.. 1930
(Water-based Paint) (Casern)
(Emulsion)
2 2

(Synthesis Latex Paint)
(Styrene-butadiene Latex)
10

(Acrylic Resin)
(Methyl methacrylate, CH2=C(CH3)COOCH3),
(n-Butyl acrylate, CH2=CHCOOC4H)9)
(Emulsion Paint)
(Latex Paint) (Plastic Paint)
2

(Internal, inner or disperse phase)
(External, outer or continuous phase or disperse medium)



(Oil-in-water)
L atex)
L
2.
3,
30
4,

O/W emulsion
(Water-in-oil)

(Acrylic Emulsion)™

W/O emulsion

(Styrene-Butadiene

(Initiator)

29



4.1

(Acrylic Emulsion)
(PID Control)

2. (Set Point)

411

L. (Start up) :
(Semi-Batch Reactor)

2. (Operating  Step)



(Transfer Product)

(Cleaning)

tauun,Emulsion,A95134 (Start up)

l

n15UJURAN1S (Operating Step)

l

AENARNU (Transfer Product)

l

4.1

NAMNEZRIA (Cleaning)




32

4.1.2
1 (Monomer)
2 (Dispersing Media)
3. (Emulsifier)
4 (Initiator) (K2 28)
v )
_@O gz ? f 3
e {fliusSkenidn| L[]
Skl | T —
Hot Water &l w w . Bt Wata
Supplier | Return
: ‘ v
Cooling Water 0 \”j’ %D Cooling Water
Supplier >D< o i Return
Reactor

4.2



4.2

1.1.

1.2.

33

(Overshooting)
(Chain or Addition Polymerization)
(
3

(Initiation)

(Radical Formation) (Initiator)

R)

4-Al
(Iniation) R)

M) 4-A2



2. (Propagation)

(M)
(M") (M)
4-A3
3. (Termination)
2
3.1 (Combination or Coupling) 2
4-A4
3.2 (Disproportination)
4-Ab
Radical Formation --> 2R (4-Al)
Initiation R +M --> M1 (4-A2)
Propagation M+ ML -> Mnl- (4-A3)
ke
Termination by Coupling Mx + My-  —> Mxy (4-A4)

k.d

Termination by Disproportination ~ Mx  + Mvi --> Mx+My (4-A5)

e = +kd (4-AT)



4.3

M, I*

F.Joseph Schort (1993)

kK,[R-M,, « k pM,[M-]

11"

(Initiator)

4AL -

& g

4.A7

+1

(2527)

(Irreversible)

(4-1)
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(Steady State Approximation)

[m?]
[m* A" ) 0 [m"
V, =V, (4-2)
R
V, =
V
vV, (4-A2)
V= A 2k, [1] (4-3)
Vp (4-A3)
Vp = - k,[R*][M] +kp[M][M (4-4)
(3)  Ki[R*][M] « kp[M]M ] (4-5)

Vp = - = Kprmipu (4-6)



(4) (4-2) V, =V,
e = 2k t[M +]
2fkdl] = 2Kt[M*]:

A
. kakd[I]YZ

kel oY,
ke ] 12k
Vp=ikp[M]
K
k = Ae "ERT
Vpcckp(kd

Ak|y

(4-7)

(4-8)

(4-13)

(4-14)

37



431

L. (Steady State approximation)

(Elementary and Irreversible Reaction)

3.
4,
)
6.
(Material Balance)
Mo —r v, (4-15)
(Fm)
(mM (MWm) 4-16
FM = MWM (4-16)
4-12

(vp
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4-18
kp = kOexpVRTry (4-18)
4-16  4-18 4-15
'L“atm—‘ -z M' |k(bXpVRTrAMM (4'19)

(Energy Balance)

(Energy Balance) 2

dgW Cp.T,) =ms|Cp>L™ -T,)+Vp(-AH,)-Uaft, -T,) (4-23)

dT
L

dT, mMpMrmt-T,)+Vp(-AHf)-Ua(T, -T))
"It = W.Cp,

dT, _mMp,(T- -T,)+QI+UA(TI-T))

dt rCPr (4-25)



Qr=Vp(-AH,) (4-26)
Mr=Mm+Mw +Ms (4-27)
WE=WMHWw + WS (4-28)

Cp, * : :
Cp.* M+ (Cpw*  )*CPB=Wo) |4 o)

CPr =

T, FACpA-Tj-UAfc-T,)
dt ViP,.CPj

A (4-31)



4.4

= +
+ +
4-25
3-11 Y Tr
1-25 - Ty e YA
(Cpr
3-11 K (Y-Y)+ Ik 2(Y-Y)dt=F(x, ,t)=~
NozKUTrep-Tr)+K2jd A -T )t (4-32)
4-25 4-32 4-33

K,(T-T,)+K, IJ'(T,SF -Tr)dt

MMVCPMTB T1)+Qr+UA(Tj-Tr)
WiCpr
(4-33)

4
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4-33
(T) (Tn)

T,=T1-Q,- m,Cp, (T,1-T))+ MKLT, - T)+K, j(T,, - T,)dt}
(4-34)

4-34

POl QR-mMpMTan-TK) +" " &IT9-Trk)+KS X P-T«)At}

(4-35)
434 ' (Ti)
(Ti) (TrK)
(TiK)
(T, K)
ij _ Tj(k-l) i At(TJsp(k;_ TJ(k_”) (4'36)
& i e T-,(Tj(k) B —I-J(k—l)) (4-37)

Jsp J Al
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(T k)

(Tiv**)

4.5

(On-Line Estimation of the Heat Released for the GMC Controller)  Cott
Macchietto (1989)

Qrc
dT, +eMCpMTmi,-T,)+Q ,+UA(TI-TI) WL 5,
ot = W'c ( }
4-25 Qr

Q,=WC_Cp, -m,CPU(T,b-T7,)-UA(t,-T) (4-38)

4-25 4-38 (T)
(TJ)
dt‘) ’

(Numeric  Differentiation)

(High-order Differentiation Equation)



Qe

A1) LA (Tr-Trf!

AT (439)
TE=TiIo+ A j-y) (4-40)
qT* 3 -4Tf9+T)

i 2 A (4-41)
4-39  4-41

Qe 4-38
QU= Cp"* -mCpuft,,- )-UA( - ) (4-42)
=Qm +At(Q1'Q } (4-43)

f ! 5T Qe



» Reactor Simulation

(k)
Tjsp TJ > Tr
(k) (k=1)
. Bl =)
Tjsp (k) - Tj(k 1) s ) J J
At
A
A4
Estimator
(k)
T_i
(k)
Q ref
v \ 4

. _ . —WC.. _ k :
T =T,%-Q, " -m,C (5 —T,<“)+—UAP {K,(Trsp ~TY)+K, (T, - T,‘“)At}
0

4.3




4.6

T. T ALsTann
—‘> ' 1% I's
ANANSDUDRD LAY
r, NSRS ——»
wAzasnsol
——»  MsALANLULALENT
4.4
K, K2
3
20 t=20 )
A= 10 3.2
* .1 —= 0.25

46

t/T=025



4

T= = 80
K,=f=r0 =02
K2 =

1 =-L.= *
T|§ 852 1.52625*10~4

K 0.25
K2 15625 xio 4

4.1



4.1

k2
Kc

4.2

(Emulsion Polymer)

(Turning Parameter)
(Turning Parameter)

MWm kg/kg-mole
MWw kg/kg-mole
MWS kg/kg-mole

cPm
CPw

CcPs
Hm

Pm

P,
Ps

keallkg C
keallkg 0 C
keallkg C
kcallkg-mole
kg/m3
kg/m3
kg/m3

0.25
1.52625x10 4
5.0

10.0
1.0

100
18
100

0.45
1.00

0.75
13800

938.85
1000
1200



42

)

(Emulsion Polymer)

Impurity Factor (Dimensionless)

43

(Gas Constant)
(Activation Energy)

60 °C

MF

W\WF
Wsf
PIF

kcallkmole K
kcal/kmole

kmole min 1

keallkg ° ¢
kg/m3

C
kgmin

49

— =
1.9873
20

42.30

4149.5
1300.0

159.2
0.7398
0.2318
0.0284

30
31



4.4

4.5

kg
kg

m
m

ms

ms
m3min

keallkg ¢

°C

°C
keal/ir*min"C

3027
21
0.0000
0.9931
0.0069

30
95
30

2.10
2.38
10

2.69
1.00
120
30
57.85
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