4.1

(bulk) (emulsion) (suspension)
(solution) (Grulke, 1994)
1 (bulk polymerization)
(paint) (coat) (platizol)
2 (emulsion” polymerization)
(extrusion)
carlandaring
3 (suspension polymerization)
4, (solution  polymerization)
-l
4
(Grulke, 1994)
411
Initiation Step |  —>2R (4.1a)

RM k>R (4.1b)

Inhibition R+ In—in s q (4.1¢)



Propagation ML+ M > M+ 1
Chain Transfer wme m ke s ome wi
Termination W Mmoot M aie W om
(Disproportionation only)
I (kmol/m3
k
kd (min)
kil
kfs
kp (mol /min’)
kpo (mol '/min)
K, (mofmin’)
k0 (mof/min]
M (kmol/m’)
Mn (- olim3
(Chain Reaction) 4
(Chain Initiation Step)
11 (Decomposition Step)

(Free Radical, R) (4.1a)

TigQ 'ndoé’l

83

O(min’)

(min)



4

0(M)
)
(Propagation Step ) (Mn)
(Mnt)
(Chain Transfer Step)
(Chain Transfer to Monomer )
(Mn)
(MJ
(M) (4.3)
(Chain Transfer to Solvent) )
(Mn
(Mn
() (43)
(Chain Termination Step)
m
mMny  (Mn) : (4.4)
(4.1c)

(Quasi-Steady-State Assumption)

44

dM
Rp= - = = kp MM
it

3

(4.5)



A+ bB---—>cC
= = = kpAaBb
a dt b dt cd P
41a
R:= =k df*
M 2
Rl: . Ay
dt
(4.4)
M = N Th
" t VKt
Tromdorff effect

(Gel Effect)™ Crowley  choi (1996)

Ross

Laurence (1976)

37

(4.10)

Autoacceleration



38

- = DUToQ[T 15V - OU7ECT - 2732) (41)
o

A V01856 -2.965x10 4(T-2732)

g —-k'ﬂl = 230070 explrsvit (413
0
A VEe= 04856296510 4(T-2732)

o -0 (414
N
g = —A- = 7.Ux10 Sexp[l7153Vf] (4.15)
) {0
Y Vi< 05
kD
O
Vi = 0025 +am(T-Tgm)(pm+ a p(T - Tgp)pP + a (T TgsWs
(4.6
Tgm ()
Tgp ()
Tgs ()
(Grulke,

1994) !
Kp=Apexp (-Ep/RT) (4.17)



Kp
Ap
Ep
Ep-Et/2

412

kk

kk =

Kk,

k MLk lkt)il2M

2f.kdl

39

(4.18)

(419)

(4.20)



412-4.14

413

Polydispersity

414

4.2

(Exothermic Reaction)

(Highly Nonlinear)

41

(Thermal conductivity 1 0

Crowley Choi (1996)

(Solvent)

40



41

"\L—@ C c

]’: w . 4JJ_J'— Hot
F, — > —Cold
: Heat
Exchanger
pump
41
(Ethyl Acetate) (Initiator) 0 (Azobis-
Isobutyronotrile, AIBN) (Monomer)
(Inhibitor) (Monomethyl ether of hydroquinone, MEHQ)
(4.)
(Hot stream ) (Cold stream )
0 100 (72110 33 )
( 2 )
( 65 338.15
)
Disproportionation
0) =-kd[ (4.21)

(422)



f A 12
2fikd |

v okt J

(Live Polymer Radicals)

Quasi-steady state assumption (QSSA)

M 1" 411

(Chang, 1992) 2

(Agitator)

(Addition Polymerization®

(Chang, 1992)

42

(423)



42
Chylla

A =1000/(T+460)

f

Viscosity

42

Randall (1993)

T 05eyg 140 23T

[IU =0.O32exp(19'10 10[2-%1-563]

h= 143 4exp(-5.1310 ")

Addition
polymerizations

Condensation
polymenzations

Convar sion T

(Mcgreavy, 1994)

(Mcgreavy, 1994)

(4.24)

(4.25)

(4.26)



44

(Crowley Choi  199%)

Vo= VO(L+ CX) (427)

e mo (4.28)
vV P

. MO — M (429)
MO + 8M

(material and energy balance)
(Crowley ~ Choi 1996)

dl EkpMP

di kd o+ : (430)
0y
o VA A— (4.31)
dt A Mol
(+ £ )pecpv-y- = (- An)VkpMP - 0\Tr - T. (432)
(PCp)c Vr A = (pep)ege(ljin -Tj) + 0(rr -Tj) (433)
3
(Crowley  Choi. 199)
dk - A kpMP (434)

LY Mol
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<
Okt 2 - K MP (4.35)
oy Mo )
"7 h- 3a4a2 8o %)
dt \ 1— 3 Moy
Q= memeeeeeee N (4.37)
kBM+ kf—mM+ kfs + kP
43
2
41 42
Crowley Chol
(199)  Kim (1991) Crowley  Choi (1996)
Kim (1991) 43 44
41
Crowleyll  Choi (199)
kd 1.56x101sexp(-32,666/RT) /
kpo 2.95x10%xp(-4,353/RT) /
|
k11 7.41X10'9Xp(-8,990/ RT) /
/
' 1.16x10kexp(-20,262/RT) /
|
' 5.88x10%xp(-702/RT) /
|
t 05

Ps (0.925-1,239x 10T)x103 /



4.1

(-Ah)
*5

4.2

Ve

V”
M1
Cl,

4.3

M1
Mi
Ms
ML

Cpm
Cp,

Crowley

(0.9654-0.00109XT-9.7x 10XT) X0

Choi (1996) (

(b 0.754-9.0xI0(T-TO)xI0

14900
1482

1967

Crowley

Crowley

Choi (1996)

Choi (1996)

)

0.68

35
18

0.02

100.12
16421
92.14
34212
04
0.48

46



43
Crowley  Choi (199) ( )

Crowley  Choi (1996)

44
Kim (1991)

gt I

47

0.535
0.45
885.7
915
8155
1200
0.15
0.45
10
0
303.15
303.15
10
0-100

Crowley  Choi (1996)

Kim (1991)

200
05
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4.4

Cln

denCp
denCpc

48

Kim (1991) ( )



(1 + ES)pCAV== (- AnpkehP - {1, — ) (4.38)

Tr
X = Gx, + Hu
T R
G H X
L]
T~V qexL+s ) T (4.39)
Tr
() )
BATCH POLYMERIZATION 1= ,ij
>
REACTOR Simulation
)
Tjsp
MPC
Jacket reactor dynamic 56ﬂ6§§n3§’3u¢§1
s g-n U g
= - / + Nm
T T+ T[T, PEAKAL ALY el o L
t
A
)
TJ'
o u (
ITi *) Tj (k+1) 3 -.,,Tji’ (k«Nm)l

43 j
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Set point r(t)

44

50



ol

46
Kalman Bucy (1961)
(Discrete)
(lease-square method) (minimum  variance
method) Astrom  Wintenmak (1990)
(Gain)
(0) (R)  Gutta  Zafiriou
(1994) (Extended Kalman Filter)

Gattu  Zafiriou (1994)

Xk + )=Ax(k}+BU(K) + C(K

Y = Cx{k)+ Tk (4.40)
Taoi
Q EY( )
R ( )
P —
0 —
R —

45
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45

x(k/k),P(k/k),Q,R
1 (Weihgting matrix)
(k+1)
x(k +1/k) = Ax(kik) +BU (k)
P(k +1/k) = AP(kIk)AT+Q
2 (Kalman gain matrix) (k+1)
K(k +1/k) = P(k+1/k)CT[CP(k +\/k)CT+RY'

X(k+ 17k +1) = x(k+17k) +K(k +D[Y(k +\)-Cx(k +\/K)]

4 (Weighting matrix)
P(k+1k+D) = [1-K{k +\)CIP{k +I/ K)[I - K(< +\)CIT+K(k +\)RK(k +\)T

a1

Cott  Machigtto
(1989) Kershenbaum  Kittisupakom (1994)

Astrom  Wintemak (1990)

46
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4.6 ( 2541)

k=CTr

Kershenbaum  Kittisupakom (1994)

(M)
bilinear
dr -R-b*Mr*Tm (4.41)
(Qo
QB = R(-Ah = -b *Mr * Tm(—Ah) (4.42)
b
Ah
N=-b *Mr*(-An) (4.43)
dN

- *(_N *d_M
< =0 *(An) dt[ (4.44)



4

, QF -y« < e e 2
at <l o+ %
Qe W My« d (5.45)
dl dt dt
Kershenbaum  Kittisupakom
(1994)
bilinear '
(54)
M Y (4.31)
dt Moj
dd'\t/' = R=B*M*Tr (4.46)
b Bromh
(I + £5)pCpV-N- = (- AHvk MP-  0f(t, - T
(4.32)
(Qu
gre * RE-AR)= M=V *kpp T *(-A h) )
N=—=B*M:v+«pg V'A h) (4.48)
d—(;t\l = -B *(-Ah)e dé\t/l (4.49)
B
dN M
8- g .
148 n i (450)
N ' B
Q" = -B *(Tl " i )
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k C'gt'e T *%';' F N *% (451)
(I + es)pcpvddll’ - (— AH)VkpMP = UO(Tr = Tj) (4.21)
(pCp)c Ve idT_J T (pCP)cqc(Tjin 7, Tj)+ Uo(Tr o= Tj) (4.22)
N LR (4.50)
dt dt
Qe =1, Ny (4.51)
dt dt dt
dB
— =0 (4.52)
dt
Tni T
54
Kershenbaum Kittisupakom
(1994) (State Space Forint
dx
- Ax+Bu
dt ( )
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X
Mm 9
Y (Tr}T)
AB ¢
(Taylor’s series)
(4.21H4.22) (4.50M4.52)
al -al 0 a3 0 > "0
ad a4 0 0 0 . qc_
-fe+Sl V-CO Si> 4y 0 S S Isli + OC []
*all + ' *a3l ft*al2 +' *a32 Si*313+17*333 Si*ald +' *a34 Si*al5 + 1r*a35 0
0 0 0 0 0 e 0.
(4.53)
10 0 0 0
" Oypg a0 0 0
al = (-Ul(V*qc*(l+es)) Y

-I(V*qc*(I+ £5)) ad = ( /(Vc*qe))
1x105 a6 = 1x105

a3
&



5/

T k+D) = (QuKIV* gex(1+e s )M ( *(TIK)-T,(K))(V*aex(1+ 85 )¥dt+Ti(k) (454)
Ti(kt1) = (at*(qe/Ve)(Tiatk)-Ti( )))+((dt*U)*(Tr(k) TiK)I(Verge(I+Ss)) +Thk)  (4.95)
N(k+1) = N(k)+ dt*(-B(k)*(N(k)*Ti(k))) (4.56)
Qu(k+1) = Q,(K)H{dt((N(k)* T (k+ D)+(T (Kj* N(k+1)))) (4.57)
B(k+1) =B(K) . (458)
dt
X X
47
48
49
47
() / 200
1(0) 293.15
T/0) 20315
Qi0) I 0
N(0) : 1x105

B (0) - 1X105



438

49

1

58



BATCH POLYMERIZATION

59

" REACTOR Simulation
@) ({)]
Trm ’ij
o A On-line Estimation of the
isp
N
Heat Released (Q, “) by
kalman filter
Jacket reactor dynamic 6 "
Tl = giEY « Ty '
A 4
MPC.
A al ada oy
DANDITUIDIUN
)
TJ
£+ Nm 1 R
) = { (x Qx + u Ru)dt
W 0] W
lTi (k) Tj (k+1) 2 ‘”’Tj (k+.\‘m)]
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