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Research subject: It is not an easy task to get a suitable model
of polymerization due to complex mechanism and Kkinetic 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.
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mehdi@aut.ac.ir
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Figure 1. Polyethylene terephthalate chemical structure
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Figure 3. Experimental set up
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Figure 4. Computer interface of set up control software

Y ek - ooeh o 5001 e g sl Ay o (g (oole aolibad



el Amgm e ,5ST) sles 318 S5

09 euds V-V mg jolaie oay . Cwl oo oolaiul
5 o0l gls W KBr jog Veo-Ver mg L, goad
O_ilj‘FTIR;é_rbscud_ﬁjLAQTj(r@)éW
oolaiwl Lo mady (SIS (g9, 5 b a3 T o, 3
sl 00 (5,503l VC g9 09 Ll s (59,51,5 5
2l ey (H5Sge 02 g00e langto e

IYY] os—i o awlxe

[7]=67x107 31,04 M
— ru.m ‘sle o..\_.uSJrJ H‘)“‘ Y-y
sl b5 ol (e 538 S 5l
G NSl s Sl g0, 5,8 L

I, 3% ) mbar U ,=STa> J/B-85N S5 oy ¢ o515
5l Jymame Olyiea) EG g, Jrgd j5-lato 4y
g Loools (5 5laar cmsloi 0S o Jloog! (ad> o o]
s =Sy Sl ailels lagy S slapy oS
5 ol ‘6)51&“’.' Lools L oui ax_iqs CH#onet
o=t |y ai_sgi JIi 8l g eai ¥ USS 06 0,53
5wl oas_uils J Sl o acgamme ] a2 oo

] 00l 00ls daingy
g SJLe ol (YL os s Ll a6l
Az, ,esSTy 2y g ool o8 e oSS L]
S 2 50 o0liiwl 0 50 0lgo Jade V Jeam 09D o0

uﬁnwﬁ»wlowdl)lY sz)é).u._w\]a.!‘)_w

PET i o 53 505 olge 5 lajesise Jlaie ) Joor
Table 1. Required material for PET synthesis

material EG

TPA

Sb,0, PPA

148

weight, gr

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 =3.5 bar 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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Figure 8. Heat fuzzy set membership functions
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