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Abstract — Free radical polymerization of methylmethacrylate was studied using filled tubular reactor with some axial dis-
persion effect, such as a near plug flow pattern, due to intensive radical mixing induced by static mixers. It was of interest to

investigate how the performance of the filled tubular reactor has been investigated by model simulations. Both start-up tran-

sient and steady state behaviors of reactor were investigated through model simulations. The model simulation results in con-
tinuous filled tubular reactor could obtain the monomer conversion of 0.6, which was higher than in CSTR. And, the optimal-
inside diameter of filled tubular reactor was-2.54 cm. The model simulation results suggested that the filled tubular reactor
could be potentially a good continuous reactor for the polymerization of methylmethacrylate. In this study, the filled tubular

reactor was potentially a very important new industrial polymerization technology.
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Table 1. Modified mass and energy balance equations
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Table 2. Kinetic and physical constants and the reactor operating con-

ditions
k,=4.2%X 108 exp(-3170.6/T), l/mol - min [5]
k,=1.86 % 10'® exp(~17608.8/T), min~ [TBPO] (6]
ks =1.74% 10'® exp(—9037.2/T), l/mol - min (5]
k=g, % 1.06 X 10! exp(~1409.2/T), I/mol - min (5
k; =k,
1 2
2= i—)—(exp(Bx-{-Cx ) [71

B=-41.54+0.1082 X T(K)
C=23.46+0.0785 X T(K)

(~AH)=13.8 Kcal/mol 8]
0,ms=0.9654-0.00109 X T-9.7 X 1077 X T, g/em? (8]
P pmimad=P i (0.754-9.0% 1074T-70)), glem® [8)
CPma=0:490, cal/g * K [8]
CPpmg=0-339+9.55 X 1074(T-25), callg - K [8]
L=1524cm

k*=0.027677 cal/em - min - K [9]
M=9.349 mol/!

TF298.15K

*X: MONOMET conversion

Fig. 1. Static mixer.
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Fig. 2. Steady state profile of the reactor with various coolant tem-
perature; T,=25 °C, 1,=0.01 mol/l, D=2.54 cm, 0=100 min.
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Fig. 3. Steady state profile of the reactor with various feed initiator
concentration; T,=120 °C, T=25 °C, D=2.54 cm, 6=100 min.
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Fig. 4. Steady state profile of the reactor with various inner diameter of
reactor; T,=120 °C, T,;=25 °C, 1,=0.01 mol/, 6=100 min.

o] Aok B3 {1 Ao mE Lxilelz AFA|7k] 2R
HA gL AES E' Ao] S 3 Fo) YR Fow g
B ozl o] WA FE], A4t BUFsst). Fig. 4904
AR = R 7ol #] =717F 2.54 ecm(1MNA overshoot?}F HAY
HA gormg st At B A7)E 254 em(1M)YE ¢ F Uk

3 AF7HA g RAREAAE ARAEeire AdEn 8%
ANME grade WA EE AN T3 mdgLe Fa= )
Fig. 55 274 259 992 110-120°Colxe) 53 mdge] Aol
ok BHAFATR] 120 AErt 99 AR =2EE Jo] o
ZE 5 QT

g

4.8 E

BAYME AT MMASES 913 N2 BAYHEE uierrt &
ARE o3 RdaE FalA FRAEJT RARAAS 729
CSTR REE7|HTh Riew AFgo] A 52 60%R =7 713
= ¢ F Utk 2PRAFT 257 120°C ©lFlAE overshoot7t
oA I LEA 7L 7FsElt) B3 AR EE wheoloA 23
HA 242 F8% A FZ7)e 254 cmrt o] BAKE
AHZ & A} V2] BHFE wherl) HlEA AR
ALg-o2 WhEo] 55o] Y3 plug flowd fALSE X158 SH)

HWAHAK KONGHAK Vol. 37, No. 6, December, 1999



820 i)

Residence Time (100 min)

—— T=110°C 7N\
64  ——T=120°C N—————

Conversion
S~

0.0 T

20000

3 15000 -

M, &M

10000

5000 -

24

22 4

2 20

1.8

1.6 H J

¥ T T T T T T
0 20 40 60 80 100 120 140 160 180
Time (min)

Fig. 5. Dynamic simulation results with various coolant temperature;
T=25 °C, 1,=0.01 mol/l, D=2.54 cm, 6=100 min.
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Cp - heat capacity [cal/g - °K]
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AE

D : inside tube diameter [cm]

o

: axial dispersion coefficient [cmzlmin]
- heat transfer coefficient [(:al/crn2 - min - °K}
—AH : heat of reaction [cal/mol]

=

I - initiator concentration [mol/l}

'y . thermal conductivity of polymer solution [cal/cm min * °K]
ky : initiator decomposition rate constant (min™}

kfm . rate constant for chain transfer to monomer [//mol * min]
k; - {nitiation rate constant [//mol * min]

k, : propagation rate constant [//mol * min]}

k, - termination rate constant {//mol * min]

L - total tubular reactor length [cm]

M - monomer concentration [mol/[]

M, - molecular weight of monomer [g/mol]

M, : dead polymer concentration with n repeating units [mol//]
1\Tn - number average molecular weight [g/mol]

I\Tw : weight average molecular weight [g/mol]

P, : live polymer concentration with n repeating units [mol/]

P(=Ag) : total concentration of live polymer radicals {mol//]

Pe : Peclet number

R : primary radical concentration {mol/]
t : dimensionless time

t : time [min]

T : reactor temperature [°K]

T, : coolant temperature [°K]

u, : axial velocity [cm/min]

z : axial distance fcm]

Jgloja EXt

B : dimensionless heat of reaction

Y - dimensionless heat transfer coefficient of tubular reactor
0 : mean residence time [min]

A : kth moment of dead polymers [mol/I]
M : kth moment of live polymers [mol//]
S : dimensionless distance
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