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Table 1 Monomer feeding flow rate and mode, and the heat load distribution index

No Feeding flow rate and mode Qua/ e
1 Withont adding in the poly process 26.455
2 Monomer flow rate is 0.25 mol'h from the heginning to the end 20.042
3 Monomer flow rate is 0.5 mol/h from the beginning to the end 18.783
4 Monomer flow rate is | mol/h from the beginning to the end 28.844
5 Monomer flow rate is 0.25 mol/h from 3600 s 1o the end 18.779°
6 Monomer flow rate is 1 mol/h from 3600 s to the end 13.3%"
7 Monomer flow rate is 1 mol/h from 1800 3 to the end 31.298°

* Only calculate to the first gel effect peak
My =4.4418 mol, AIBN; = 0.00774 mol, T=70T

100
80
1]2

60| 3 4

o[-

Conversion (%}

20

1] 1 1 I
0 50 100 150

Time (min)

200 250

Fig. 1 Kinetic simulation data of MMA polymerization
at various monomer flow rate { T = 70°C, [ AIBN] =
0.01548 mol/L)
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Fig. 2 Number average molecular weight simulation of
MMA polymerization at various moncmer flow rate( T =
70°C, [ AIBN] = 0.01548 mel/L)
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Fig. 3 Weight average molecular weight simulation of
MMA polymerization al various monomer flow rate( T =
70T, [AIBN] = 0.01548 mol/L)
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Fig. 4  Molecular weight distribution simulation of
MMA polymerization at various monomer flow rate( T =
70°C , [ AIBN] = 0.01548 mol/L)
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Fig. 5 Kinetic simulation data of MMA polymerization
al various monomer feeding mode( 7 = 70°C, [ AIBN]
= 0.01548 mol/L)
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Fig. 6 Kinetic simulation data of MMA polymerization
at various benzene feeding flow rate and mode( T'=70°C,
[ AIBN] = 0.01548 mol/L)

Table 2 Solvent feeding flow rate and mode . and the heat load distribution index

No Feeding flow rate and mode

Qs f Qe

Without adding benzene

Benzene flow rate is 1 mol/h from 3600 s to the end

Benzene flow rate is 0.5 mol/h from the beginning to the end
10 Benzene flow rate is 0.6 mol/h from the beginning to the end

Benzene flow rate is 1 mol/h from the beginning to the end

26.455
23.583
6.283
2.142
3.084

M, = 4.4418 mol, AIBN, = 0.0074 mol, T = 70C
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Fig. 7 Number average molecular weight simulation

of MMA polymerization at various benzene feeding flow
rate and mode{ T = 70 ,[ AIBN] = 0.01548 mol/L)
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Fig. B Weight average molecular weight simulation of
MMA polymerization al various benzene feeding flow rate
and mode( T = 70°C, [ AIBN] = 0. 01548 mol/L)
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Fig. 9  Molecular weight distribution simulation of

MMA polymerization at various benzene feeding flow rate
and mode( T = 70°C, [ AIBN] = 0.01548 mol/L)
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Fig. 10 Conversion and polymer weight fraction in the
MMA polymerization system at various benzene flow raie
{T =70C,[ AIBN] = 0.01548 mol/L)
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Table 3 Dodecyl mercaptan{ DDM) {eeding flow rate and mode , and the heat lead distribution index

No Feeding flow rate and mode Total DDM mole Q! Qe
1 Without DDM 0 26.455
12 DDM flow rate is 0.05 mol/h from 3600 s to 4600 s 0.01389 2.451
13 DDM flow rate is 0.1 mol/h from 3600 s to 4100 s 0.01389 2.181
14 DDM flow rate is 0.1 mol/h from 3600 s to 4600 s 0.02778 1.765
15 All of the 0.02778 mol DDM is added at 3600 s 0.02778 1.823
16 All of the 0.02778 mol DDM is added at 0 s 0.02778 1.835

M, = 44418 mol , AIBN; = 0.00774 mol, T = 70°C
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Fig. 11 Kinetic simulation data of MMA polymerization Fig. 12 Number average molecular weight simulation
at various DDM feeding rate and mode ( T = 70°C, of MMA polymerizalion at various DDM feeding rate and
[ AIBN] = 0.01548 mol/L) mode( T =70°C , [ AIBN] = 0.01548 mol/L)
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Fig. 13 Weight average molecular weight simulation of Fig. 14  Molecular weight distribution simulation of
MMA polymerization at various DDM feeding rate and MMA polymerization at various DDM feeding rate and
mode{ T = 70°C ,[ AIBN) = 0.01548 mol/L} mode( T =70C , [ AIBN] = 0.01548 mol/L)
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OPEN CONTROL OF KINETICS, MOLECULAR WEIGHT AND ITS DISTRIBUTION FOR
METHYL METHACRYLATE POLYMERIZATION

SHAN Guorong
( Institute of Polymer Engineeving , Zhejiang University , Hangzhou 310027)

Abstract The gel effects will bring a violent increase of conversion for methyl methacrylate polymerization. It will
be very dangerous for the reactor and causes an increase of molecular weight and broadens the molecular weight
distribution . In order 10 control the kinetics, molecular weight and its distribution of polymerization simulianecusly,
three characteristic parameters for polymerization of methyl methacrylate; the heat load distribution index, the change
of molecular weight and molecular weight distribution index, were suggested for consideration. The effects of the flow
rale and feeding mode of the monomer, solvent and chain transfer agent on the three parameters were investigated,
respectively . The gel effect can nol be eliminated by changing the flow rate of monomer. The change of monomer feed
mode will result in a multiple violent increase of conversion, and the molecular weight will increase with the
appearance of gel effect. So the method based on varying the flow rate and feed mode of monomer can nol meet the
demand of properly controlling the kinetics, molecular weight and molecular weight distribution of polymerization and
its products . The molecular weight of polymers prepared by solution polymerization or by with the participation of
chain transfer agent was always lower than that of bulk polymerization . However, by changing the flow rate and feed
mode of solvent or chain transfer agent, not only the molecular weight can be equal to that of bulk pelymerization , but
also the gel effect can be eliminated, and the kinetics, molecular weight and molecular weight distribution of
polymerization can be properly controlled simultaneously . The optimum heat load distribution index was even less
than 2.0, the change of molecular weight was lower than 10% , and molecular weight distribution index was even in
the range of 2.0 ~ 2.2, respectively. Two open control methods were selected and satisfied with the experimental
data.

Key words Methyl methacrylate, Kinetics, Molecular weight and its distribution, Open control



