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The effects of poly(ethylene glycol) on the low-temperature oxidation reaction
of coal as monitored using in situ series diffuse reflectance FTIR
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Abstract—In situ series diffuse reflectance FTIR was used to study the effects of poly(ethylene glycol) as a potential
chemical additive inhibiting coal oxidation process at low temperatures. Two coals with different volatile content and,
different ash percentages were examined following treatment with 5 wt% poly(ethylene glycol) 200. The surfaces of
samples both with and without the additive were analyzed at temperature up to 200 °C in air using in situ diffuse re-
flectance FTIR. The results showed that poly(ethylene glycol) 200 is capable of inhibiting the oxidation of aliphatic
moieties such as methyl and methylene groups, and also reducing the quantity of surface hydroxyl groups through reac-
tions that form more stable ether linkages, thus improving the thermal stability of the coal. A mechanism by which
the additive interacts with the coal surfaces is proposed.
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INTRODUCTION

Coal is a reactive organic material that may, when exposed to
air, react with oxygen and generate heat, a process that sometimes
results in spontaneous combustion with the release of hazardous
gases and attendant risks to health and the environment [1-3]. The
inhibition of the spontaneous combustion of coal is therefore highly
desirable. The application of inhibiting agents is one possible means
of preventing the spontaneous combustion of coal, and a wide range
of inorganic and organic additives have were for this purpose [4-
8]. Behaviors of samples both with and without these additive were
examined on a macroscopic scale using TGA instrumentation, simul-
taneous TG-DSC measurement, and calorimetry [9-11]. However,
these studies have not provided a clear picture of the mechanism
by which additives retard spontaneous combustion. To further eluci-
date the action of chemical inhibitors of spontaneous coal combus-
tion, other studies that monitored events on a microscopic scale were
performed. The compounds present on coal surfaces during oxida-
tion were examined by diffuse reflectance FIIR, which is an effec-
tive method of identifying functional groups. As an example, the
FTIR spectra of raw and oxidized coal samples were compared by
Wang [9], who demonstrated that the addition of Na,PO, slows the
oxidation of aromatics and alkanes. Lu [12] used diffuse reflectance
FTIR to study differences in oxidation rates between raw and addi-
tive treated coal samples to elucidate the oxidation mechanism. There
are other reports that describe the changes in functional groups during
the thermolysis of coal with and without additives, using non-series
FTIR [13-15]. Diffuse reflectance FTIR, however, is only able to
collect the spectra of treated coal samples during oxidation over a
narrow range of temperatures, and therefore the compounds ap-
pearing on the coal surface during oxidation cannot always be ob-
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tained in real time. As a result, it can be difficult to examine the in-
teraction between additives and coal samples during the oxidation
process to study the impact of the additives on a microscopic scale.

In situ series FTIR is an excellent means of monitoring real time
reaction processes that is widely used in the study of electrochem-
istry and catalysis. In our past work, we used in situ series FTIR to
investigate changes in surface functional groups during coal oxida-
tion [16]. The present work is a continuation of our interest in coal
self-heating, with the aim of developing a simple technique to study
the mechanism by which inhibitors retard coal oxidation. We report
the changes in surface functional groups on coal samples both with
and without poly(ethylene glycol) (PEG), a potential oxidation inhib-
itor, using real time analysis by in sifu series diffuse FTIR. Potential
mechanism of interaction between the PEG 200 and coal during
low-temperature oxidation was explored on the basis of the FTIR
results.

MATERIALS AND METHODS

1. Coal Sample

Coal samples were collected from the Liangbaosi (LBS) Colli-
ery in Shandong Province and the Pansan (PS) Colliery in Anhui
Province. Table 1 summarizes the basic characteristics of these coal
specimens. Lumps from the various coal samples were milled with
an agate mortar under an inert atmosphere in a glove box and frag-
ments ranging from 0.25 to 0.80 mm were used for the experimental
investigations. The glove box helped to avoid spontaneous combus-

Table 1. Properties of the coal samples

Proximate analysis (air dried basis) (%)

Sample

Mnd Aad Vad FCnd
LBS coal 3.24 9.40 33.24 54.14
PS coal 1.62 24.86 27.45 46.18
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tion of the samples during the grinding procedure and minimized
potential structural and surface reactivity changes. Following grind-
ing, the samples were dried overnight under vacuum at 313 K prior
to conducting experiments. Poly(ethylene glycol) (PEG) 200 (99%
purity) was selected as the chemical inhibitor based on an assess-
ment of the most suitable candidates.

2. Experimental Procedures

Prior to analysis, all coal samples were dried overnight in a vac-
uum oven at 40 °C. PEG 200 was then blended with the raw coal
particles in a beaker using mechanical stirring to produce coal sam-
ples containing 5 wt% of the PEG additive. All samples were stored
in a desiccator while awaiting testing.

The distributions and changing concentrations of functional groups
on the coal surfaces were determined i sifu with a Nicolet 6700
FTIR spectrometer. A KBr powder background was collected prior
to sample analysis as a baseline reference. During analysis, each
ground coal sample was placed into the reaction chamber and the
dome installed, following which a flow of dry air was introduced
into the reaction chamber from its base at a rate of 100 mL/min,
exiting from the top. A temperature controller was connected to
the reaction chamber and the chamber was heated to 220 °C at a
rate of 1 °C/min. The spectral region from 650 to 4,000 cm™ was
scanned with 4 cm™' resolution, adding 64 scans per spectrum. For
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Fig. 1. 3D in situ series FTIR data for raw LBS and PS coal.

each sample, a series of spectra were collected at 30 second inter-
vals. To linearize the relationship between functional group con-
centration and spectral response, the Kubelka-Munk function /(R,,)
was applied to the spectral data, as shown in Eq. (1).

(1-R,)’ 2303z

fR,) =" - M

Here R, represents the ratio of the single beam reflectance inten-
sity of the sample to that of a non-absorbing standard (KBr in our
work), £is the molar absorptivity, ¢ is the concentration of the sample
and s is a scattering coefficient.

RESULTS AND DISCUSSION

1. In-situ Series Diffuse Reflection FTIR Measurements

The oxidation process of coal samples both with and without the
addition of 5 wt% PEG was followed by collecting in-situ series
diffuse reflectance FTIR spectra in the form of 3D (Kubelka Munk-
time-wavenumber) data. The data obtained for raw LBS and PS
coal are shown in Fig. 1.

The 3D data were analyzed to determine the peak intensity at
specific wavenumbers as well as changes in intensity at several of
these wavenumbers with variations in time or temperature. The wave-
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Fig. 2. Variations in the main active functional groups of LBS coal samples over time.

(a) Variations in CH; of LBS coal samples over time, (b) Variations in CH, of LBS coal samples over time, (c) Variations in OH of LBS

coal samples over time, (d) Variations in ether bonds of LBS coal samples over time
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Fig. 2. Continued.

numbers that were monitored during these trials were 2,960 and
2,875 cm™! (corresponding to the stretching vibrations (V) of the
CH, group), 2,925 and 2,855 cm™ (assigned to CH, stretching), 1,125-
1,110 cm™ (corresponding to the antisymmetric stretching vibrations
of ether (C-O-C) groups) and 3,650-3,200 cm™ (specific to hydroxyl
(-OH) stretching). The variations in the functional groups over
time are summarized in Figs. 2 and 3. The upper and lower plots
in panels a, b and ¢ represent the time-dependent concentrations of
CH,, CH, and OH in the raw and inhibitor-treated coal samples,
respectively. The upper and lower plots in the panel labeled “d”” rep-
resent the corresponding concentration of ether bonds in the inhibi-
tor-treated and raw coal samples, respectively.

The data collected by in situ series FTIR demonstrate that the
concentration of alkyl groups on the surfaces of raw coal samples
gradually increased during the oxidation process. It is well-known
that alkyl groups at the coal surface react with oxygen at low tem-
peratures to generate peroxides (-OO-) and hydroperoxides (-OOH)
as intermediates, which should result in a decrease in the quantity
of active alkyl groups. During oxidation, however, normally stable
cycloalkanes and bridge bonds are broken to generate new active
alkyl groups. During low-temperature oxidation of this coal, the rate
at which new active alkyl groups were generated was therefore pre-
sumably higher than the rate at which they were consumed, leading
to the observed increase in the concentration of active alkyl groups

Korean J. Chem. Eng.(Vol. 31, No. 5)
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Fig. 3. Variations in the main active functional groups of PS coal samples over time.

(@) Variations in CH; of PS coal samples over time, (b) Variations in CH, of PS coal samples over time, (c) Variations in OH of PS coal
samples over time, (d) Variations in ether bonds of PS coal samples over time

with time. Owing to the similar activities of the CH, and CH; groups,
the intensities of the corresponding peaks exhibit the same varia-
tion trend over time. Although the concentrations of CH, and CH;
on the PEG 200-treated coals increased during the oxidation period,
the concentrations of these groups were lower on the treated coal
than on the raw coal sample. It is also evident that the Kubelka-
Munk values of the hydroxyl groups on the coal samples both with
and without the additives decreased in the initial stage of oxidation.

May, 2014

This trend presumably resulted from the decomposition of hydroxyl
groups, generating carbonyl groups (-C=0) and water. Subsequent
to these reactions, carboxyl groups (-COOH) were formed [17,18],
thus producing more surface -OH. Similar to the results obtained
conceming the alkyl groups, the concentrations of -OH groups on
the PEG 200 treated-coals were much lower than the concentra-
tions on the raw coal specimens. Conversely, the concentration of
ether bonds on the additive treated coal was much higher than on
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the raw coal. In general, the addition of PEG 200 appears to reduce
the concentration of alkyl groups (CH, and CH;) and hydroxyl groups
(OH) during the oxidation process while assisting in the formation
of ether linkages.

Considering the results of prior investigations in conjunction with
our in situ FTIR data, we believe that the low-temperature oxida-
tion of alkyl and hydroxyl groups is the primary cause of the self-
heating and subsequent spontaneous combustion of coal. Accord-
ing to the basic principles of chemical reactions, once the oxidation
of such active groups is interrupted, the associated heat release of
the exothermic reactions will be markedly decreased in the early
oxidation stage, such that fewer of the active functional groups that
require higher energies to react will be able to do so. On this basis,
the in situ FTIR spectra indicate that the addition of PEG 200 inhibits
the oxidation process.

3. Mechanism by which PEG Inhibits Coal Oxidation

As determined from the in sifu FTIR analysis, the initial concen-
tration of aliphatic groups was much lower in coal samples con-
taining PEG 200 and these groups also increased at a slower rate
during the heating process when the sample contained the additive.
Additionally, a large quantity of ether bonds was generated in the
treated samples during the oxidation process. The ether bond is a
relatively stable group within the coal structure: Kidena et al. [19]
confirmed that ethers represent the most highly stable oxygen-con-
taining groups during pyrolysis and other studies have shown that
compounds containing ether linkages comprise the majority of end
products following the low-temperature oxidation of coal [20-22].
The formation of ether bonds is therefore a key factor in the retarda-
tion of the oxidation process associated with the addition of PEG
PEG is a hydrophilic ethylene oxide polymer that has many desir-
able properties. It is inexpensive, nontoxic, biodegradable, thermally
stable and water soluble. Consideration of the structure of PEG sug-
gests that this polymer, when added to water, is capable of generat-
ing hydrogen ions that will react with the alkoxy and peroxy radicals
resulting from the oxidation of alkyl groups, thus interrupting the
chain reaction involved in oxidation of these groups. PEG also con-
tains hydroxyl groups that can react with the abundant hydroxyl
groups present on the coal surface, generating ethers that are more
resistant to oxidation. In theory, therefore, PEG can either remove
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Scheme 1. Proposed mechanism by which the inhibitor system re-
tards coal oxidation.

the active functional groups on the coal surface or prevent their oxida-
tion and thus is well suited to inhibit the oxidation of these groups
(Scheme 1). This mechanism explains the phenomena observed dur-
ing our in situ FTIR observations.

CONCLUSION

In situ series FTIR has been found to be a useful method for mon-
itoring the overall processes of coal oxidation. Analysis of our 3D
FTIR data shows that the concentrations of all functional groups on
the surfaces of the coal samples, both with and without the addi-
tives, vary with each 1°C rise in temperature, which reflects the
slight changes in functional groups that can be followed and thus
the sensitivity of this technique. The in situ FTIR spectra of coal
samples acquired during the oxidation process show that the oxi-
dation of aliphatic groups such as methyl and methylene groups, is
inhibited by PEG 200, while the concentrations of these same groups
along with the concentration of hydroxyl groups are reduced, and
the concentration of ether bonds is increased subsequent to the addi-
tion of PEG 200. The mechanism by which the PEG and coal interact
at low temperatures was also explored. /n situ series diffuse FTIR
is an effective means of studying the interactions between coals and
inhibitors.

ACKNOWLEDGEMENTS

We are grateful for joint funding by the National Natural Science
Korean J. Chem. Eng.(Vol. 31, No. 5)



806 G Dou et al.

Foundation of China and the Shenhua Group Corporation Limited
(No. 51134020) as well as funding from the National Natural Sci-
ence Foundation of China Youth Science Foundation (Grant No.
51204171 and 51004105), the Fundamental Research Funds for
the Central Universities (2013DXS02), Jiangsu Innovation project
of Graduate training (CXZZ13 0954) and the Priority Academic
Program Development of Jiangsu Higher Education Institutions.

REFERENCES

1. H. H. Wang, B. Z. Dlugogorski, E. M. Kennedy, Prog. Energy Com-
bust. Sci., 29, 487 (2003).

2. H. H. Wang, B. Z. Dlugogorski and E. M. Kennedy, Combust. Flame,
134, 107 (2003).

3.J.D. Mao, A. Schimmelmann, M. Mastalerz, P. G. Hatcher and Y.
Li, Energy Fuel, 24,2536 (2010).

4. A. C. Smith, Y. Miron and C. P. Lazzara, Inhibition of spontaneous
combustion of coal, Report of Investigation, USA Bureau of Mines,
R1, 9196 (1988).

5. W. S. Watanabe and D. K. Zhang, Fuel Process. Technol., 74, 145
(2001).

6. W. Sujanti and D. K. Zhang, Fuel, 78, 549 (1999).

7. V.1. Saranchuk, A. T. Airuni and K. E. Kovalev, Oxidation and self-
heating of the coal, Naukova dumka, Kiev, in Russian (1994).

May, 2014

8. A. K. Singh, N. Sahay, I. Ahmad and S. Mondal, Metals Fuels, 50,
356 (2002).
9.J. Zhan, H. H. Wang, S.N. Song, Y. Hu and J. Li, Proceed. Com-

bust. Inst., 33,2515 (2011).

10. V. Slovak and B. Taraba, J. Therm. Anal. Calorim., 110,363 (2012).

11. B. Taraba, R. Peter and V. Slovak, Fuel Proc. Technol., 92, 712
(2011).

12.J. Li, W. Lu and J. Xu, Coal Sci. Technol., 40, 50 (2012).

13. Q. Dong, X. Chen, G Jinand Y. Gu, J. Fuel Chem. Technol., 25,333
(in Chinese) (1997).

14. N. Worasuwannarak, H. Nakagawa and K. Miura, Fuel, 81, 1477
(2002).

15. J. Feng, W. Li and K. Xie, Energy Sources, Part A.,28, 167 (2006).

16. X. Qi, D. Wang, H. Xin and G Qi, Energy Fuel, 27(6), 3130 (2013).

17. H. H. Wang, B. Z. Dlugogorski and E. M. Kennedy, Combust. Sci.
Technol., 175,253 (2003).

18. A. H. Clemens, T. W. Matheson and D. E. Rogers, Fuel, 70, 215
(1991).

19. K. Kidena, R. Adachi, S. Murata and M. Nomura, Fuel, 87, 388
(2008).

20. R. Liotta, G. Brons and J. Isaacs, Fuel, 62, 781 (1983).

21.D. L. Perry and A. Grint, Fuel, 62, 1024 (1983).

22. B. Gong, P. J. Pigram and R. N. Lamb, Fuel, 77, 1081 (1998).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


