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PETB�¢ *� r.*îÖ" ö�2 &Ò�*~ ç7 öÊr�z >wj *� ~; >wV Î�j BB~&� 
B�;

b�¦V áf Ú*¶òö ~� æ�Wj «Ã~&
. �� Jê 5 Ú* æ> ¯ ~~j, �v~Vf >wV~ Ú~�*j,

öòF«³ê 5 >wNê& öÊr�z >w�, 7�ê, DEG³ê 5 w»b FÂ³ê �ö �~º 'Ëj ÚÚ�~
. C

Ú~�*ö &� >wV~ Ú~�*j& �� ~~j& Ôj ãÖ öÊr�z >w� 5 7�ê& Ëç>� DEG�ïf 6

²~&
. öÊr�z >w� 5 7�ê¢ ¸�V *�Bº ~~jf Ú~�*j¢ ÿ�ö �J�¢ �
. �v~V� F«

>º >w�~ Nê¢ Ôº� 7�êf öÊr�z >w�f �² 'Ëj Aæ pb¾ DEG�ïf �² 6²�j r > ®

î
. öò F«³ê& 6²~� >wW� ËçNj �&
. >wNê& 
î>� DEG�ïf Ã&~¾ öÊr�z >w�

f ª~~ NêöB �&8j &öj r > ®î
. � >wV Î�f 
B�Ë Ú*¶ò�¦V BB>îV r^ö *Ëö

B �;BF 5 ~; >wV Jêö wÏ>Úî ©b� V&B
.

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 temperature on the

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, both the degree of

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. 

Key words: Loop Reactor, Oligomer Formation, PET Synthesis, Modeling, Simulation

1. B �

�WRF, jª, �ËÏV �~ öò� 6Ò ��º Poly(ethylene

terephthalate)(PET)º Dimethyl terephthalate(DMT) _f Terephthalic

acid(TPA)f Ethylene glycol(EG)�¦V B�B �ïÚ�¦V »7�

>wö ~~� �ÖB
. �ïÚ B��;f DMTf EG¢ /
 ~ö

B öÊr� v~>wö ~~� á�¾, TPAf EG¢ ç7 öÊr�

z >wö ~~� áº
. �-² áÚê �ïÚ�¦V 
�ê b�;

>wVöB 7�ê& £ 30;ê >º RÒ�^¢ áº
. �«�êö

Bº ¦>w bî� EG¢ �³® B�~V *� ß>~² B·B >

wVöB 7�ê& 100;ê >º B®j áº
. TPAö ~� �ïÚ
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B��;f Nê 240-280oC "¾öB ç7 öÊr�z >w" »7�

>w� ÿ�ö ê¯B
. Zç >wVöB TPAf EGòj ÒÏ~� >

wj ê¯�Ò ãÖ TPA~ EGö &� Ï�ê& Ôj >w.Vö >

wb� slurryçb� �Ò~² >Ú >w�*� 
Ö ^² B
[1]. �

�¾ 7�ê& 5-10;ê~ "ï~ RÒ�^öº TPA& j*® Ï�>

Ú �¢çb� �Ò�
� rJ^ ®
[2]. �³ >wV _f ~~;

>wV¢ ÒÏ� ãÖ TPAº 7�ê& 5-10;ê� "ï~ RÒ�^ö

£² Ï�>æ� �¢çöB >w� ê¯>Ú >w³êê �¢æ� >

wb~ ®îj �¢~² Fæ� > ®
. ��� �F� TPAö ~�

�ïÚ B��;f �³ >wV _f b�; >wV¢ �>� J~~

º ~~; >wV¢ ÒÏ�
[3-8]. Yamada �[9, 10]f �³ �;b�

��Úê �ËöB~ ªC¶ò¢ V.� �� &æ >w³êç>¢ �

~&
. �VB áÚê ¶ò¢ �Ï~� Yamada �[3, 4]f 2B& �

³ J~B b�; >wVöB ~~�Ò ãÖ~ >�'� Î�j Bn

~&b�, 6 � Î�j �Ï~� v B~ b�; >wVöB ~~j

& >wWö �~º Î"¢ ÎÒ
þj Û~� &V~&
.

~~; >wV~ ¢«� ~; >wVº ~~& jº� �; _f >

w�� � >wöB Î"'b� >w�j B�~V *� ÒÏB
. ~

; >wVº >w�j �³® B�~� "º �v~Vf >w� ê¯

>º b�; >wV& �Ò;�b� �ÖB ��¢ <º
. öòº TPA

~ Ï�ê¢ ¸�"V *� ~~B "ï~ RÒ�^f DÚ "�, b

�B Ï�f �v~V¢ Û~� ~J�ÚÚ >wVöB b" EG¢ B

�~�B >wj ê¯�Î
. >wV�¦V �WB RÒ�^~ ¢¦º


r �;b� &� ¢¦º ~~�B öòf b�~� �v~V� �

ÚÚ ê
. ~~>º "ï~ RÒ�^ö ~� TPA& £² Ï�>º W

îj �Ï~�¶ TPAö ~� RÒ�^ B��;ö ~; >wV& Ò

Ï>� ®æò �ö &� rJê :º ��� 
;�
.

TPA¢ öò� ~º �³ �;öBº »7� >wö ~� �WB EG

& öÊr�z >w~ öò� ÒÏ>æ� öò� R«>º TPAf EG

~ Öj¢ �'z ~º ©� 7º~
. EG¢ '² ÒÏ� ãÖ slurry

ç�~ öò¢ �Ç~º� ^B& ®j > ®�, ô� ÒÏ� ãÖ �

>w EG¢ Ã~ B�~V *� ö.æ¢ ô� ²j~�¢ �
. 6 R

Ò�^ B��;öB ">wö jî¢ �� &æ ¦>w� ÿ�ö ê

¯>� �r �WB ¦>wbîf 
r�;ö 'Ëj "�¾ �«B®

ö ��>æ� ¦>wj �²z~º ©� 
Ö 7º~
. RF~ "ï

W 5 Ï[Nêö 'Ëj "º diethylene glycol(DEG)Vº &¦ª�

RÒ�^ B��;öB �W>º ©b� rJ^ ®
[11].

� ��öBº ~; >wVöB ">w 5 ¦>wj �J� >wV

Î�j BB~� *Ë ��V¢ Û~� ¦Ã~� Ú*��ö V� >

wWj ÚÚ�~
. ß® ~~j, C Ú~�*ö &� >wV~ Ú~�

*j, öòF«³ê, EGf TPA~ Öj, �v~V~ Nê �� 7�ê,

öÊr�z >w�, DEG³ê �ö �~º 'Ëj &V~&
.

2. >wV Î� BB

2-1. >w z�î¾

� ��öB �J� >wj Fig. 1ö �&
[9]. (1), (2)º ">w�

öÊr�z >w, (3)f »7� >w, (4)-(9)º DEG¢ �W�Êº �

� &æ ¦>w
�
. ' >w~ >w³êç>º 
r" ?
[7].

k1 = (3.75×10−4[Sb]+1.0)×1.5657×109EXP(−19640/RT)

k2 = (4.75×10−4[Sb]+1.0)×1.5515×108EXP(−18140/RT)

k3 = (6.25×10−4[Sb]+1.0)×3.5165×109EXP(−22310/RT)

k4 = (4.50×10−4[Sb]+1.0)×6.7640×107EXP(−18380/RT)

k5 = (3.50×10−4[Sb]+1.0)×7.7069EXP(−2810/RT)

k6= (1.75×10−4[Sb]+1.0)×6.2595×106EXP(−14960/RT)

k7= (3.75×10−4[Sb]+1.0)×2.0583×1015EXP(−42520/RT)

k8= 2k7

k9= 4k7

�VB [Sb]º TPA 1 ton� Sb�N³ê, Tº .&Nê, Rf VÚç>

(1.987 cal K/gmol)�
. Fig. 1öB �JB >w~ >w³ê�f 
r

" ?
.

R1 = k1C1C2−k2C3C5

R2 = k3C1C3−k4C4C5

R3 = k5C3
2 −k6C2C4

R4 = k7C3
2

R5 = k8C2C3

R6 = k1C2
2  

R7 = k1C1C8−k2C5C7

C1-C8f ' Wª~ ³ê�
.

2-2. >wV Î�

TPA~ EGö &� Ï�êº �æ pj TPAf EGòb� >w�Ò

ãÖ >w� ¶Ò² ê¯>º ^B6� ®
. ��¾ "ï~ RÒ�^

f b�� ãÖ &¦ª~ TPA& Ï�>Ú �¢� �çj Fæ� >

®Ú >w³ê& �¢æ² B
. ��� Wîj �Ï~� >w� Ú¶

;ê ê¯B RÒ�^¢ ~~�B öò¢ Ïª® Ï��Ò > ®ê�

~º ~; >wV& ÒÏB
. � ��öB �JB ~; >wV~ �

�¢ Fig. 2ö �&
. >wb~ Nê¢ �³® �.� > ®º �v~

Vf "º >wj ê¯�Êº b�; >wV& �Ò;�b� �ÖB

��¢ <º
. EGf TPA& slurryç�� b�B öòº �v~V~

7¦ªöB ~~B RÒ�^f D�B �v~V� R«B
. >wbf

Fig. 1. Reaction scheme for direct esterification.
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&
B ³j v�� >w� ê¯>�B �v~� ¢ÚÂ
. �v~V

¢ �^ ¾N >wbf b�; >wV� 
Ú&� >wöB �WB b

f Ïê÷j Û~� B��b�� >wj z× ê¯�Î
. >wV Â

�� ¾N >wb~ ¢¦º 
r �;b� &�, ¾^æº ~~>Ú öò

f b�>Ú �v~V� 
Ú*
.

öò� TPAf EG~ slurryº >wV�¦V ~~B RÒ�^ö ��

² Ï�>Ú �¢çj ¾æÚæ� �v~VöB~ >wbf �çb�

&;�
. �v~Vº &; >wV� &;~� 
r" ?f bî>æ

�j áj > ®
.

C1 bî>æ: 

C2 bî>æ: 

C3 bî>æ: 

C4 bî>æ: 

C5 bî>æ: 

C6 bî>æ: 

C7 bî>æ: 

C8 bî>æ: 

~~B >wb" TPA/EG slurryç�~ öò& b�>Ú �v~V�

F«B
. Fiº TPA/EG slurry F«³ê(kg/hr), Frf >wV�¦V ~

~>º RÒ�^~ F«³ê(kg/hr)� �
. ~~j(λ)º Fr¢ Fi� ¾

. 8b� ;~�
. C1r-C8rf >wV�¦V ~~>º RÒ�^ ' W

ª~ Z²³ê(mol/kg), C1i-C8if TPA/EG slurryç�~ öò ' Wª

~ Z²³ê(mol/kg)¢ ~� �v~VöB~ .V³êº 
r" ?
.

(k=1, 2, 3, 4, 5, 6, 7, 8)

.Vö ~~B RÒ�^~ �Wf r > ìbæ� ª~~ º;8j

ÒÏ~� ¾7ö >wV�¦V áÚê 8b� î�² ÒÏ�
. � "

;j >¦�~� ~~B RÒ�^~ �Wæz& ìj r êÖj �Þ
.

�v~VöB ¾N >wbf >wV� 
Ú*
. >wVöB >wV

{K(P)f b" EG~ ¦ª{b� ��Úæ� Ïê÷j Û~� B�>

º w»b~ C FÂ³ê¢ Q(kg/hr), >w�~ C Z²¢ W(kg)¢ ~�,

öòF«³ê(Fi)f ~~B RÒ�^~ F«³ê(Fp)¢ �� ³ê¢ Ff

¢ ~� >wVöB~ bî>æ�f 
r" ?
.

C*>æ�: Ff − Fo − Q = 0

C1 bî>æ: Ff C1p− Fo C1r + W(−R1−R2−R7) = 0

C2 bî>æ: Ff C2p− Fo C2r −yEG Q + W(−R1+R3−R5−2R6) = 0

C3 bî>æ: Ff C3p− Fo C3r + W(R1−R2−2R3−2R4−R5) = 0

C4 bî>æ: Ff C4p− Fo C4r + W(R2+R3) = 0

C5 bî>æ: Ff C5p − Fo C5r − yH2O Q + W(R1+R2+R4+R5+R6+R7)=0

C6 bî>æ: Ff C6p− Fo C6r + WR4 = 0

C7 bî>æ: Ff C7p− Fo C7r + W(R5+R7) = 0

C8 bî>æ: Ff C8p− Fo C8r + W(R6−R7) = 0

yH2O, yEGº V�ï;ö Raoult~ »�j 'Ï~� 
r~ �b�¦

V �� > ®
.

P = xEG PEG
sat + xH2O PH2O

sat

Log PEG
sat = 7.8808−1957/(T−120.65)

Log PH2O
sat = 7.9668−1668/(T−45.15)

yEG= xEG PEG
sat/P

yH2O = xH2O PH2O
sat /P

Pº >wV {K, xEGf xH2Oº �çöB EGf b~ ÖªN�
.

*~ �j ¦Ú áÚê >wb~ ³ê(C1r-C8r)º �v~V� 
Ú&

º RÒ�^~ î�Ú «K8b� ÒÏB
.

2-3. >wV Î� �'z

>wÎ�j BB~V *~� ·WB vªê¢ Fig. 3ö �&
. *�

�Îf �² 2B~ B~Ò��j <º ��� >Ú ®
. Ú¦~ B~

Ò��öBº "Úê Ú*��öB >wV bî>æ�j êÖ~� �

«B®� RÒ�^f w»b~ FÂ³ê 5 ³ê¢ êÖ�
. ¾r ê

Ö� RÒ�^~ ³êº Î�æ� ª~� &;~� �v~VöB~ b

î>æ�j êÖ~&�, �¢ �Ï~� >wVöB~ bî>æ�j ê

Ö~� RÒ�^~ ³ê¢ êÖ~&
. �VB áÚê Wª³êf ¾

r &;� 8" jv~� � N�& �� î�Ú 8j .V8b� ~

� 
� �v~V 5 >wVöB~ bî>æ�j Nf� êÖ~&
.

� ";j >wV~ RÒ�^ ³ê8� �* 8" î� êÖ>Ú áÚ

ê 8~ JN& Z�� ò� rræ >¦�~&
. �¦~ B~Ò��

öBº "Úê Ú*��öB áÚê ªCÖ"f >wV Î��¦V á

Úê êÖÖ"¢ jv~� ;�ê �'�>¢ �²z~º �.æ>¢

djî
. �'z¢ *� ÒÏB Ï'�>º RÒ�^~ Ö&f DEG

dC1p

dτ
----------- R1– R2– R7–=

dC2p

dτ
----------- R1– R3 R5– 2 R6×–+=

dC3p

dτ
----------- R1 R2– 2 R3 2 R4 R5–×–×–=

dC4p

dτ
----------- R2 R3+=

dC5p

dτ
----------- R1 R2 R4 R5 R6 R7+ + + + +=

dC6p

dτ
----------- R4=

dC7p

dτ
----------- R5 R7+=

dC8p

dτ
----------- R6 R7–=

Ckp
FiCki FrCkr+

Fi Fr+
------------------------------

Cki λCkr+

1 λ+( )
-----------------------= =

λ
Fr

Fi

-----=

XEG
C2r

C2r C5r C8r+ +( ) 0.5 C1r C3r C7r+ +( )+
------------------------------------------------------------------------------------------=

XH2O
C5r

C2r C5r C8r+ +( ) 0.5 C1r C3r C7r+ +( )+
------------------------------------------------------------------------------------------=

Fig. 2. Schematic diagram of loop reactor system.
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Z²ªN, FÂ> 5 EG·ö &� Ú*¶òf Î�"~ ç&JN~ B

�~ �b� ~&
. >w³êç>º ^òö V¢ 5Vræ N�& ®

�[5, 9], ?f /
¢ ãÖöê ³êö V¢ �¢ææ� Yamada[5]~

³ê�~ V>¢ �.æ>� ~&
. 
B PET B��;b�¦V áf

�Ë Ú* 5 ªC¶ò¢ �Ï~� �'z� Ö" Yamada~ ³êç>

8 k1, k2, k3, k4, k5, k6, k7ö 
r" ?f ç>8(k1=1.7, k2=1.0, k3=1.0,

k4=1.0, k5=4.5, k6=1.4, k7=0.4)j �~&j r Ï'�>¢ �²� ~

&
.

2-4. RÒ�^ bW Ö;

RÒ�^~ ��¢ Fig. 4ö ¾æÚî
. RÒ�^ ö�V7 ���


V �ïªNj α, ���
Vf DEGV¢ B�� ~����V �

ïªNj β, "ÒÒöB ö�V ÖªNj f¢ ;~~� 
r" ?� ¾

æâ > ®
.

RÒ�^ þ2j j�~� ���
V(AV), ~����V(OHV), j

*z8(SV)j G;~� ª¶ï(Mn), öÊr�z >w�(Es)j 
r �

b�¦V �� > ®
[11].

� �b�¦V 7�ê, DEG Z²ªN(WDEG)f 
r" ?� �� >

®
.

3. Ö" 5 Æ�

�ËÚ*¶ò¢ V.� T=280oC, P=820 mmHg, EG/TPA Öj=1.8,

/
(Sb2O3)³ê=300 ppm, F«³ê=20,000 kg/hr, C Ú~�*=2.7 hr

j �& Ú* ��b� ;~&
.

Fig. 5öB C Ú~�*ö &� >wV~ Ú~�*j¢ 0.8� �;�

Ê� �� &æ EG/TPA ÖjöB ~~j¢ Ã&�Ê�B öÊr�z

>w�, 7�ê, DEG�ïj ÚÚ�~
. EGf TPA~ Öjº TPA~

F«³êº �;~� TPAö &� EG~ Öj¢ 1.6, 1.8, 2.0� Ã&�

V
. ~~j& Ã&�>� öÊr�z >w�f £* Ã&~
 6²

~º ãËj ���, 7�êº Ã&~
 Ú¶ ;ê 
æ� 66 ¢;

� 8b� >Z~&
. ~~j& 
æ� Ú~�*� 6²~� >w�

*f *Ú�
. F«�ö ~~RÒ�^~ ·� ôjæ� ���
V³

êf EG³ê& 6²~� öÊr�z ;>w³ê¢ 6²�Êº Î"¢

¾æÚ� ~����V³êº Ã&~² >Ú öÊr�z ;>w³ê

¢ Ã&�Êº Î"¢ ¾æÞ
. öÊr�z >w�f ��� �� Î

"& B� çê>Ú Öjö &êì� ~~j& 20-30 "¾öB �&8

j &ê
. 6 ~~j& 
^ ~����V³ê& Ã&~� EG³ê&

6²~� »7� >w� z× FÒ~² ê¯>Ú 7�êº BB® Ã

&�
. �Þ DEG�ïf ~~j& Ã&�>� 6²�j ��� ®
.

DEG�ïj ÚÚ�� DEG�ïf B>~² DEG� �Ò~º ¶F;

DEGf ÒÒö ¿Ú®º ÒÒ; DEG� �ªB
. ¶F; DEG³êº

Fn AV data( ) AV model( )–
AV data( )

----------------------------------------------------------- 
 

2 DEG data( ) DEG model( )–
DEG data( )

------------------------------------------------------------------- 
 

2

+
i 1=

2

∑=

+
QEG data( ) QEG model( )–

QEG data( )
------------------------------------------------------------- 

 2 QH2O data( ) QH2O model( )–

QH2O data( )
---------------------------------------------------------------- 

 2

+

α
C1r

C1r C3r C7r+ +
----------------------------------=

β
C3r

C1r C3r C7r+ +
----------------------------------=

f
C4r

C4r C6r+
---------------------=

Mn 2000
AV OHV+
---------------------------=

SV 2000Pn
Mn

------------------=

Es SV AV–( )
SV

--------------------------=

Pn Mn 2 α 45.1β 89.1 1 α– β–( )+ +{ } 164.1––
164.1 28.2f 72.1 1 f–( )+ +

-------------------------------------------------------------------------------------------------------- 1+=

WDEG C6r C7r C8r+ +( ) 0.106×=

Fig. 3. Flowchart of loop reactor system.

Fig. 4. The structure of the oligomer.
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ÒÒ; DEG³êö j� 100V �çb� ·j DEG�ï~ &¦ªf

ÒÒ; DEG~ 'Ë�� ÒÒ; DEG~ ãÖ &¦ª Fig. 1~ (4)~ ;

>wö ~� �WB
. � >w~ >w³êç>º ">w~ >w³ê

ç>ö j� 10V �ç ·� ~����V³ê æzº ~~j æzö

j� ·rj &V� > ®î
. V¢B DEG�ï æzº "� Ú~�

*ö ~� Î"ö ~� ²Ö>�, ~~j& �>� Ú~�*� 6²~

� V¢B �Wï� *Ú
Ú DEG�ïf 6²~² B
. 6 EG¢ º

&� F«�Ê�B EG/TPA Öj¢ �² ~� öÊr�z >w�, 7

�ê, DEG�ïf �² Ã&~&
. �º Öj& Ã&� ãÖ B>�

öò~ F«ï� ¾Ú¾ EG~ ³ê& Ã&~� >w³ê& Ã&~V

r^�
.

v B~ >wV¢ �Ï� ~~êöB >w�Ê� *ÚöB~ Ú~�

*f ¢;~z¢ê �v~Vf >wV~ �Vö V¢ Ú~�*� �¢

æ� >wW� �¢ææ� Ú~�*jö V� æz& 7º� Jêæ>

& B
. Fig. 6öBº EG/TPA Öj¢ 1.8� �;~� C Ú~�*ö
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Fig. 5. The effect of reflux ratio on the degree of esterification, DEG
concentration, and degree of polymerization at various EG/TPA
mole ratio.

Fig. 6. The effect of reflux ratio on the degree of esterification, DEG
concentration, and degree of polymerization at various residence
time ratio.

Fig. 7. Profiles of component concentration with residence time at heat
exchange.
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Fig. 8. The effect of inlet temperature of heat exchange on the degree of
esterification, DEG concentration, and degree of polymerization at
various reflux ratio.

Fig. 9. The effect of feed flow rate on the degree of esterification, DEG
concentration, and condensate flow rate at various reflux ratio.
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ÒÏV̂

AV : concentration of total carboxyl end groups in the reaction mixture

[g mol/kg]

C1 : concentration of carboxyl end groups in the reaction mixture

[g mol/kg]

C2 : concentration of EG in the reaction mixture [g mol/kg]

C3 : concentration of hydroxyl end groups in the reaction mixture

[g mol/kg]

C4 : concentration of diester groups in the reaction mixture [g mol/kg]

C5 : concentration of water in the liquid reaction mixture [g mol/kg]

C6, C7, and C8 : concentration of free and bound DEG groups in the reaction

mixture [g mol/kg]

Cki : concentration of k-th component in the feed [g mol/kg] 

Ckp : concentration of k-th component in the heat exchange [g mol/kg]

Ckr : 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

Fi : input flow rate [kg/hr]

Fo : output flow rate [kg/hr]

Fp : flow rate to the heat exchange [kg/hr]

Fr : recycle flow rate from the product to the heat exchange [kg/hr] 

ki : reaction rate constant of i-th reaction in Fig. 1 [kg/g mol hr K]

Mn : number average molecular weight [g/g mol]

MWc6 : molecular weight of C6 [g/g mol]

MWc7 : molecular weight of C7 [g/g mol]

MWOL : molecular weight of oligomer [g/g mol]

P : total pressure [mmHg]

Pn : number average degree of polymerization

PEG
sat , PH2O

sat : saturated vapor pressure of EG and water [mmHg] 

Q : condensate flow rate [kg/hr]

QEG : EG condensate flow rate [kg/hr]

QH2O : water condensate flow rate [kg/hr]

R : gas constant [cal/g mol K]

Ri : 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] 

WDEG : weight percentage fraction DEG groups in the reaction mixture

[%]

xEG, xH2O
: mole fraction of EG and water in the liquid phase

yEG, yH2O
: mole fraction of EG and water in the vapor phase

�Ò�Ê ^¶

α : mole fraction of carboxyl end groups to total functional end

groups in the product

β : mole fraction of hydroxyl end groups to total functional end

groups in the product

λ : reflux ratio defined as Fr/Fi 
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