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Research subject: It is not an easy task to get a suitable model
of polymerization due to complex mechanism and kinetic of such
processes. Polymerization temperature, as an intermediate variable
between determining final polymer properties, is a good selection to
be controlled. Fuzzy logic has ability to be applied to processes with
unknown or less informed dynamics.

Research approach: In this research, control of semi batch
poly(ethylene terephthalate) reactor temperature was studied. To do
so, error and error variation were calculated using measured reactor
temperature. Error and error variation were fuzzified using triangular
membership functions. Five and three fuzzy sets were introduced to
fuzzify error and error variation, respectively. Hence, fifteen rules
were defined. Five fuzzy sets were defined to quantify these fifteen
rules. Weight average defuzzification method was applied to calculate
necessary heat to the reactor. Poly(ethylene terephthalate) was
synthesized in a semi batch reactor based on a two steps method. It is
possible to monitor temperature, pressure, rotation speed and mixing
torque in this set up.

Main results: Produced water during esterification determines
reaction advancement. In polycondensation step, mixing torque
determines end of the process. Linguistic based fuzzy rules were
applied to both steps. Reference temperatures were 230 oC and 260 °C,
respectively. Reactor temperature was controlled with 2-1 oC precision.
Control logic was applied using C#.net real time programming.

*To whom correspondence should be addressed:

mehdi@aut.ac.ir


https://arcpe.modares.ac.ir/article-38-41592-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-03 ]

2 (o OYLS 5 kil s Al A g 5951y Slod (531 J S
S 531 ol

Posl3and) s ¢ (055 ol

Al el S el et oSS oK) yorly sigee 0uS2ilS )

A_slgwa_fu_x_m)_mbggu..mljs ol Soliw g, g5l Jdo 4
ol 6l 380 L Joe 0,5] G a it ;5 s e ul
O ey glos il ey g abie By aieils g SISl (6l 0] )8
l_’>u1 )" oo CA—A‘J‘)—A-AL ‘;{LQ‘J w‘P OA_HSO_:...:.’ n.L:_MJ‘j)_.:_..AO‘H a
IS slaan 35 o i 5 (S s 095 o] sl (6 ,Fesluil ISl a S
=kl ® 59, o Jlesl SUles “551_:;&_@@’_“1 O ey slw eiST)
A ity ol 4ol |y s sa s ans s Ml La o] Slus 4 S
ol ool 4z lo yy OYLE 5 5l b adel dlwgmdend H5ST, sles S
OoLw‘l—’éHsﬁ ML‘?LALL:}Q‘)_:...’JaLL:}cl_AQ (5)_50)"..»‘ )‘LJ‘“_‘
0dd il 38 dlLlas &l p s g Llas (S0 ilie (6538 sloacgazo
ool aSll o xSTy ay oad Jlael slo,S ol (o3l iiled s .l
el 00 00 0 IS 4 calizee a8 0035l A e o Ll ool 00, IS 4
L 098 2 sl Le )8 jladie (5518 degormo iy olowly (958 003k o]
ol 00l solaiwl (53l e gl (S9Nl g,y 3l aS se adl|
6‘4_1;44 A_L:y}ojﬁ_..ﬂ) R oA_...;).'Z.._wéLA_uJ}uw )5_.5|) 5o Tﬁf‘).’
‘.\_.5‘59Lg)jo)‘m“))jujd.))}Ca.c)_ws)l_isLabdjo\A_mL.‘;-l_..u
ool ol o (g il ad> oy iiSTly i s (gl 0od o] Ol
aiulyd sl e Ol o 3l —oST5 ol ey ado 0 )0 09— oo
ad>yo 93 ;2 50 (bj P 1 (e (5L J S Bhate 09-boe S
)b_a.bﬁs)j_aad_gj\—voc u-&)l-sd-fu-w‘\’?’ onY\”’ °C e P A
s CHnet _gasly ol sl eolawl Ly IS §laie aloas J,u8

el 0 Jlasl jouSTy 4 S0 o je-b

Y il ol

&3 ousss J yiis

A g dond 5955 1
Lo J s

Sy owiled

HEA P Ly PLowes S
mehdi@aut.ac.ir


https://arcpe.modares.ac.ir/article-38-41592-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-03 ]

Og=kes VY 5 VAAD Jlw 5o o5yl wealy 5l pp S
2 o Sl amaily 5 B pel po 5 e wocin)
Jb 53 o5 B (o 9 V8T Jlw )0 (=58 sl
Wdei Jlage ol e s a8l nlBl e Ve e
Sl Ol ¥ IS a5 (Bl £95 7Y 5 (g7 g9
Feeo Jw o aVlasyg sl b alllw slslss
aS yeboler aod o ol |y, g Yo Ve 5 V.29

Lol ams o (b 1) (—iul33l o,
3,0 552> PET o Jgy (gl —alize sla iy, 4z 5]
slad> 0 93 ) ol )las adgs by o P ot Ll
aSoT gl L8] el aST ot el e g

il Awgmdad 59351y lod (556 S

doddo )
o sl b oyls 0529 Lo o ol oy Ll yo
5 (pr=le,®) glilog, S goa sl ana g Ly
5 D Sigs o ot (Cowle 5 glil e
- Lri&'lﬂs)b pr=leyd byl Bt slsans
s.:LO.».E.?LT U—" .A_B‘oé}g (9 d_»j?r.}' 3,90 (gri"‘h"'ﬂ
5 oolaul Y] asos o il b4y o Jotie
omizmad o [V wslice ol pe po cilizee sl g3 llS
ol b Lakas [F] il La )] o lises sloas )15
,Laizlau L (Poly (ethylene terephthalate) <YL 5
Pl Syl i pann g o F3g e (PET
sanliie ) S 0 PET oliosd Jssd ol los
g gy 60e VAFY Ju o oYLs 5 o sl b

o 10)
I
LO(H 2),0 |<C:>>CJ7

VLS 5 Ll b olbeends Jge 8V IS
Figure 1. Polyethylene terephthalate chemical structure
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Figure 4. Computer interface of set up control software
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Table 1. Required material for PET synthesis

material EG TPA Sb203 PPA

weight, gr 148 232 0.013 0.011
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Table 2. Pet preparation conditions

Catalyst = 345 ppm (of feed) EG/TPA = 1.7 (molar ratio)
Paste mixing: N =250 rpm
Time = 30 min P =3.5bar T =°200C
Esterification: N =250 rpm
Time = less than 2 g water P =3.5 bar T =°230C
Polycondensation: N =200 rpm
Time = increase of torque P = vacuum T =°260C
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Table 3. Fuzzy rules for reactor temperature control
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