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In chemical industrial processes, the temperature of a reactor is an important parameter
influencing on the quality of product and process’s efficiency. However, most chemical polymerization
processes have nonlinear models and exhibit strong parametric sensitivity resulting in the difficulty of
process control, especially for the process of an exothermic batch polyvinyl chloride polymerization
reactor. This is because the heat released of an exothermic reaction and polymer properties change all the
time. In addition, parameters involved in the reactor such as, heat transfer coefficient and heat of
reactions are not known exactly or uncertain. These oftently cause reactor temperature’s overshoot even
though it is controlled by a conventional PID controller. In other words, oftenly a PID controller cannot
control the reactor temperature at a desired set point without any overshoot.

This thesis presents the application of Generic Model Control (GMC) to control the temperature
ofabatch polyvinyl chloride polymerization reactor. It is well-known that the GMC is simple and can be
applied to control linear and nonlinear processes. This is because the GMC can incorporate the nonlinear
model of a reactor in its control formulation. In addition the GMC controller can gauranty the steady state
ofasystem which has areliable process model.

Since the GMC control formulation uses the model of a system to determine a control action,
state and parameter estimation techniques are involved to estimate unknown/uncertain states and
parameters of the system. In this work, heat released of reactions is needed in the GMC formulation but
not available for measurement, on-line heat released estimator is used to estimate the heat released of the
reactions. With these estimates, the GMC controller can give better control performance than the PID
controller does. Furthermore, the GMC controller is more robust than the PID controller in the presence

of plant/model mismatches.
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(Steam Trap)
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(Steady State)
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(sodium polyacrylate)
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Transfer)
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[-1' Hat >1.+]" (44)
1 1 r
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_f%@14 a = (4.5)
R = 2K1\M]\R & (4.6)
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4.5 4.6
L = 9 gar
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i+1

(4.4) - 2
initiator
Rd= 2kJ[I]
(Propagation)
1 kpl
2 kpi i
Kpi
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Mn-+ M . > M il *
Rp = KpIM][M
[M1] . M]
Rp
(4.10)

_EpilRT
K PI. = Ac
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05<f< 10

(4.8)

1, kp2

Flory

(4.9)

(4.10)

kp

Arrhenius
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Kpi
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R-CH3CH-CH2CH. + ,CH-CH2CH-CH2R

Cl Cl

Cl Cl
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J !

Cl Cl

(combination)

Cl Cl

R-CH2CH-CH2CH. + ,CH-CH2CH-CH2R

1 1 1

Cl Cl

1

Cl Cl

R-CH2CH-CH2CH-CH-CH2CH-CH2R

Cl

Cl cClI Cl
termination
MII+ Mm' ----- Dn + Dm
¥ =%

]
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ACHj
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Cl |
Cl
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RTr= Kn[Mr][A-B]
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! (Dynamic
Simulation of Industrial Polyvinyl Chloricle Batch Suspension Polymerization Reactors)

c. Kiparissides, * G. Daskalakis, D.s. Achillas, and E. Sidiropoulou
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2
' = xf
(Pressure drop)
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Sidiropoulon Kiparissides (1990) Yaan étal. (1991)
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(Initiation)

R, =2K,[M][R -]
( Propagation)

Pn.+M -"-) p .
R =KgM\[PH
K. =Ac-ERT

' (Chain Transfer to monomer)

P'+M Ktr D +p’

K~KAM \[PA

[ (Termination)
P-+P K

Nzh o omow

> D +D

, VCM

(4.26)

(4.27)

(4.28)
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7. ( Depropagation)

Rp K op [M][IY (4.37)
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Cmv p_ 1, - (-AHr)M,dX-hA,(,T-T.) - (8{4.38)
dt dt
Fw
VCM
T0 T0=0 [1(T- T

comelV AJT A = hA(T- Tmet) -1AGrho. (L Tj) (4.39)

4 dThg =0
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MWm
MW1
MWw
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Xie étal., 1991

(Termination)!!

Cebollada et al.,, 1989
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/ 2RO
K= 2KJtn
R+M ——» Mk

R =2K{M][R-]

( Propagation)
MR +M — s Koy
Ro =Kr

(Chain Transfer to monomer)

M-+M  — —— » D + M1

K=KIM]IM J

(Termination)

M-+ Mme K >Dn + Dm

M <][M*]

M

IMn]
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kp
kp ~ kpl = k p2 = kp3 =
TR < oy
1
[Af(]
d[Mn’]
dt
R R,
R. 2K J[N
Rp = -d[M]/dt ki [M\[R-}+kp{M\[M n}
3
Rp = -d[M]/dt kdM 1[M ']
517

IM'E]

69
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RI = R,
2kd/11] = kMY
[A],-] [/]
v kt J
[M re] (5.17)
(K -
Ry= Ky -/ IMINY
\ kt )
M'J = 1-[P] 1-X  x=
X Pl = 1M
[M.J
(KJ
M] = (
[P] = ( /
[1] = ( /
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(5.23)

(kD



Ea

= =
>
B = <
ki= Z1exp
K op - . 1 EXP
ktr
D.R. Woods (1991)
51
d 4
26 2.31e+15
ZA 50e+7
75 1.3e+12
Z* 9.2e-3
R 8.314

0.8

tn.Kmol"' 1
tn.Kmoi'. 1
tn.Kmol'. 1
tn.Kmol' 1

kJ.kmol ‘. °K~*

1

(5.24)

(525)

(526)

5:27)

528)

T.Y.Xie, A.E. Hamielec, P.E. Wood

Ed
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291000
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1)

dMm

RT

dMm =

dt

dm.
dt

dMp
dt

-Rp
(VCM)
m Rp
MWm
Rd
MWt
-R

(kmol)

(kg)

2

(5.29)

(5.30)

(5.31)

(5.32)
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MWm= MWI =
MW = (%, kmol )
V= (3
v=_ o+ L+ p +K + WA
Pm P PP Pw P p\A

CPr =(Cpm .+CPi ,+Cp, ,+Cpwk +Qw,

r

M =Mm+Mi+Mp+ Mw +M pyA

ppv=
Cpr =
Cpm=
Cpp=
CpRA=

Cprwr =
dt

Qr+ UA(Tj- Tr)

dTr Qr U A(Tj—Tr)

dt Wr Cpr WrCpr

(kCal.kg
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= ” {kCal.ft 2hr'. °c)

A = ()
Qr = (kCalhr)
r = (m)
Qr =-AH.rp (5.38)
523 (
Cpl WdTI = F,PIP(TVTVA(Tr T) (5.39)
dt
dT]j = [F.p.CP.(T.p-T. )- UA(T.-T) ] (5.40)
dt Cp.
T = (°C)
Tj = 1 (. °C)
Fj = ( m3hrl)
Pi = (kg.ni3
cPi = =1.0 (kCalkg 1 °C~"



o<

5.2

5.3

PVA

(PVA)S

(PVA)

MWm
MW,
MWw

MWp

Cpm

62.5
398
18
160

0.3709

1.0000
0.2232
0.3883
0.9458
830.68
1000.00
1393.80

12393.00

52,000
4.68

60,002

48,000
116,800

832

kg. Kmol
kg. Kmol
kg. Kmol

kg. Kmol

kCalkg 1°C

kCal.kg .
kCal.kg
kCalkg .

kCalkg -

kg.ni3
kg.m3
kg.m3

kg.m3

6



54

T«
TrO)

= I/[I/h+1/hf]

= W' 1-0.80exp(1-(1 7 X)) ]

2841

1.0

6.927

70

30

148

4.8

6.9

118

58

30

76

(5.41)

(5.42)
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21
2.2 (
(Initiator)

2.3

24

3 (Recovery)

Decanter

5.4

(VCM)

( additive)

58

77
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= - +
dTr
Cerr—d = Qr+ UA(Tj -Tr) (543)
f
dTr UA(Jj- Tr
_oQr JUAQ-T) 544
dt WrCpr WrCpr
f=K (Y%Y) +K2J (Y%-Y)dt (5.45)
dx/dt =Hx, §) =KR)(Y*-Y) +K/t) 01 (Y*-Y)di (5.46)
5.46 (Discrete Form)
(Numerical Method)
k
FGCe MK =Ki(t)(Y*-Y (i) + K2(t)YIY*-Y(i>)At (5.47)
5.45
— = K/(Tr'pTr) + K20\(Tr pTr)dt (5.48)

UA(T] -Tr) Or
KI(T RTr)+K2J (T 'RT)dt = (5.49)

Cprwr



200 _

5.5

(TipK)

compensation)

Tjim

o> Wi

&

(1)) (Tr)

KI(Tp-T® )+ KZYJ(TED-T@) At (5.50)
UA UA 0

() *0 WiCpr .
710 -T Ki(Tp-Tr®)+ K22 (r* 2VW) A/ (5.51)
UA UA
ixf)
(rf) i f
1986 Liptak
T
(dynamic
Ti® - T0+ At(T e - Tj@OY T] (5.52)
PO _ 209 P04 TR0l A tj (5.53)
tp rf

¢ f
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Tr

Tr

80



5.6

20 (t=20)

3 30 t/T = 0.25 (

ke
I

K2

1/T2

5.7

Released for the GMC Controller)

2E1 T =

K2

2X 10/80

1/(80)2

K2 =

Ur

)

Ar =

8l

KJ K2

N =10 3.2

T =20/0.25 = 80

0.25 min'l

1.5625 X 10 4min 2

0.25 min 1
1.5625 X 10 4min
1.00 min

1.98 min

2 min

743 kCal.m \min

13.87 min 2

(On-line Estimation of the Heat



Tr T

a

' 1+AL[TIp - ¢'0,

" Thes+ AL[TI* - 71-
T
AT Mo+ 4T kI) + Th K>
Av ZAt

Cprivr — Qe+ UA(Tj- Tr)
dt

Qr<=C p r W r -  UA(Tjm~Trm)
dt

Qn <> :Cpr At <> - UA (7 JE Trf(k))

QEUA

82

(5.54)

(5.55)

(5.56)

(5.57)

(5.58)

(5.59)
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Q,<=Cpr [TV K+ 4Trkn + rjk)]- uA(¢

T Tan

Ore

2 At

30%

2%

60%

- TH()B

83

(5.60)

(561)



Jyp(k”D— Jy ke @m® T ke (@ meepar+ Y o QD
At
(5.62)
Tj= (min)
TO= (min)
Kc= ( C/I°C)
Kc , Tj I D
5.6
5.5
6.5 min
g <
0.30 min
Kc 4.7 °cl°c

)
MATLAB



6.1

(Dynamic Simulation of industrial Polyvinyl Chloride Batch Suspension Polymerization Reactors)

c. Kiparissides,* G. Daskalakis, D.S. Achilias, and E. Sidiropoulou

Kiparissides, * G. Daskalakis, D.s. Achilias, and E. Sidiropoulou

6.1.1
C. Kiparissides (1997)

(Integral

ofthe Square of the Error (ISE))



6.1

6.1

6.2

86

co

ISE = /0e (t)dt (6.1)

ISE-GMC =78.3016

Resooree of GVCCortrdler for Rdyrmerization RC

c. Kiparissides * G.

Daskalakis, D.s. Achillas, and E. Sidiropoulou
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6.2

C. Kiparissides

6.2

6.4

6.3

()

C. Kiparissides (1997)

65

(1997)

(gjT

6.1

6.5

6.3

ting)

87

6.1



6.4

6.5

Regoree df QVCGridle far Riymaizatian PVC

ISE GMC = 98.8875

Rd-Gorirdler for Batch Reediar of PLCRiynerizatian

ISE PID = 100.3759

88
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Gnpar GQVC&ADaatdler for Rdymaization PC

6.6
ISEGMC = 98.8875

ISEPID = 100.3759

<

6.2.1

6.6

60

22
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63

6.7 6.10

30%

60%

25%
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6.8

Q1

(03

X105

((?)

Heat -Transfer Coefficient less 25%

time(hr)

(©.)

30%

25%



6.9

6.10

(01

(0J

&

Q)

60%

60%

25%

)
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6.11

67,600

25%

30%

ISEGMC =99.1638

ISE PID = 104.4358

6.12

93

52 ,000
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Cnpar QVC&ADardler werten het-trarsler aoeffidert less 3%

6.12
25%
I E_GMC = 124.8912 I E_PID = 145.2097
3
60 %
Gnpar QVC&ADadlevwenRite  Redianinoeese8%
6.13

60 %

I EGMC =98.8569 ! E_PID = 106.3834



25%

60%

Rete inmesse 800ard hest-rardfer coeffiden redLe B0

6.14

60 %

25%

Il EGMC = 124.9374

! E PID = 256.9370



6.3.1

6.6 6.9
ISEGMC

30% 99.1638
25% 124.8912

60% 98.8569
25% 124.9374

60%
6.11 6.14
25%

60%

70

ISE PID
104.4358
145.2097
106.3834

256.9370

9%
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7.1

(PID)



7.2

C. Kiparissides

3

(1997)

MATLAB

48
3
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( offset)
- Kc
- X,
- X D
(noise)

and error)

K, X, X D

(Controller Tuning)

adaptive controller

(TRIAL AND ERROR TUNING)

104

(trial



1
2 Kc (
3 Kc
4 Kc
5 1
6 0
1/3
Kc 3
K, > Kecu
d
d
K ,< K el
(ultim ate

gain)

0.5)

105

(integral and derivative action)

(continuous cycling)

0
(ultim ate gain, KJ
K cu
K c;
= Kec;
Kc
Kec= 4.7 , = 6.5 O0=o03



K&

4.7

ci/e°c)

3C)

T/min)

r/irain)

6.5

O (min)

TO (m in)

0.30

ISEPID

101.3580

101.1184

100.8980

110.5690

103.2750

100.3650

100.5680

100.3715

101.3575

ISEPID

100.3194
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67,600

GMC-Controller when monomer weight increase 30%

ISEGMC =99.1638

PID-Controller when monomer weight increase 30%

time(hr)

ISE PID =104.4358

30%

30%

107

52 ,000



25%

GMC-Controller when heat-transfer coefficient less 25%

25% ISE GMC

25% ISE PID

124.8912

=145.2097
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60 %

GMC-cotroller when Rate of Reaction increase 60%

60 % ISE

PID-controller when Rate of Reaction increase 60%

60 % ISE

GMC

P ID

= 98.8569

=106.3834

09



25%

60%

G\0wen Ree inveese @ ardhestdersi aofionrer 26
25%
60% ISE GMC = 124.9374
FDWenRieinoesse ) ardet vl coficenral 223)0
ine{r)
25%

60% ISE PID = 256.9370
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