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The purpose of science is to peel back the layer of
the appearance of objects to reveal their underlying
nature. (Dr. Michio Kaku, Hyperspace 1994)
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Lorenz Butterfly Model (by Edward Lorenz, weather scientist 1963)

Zxo 7|12 0|5 2F

dx
7 = U(y — x) x = fluid velocity (872 k)
t Y = temperature difference (2 & X}0])
; dy Z = extent of asymmetry in
Y = 7 X(p—2)=y temperature profile (=& H|CH 7 d)
7 dz Xy — Bz
(LRI a Chaotic Behavior
~ TIME
Zr 2t 9| tH =7} A 7+0]| C|{ 5} O
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TIME TIME
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Dynamic Modeling and Simulations of Molecular Weight
Distributions In Continuous Stirred Tank Reactors for

Solution Polymerization of Methyl Methacrylate

Benjamin Robinson and Kyu Yong Choi*

The finite molecular weight moments (FMWM) technique, originally
developed for calculating the complete molecular weight distribution (MWD)
in batch free radical polymerizations, is extended here to simulate transient
changes in MWD in a series of continuous flow stirred-tank solution
polymerization reactors. Unlike the classical method of molecular weight
moments, which only calculates molecular weight averages, the FMWM
technique provides a simple and effective means to calculate the whole shape
of the polymer molecular weight distribution curve, even during the transient
period of reactor operations in continuous processes. In this work, the
solution polymerization of methyl methacrylate is used as a model system to
demonstrate that the FMWM technique can successfully simulate transient
MWDs, particularly bimedal distributions of polymer molecular weight
resulting from varying reactor operating conditions in a series of two
consecutive continuous stirred-tank reactors operating at different
temperatures. The simulation results reveal several interesting aspects of how
polymer MWD changes over time in each reactor.

weight averages and polydispersity
(PD =M, /M,) have limitations in fully
representing the complete characteris-
tics of MWD. For example, two polymer
samples with the same molecular weight
averages can have different MWD shapes,
resulting in different rheological properties
of the polymer melt and other polymer
characteristics.!'?! Unfortunately, there is
no established method to describe such dif-
ferences in MWD shapes in a quantitative
manner, except for visual observations. In
certain polymer applications, it is desirable
to adjust or control the polymer content
within a specific molecular weight range
to enhance rheological or mechanical
properties.|*! However, the actual prac-
tice of making such adjustments largely
depends on the expertise of experienced
practitioners. This is because the quantita-
tive relationships between certain polymer
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contribution of live polymers to the total polymer weight has been  ergy balance of the reactor j is expressed as:

neglected, as their amount is much smaller than that of dead ZA7Ll= A Al T o)
polymers. The time-varying value of fim, n)is calculated by solv- 4T, ot {—ﬂHR}Jk p g ?' EJ—I' — T -, -1 EH OI DI I| , .‘H'.(table) I
. . - . Lo - - _ = —
ing the following differential equation: R 7 ( Jin J] + Gy I °°:| EH E H Io_ EI_I EI..
- U A,
n iM, .
df (m,n) _ lziﬁ— Em "GV, (T,-T,) =12 (23
dt ﬂ;ﬂ i—m di H'ﬂ

a3 M, f(mm) dA

Pt =
Using Equations (&) and {14), we obtain
LdM, 1 d
T = ——fm.n){ + k,MP [(m(1 - 0) + a)
a7 = (n+1)(1-a) +a)a"] a7

Then, for the first CSTR in series, the function fim, n) is re-
duced to:

dfy(m,n) kM Py

=T
at .11,1

[{m{l—ﬂ” +II']}III|-J11‘:|_2

+ (I + 1)1 - &) + @) @ = 2— a)fy(m.n)] (18)
where the subscript 1 refers to the first reactor. Similarly, the
model equations for the second reactor can be derived. The final
form of the function f(m.n) for the second reactor is expressed
as:

.i

dﬁ‘m "’—Lﬂ m, ) = fy(m,m)] —

121

[{jmu — @)+ @) a4 (4 1) (1 - @) + ) (19)

L £ (m,m)(2 — ay)] tnMaPy

1.2

The dead polymer molecular weights for the second reactor are
calculated using the following:

“U-g 7 1

— ﬁ(.ﬂ — A8, )+ (kpaMy + kS, + ko Py) Py (20)

Here, T, is the inlet feed temperature, UA is the reactor w
heat transfer parameter, and T, is the cooling jacket temperatu
pand C, are the density and heat capacity of the reaction mixtu
respectively. For the dynamic simulation of the non-isotherr
CSTRs in series, proportional-integral (PI) controllers were
corporated into the respective reactor energy balance equatio
The PI controller manipulates the cooling jacket temperan
to control the reactor temperature. The controller paramet
were tuned manually to achieve satisfactory temperature cont €
performance. Since the solution polymerization was not hig
exothermic under the simulation conditions chosen in this stu @
tuning the controller parameters posed no particular difficult f

0.06

0.05

2 0.04

S 0.03
@

3. Method of Solution =

To simulate the time-varying polymer MW Ds during the tr
sient period of the reactor process, the model equation:
including mass and energy balances, polymer molecular wei
moment equations, and the finite molecular weight mom
equation presented above—were solved using MATLAB's ode:
solver,

To examine the transient MWD dynamics, the temperature
points of the first and the second reactors were specified, and 1
initial startup simulations were carried out until the two react
reached their steady states. The perturbation simulations wi
carried out by step-changing the temperature set point of the s
ond reactor. The reactor model was simulated until the sect,,
reactor reached a new steady state. During this transient peri
the MW Ds were calculated to observe how the shape of the MWD
changed with time. The MW D was divided into 100 discrete chain
length intervals equally spaced on a logarithmic scale between 0
and 7.5 % 10* monomer units. For each chain length interval,
the relevant model equations were solved in one-minute time in-
tervals with the weight fraction value from each time interval be-
ing stored for plotting. Scheme 1 illustrates the data/information
flow diagram for the model simulations and data storage. The ki-
netic parameters used in the mode] mmu]atmns are summarized

amd B B om  weia . . - -

0.02

0.01

10?
Chain length

Ds of the second reactor following the set point change in temperature from 60°C to 32°C.

10*
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