each element _,j_? U’: ) Compute the source matrices for each element: f’r ‘f. )
£ gt
Costructthe global systemmatrices : 4 (f ] Construct the global source matrices: Fif)
' ¥
!
Salve the overall sg,fstemmamces_:}"I = [A ]_' F
No Convergence 7
Yes
No — 9
[=ty,
Yes

Fig. 1. Integration algorithm for solving the dynamic pellet model by using LS-SEM.

4. Results and Discussion

The mass based dynamic model describes the evolution of species mass fraction, pressure,
density, temperature, gas velocity, mass diffusion flux, heat flux and convection for the SMR process.
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The present paper focuses the algorithm of diffusion model using the LS-SEM and to check the suitability
of the LS-SEM for solving diffusion-reaction problem.

Figure 2(a) shows the dependence of the error with expansion order, N. It has been shown that
the error is reduced with an exponential convergence rate. The norm of the residual, shown in the figure
2(a) decreases until reaching a point of limiting accuracy, close to numerical precision. The convergence
rate is strongly affected by the capability of the solver, which allows for the attainment of more accurate
results.
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Fig. 2. The results of mass based Maxwell-Stefan model

The shape of the problem matrix has been shown in the figure 2(b). When the equations involve an
identity operator, the choice of the search affects appreciably the fill-in of the problem matrix, the
Lagrange polynomials evaluated at the GLL quadrature points yields zeros and ones. Figure 2(c) shows
the steady-state mole fraction profiles of different components across the pellet for the SMR process. In
the case of the SMR simulations, the temperature variation between the surface and the center of the
pellet is less than 1K which has been shown in the figure 2(d), which are in agreement with the literature
[11]. Hence, there is uniform temperature across the pellet. Figure 2(e) shows that there is no variation of
pressure from the surface to the center of the catalyst. This validates the assumption of the mass based
model as there is no mass formation near the pellet surface. Since there is no pressure gradient, there is no
viscous flow and as a consequence no convective flux. As an illustration the convective flux of H, has
been shown in figure 2(h). Figure 2(h) shows that close to external surface, the diffusion fluxes clearly
dominate over the convective fluxes, hence neglecting the convective flux terms in the governing
equations is a reasonable model approximation. Figure 2(g) shows that the density increases from the
surface to the center as there is a net production of gases in the pellet.

Table 1. Internal and overall effectiveness factors for the SMR process

Reaction n Q

I 0.01 0.0075
I 0.008 0.0033
11 0.07 -2.56

The internal effectiveness factors 77 and the overall effectiveness factors €2 for the reactions I, II and
IIT have been given in table 1. ) for the shift reaction is sensitive to the gas composition and it may
change the sign at the catalyst surface [3]. The effectiveness factor for the shift reaction may tend towards
infinity [3]. For the other two reactions the internal effectiveness factors are in the range of 0.01 to 0.001,
which are in agreement with the literature values [12].
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5. Conclusion

In this work, mass based mathematical model has been formulated for the SMR process and validated
with literature data. The model results generally support the conventional model approximations like
uniform temperature across the pellet as the temperature variation between the surface and the center of
the pellet is less than 1K and constant pressure within the pellets. Moreover, the magnitude of the
diffusion fluxes generally dominates over the convective fluxes.

The LSM is well suited for the solution of the pellet model equations, achieving exponential convergence
in the method order. This method has been described and can be applied for the solution of the transport
and reactions problems constituting a pellet model.

Acknowledgment

The PhD fellowship (Rout, K. R.) financed by the Research Council of Norway through the GASSMAKS
program is gratefully appreciated.

References

[1] Xu J, Froment GF. Methane steam reforming, methanation and water-gas shift:I. Intrinsic kinetics. Am Inst Chem Eng J
1989;30:88-96.

[2] Froment GF, Bischoff KB. Chemical Reactor Analysis and Design. John wiley and sons, Inc, River Street, Hoboken, New
Jersey. 2nd edn (1990).

[3] Froment GF, Bischoff KB. Chemical Reactor Analysis and Design. John wiley and sons, Inc, River Street, Hoboken, New
Jersey. 2nd edn (1990).

[4] Bochev P. (2004) Finite Element Methods based on least-squares and modified variational principles. Technical Report,
University of Texas at Arlington, Department of Mathematics

[5] Federico S, Dorao CA, Jakobsen HA. Simulation of chemical reactors using the least squares spectral element methods. Chem
Eng Sci 2010,65:5146-5159.

[6] Dorao CA, Jakobsen HA. Application of the least-squares method for solving population balance problems in Rd+1 . Chem Eng
Sci 2010;61:5070-5081.

[7] Finlayson BA. The method of weighted residuals and variational principles. Mathematics in science and engineering. Vol. 87.
Academic Press, Inc. 111 Fifth Avenue. New York, (1972).

[8] Rout KR, Solsvik J, Nayak AK, Jakobsen HA. A numerical study of multicomponent mass diffusion and convection in porous
pellets for the SE-SMR and desorption processes. Chem Eng Sci 2011;66:4111-4126.

[9] Karniadakis G, Sherwin SJ. Spectral/hp element methods for CFD. Oxford University Press, New York. (1999).

[10] De Maerschalck B, Gerritsma M. Least squares spectral element method for non-linear hyperbolic differential equations. J
Comput Appl Math 2008;215:357-367.

[11] Oliveira ELG, Grande CA, Rodrigues AE. Steam Methane Reforming in a Ni/ & AL, O Catalyst: Kinetics and Diffusional
Limitations in Extrudates. Can J Chem Eng 2009;87:945-966.

[12] Elnashae SSH, Adris AM, Soliman MA, AL-Ubaid AS. Digital Simulation of Industrial Steam Reformers for Natural Gas
Using Heterogeneous Models. Can J Chem Eng 1992;70:786-793.

1669




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /CreateJDFFile false
  /Description <<
>
    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


