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Abstract — A loop reactor model in the continuous process for the oligomer formation from terephthalic acid and ethylene
glycol was proposed and verified by commercial plant data. The effect of various design and operating parameters, e.g., recy-
cle ratio, residence time ratio of heat exchange to main reactor, feed mole ratio, and feed flow rate, reaction temgiegature on
degree of esterification, degree of polymerization, DEG concentration, and condensate flow rate was investigated. It was inves-
tigated that in case of large residence time ratio of reactor to total loop reactor system and low reflux ratio, botte tbe degre
esterification and degree of polymerization were enhanced whereas the concentration of DEG decreased. Both residence time
ratio and reflux ratio should be considered together to maximize the degree of esterification and polymerization. In case the
feed temperature of reaction mixture to heat exchange was decreasing, both the degree of esterification reaction and degree of
polymerization were slightly affected whereas the concentration of DEG decreased greatly. The reactor performance was
enhanced as the feed flow rate decreased. DEG concentration increased with reaction temperature whereas the degree of ester-
ification had maximum point at some reaction temperature. It was expected that the loop reactor model can be applied to the
reactor design and process development of real plant since the model was developed based on the real plant data.
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Fig. 1. Reaction scheme for direct esterification.
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Fig. 2. Schematic diagram of loop reactor system.
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Fig. 3. Flowchart of loop reactor system.
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AV : concentration of total carboxyl end groups in the reaction mixture
[g mol/kg]

C, : concentration of carboxyl end groups in the reaction mixture
[g mol/kg]

C, : concentration of EG in the reaction mixture [g mol/kg]

C; : concentration of hydroxyl end groups in the reaction mixture
[g mol/kg]

C, : concentration of diester groups in the reaction mixture [g mol/kg]

Cs : concentration of water in the liquid reaction mixture [g mol/kg]

H-g7] =4 551

Cw : concentration of k-th component in the product [g mol/kg]
Es . pecentage degree of esterification [%)]
f : mole fraction of backbone DEG groups to total DEG groups
Fn : objective function
F . input flow rate [kg/hr]
Fo : output flow rate [kg/hr]
F : flow rate to the heat exchange [kg/hr]
F : recycle flow rate from the product to the heat exchange [kg/hr]
k; : reaction rate constant of i-th reaction in Fig. 1 [kg/g mol hr K]
M, : number average molecular weight [g/g mol]
MW  : molecular weight of £[g/g mol]
MW : molecular weight of €[g/g mol]
MW, : molecular weight of oligomer [g/g mol]
P : total pressure [mmHg]
P, : number average degree of polymerization
PEX, P saturated vapor pressure of EG and water [nmHg]
Q : condensate flow rate [kg/hr]
Qe : EG condensate flow rate [kg/hr]
Q.o : water condensate flow rate [kg/hr]
R : gas constant [cal/g mol K]
R : reaction rate of i-the reaction in Fig. 1 [g mol/kg hr]
Sb : concentration of antimonium ion in the feed [g mol/ton]
SV : saponification value [g mol/kg]
T : reaction temperature [K]
W : total weight of reaction mixture in the main reactor [kg]
Woes : weight percentage fraction DEG groups in the reaction mixture
(%]
Xew Xu,0 - Mole fraction of EG and water in the liquid phase
Yee Yno : Mole fraction of EG and water in the vapor phase
J2[0|A
a : mole fraction of carboxyl end groups to total functional end
groups in the product
B : mole fraction of hydroxyl end groups to total functional end
groups in the product
A : reflux ratio defined as /R
s
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