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Abstract—An experimental study has been carried out for a batch PMMA polymerization reactor in order to establish
the validity of the mathematical model previously developed by the present authors and also to investigate the charac-
teristics of the polymerization reactor system. The measured values of the monomer conversion and the molecular
weights turned out to be in good agreement with the mode] prediction throughout the course of reaction. To examine
the reactor characteristics systematically we considered three kinds of reactor temperature trajectory-constant, linearly
increasing with time and linearly decreasing with time. As the reaction temperature increased or the initial concentra-
tion of the initiator increased, the monomer conversion became higher and the average molecular weights of the
polymer produced became lower. The polydispersity, however, always tended to increase as the reaction proceeded.
Based on the comparison between the experimental results under various reaction conditions and the results of
model analysis, it was confirmed that the monomer conversion and the average molecular weights of the polymer

could be predicted with reliability.
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Table 1. Free radical polymerization reaction mechanism

I ﬁ* 20- Initiator decomposition
o +M —5 R, Inijtiation
R-+M —% R, Propagation

R-+M P,+R; Chain transfer to monomer
R-+S ﬁ"—* P,+S Chain transfer to solvent

R +R;- ﬂ* P,+P; Termination by disproportionation
Ri-+P; K, P, Termination by combination
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Fig. 1. Schematic diagram of the polymerization reactor system.

1. Polymerization batch 7. Recycled water control

reactor valve
2. Hot water supply tank 8. Circulation pump
3. Cold water supply tank 9. Flowmeter
4. Mixing chamber 10. N; inlet
5. Hot water control valve 11. Stirrer moter
6. Cold water control valve 12. Condenser

Table 2. Specifications of the polymerization reactor system

Type Batch, jacketed
2 liter(inner dia. 134 mm, depth 220 mm
working volume 1074 ml)

Volume

Material 3 mm, SUS 316

Mixer 4 blades, 45° pitched-turbine type
Temperature Pt 100 ©2 RTD(reactor, inlet and outlet of jacket)
vdetector
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Table 3. Standard conditions of GPC analysis

Flowrate 1.0 ml/min
Temperature 35C
Concentration 002 g/10 ml at 20C
Sensitivity 32
Standard PS
Sample PMMA
Solvent THF
Detector RI
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Fig. 2. Experimental results compared to the model predictions under
the constant temperature condition at 60°C(Monomer : 800 ml,
Solvent : 800 ml, Initiator: 8.0 g).
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Fig. 4. Experimental results compared to the model predictions under

the constant temperature condition at 80°C(Monomer : 800 ml,

Solvent : 800 ml, Initiator : 8.0 g).
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ARBYIZ

Fo, F1, Fs: zero, first and second order moment of dead polymer
concentration [mol//]

Gy, Gy, Gy : zero, first and second order moment of living polymer
concentration [mol/!]

I :initiator [-]

ks :initiator decomposition reaction rate constant [s ']

k; :initiation reaction rate constant [//mol-s]

k, :propagation reaction rate constant [//mol-s]

k,  :termination reaction rate constant [J/mol's}]

k. :termination reaction rate constant by combination [//mol-
s]

ke :termination reaction rate constant by disproportionation
[I/mol-s]

kem :reaction rate constant of chain transfer to monomer [{/mol-
s]

k.. :reaction rate constant of chain transfer to solvent [//mol-s]
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122 3

M :monomer [-] 2.

M(t) : monomer concentration at time t [mol//]

M., M. : number average and weight average molecular weights 3.
[g/mol]

Mw,,, Mw; : molecular weights of monomer and solvent [g/mol] 4.
R+ :living polymer of chain length i [-]

P; :dead polyvmer of chain length i [-]

S :solvent [-] 5.
V  :volume of reaction mixture at time t [/]

W, :weight of monomer [g] 6.

W, :initial weight of monomer [g]

Wi : total weight of mixture [g] 7.

W;, W,mpe : weights of polymer in the reactor and in the test 8.
tube [g]

Witaisampie © total weight of sample [g] 9.

X(t) : monomer conversion at time t [-] 10.

@- :free radical [-]
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