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Abstract Phenol is a pollutant that has caused many

problems even when present in low concentrations and still

represents an environmental problem with difficult solution.

This paper presents a study of phenol adsorption by orga-

nophilic clays, obtained from aVerde Claro bentonitic clay,

from Bravo, Paraı́ba State, Brazil, at different partial cat-

ion exchange degrees with hexadecyltrimethylammonium

(HDTMA) chloride, at increasing reacting ratios, from 20 to

120 mmol/100 g of clay, which were characterized in a

previous paper. By using Freundlich isotherms obtained for

each case, which presented the best correlation coefficients

with experimental data, it can be seen that for equilibrium

concentrations up to 0.53 mmol L-1 of phenol, the adsorp-

tive capacity decreases for organophilic bentonites obtained

at cation exchange degrees higher than 80 mmol/100 g of

clay. This indicates that in these cases, the higher is the

exchange by organic cation, the higher is the difficulty for the

phenol diffusion and sorption in the interlayer space of the

organophilic clays. For higher equilibrium concentrations,

the maximum adsorption occurs for the organophilic ben-

tonite obtained at 100 mmol/100 g of bentonite exchange.
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Introduction

The result of systematic negligence of the environment for

many years, and still likely to meet, face major problems

with pollution of our soil, water, and air. Pollution affects

directly the life quality of people, as it harms the health of

people living in contaminated regions. The phenol is a

pollutant that has caused many problems and even at low

concentrations, it represents an environmental problem of

difficult solution. Phenolic compounds are considered

pollutants since 1975 [1]. Contaminants such as phenolic

compounds are common in industrial effluents from the

petrochemical industry and industries that use it, such as

the manufacture of phenolic resins, epoxy resins and

adhesives, and polyamide for various applications [2].

Bentonite clays are those which consist essentially of

smectite and whose properties are dictated by the compo-

nent minerals [3]. The clays possess negative surface charge

due to isomorphic substitutions [4, 5]. Sodium bentonite are

hydrophilic [6] and do not adsorb organic pollutants.

Therefore, they need to be transformed into organophilic

clays for that purpose. This transformation may be done

through cation exchange of the metal original cations by

organic cations from quaternary ammonium salts, which

adsorb organic pollutants [6]. These salts may have from

one to four hydrocarbon groups linked directly to the

nitrogen atom of the organic cation. When added to aqueous

dispersions of the sodium smectites obtained from original

clays, these organic cations replace sodium cations and

settle in the interlayer regions 2:1 of the smectite clay

mineral turning it organophilic.

The replacement of the inorganic cations by quaternary

ammonium cations reduces the hydration of the clay,

increases the interlayer spacing and simultaneously decrea-

ses the surface area of aluminosilicates. Depending on the
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extent that the inorganic cation is replaced by organic cation,

the properties change gradually from highly hydrophilic to

increasingly hydrophobic [7]. The property of organoclays to

adsorb organics, suggests its effective use in the retention of

organic chemical pollutants that are present in hazardous

wastes, industrial wastes, and effluents [8].

The removal of phenol from aqueous effluents is diffi-

cult because of several factors related to their properties as

its high solubility in water at ambient temperature, low

vapor pressure, and its tendency to oxidation. The pro-

cesses used to remove phenol are: solvent extraction,

adsorption on activated coal, chemical oxidation, electro-

chemical extraction, and the biological treatment. The most

used is activated coal [9] and as it is very expensive,

several non-conventional sorbent materials have been

object of study as alternative ways for the removal of

organic contaminants from aqueous solutions. These

alternative sorbents must have appropriate characteristics

for its use in industrial scale, such as high sorption

capacity, abundance, and low cost. This is the reason for

the use of organophilic clays [10].

The study of inorganic and organic pollutants removal

by organophilic clays has aroused great environmental

interest. Their use in adsorption of pollutants has been used

in soil remediation through the adsorption of 2,4-dichlo-

rophenol by organoclay/aquifer material mixtures [11],

removal of 2-phenylphenol from aqueous solutions [12],

treatment of emulsified oily wastewater [13], aquifer bio-

remediation through the adsorption of chlorobenzene [14],

adsorption of phenol [15], treatment of phenol pollution in

wastewater from oil refinery by dual cation modified ben-

tonite [16], adsorption of organic contaminant and heavy

metal [17], to enhance carbon filtration [18], adsorption of

phenanthrene from distilled and saline water [19], and

adsorption of phenthoate and acetochlor from polluted

water [20].

This work has as main objective, to study the adsorption

of phenol by organophilic clays obtained by partial and

total exchange of the inorganic cations by hexadecyl-

trimethylammonium of a polycationic Verde Claro ben-

tonite from Boa Vista, Paraı́ba State, Brazil, to study the

process and mechanism of adsorption as a function of the

degree of cation exchange.

Experimental

A Verde Claro bentonite (VC) was used, original from Boa

Vista, Paraı́ba State, Brazil, provided by Bravo Mining Co,

which has a greenish color. The original sample was milled

into samples 100% passing in ASTM no. 200 sieve (74 lm).

P.A. anhydrous sodium carbonate, provided by Casa

Americana de Artigos para Laboratório LTDA, was used to

obtain the respective sodium clay (VCNa) from original clay.

Clariant S.A provided hexadecyltrimethylammonium chlo-

ride. P.A. phenol, provided by Casa Americana de Artigos

para Laboratório Ltda, was used to prepare the aqueous

solutions to simulate contaminated effluents.

Using the process developed by Valenzuela Diaz [21],

the VCNa sodium bentonite was obtained by cation

exchange through the addition of the 120 meq of sodium

carbonate per 100 g of the original bentonite clay in

aqueous dispersions containing 4% of clay. After resting

for 24 h, reactions with X = 20, 40, 60, 80, 100, and

120 meq of hexadecyltrimethylammonium chloride were

performed to obtain the respective VCX organophilic

clays. After another rest for 24 h, these clays were obtained

by filtering and washing with demineralized water until

negative test of the filtrate with silver nitrate. Then the

organoclay filter cakes were dried at 60 �C, followed by

milling until obtaining particles 100% passing in ASTM

no. 200 sieve.

XRD diffractograms were obtained in a Bruker-D4

endeavor equipment, already presented in part I.

The experiments of adsorption of phenol by organoclays

were conducted in duplicate, by the method proposed by

Büchler [22], and the presented data are average values. To

simulate effluent conditions, phenol aqueous solutions

were prepared at initial concentrations of 2.13, 4.26, 6.38,

8.51, and 10.64 mmol L-1. Aliquots of the solutions were

analyzed by total organic carbon (TOC) determination in a

Shimadzu, model TOC-5000A equipment. To 20 mL ali-

quots of each initial phenol concentration solution, 0.5 g of

organoclay was added, followed by agitation at constant

temperature (25 �C) for 24 h.

At the end of this time, centrifugation for 30 min was

promoted at 1000 rpm. Total organic carbon (TOC)

determinations of the supernatant solutions were analyzed

to determine the respective phenol equilibrium concentra-

tion. The corresponding amount of phenol in each solution

was obtained by multiplying the TOC results by the ratio

between the mass of one mol of phenol and its corre-

sponding mass of carbon. The amount of phenol adsorbed

by each organoclay was calculated from the difference

between the initial and equilibrium concentrations, in

mg L-1 of solution. This value, multiplied by the value of

initial solution volume and divided by the used mass

of clay, provides the mass of phenol adsorbed per mass of

adsorbent clay, which was then converted in mmols of

adsorbed phenol per 100 g of organophilic clay to be easier

to compare the present results with results from other

laboratories.

The analysis of the results of the phenol adsorption

experiments by the partially exchanged organoclays, were

performed by using Freundlich isotherms, which consider

the non-uniformity of real surfaces [23], according to
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equation log h = log kf ? (1/n)�log C, where h is the

mmols of phenol adsorbed per 100 g of clay; C is phenol

equilibrium concentration in mmol L-1 of solution; n is

reactivity of energetic sites of the clay, and kf is adsorption

coefficient [23].

XRD characterization

As seen in Fig. 1, basal spacing of VCNa clay is lower than

that of the original VC clay. The basal spacing of the VC20

and VC40 organoclays is practically equivalent, and from

their value it seems that even at this degree of cation

exchange, a single layer of organic radical is formed in the

interlayer spacing of the clay. As the amount of quaternary

salt available for exchange with sodium ion is increased, an

inflection point occurs at the point correspondent to the use

of 70 meq, after which the increase in basal spacing by

increasing the amount of quaternary salt begins to decrease,

reaching new values, in the order of 2.3 nm for VC100 and

VC120 clays, characterizing the formation of a pseudo

trilayered interlamelar spacing [24]. As was seen in part I,

the actual mass of exchanged organic cation of VC120 clay

is a little higher than that of VC100 clay, what explains

their similar behavior and adsorbing properties as will be

discussed in next items.

Analysis of the phenol adsorption process

The amount of phenol adsorbed changed according to its

initial concentration in the solution and to the degree of

cation exchange of the organoclay. In general, the higher is

the adsorbed amount per unit mass of clay, the higher is

the initial concentration of the solute and the higher is the

degree of effective cation exchange [25–30]. In Fig. 2 the

values of adsorbed phenol mass per unit mass of clay are

shown as a function of the amount of quaternary ammo-

nium salt used to obtain the different organoclays, for each

initial concentration of phenol.

Phenol adsorption data follow Freundlich isotherm

model, as shown in Fig. 3, where the mass of adsorbed

phenol is shown as a function of the equilibrium concen-

tration for each case. From the excellent linear correlation

coefficients obtained for each case, the applicability of the

Freundlich model is evidenced within the limits of initial

phenol concentration used for the adsorption essays, which

also indicates the non-uniformity of the adsorption areas

[23].

Figure 4 curves shows the amount of phenol (in mmol)

that can be adsorbed, as a function of the equilibrium con-

centration, per 100 g of each VCX organoclay clay, calcu-

lated from the respective Freundlich isotherm expression. It

can be noticed that for equilibrium concentrations (C) greater

than 1.17 mmol L-1, generally, the higher is the number of

milliequivalents (meq) of exchanged quaternary ammonium

radical, the higher is the amount of adsorbed phenol. For

equilibrium concentrations lesser than 1.17 mmol L-1 this

does not occur and VC80 clay curve shows higher phenol

adsorption than VC100 and VC120 clays, for values of

C \ 0.85 mmol L-1. It is also observed for VC20 and VC60

cases an almost linear behavior of the amount of phenol

adsorbed with equilibrium concentration, which does not

happen for VC80, VC100, and VC120 clays.

From Freundlich equation, the higher is the equilibrium

concentration, the higher is the amount of adsorbed phenol,

which is also due to the greater concentration of phenol in

the initial solution. However, the higher is the difference

between the concentration of phenol in the external solu-

tion and the solution adhering to the surface of the particles

of organoclay, the higher is the capacity and speed of

diffusion of phenol to the sites where the adsorption occurs,

which also depends on the free space available for this

diffusion. This may explain the behavior of VC100 and

VC120 clays with respect to VC80 clay for lower phenol

equilibrium concentrations.

Figure 5 shows the phenol adsorbed by the organoclays,

as a function of the different amounts of quaternary salt

used for their synthesis, for a same equilibrium concen-

tration of phenol. It is observed that in all cases from 20 to

80 meq of quaternary ammonium salt used to form the

organoclay, the greater is the amount of cations of qua-

ternary ammonium salt used and present in the organoclay,

the greater is the amount of phenol adsorbed, indicating an

apparent same adsorption capacity of the organic phase in

these organoclays.

For equilibrium concentrations up to 0.53 mmol L-1 the

adsorbed amount decreases for VC100 and VC120 orga-

noclays indicating that in these cases, the largest amount of

organic cation exchanged, promotes a greater difficulty for

diffusion and adsorption of phenol in the available interlayer

space of these organoclays. As the equilibrium concentration

increases, as a consequence of a higher concentration of
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Fig. 1 Basal spacing of VCX organoclays as a function of quaternary
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phenol in the original solution, at C = 1.06 mmol L-1 there

is a limit on the maximum amount of phenol that can be

adsorbed. For equilibrium concentrations greater than

1.06 mmol L-1, the amount of phenol adsorbed increases

with increasing equilibrium concentration, but with a smaller

variation due to the increase of the quaternary ammonium

salt present, when compared to what happened to the case of

VC80 organoclay. This fact confirms the greater difficulty of

adsorption for the organoclays obtained by exchange of more

than 80 meq of organic cation. In cases of a greater amount

adsorbed it may be occurring a secondary adsorption with

weaker links on the outside surface of the organoclay

particles.

Conclusions

• The Freundlich isotherms represent with good correla-

tion coefficients the data of phenol adsorption by

organoclays obtained from the Verde Claro bentonite

with different degrees of substitution of cationic

hexadecyltrimethylammonium.

• For a given equilibrium concentration, the amount of

phenol adsorbed per unit mass of organoclay depends

on the degree of substitution of the sodium ions by the

organic radical.

• Analyses of the interplanar basal spacing by X-ray

diffraction, indicate that a monolayer is formed in

VC20 and VC40 organoclays, which increases gradu-

ally depending on the amount exchanged organic

radical, to a new limit when a pseudo molecular

trilayer is formed in the case of VC100 and VC120

organoclays, which present a same basal spacing.

• There is practically a same limit on the maximum

phenol adsorption capacity for VC100 and VC 120

organoclays. For VC20 to VC80 organoclays, the

higher is the amount of cations of quaternary ammo-

nium salt present in the organoclay, the greater the

amount of phenol adsorbed, indicating apparently the

same adsorption capacity in these cases.

• As the equilibrium concentration increases, in the case

of 1.06 mmol L-1, there is a limit on the maximum

amount of phenol that can be adsorbed.

• Although for equilibrium concentrations of phenol

higher than 1.06 mmol L-1, the amount of phenol

adsorbed increases with increasing equilibrium con-

centration, with possible secondary adsorption, there is

a minor variation of this increase with the increasing

degree of cation exchange in the case of the organoc-

lays obtained with 80 or higher meq of cation

exchange.
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Büchler PM. Characterization and study of sorptive properties of

differently prepared organoclays from a Brazilian natural ben-

tonite. J Therm Anal Calorim. 2005;82:595–602.

28. Vianna MMG, Dweck J, Kozievitch VJ, Quina FH, Carvalho

FMS, Nascimento CAO. Toluene and naphthalene sorption by

iron oxide/clay composites part I. Materials characterization.

J Therm Anal Calorim. 2010;100(3):889–96.

29. Vianna MMG, Dweck J, Kozievitch VJ, Quina FH, Carvalho

FMS, Nascimento CAO. Toluene and naphthalene sorption by

iron oxide/clay composites part II. Adsorption experiments.

J Therm Anal Calorim. 2010;101(3):887–92.

30. Yermiyahu Z, Lapides I, Yariv S. Synthesis and thermo-XRD-

analysis of the organo-clay color pigment. Naphthylazonaph-

thylamine–montmorillonite. J Therm Anal Calorim. 2007;88(3):

795–800.

920 E. P. Barreto et al.

123


	Partially exchanged organophilic bentonites
	Part II. Phenol adsorption
	Abstract
	Introduction
	Experimental
	XRD characterization
	Analysis of the phenol adsorption process

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


