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Influence of Reaction Pressure on Semibatch

Esterification Process of Poly(ethylene terephthalate)

Synthesis

Himanshu Patel,1* Gunter Feix,2 Reinhard Schomäcker1

Summary: Influence of esterification pressure on oligomeric properties was studied

by using a semibatch reactor. Esterification model for semibatch process was further

improved by considering EG reflux in the column. It was observed that increasing the

reaction pressure decreases EG/water ratio in the column while increasing the EG/TPA

feed ratio increases EG/water ratio in the column. By controlling the EG reflux in a

semibatch reactor, it is possible to generate oligomers with similar oligomeric

properties observed at different stages of continuous process.
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Introduction

Poly(ethylene terephthalate) (PET) is con-

sidered as a very important polymer in

commodity polymers after polyolefin. PET

is mostly used for fibers, bottles, and films.

PET is mainly synthesized from terephtha-

lic acid (TPA) and ethylene glycol (EG)

and the production of PET essentially

involves three steps: direct esterification,

prepolymerization, melt polycondensation.

During the esterification process, water is

continuously removed as a byproduct to

form low molecular weight oligomers

where the latter (chain length of 1–10)

are conveyed to the prepolymerization step

and subsequently to the final melt poly-

merization. In the semibatch esterification

process, reaction temperature is increased

gradually with the formation of oligomers

and the vapors emerging from the reactor

are passed through distillation column to

separate water from EG and mainly EG is

refluxed back to the reactor. In the
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presented work, we have studied the influ-

ence of reaction pressure on EG reflux and

subsequently its effect on oligomeric prop-

erties such as carboxyl group, EG consump-

tion, chain length (n), esterification con-

version (e) and diethylene glycol (DEG)

formation. Although, several mathematical

models [1–3] for continuous esterification

process have been published, in which

influence of esterification pressure on

oligomeric properties have been presented;

however, a little has been reported for the

influence of reaction pressure on a semi-

batch esterification process. Patel et al.[4]

have studied the influence of TPA particle

size and EG/TPA feed ratio on the oligo-

meric properties by simulation for a

semibatch reactor. In the current work,

influence of pressure above atmosphere are

estimated by simulation using the model[4]

whose validity was confirmed by several

experiments in a semibatch rector.
Mathematical Model

Reaction Scheme

Proton catalyzed esterification, polycon-

densation and etherification reactions are

considered in this study. Functional group

approach is considered for the simulation to
, Weinheim
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Table 1.
Molecular structures of components considered.

Symbol Description Molecular structure

aF Carboxyl group in terephthalic acid

HOOC COOH

aT Carboxyl group attached to ester chain end

COHOOC

bF Hydroxyl group in ethylene glycol HOCH2CH2OH
bT Hydroxyl group attached to ester chain end

HOCH2CH2O

w Water H2O
dT Diethylene glycol bound at ester chain end

HOCH2CH2OCH2CH2O

di Internal ether link
COOCH2CH2OCH2CH2OOC

ei Internal ester group

COO

y bT or aT

Table 2.
Reaction scheme of the esterification process.

Reactions Rate constants (forward, reverse)

kE1

+ bF bF aT bT + w
kE1 / K1

aF aF kE1, kE1/K1

kE2

+ bT aT + w
kE2 / K2

aF aF y yei kE2, kE2/K2

kE1

+ aT bT + w
kE1 / K1

bF bF y y kE1, kE1/K1

kE2

+ bT y + w
kE2 / K2

y yeiaTy kE2, kE2/K2

kT
+ bT y +

kT / KT

y yeibTy bF bF kT, kT/KT

kET
+ bT yy ybTy + wdi kET

Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.ms-journal.de
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Table 3.
Reaction rate laws. (Reactions R6 and R7 produce DEG
link).

Reaction rate laws

R1 ¼ kE1 � aF � bF � ðkE1=K1Þ � bT � w
R2 ¼ kE2 � aF � bT � ðkE2=K2Þ � ei � w
R3 ¼ kE1 � bF � aT � ðkE1=K1Þ � bT � w
R4 ¼ kE2 � aT � bT � ðkE2=K2Þ � ei � w
R5 ¼ kT � bT � bT � ðkT=KTÞ � ei � bF
R6 ¼ kET � bT � bT
R7 ¼ kET � bF � bT
determine end groups and byproducts effec-

tively. Functional group description and

reactions scheme are given in Table 1 and

Table 2, respectively. In this study, the fourth

order Runge-Kutta method was used to

solve differential equations numerically

applying Berkeley Madonna software pack-

age.

The assumptions for modeling were: (1)

Reactions occur only in liquid phase. TPA

is partially dissolved in the reaction mixture

and only dissolved TPA takes part in the

reaction. (2) TPA dissolution rate depends

on TPA particle size (i.e. specific surface)

and particles are assumed to be spherical

for simplifications. (3) Solubility of TPA in

water is negligible. (4) Only undissolved

TPA forms solid phase of heterogeneous

system. (5) Esterification reactions are

catalyzed by protons which are generated

by dissociation of terminal carboxyl groups

of dissolved TPA (aF,D) and carboxyl

groups at ester ends (aT). (6) Equal reacti-
Table 4.
Mass balance equations.

Equati

daF
dt

¼ �2 � R1 � 2 � R2

dbF
dt

¼ �2 � R1 � 2 � R3 þ 2 � R5 � 2 � R7 � kv;EG bF;L � 2
P
�

0
B@

daT
dt

¼ þR1 þ R2 � R3 � R4
dbT
dt

¼ þR1 � R2 þ R3 � R4 � 2 � R5 � 2 � R6 � R7

dw
dt
¼ þR1 þ R2 þ R3 þ R4 þ R6 þ R7 � kv;w wL �

yW

Pw
Pð Þzþ1

0
B@

dðdTþdiÞ
dt

¼ þR6 þ R7

Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
vity is considered for carboxyl groups

bound to TPA and to polymer chain while

hydroxyl groups bound to EG and to

terminal esters have different reactivity.[5,6]

Reaction Rate

Reaction rate law for each component

based on reaction scheme given in

Table 2 is given in Table 3. Bimolecular

reaction of TPA and EG converts one

of the carboxyl groups (aF) of TPA into

the terminal ester group and the other in

the terminal carboxyl group (aT). The same

is true for EG, where one of the hydroxyl

groups (bF) is converted into terminal ester

group and the other in the terminal

hydroxyl group (bT). Consequently, factor

of two is used for aF and bF in Table 4 to

balance the reactions. Furthermore, ester-

ification reactions between aF and bT, aT and

bT and polycondensation reaction between

bT and bT produce internal ester link (ei).

These properties are molality (mol/kg

solvent) whereas the mass of total liquid

phase can be represented as the solvent

mass. Therefore, the use of the unit mol/kg

means: moles of terminal or internal func-

tional groups per mass of total liquid phase.

Phase Equilibrium

Due to the limited solubility of TPA in EG

and the esterification is occurring in liquid

phase only; the solid-liquid equilibrium is

considered to calculate the functional

groups concentration. In simulation, TPA
ons

yEGðzÞN
�
L

mL

EG
P

�zþ1
g�EG

Qz
z¼0

gEGðzÞ

1
CA

ðzÞN
�
L

mL

g�w
Qz
z¼0

gwðzÞ

1
CA
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solubility in EG and oligomers is consid-

ered according to Yamada et al.[2] TPA

solubility in EG is given as:

bTPA;EG

¼ 9062 exp½�4877=T�mol � kg�1 (1)

TPA solubility in oligomers is given as:

bTPA;OLG

¼ 374 exp½�3831=T�mol � kg�1 (2)

where T is the temperature in K

Maximum TPA solubility in the EG and

oligomers, a�Fcan be calculated by using

Equation (1), (2), (4), (5) and the ester-

ification conversion, e (for definition see

Equation (26)).

a�F ¼ bEG þ " � ðbOLG � bEGÞmol � kg�1

(3)

The solubility of TPA in terms of

carboxyl groups in EG,

bEG � 2 � bTPA;EGmol � kg�1 (4)

The solubility of TPA in terms of

carboxyl groups in oligomers,

bOLG � 2 � bTPA;OLGmol � kg�1 (5)

Reaction rate for total carboxyl groups

(a) can be given as,

da

dt
¼ daF;S

dt
þ daF;D

dt
þ daT

dt
(6)

Where, aF,S represents the carboxyl

groups attached to undissolved TPA.

Carboxyl groups become available by

TPA dissolution in the liquid phase and

consumed by esterification reaction. It is

assumed that the change of aF,D in the

presence of aF,S is close to zero.

daF;D
dt

¼ daF;S
dt

� R1 � R2

¼ kD � ða�F � aF;DÞ|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}
dissolution

� R1 � R2|fflfflfflfflffl{zfflfflfflfflffl}
consumption

� 0 (7)

The mass transfer coefficient kD depends

on the TPA particle specific surface. kD is

calculated based on TPA particle size
Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
distribution and particle specific surface

according to Patel et al.[4]

Vapor-liquid phase equilibrium is con-

sidered based on polymer-NRTL para-

meters obtained from ASPEN databank.[7]

EG and water are considered only volatile

components while oligomers and DEG are

considered to be non volatile under used

reaction conditions. The mole fractions and

activity coefficient are calculated based on

apparent amount of water, EG and oligo-

mers in the liquid phase. The vapor phase

mole fractions of EG andwater are given by

the following equations.

xEG � gEG � PEG ¼ yEG � P (8)

xw � gw � Pw ¼ yw � P (9)

xDEG þ xEG þ xw þ xOLG ¼ 1 (10)

yEG þ yw ¼ 1 (11)

where, xDEG, xEG, xw and xOLG are the liquid

phase apparent mole fraction of DEG, EG,

water and oligomers, yEG and yw are the

vapor phase mole fractions of EG and

water, PEG and Pw are the vapor pressure of

pure EG and pure water in bar, P is the total

pressure in bar, and gEG and gw are the

activity coefficient of EG and water. Vapor

pressures of pure components are calcu-

lated from Yamada et al.[2]

logPEG

¼ 7:8808þ logð1=750Þ

� 1957=ð#þ 193:8Þ (12)

logPw ¼ 7:9668þ logð1=750Þ

� 1668:2=ð#þ 228Þ (13)

where, # is the reaction temperature in 8C
In Table 4, a simple approach has been

considered for the mass balance equations

for EG and water. The terms for water and

EG removal as condensate were derived by

considering the water and EG separation

without column, within column and with

column. The model equations for each

situation are given as follow,
, Weinheim www.ms-journal.de
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EG and Water Separation without Column

w�
L ¼ N�

L

mL
x�w ¼ N�

L

mL
yw

P

Pwg
�
w

(14)

wL
� is a molality of water in the melt at

boundary layer. NL
� is the total moles of the

reactive components in the melt at bound-

ary layer. The total number of moles at this

position should be comparable as the total

number of moles in the bulk phase NL.

N�
L � NL

¼ mLðwL þ ðbF;L=2Þ þ ða�=2nÞÞ (15)

where wL and bF,L represents the moles of

water and bF in liquid phase. mL is the mass

of liquid phase which can be given as,

mL ¼ na 0ð Þ=a
� (16)

where na(0) are the initial moles of carboxy-

lic acid groups and a8 is the saponification

number. x�w is the mol fraction of water in

the melt at boundary layer and g�
w is the

activity coefficient of water in the melt at

boundary layer. (calculated as per ASPEN

PNRTL model)

EG and Water Separation within Column

For the column having z stages, EG and

water separation within column can be

given as,

ywðzÞ
xwðz¼0Þ

� �
¼

1� yEGðzÞ
1� xEGðz¼0Þ

� �

¼ Pw

P

� �zYz
z¼0

gwðat zÞ (17)

where yw(z) is the mole fraction of water in

vapor phase at stage z, xEG(z¼ 0) is the mole

fraction of EG in the liquid phase at bottom

of the column, yEG(z) is the mole fraction of

EG in vapor phase at stage z, xw(z¼ 0) is the

mole fraction of water in the liquid phase at

bottom of the column.

EG and Water Separation with Column

By combining Equation (14) and (17) and

considering theoretical number of column

stage z¼ 2.2 (measured by EG-water VLE-

data); EG and water separation with
Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
column can be given as,

w�
L ¼ N�

L

mL

ywðzÞ

Pw

P g�w
Pw

P

� �zQz
z¼0

gwðat zÞ

(18)

By simplifying the Equation (18), the

relationship of wL
� and yw(z) can be obtained

as follow.

w�
L ¼ N�

L

mL

ywðzÞ

Pw

P

� �zþ1
g�
w

QZ
z¼0

gwðat zÞ

(19)

Mass transfer coefficient of water (kv,w)

and EG (kv,EG) is taken from Rafler et al.[8]

By using the mass transfer coefficient in

Equation (19), the total transfer of water

and EG from the respective bulk phases wL

and bF,L into the condensate (yw(z), yEG(z)) is

given by,

kv;wðwL � w�
LÞ

¼ kv;w wL �
ywðzÞN

�
L

mL

Pw

P

� �zþ1
g�w

Qz
z¼0

gwðat zÞ

0
BB@

1
CCA

(20)

kv;EGðbF;L � b�F;LÞ

¼ kv;EG bF;L � 2

yEGðzÞN
�
L

mL

PEG

P

� �zþ1
g�
EG

Qz
z¼0

gEGðzÞ

0
BB@

1
CCA

(21)
Catalysis

In the present study, the esterification

reactions were studied without any metal

catalysts. Esterification reactions involve

acid catalysis mechanism. The catalytic

influence of an acid depends on the degree

of dissociation of the acid. Acid strength

(pKa) of dissolved TPA carboxyl group and

oligomeric terminal carboxyl group are

considered to be the same.[9,10] The pKa

value of carboxyl group of TPA and termi-

nal carboxyl groups is given in mol/L. From

our experience, the density of the melt
, Weinheim www.ms-journal.de
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Table 6.
Numerical values used for the simulation.

1) kv,w¼ 0.438 min�1

2) kv,EG¼ 0.156 min�1

3) Theoretical number of stages (z) in the
column¼ 2.2
4) pKa¼ 3.51

Table 5.
Kinetic parameters used for the simulation.

Kinetic constants
k1;i ¼ Ai expð�Ei=RTÞ

Activation
energy

Ei [kcal mol�1]

Frequency factor
Ai [kg

2 mol�2 min�1]
Equilibrium
constant

k1;E1 18 4.60� 108 K1: 2.50
k1;E2 18 1.06� 1010 K2: 1.25
k1;T ¼ k1;E1=3 KT: 0.5
k1;ET 29.8 4.59� 1012 –
esterification phase is close to 1 kg/L.

Therefore given Equation (22) can be used

for the calculations where the molality has

been considered.

Hþ � ðaF;D þ aTÞ � 10�pKa (22)

The effective rate constant for esterifica-

tion, polycondensation and DEG forma-

tion reactions can be given by,

ki ¼ Hþ � k1;i (23)

where, k1,i is a micro kinetic rate constant

Otton et al.[10] observed that acid

catalyzed esterification is about three times

faster than acid catalyzed polycondensa-

tion. This relationship is used for the poly-

condensation rate constant, kT¼ kE1/3.
Experimental Part

The direct esterification was carried out in a

‘‘Parr’’ semibatch reactor of a 1 liter reac-

tion volume and equipped with magnetic

stirrer drive. EG (1.82 mol) and TPA (1.3

mol) were mixed thoroughly to make paste

and charged to the reactor. Reactor and the

slurry were made oxygen free by applying

nitrogen flush and vacuum simultaneously.

Reactor was pressurized with nitrogen up-

to 2.5 bar. Installed columnwas of a straight

reflux type with helix inner packing. The

column temperature was maintained at
Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
150 8C throughout the reaction to separate

water and EG and to prevent the tempera-

ture drop due to EG reflux. The condenser

temperature and stirrer speed was set to

�4 8C and 140 rpm respectively. Oil

temperature was set to 290 8C. With the

increase of the reaction temperature, the

pressure was increased simultaneously and

controlled with magnetic pressure valve.

Pressure was maintained constant through-

out the experiment at desired set value.

At the early phase of esterification, the

reaction temperature increased to the

boiling point of EG at given pressure and

as the reaction progressed, oligomers were

being formed and reaction temperature

also increased due to increase of the boiling

point of reaction phase. Resulting reaction

temperature increased from 230 to 260 8C.
After 90 minutes, the pressure was gradu-

ally reduced to the atmospheric pressure in

5 minutes and the condensate mixture

(waterþEG) was collected and analyzed.

At the same time, the esterified oligomers

were removed from the reactor and quen-

ched in dry ice. Oligomers were analyzed

for their molecular weight and carboxyl

groups’ concentration. Several experi-

ments were carried out with different set

pressure in the range between 3 to 3.75

bar to study its influence on oligomeric

properties.

Intrinsic viscosity of oligomers, carboxyl

groups and water in reaction byproduct

mixture were determined by the methods

given in Patel et al.[4]

DEG Determination

About 1g of the oligomeric sample was

added together with 30 ml methanol and
, Weinheim www.ms-journal.de
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zinc acetate as catalyst and tetra ethylene

glycol dimethyl ether as internal standard

into a pressure container. The container

was heated for two hours at 220 8C in an

oven to decompose the oligomers to the

DEG and methyl isophthalate. The sample

mixture was cooled to the room tempera-

ture and analyzed by gas chromatography

(PERKINELMERGC –AutosystemXL).

The DEG contents were calculated from

the areas of theDEGpeak in relation to the

internal standard peak.

Results and Discussion

In semibatch or continuous PET process,

the degree of polymerization advances by

esterification and polycondensation reac-

tions simultaneously. Therefore, it is impor-

tant to have the optimum balance of

carboxyl and hydroxyl group to attain

optimum conversion. An excess or defi-

ciency of one or the other reactant will

cause quality deviations and the changes in

the reaction rate.[11]

In semibatch process, esterification

phase is nearly completed before applying

full vacuum to initiate polycondensation

phase. Therefore, at the beginning of batch

polycondensation, oligomeric fraction of

carboxyl groups in total terminal groups (a)

remains significantly lower than in contin-

uous process. While, in continuous process,

the carboxyl group concentration changes

at different stages due to their consumption

via esterification and formation via ester

link degradation reactions. In most indus-
Table 7.
Experimental results of esterified oligomers under varie

P t EG/TPA (EG0-EGR)/EG0 aT b

bar min mol/mol mol kg�1 mol

3.13 95 1.4 0.28 0.70 0.
3.13 95 1.4 0.29 0.75 0.
3.22 95 1.4 0.28 0.68 0.
3.22 95 1.4 0.27 0.64 0.
3.34 95 1.4 0.24 0.47 1.
3.50 95 1.4 0.20 0.43 1.
3.55 95 1.4 0.21 0.39 1.
3.55 95 1.4 0.19 0.31 1.
3.75 95 1.4 0.19 0.37 1.

Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
trial continuous processes, the melt-phase

reaction is performed in three to five conti-

nuous reactors in series.[12] Therefore, it is

desirable to have specific oligomeric a at

every stage to fulfill the requirement of next

stage in continuous process.

Yokoyama[13] and Duh et al.[14] studied

the effect of carboxyl group concentration

on polycondensation rate in melt and solid

phase respectively. However, the formation

of oligomers with a having broad values and

its effect on esterification and polyconden-

sation rate has not been studied extensively.

As far as we know, there has not been a

paper narrating the generation of oligomers

of different a by a semibatch process that

resembles the oligomers observed at the

different stages of a continuous process. In

this paper, we have made an attempt to

simulate continuous process functional

group profile by using semi batch process.

In our previous studies[4], we generated the

oligomers of different a values by varying

the EG/TPA feed ratio. However, the ob-

tained a value was observed to be lower

than in continuous process. The feed ratio

could not be lowered further due to

extremely low solubility of TPA in EG.

In presented work, we have generated

oligomers of different a by varying the

esterification pressure at constant EG/TPA

feed ratio.

Influence of Esterification Pressure on

EG Reflux

Figure 1 shows the influence of esterifica-

tion pressure on fraction of unreacted EG
d pressure.

T Mn n a e p DEG

kg�1 g mol�1 wt. %

77 1355 6.95 0.48 0.962 0.790 3.1
68 1401 7.21 0.52 0.897 0.840
80 1346 6.90 0.46 0.932 0.856
86 1335 6.82 0.43 0.954 0.842 3.4
13 1250 6.32 0.29 0.961 0.821 3.7
68 948 4.71 0.20 0.933 0.855
40 1116 5.59 0.22 0.938 0.853 4.5
58 1060 5.27 0.16 0.927 0.861
71 959 4.76 0.18 0.969 0.810 4.9

, Weinheim www.ms-journal.de
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Figure 1.

Effect of esterification pressure on unreacted EG in vapour and liquid phase. Symbols: experimental values; Line:

calculated.
to initial EG feed. This fraction can be

calculated as,

EGL þ EGV ¼ EG0 � EGR

¼ EG0 �
a� � ð2 � "� pÞ �mL

2
(24)

where, EGL and EGV are the moles of un-

reacted EG in liquid and vapor phase

respectively. EG0 and EGR are the moles

of initial and reacted EG respectively. e
and p are the esterification conversion

and conversion by chain propagation

respectively.

Unreacted EG at the end of esterifica-

tion phase can be calculated by using
0.00
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0.16
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3.23

E
G

/w
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Figure 2.

Effect of esterification pressure on EG/W in vapor phas

Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
Equation (24) which simplifies the influ-

ence of pressure on EG reflux. As can be

seen in Figure 1, an increase in esterifica-

tion pressure boosts EG consumption and

thus lowers unreacted EG. Furthermore, to

investigate the influence of pressure and

EG/TPA feed ratio on vapor phase com-

position, condensate was collected at the

end of esterification and analysed for EG

andw content. FromFigure 2, it can be seen

that increasing pressure reduces EG/w ratio

in the vapor phase by increasing the EG

reflux. From Figure 3, it is seen that EG/w

ratio in the vapor phase exhibits some

opposite behaviour with increasing EG/

TPA feed ratio. This is due to the increasing
3.83.63.4

P [bar]

e. Symbols: experimental values; Line: calculated.

, Weinheim www.ms-journal.de
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Figure 3.

Effect of EG/TPA feed ratio on EG/W in vapor phase. Pressure: 4 bar.
EG mol fraction in liquid phase enhances

EG mol fraction in vapor phase.

From Figure 4 it can be seen that

lowering the pressure in esterification phase

decreases the EG reflux and reduces the

EG concentration in liquid phase. Reduc-

tion of excess EG in liquid phase promotes

further esterification of aT with bT and also

lowers reverse polycondensation reaction

which is responsible to increase n and a.

Figure 4 suggests that it is possible to

prepare oligomers having a value of a broad

range by varying the EG reflux or the

reaction pressure instead of varying the

EG/TPA feed ratio. n was calculated from

the measured intrinsic viscosity using

Equation (25).[4]

n ¼ ðMn � 62þ 88 � aÞ=192 (25)

where Mn ¼ 3:27� 104 � IV1:4706.
Figure 4.

Effect of esterification pressure on n and a. Symbols: e

Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
Figure 5 supports that higher reaction

pressure increases the EG concentration in

liquid phase which promotes both ester-

ification and etherification and thus overall

EG consumption was observed to be

enhanced. DEG formation was observed

much higher than commercial continuous

process. This was expected due to higher

reaction pressure and reactions carried

without any DEG suppressant.

Esterification conversion e, which repre-

sents conversion of TPA into esters, can be

expressed as,

" ¼ 1� a

a� (26)

While conversion by chain propagation

(p) can be given as,

p ¼ 1� E

a� ¼ 1� aþ bT
a� (27)
xperimental values; Line: calculated.
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Figure 5.

Influence of reaction pressure on DEG formation. Symbols: experimental values; Line: calculated.
where, E is total terminal groups.

From Figure 6 it is seen that higher

reaction pressure increases the esterifica-

tion conversion due to higher concentration

of EG in liquid phase which enhances the

TPA dissolution and consequently its

conversion through esterification reaction.

While, pressure has significant effect on EG

reflux which influence the carboxyl to

hydroxyl ratio in the reaction liquid phase.

Thus, deviation from optimum functional

group balance reduces p.
Conclusion

Esterification pressure has similar influence

as the EG/TPA feed ratio on certain
Figure 6.

Influence of reaction pressure on conversion. Symbols:

Copyright � 2007 WILEY-VCH Verlag GmbH & Co. KGaA
oligomeric properties. An increase in both

variables enhances esterification conver-

sion (e) and decreases the chain propaga-

tion conversion (p). However, it was

observed that by increasing the reaction

pressure, EG/w ratio in the vapor phase was

observed to be decreased while by increas-

ing the EG/TPA feed ratio, EG/w ratio in

the vapor phase was observed to be

increased. It has been shown that by varying

the reaction pressure in a semibatch

esterification process, it is possible to

produce oligomers of a having a broad

range that observed in continuous process.

Semibatch process can be utilized to study

different additives and catalysts in the

presence of functional groups profile

observed in continuous process.
experimental values; Line: calculated.
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