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Abstract — The kinetics of the transesterification of dimethyl terephthalate (DMT) with ethylene glycol (EG) was
studied in a batch reactor. Bishydroxyethyl terephthalate (BHET), which is poly(ethylene terephthalate) (PET) mono-
mer, can be produced by the transesterification reaction. Zinc acetate was used as a catalyst. Previous kinetic studies was
carried out in a semi-batch reactor where generated methanol was removed so that reverse reactions were not consid-
ered in the kinetic expressions, resulting in inaccuracy of the kinetic model. Mathematical models of a batch reactor for
the tranesterification reaction were developed and used to characterize the reaction kinetics and the composition distri-
bution of the reaction products. More accurate models than previous ones were obtained and found to have a good agree-
ment between model predictions and experimental data. Effect of process variables on the esterification reaction was
investigated based on the experimental and simulation results.
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Fig. 1. Reactions scheme for BHET synthesis from DMT.
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Fig. 2. Schematic diagram of the experimental apparatus.
1. Reactor 4. Shaker
2. Temp. controller 5. Oil bath
3. Spring wire rack
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Fig. 3. Effect of reaction temperature on (a) methanol yield and (b)
DMT conversion (EG/DMT: 2).
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Fig. 4. Effect of EG/DMT molar ratio on (a) methanol yield and (b)
DMT conversion (Temp.: 200 °C).
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Table 1. Reaction rate constants for the synthesis of BHET
Temperature K, K, ! K, K,
(°C) (min™") (min™") (min™") (min™")
160 1.6523 2.5653 0.4819 0
180 9.7086 5.0268 3.8827 14.5904
200 12.4049 6.1452 3.7423 7.2793
220 20.2865 10.4725 15.1435 12.7388
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Fig. 5. Arrhenius plot for the transesterification reaction model: (a) reaction from DMT to MHET; (b) reaction from MHET to DMT; (c) reac-

tion from MHET to BHET; (d) reaction from BHET to MHET.
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Table 2. Activation energies (E) and frequency factors (K;) from the
Arrhenius plot

E (kJ/mol) Ko (min™)
K 69.9 6.37x10°
;! 39.3 1.50x10°
k, 92.0 8.01x10'
k! 63.2 8.5x107
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Fig. 6. Results of fitting (DMT:EG molar ratio 1:2) : (a) 160 °C; (b) 180 °C; (¢) 200 °C; (d) 220 °C.
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Table 3. Reaction rate constants for the synthesis of hydroxlethyl ester
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Table 4. Activation energies (E) and frequency factors (K;) from the

end group Arrhenius plot
Temperature (°C) K, (min™) K, " (min™T) E (kJ/mol) K, (min~!)
160 0.7523 0.9955 k; 81.2 6.87x107
180 6.0383 8.1335 kfl 63.2 2.13x107
200 6.9726 6.7903
220 14.5349 9.1553
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Fig. 7. Arrhenius plot for transesterification of methyl ester group to hydroxyl ethyl ester group: (a) reaction from methylester end group to
hydroxylethyl ester end group; (b) reaction from hydroxylethyl ester end group to methyl ester end group.

Korean Chem. Eng. Res., Vol. 51, No. 1, February, 2013



150 OJRF - ZQE - 2 -
0.30
(a)
0.25 4
[ ]
0.20 °
s
= °
8
£ 0154
2
S .
0.10 A °
[ ]
0.05 —— Hydroxylethyl ester end group, MeOH
® MeOH_experimental result
0.00 e T T T T T T T
0.0 0.5 1.0 1.5 20 25 3.0 35 4.0
Time (hr)
0.30
c|
(c) R . L
0.25 - ® o
° L] ® 4
0.20
c
L2
=
]
& 0154
2
[<]
=
0.10
0.05 4
—— Hydroxylethyl ester end group, MeOH
® MeOH_experimental result
0.00 T T T T T T T

20 25 3.0 3.5 4.0

Time (hr)

0.0 0.5 1.0 1.5

Mole fraction

Mole fraction

0.30
(b)
025 1 ) 0 * ° ° ° [ ]
0.20 4
0.15 4
0.10 4
0.05 7 —— HET
........ MeOH
0.00 T T T T T T T
0.0 0.5 1.0 15 20 25 3.0 3.5 4.0
Time (hr)
0.30
. ° ° P!
(d) o L ° °
0.25 4
0.20 +
0.15 4§
0.10 4
0.05
—— Hydroxylethyl ester end group, MeOH
® MeOH_experimental result
0.00 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

Time (hr)

Fig. 8. Results of fitting (DMT:EG molar ratio 1:2) : (a) 160 °C; (b) 180 °C; (c) 200 °C; (d) 220 °C.

A AL Zlo] Zdhar,

Z Al

s

—

0

1. Paszun, D. and Spychaj, T., “Chemical Recycling of Poly(ethyl-
ene terephthalate), Ind. Eng. Chem. Res., 36, 1373(1997).

2. Ravindranath, K. and Mashelkar, R. A., “Polyethylene Tereph-
thalate-I. Chemistry, Thermodynamics and Transport Properties}
Chem. Eng. Sci., 41, 2197(1986).

3. Guang-Dih, L. and Choi, K. Y., “Kinetics of Melt Transesterifi-
cation of Dimethyl Terephthalate with Bis(2-hydroxyethyl) Tereph-
thalate in the Synthesis of Poly(ethylene terephthalate); /nd. Eng.
Chem. Res., 31, 769(1992).

4. Rod, V., Diwani, G. E., Minarik, M. and Sir, Z., “Kinetics of
Esterification of Terephthalic with Ethylene Glycol; Colln. Czech.
Chem. Commun., 41, 2339(1976).

5. Santacesaria, E., Trulli, F., Minervini, L., Di Serio, M., Tesser, R.
and Contessa, S., “Kinetic and Catalytic Aspects in Melt Trans-
esterification of Dimethyl Terephthalate with Ethylene Glycol}

Korean Chem. Eng. Res., Vol. 51, No. 1, February, 2013

J. Appl. Polym. Sci., 54, 1371(1994).

6. Datye, K. V. and Raje, H. M., “Kinetics of Transesterification of
Dimethyl Terephthalate with Ethylene Glycol} J. Appl. Polym.
Sci., 30, 205(1985).

7. Guang-Dih, L. and Choi, K. Y., “Experimental and Modeling
Studies on Melt Transesterification of Dimethyl Terephthalate with
Ethylene Glycol in a Continuous Stirred Tank Reactor)’ Ind. Eng.
Chem. Res., 32, 800(1993).

8. Choi, K. Y., “A Modeling Semibatch Reactors for Melt Trans-
esterification of Dimethyl Terephthalate With Ethylene Glycol?
Polym. Eng. Sci., 27, 1703(1987).

9. Besnoin, J. M., Lei, G. D., Choi, K. Y., “Melt Transesterification

of Dimethyl Terephthalate with Ethylene Glycol} AIChE Jour-

nal, 35, 1445(1989).

Santacesaria, E., Trulli, F., Minervini, L., Di Serio, M., Tesser, R.

and Contessa, S., “Kinetic and Catalytic Aspects in Melt Transesterifi-

cation of Dimethyl Terephthalate With Ethylene Glycol} Applied

Polymer Science, 54, 1371(1994).

11. Di Serio, M., Tesser, R., Trulli, F. and Santacesaria, E., “Kinetic

and Catalytic Aspects in Melt Transesterification of Dimethyl

Terephthalate with Ethylene Glycol in the Presence of Different

Catalytic Systems, Applied Polymer Science, 62, 409(1996).

Tomita, K. and Ida, H., “Studies on the Formation of Poly(eth-

ylene terephthalate): 2. Rate of Transesterification of Dimethyl

Terephthalate with Ethylene Glycol, Polymer, 14, 55(1973).

10.

12.




<<
  /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
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


