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DMT(dimethylterephthalate)?} DEG(diethylene glycol)?] o|~E]2 w$+-3-S %3} BHEET(bis-hydroxyethoxyethyl-
terephthalate)ys "8Jsk= RE&-<l tiste] ARSIt BHEETE polyurethanr foam®] 9521 Ee]oAH & &
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Abstract — The kinetics of the transesterification of dimethyl terephthalate (DMT) with diethylene glycol (DEG) was
studied in a batch reactor. bis-hydroxyethoxytethyl -terephthalate (BHEET), which is polyester polyol monomer, 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 considered in the
kinetic expressions, resulting in inaccuracy of the kinetic model. Mathematical models of a batch reactor for the tranes-
terification reaction, which took the reverse reaction into account, were developed and used to characterize the reaction
kinetics and the composition distribution of the reaction products. More accurate models than previous ones were
obtained and found to have a good agreement between model predictions and experimental data. Effect of process vari-
ables on the esterification reaction was investigated based on the experimental and simulation results.
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Fig. 1. Polymerization of polyurethane foam.
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Fig. 3. Experimental apparatus for semi-batch reactor.
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Fig. 4. Experimental apparatus for batch reactor.
1. Reactor 4. Shaker
2. Temp. controller 5. Oil bath

3. Spring wire rack
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Fig. 5. Effect of temperature on the yield of MeOH (semibatch reactor).
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Fig. 6. Effect of temperature on the yield of MeOH (batch reactor).
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Fig. 7. Effect of temperature on the conversion of DMT (batch reactor).
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Table 1. Reaction rate constants of two step reaction model for the synthesis

of BHEET
Temperature (°C)  k; (min")  k;T (min")  k,(min")  k;' (min™T)
170 3.27 3.33 0.06 0
180 5.03 4.11 0.06 0
190 7.88 4.68 0.10 0
200 10.03 4.65 0.12 1.46
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Fig. 10. Results of fitting for the two step reaction model (DMT:DEG molar ratio 1:2): (a) 170 °C; (b) 180 °C; (c) 190 °C; (d) 200 °C.
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Table 3. Reaction rate constants of one step reaction model for the
hydroxyethoxyethyl ester end group

Temperature (°C) k| (min) kT (minT)
170 4.15 7.36
180 3.22 7.11
190 1.84 4.58
200 1.31 3.87
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Fig. 11. Arrhenius plot for the transesterification of methyl ester group
to hydroxyethoxyethyl ester group: (a) reaction from methylester
end group to hydroxyethoxyethyl ester end group; (b) reaction
from hydroxyethoxyethyl end group to methylester ester end group.

Table 4. Activation energies (E’) and frequency factors (kj) from the
Arrhenius plot

E’(kJ/mol) k¢ (min™)
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Fig. 12. Results of fitting for the transesterification of methyl ester group to hydroxyethoxyethyl ester group (DMT:DEG molar ratio 1:2): (a)

170 °C; (b) 180 °C; (c) 190 °C; (d) 200 °C.
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Fig. 13. The comparison analysis for yield of MeOH (DEG/DMT=2,
200 °C): (a) two step reaction model for the synthesis of BHEET;
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Dimethyl terephthalate®} diethylene glycol2] o|2~E|2 w3 1k

Nomenclatures

E, E : activation energies (kJ mol™)

E, : hydroxyethyl ester end group

Eje : hydroxyethoxyethyl ester end group

E, : methyl ester end group

K, : reaction equilibrium constant of two step reaction model
for the synthesis of MHEET

K, : reaction equilibrium constant of two step reaction model
for the synthesis of BHEET

Kj : reaction equilibrium constant of one step reaction model
for the hydroxyethoxyethyl ester end group

k, : frequency factors of two step reaction model for the
synthesis of BHEET (min™")

k, : forward reaction rate constant from DMT to MHEET (min™")

k' : backward reaction rate constant from MHEET to DMT
(min™)

k, : forward reaction rate constant from MHEET to BHEET (min™)

k' : backward reaction rate constant from BHEET to MHEET
(min™")

ky : frequency factor of one step reaction model for the
hydroxyethoxyethyl ester end group (min™")

ki : forward reaction rate constant from methyl ester end
group to hydroxyethoxyethyl ester end group (min™")

k! :backward reaction rate constant from hydroxyeth-
oxyethyl ester end group to methyl ester end group (min™')

M : MeOH

R : Universal gas constant (J-k'-mol")

R, : reaction rate of two step reaction model for the synthesis
of MHEET

R, : reaction rate of two step reaction model for the synthesis of
BHEET

R] : reaction rate of one step reaction model for the hydroxye-
thoxyethyl ester end group

T : temperature (K)

[BHEET] : mole fraction of BHEET

[DEG] : mole fraction of DEG

[DMT] : mole fraction of DMT

[E,] : mole fraction of hydroxyethyl ester end group

[Epl : mole fraction of hydroxyethoxyethyl ester end group end
group

[E,] : mole fraction of methyl ester end group

[MeOH] : mole fraction of MeOH

[MHEET]: mole fraction of MHEET
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