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BATCH POLYMERIZATION

» REACTOR Simulation
sp(k)
TJ
Jacket reactor dynamic
Tanm L. Tj(k-l) + Tl ij : Tjum) ]/A‘,
T (k) T (k)
i rm 27 jm
(k)
TJ‘
\ 4
k k-1
Tj( ) = Tj( ) + Kee(e(k) - e(k - 1) 4 (dt * sp/Kii)e(k) +
(Kdd/dt * sp)(e(k) -2 *e(k - 1) +e(k - 2))
|
Tr
!
e T T

Kce, Kii Kdd




(Generic Model Control, GMC)

(Lee  Sullivan, 1988)
ddt = F(x, 1)
Y = H(X)

Y=K,£(0+ )k 1E(t)dt

0
E=(y-v1
Y*
dH (x) dx
- dx dl
aH (x)
) dx e

F(x, ) =F(x) + G(x)U

Kx (0+ \k2e{t)dt =~ " [f'(x) + G(x)U]

0 {x)

dx
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Ks{t) + Tk 2 {t)dt =[F(x) + G(X)u]

Tjsp
Reactor
Trm, Tjm
Kalman
GMC Qre
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(4)
KVE(H) + \k 2 (t)dt- F(x)
. -6
: G(x] ()
K, (Ysp= *))+Z kagrsp- v{)At- F (k)
o) N ()
K]= —
1
K, ==

(P. L. Lee, 1989)



I L1%1

2 2x10 1
K'=7 =<86-~:4

K>=VT =80T

J GMC
- lingar in control
- Zeros dynamics ( internal dynamics

TH
Liptak (1986)

1

Ti(k = Tjk')+ At[T|sp<k) STk U]ITL

P Th T IAG

Tj94

F=10 =

k(T4
(TR
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T = ) (+es)pcpy - AHVkpMp) (-10)

|k le(t)+ Jk2e(t)dtj = (
Q{}() = (- AHVkpMp)
e(t) = Trsp(k)- T r(k)

(-) (TR

(Tp®)
1
(Q{K)
Qre
BATCH POLYMERIZATION
REACTOR Simulation
(k) (k)
T sp(k) Trm ’ij
J
Jacket reactor dynamic
Y
sp(k) (k1) (k) o (k-1)
¥R =3 T T, VA . R S
On-line Estimation of the Heat
A Released (Qre(k)) by kalman
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(k)

Qre

(k) b tf

T 1+ € PCpV
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Cott ke, Macchiett*>(1989)

dTrej  Trrrij - Trej {

dt Xf -
dTjej = Tjnij - Tjej )
dt Ty (-2

dTrej 3Trej - 4Trej1-Trej 2
dt 2 (-)

Qrej  CpPr dTrej

UrAr  2Ur dt F e - Ti) ()

dQrj _ Qrel- Qrl



116

BATCH POLYMERIZATION

REACTOR Simulation

(k) (k)
T sp(k) Trm ’ij
i
Jacket reactor dynamic +
T sp (k) = T,(k'l)‘}' ‘E [ T.(k) = Tv(k.l)]/AtJ
) ! ! ? On-line Estimation of the Heat
A Released (by exponential filter)
(k)
TJ
k
Qre( )

0 N (L & )pcpv { ‘f } _ Qre(k)

J g Kye®+ [K,e()dt -

Us Yo 0 0

(Sequential quadratic programming : SQP”  recursive quadratic programming)

SQP '

(linearization)
Wilson (1963) SQP SOLVER

SQP Han (1976)  Powell (1978)
(Quasi-Newton method)
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fmincon.m

BO

(Hessian of the Lagrangian) SQP
SQP
SQP
SQP
(Toolbox)
(Grace, 1993) SQP
SQP (-)
min C(x)
h(x) = 0
g(x) <0
X
Cx)
h(x) [ h2,.hY
g(x) ! [9,,92..9ir
SQP & Incon.mm
5
I} 1 k=0,
X0, B0
(Identity matrix)
2. QP (Quadratic programming)

(dlescent direction: ) C

h g ()

QP (quadratic programming subproblem)
min VC(xT)s+ Bs
h(x) + Vh(xT)s = 0
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g(x) + Vg(xT)s< 0
Cc
3 (step length): -
\ new = X+ 05 1 quadratic
interpolation cubic interpolation a
(Merit function) (-2)
d
= Clx, +v 41*Yx, 8] |+E Xj (Max[0,g (x new ]) (-3
(step length)
T (Merit function)
4, (Hessian of the Lagrangian): B
BFGS (Broyden, Flectcher, Goldfarb ~ Shanno, 1970)
B,.&v
TSR0 VY ()
B'aw=B+y*p” PrBP
B (Hessian of the Lagrangian)
P
P = xrev- X (-5
y gradient of the Lagrangian
y=vxz(xng - v xz(x) (-6)
L X
L=C(x)+Yjdd (x)+Y Ajgj(x) (-7)
J 2 (-)(9 (-0
" ran

lsrvg< (-9)



max{hj(xnew)} <£2

BA2 13
1X10~4, 1X1CT4  1X10°6

2
I} Condensation polymerization

2. Addition polymerization
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(-10)

PET

PMMA
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(polydispersity)

Manipulated Inputs

Measured Polymerization Unmeasured
Disturbances Pracess Disturbances
——)
Controlled Uarlahles 1 ' End-Use Properties

(Operating Conditions)

Controlled Uarloblet
(Product Quality)

-1 (Mcgravy, 1994)

L 3

1 (end-use properties)

tensile strength



quality)

operating conditions)

deterministic disturbance

stochastic disturbance

(controlled variables affecting product

(controlled variables specifying

n
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polydispersity
|
(Grulke, 1994)

Polymer or Copolymer Method of Manufacture*  Major Uses
Polyethylene, low densi HP. B. ol Packaging film, wire and cable insulation,

Y .y _ v toys?ﬂgxmle bottles, housewares, coatings
PoMvinyl chloride) B .Sl E Construction, rigid Plpe, flooring, wire an

cable insulation, fijm and sheét.

Polystyrene* B .SlE Packa?mg (foam and film), foam insulation.
Polychloroprene (neoprene  E T|?e%p\}\‘;I‘rr]ececsoaq|0r%J Ssewb%ﬁsn o

0 1 1 1 .

r)L/Jbber)p g hoses, shoe heeqs, coated fabrics

Automotive parts, molding, compositions,

Poly(methyl methacrylate) BS decorative panels, skylights, glazing

Po%ac_rylonitrile Textile fibers, food packaing _
PoMviriyl acetate) B .Sl E Watelr-(baseld [lJalﬂtsl)adheswes, conversion to
oly(vinyl alcoho
Polytacrylic acid}_and_ Sol. E HP A _heglves}lthlckemng agents,
?oly(methacry ic acid) lonomers

Polyacrylamice E Thickening agent, flocculent

Polytetrafluorcethylene  HP, . Sl Electrical insulation, gaskets, bearings.
_ bushln%s, valves, nonstick cooking utensils

Polytrichloroflugroethylene , ol Gaskets, Tubing, wire insulation

Poly(vinylidene fluorice) , 0|, E Protective coatings, gaskets, pipe

PalyCvinyl fluoride) Sol Protective coatings

Allyl resins* B. Sol Lenses, electroniCs parts

*HP —high pressure; B = bulk; E = emulsion; = suspension; Sol = solution.
*Pon(p-,methyI_stYrene) also available,
*Cross-linked “diallyl and triallyl esters and ethers.



(White, 1977)

(Unconstrained Optimization)

f(x) X
A
| |
| |
a * b
1 (White, 1977)
(Local Minimum)
Local Minimum X (ah)
f(x) X (a, b) f
X (a, b) X X

df(x) . d f(x)
dx 2~ dx?2

Vi=f(x+e)-f(x)=c¢

df(x)
dx i
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d 2f(x
) (x)
dx2
X
X X
X
f(x)>f(x) ! VIi=1f(x)>f(x)>0
df(x) d f(x) o
dx 20 dx:
e d f(x) .0
21 dx
62
X
2.
fF(x)
(a, b) X X X+£ f(x) X
f X = x+ 0X
61T (x) 1 Jof(x)
f(x) = f(x+ 5x) = f(x) + A *x o+ *hBx - D
0X 2! 0X2
0fT(x) R R R
VEi=f(x)-f(x)+ | *OX+*-0XT5 f(x) 0x + .
0X 2! 0x:
X
df
1 ) =0
dx
3 d2f(x) 50
dx2
X
X 1 1 X
X
f(x)> f(x) VEi=f(x)-f(x)>0
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VFf=f(x)-f(x)="8§xTHf*box >0 (- )
11f d2f(x)
(Unconstrained
Extreme)
Lagrange Multiplier
Augmented cost function X X
Lix, X)=o(x, )+ XTH(X, ) (-)
A.eRn  Lagrange Multipier
X X
5L=0=a(x, ) ldf(x, )d (1)
3L o e(x, ) tdix, )1 ]
du du du (-3
Oh:o:f(x, ) ('14)
X X
| df(x) e ( 15)
dx
ol 32
_ X2 exdu 5 .
PP dd da : (-1
dxou (2
2
X Xla
X f(x, )=0
il . = 45
X ; X = x+ OX
X X L (x, ,X):L(x+ §x,u+ OUA)
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augment cost function

L, 'X)_I_()LT(X) voy s OLT(X)

) Su o+
0 x

I-bxT dxf_él Nowg 1 g T 6 5L

ox o+ — -
2! \dx J 21 X ( -17)
1ot f oL ) L
+ — 0X Hx+--0U — * L
2! 2! 0x
f OL1 f OLy (1)
0x [ J [ox
VL= L(x, X - L(x, ,X) (-19)
oLt(x) ‘4 OLT(x) -
0 x
1, ¢t foLs = 0
x 1— *05x+-1‘-guT—dfO—L '
2! 0x  0x 2! | 6x
f A A
+_1ng_3 ot *SC)X+—l .3 fm u+
2! [ 1 20 ox [
2L 2L
OLT(x) FBy 4 3LT(X) « by [OXT 1] 0x2  Oxbu 0x
ox - ! 2L 2L
oxou 2
= 0L+ 02L + .. (-20)
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1 OL = ook §X 4 oo oz (-21)
0x
2 VL= L(x, JA)-L(x, X= 2 ( -22)
X 2L
XU
Augmentvector Z
X
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L(x, X) L(z) =L(x, \A)
L. = 0
0z
2. 52L=75zt. M .5z
8= 28 gy + 2T M5y =
OX ou
0X ou
nV. 09 g 00
dx ou
OX
8f ,a £ w . bx+ 3fT * =0
0X ou
XeRn  Arbitrary parameter Lagrange Multipier
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R 0X AOU
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(State and Parameter Estimation)

(least square approach) X (x)
= a(x- X0)2+b(y - ex)2 ()
a b
X0y
X XO+§+DC7(y-CXO) X = x0+k(y-cx0) (.2
E_I_%r (Gam)
Xy

(Minimum Varian approach)

PO, Q,
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