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Abstract — PC (polycarbonate) is one of the widely used engineering plastics. Polycarbonate (PC) is traditionally pro-
duced by the reaction of phosgene and bisphenol-A. This phosgene process has the disadvantage as the high toxicity and
corrosiveness of phosgene. The main point of focus to overcome the disadvantage of phosgene based process has been a
route through dimethyl carbonate (DMC) to diphenyl carbonate (DPC). In this paper, for the DPC synthesis reaction
using PBO as a catalyst, the effect of reaction temperature, reactant ratio, catalyst concentration on the reaction yield was
investigated. A kinetic model for the DPC synthesis reaction was proposed and kinetic parameters for the proposed
model was determined from batch reactor experiments. The predicted results by the proposed model were in good agree-
ment with the experimental results.
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Fig. 1. Schematic diagram of the synthesis apparatus.
1. Reactor 4. Shaker
2. Temp controler 5. Oil bath
3. Spring wire rack
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Fig. 2. The effect of reaction temperature on the yield of MPC and
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Fig. 3. Variation of selectivity with reaction temperature.
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Table 1. Value of the pre-exponential factor and activation energy

Reaction ko [s71] E,; [kJ/mol]
Trans1 k, 4.32x107 115.12
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Disprop ks 1.40x10% 264.78
k3! 8.95x10% 247.47
Anisole ks 9.17x10° 97.240
Table 2. Value of the equilibrium coefficients
PBO catalyst
200 °C 210°C 220°C 230°C
K,  1514x107  1.809x107  2.146x107°  2.529x107
K, 1917107 2.100x107"  2.292x107" 2.493x107!
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AE71=
X; : mole fraction of component [i]
ki : reaction rate constant of reaction i [s™']

ko, : pre-exponential factor of reaction i [s7!]
E,; : activation energy of reaction i [kJ mol™']
T : temperature [K]

Ry - ideal gas constant [kJ mol™' K]

t : time [min or s]

K; : equilibrium coefficient of reaction [i]
MPC] : mole fraction of MPC

DPC] : mole fraction of DPC

DMC(] : mole fraction of DMC
PhOH] : mole fraction of PhOH

MeOH] : mole fraction of MeOH
Anisole] : mole fraction of anisole
OH&Kt
cat : catalyst
i : reaction [i]
j : component [j]

1. Kim, S. H. and Won, H. Y., “Polycarbonates Polymerization
Processes; Polym. Sci. Technol., 7, 364(1996).

2. Fu, Z. and Ono, Y., “Two-Step Synthesis of Diphenyl Carbon-
ate From Dimethyl Carbonate and Phenol Using MoO;/SiO,
Catalysts) J. Mol. Catal. A: Chem., 118, 293(1997).

3. Niu, H., Guo, H., Yao, J. and Wang, Y., “Transesterification of
Dimethyl Carbonate and Phenol to Diphenyl Carbonate Cata-
lyzed By Samarium Diiodide} Catal. A Chem., 259, 292(2006).

4. Haubrock, J., Raspe, M., Versteeg, G. F., Kooijman, H. A., Taylor,
R. and Hogendoorn, J. A., “The Reaction From Dimethyl Car-
bonate to Diphenyl Carbonate. 1. Experimental Determination of
the Chemical Equilibria} Ind. Eng. Chem. Res., 47, 9854(2008).

5. Haubrock, J., Wermink, W., Versteeg, G. F., Kooijman, H. A.,
Taylor, R., Van Sint Annaland, M. and Hogendoorn, J. A., “Reaction
from Dimethyl Carbonate (DMC) to Diphenyl Carbonate (DPC).
2. Kinetics of the Reactions From DMC via MPC to DPC? Ind.
Eng. Chem. Res., 47, 9862(2008).

6. Haubrock, J., “The Process of Dimethyl Carbonate to Diphenyl
Carbonate: Thermodynamics, Reaction Kinetics and Conceptual
Process Design http://purl.org/utwente/58404(2007).

7. Fukuoka, S., Tojo, M., Hachiya, H., Aminaka, M. and Haseg-
awa, K., “Green and Sustainable Chemistry in Practice: Develop-
ment and Industrialization of a Novel Process for Polycarbonate
Production from CO, without Using Phosgene) Polym. J., 39,
91(2007).

8. Min, C., Yuezhong, M. and Yixin, L., “Synthesis of Diphenyl
Carbonate from Dimethyl Carbonate and Phenol Using O,-Pro-
moted PbO/MgO Catalysts, Catal. Commun., 6, 802(2005).

9. Fuming, M., Zhi, P. and Guangxing, L., “The Transesterification of
Dimethyl Carbonate with Phenol over MG-Al-hydrotalcite Cat-
alyst, Organic Process Research & Development, 8, 372(2004).

Korean Chem. Eng. Res., Vol. 50, No. 5, October, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


