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Inline Dielectric Monitoring of
MMAlBuA Copolymerization Reactions

Alexandre F. Santosb•d, Abdelhamid Cherfia, Timothy McKennab, G. Seytrec, Enrique L. Limad,
Jose C. Pintod , and Gilles Fevotte*a

Abstract: Dielectric analysis has become an effective instrumental means for monitoring a variety of polymer
resin processing properties. This is because the dielectric properties are sensitive to the changes of resins
properties linked to the mobility of the polymer molecules. In the present work, dielectric analysis is used for
in-line evaluation of monomer conversion and overall conversion during MMA/BuA solution copolymerization
carried out in batch. An empirical model was derived to correlate the dielectric loss factor and monomer
conversion. The effects of inhibitor and MMA concentration on the dielectric properties are also investigated.
It is shown here that this technique allows the successful real-time evaluation of monomer conversion in lab-
scale MMA/BuA solution polymerization reactors, but that limitations do exist, and in particular the need for
experiment-specific calibrations.
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1. Introduction

The increasing requirements of quality,
safety and economic operation are all
reasons for the ever-growing interest in
the development of in-line sensors and
techniques for monitoring process varia-
bles and product properties.

Monitoring techniques based on di-
electric analysis are well suited to provide
real-time data with simple hardware and
software tools. A small sensor that pro-
vides an effective instrumental means for
monitoring a variety of polymer resin
processing properties can be inserted into
an existing reactor system without time-
consuming modifications. In some sys-
tems this type of probe can be very useful
because the dielectric properties such as
permittivity (dielectric constant) and loss
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factor are sensitive to changes in polymer
properties such as varying viscosity or
the formation of a crossed-linked insolu-
ble solids [1][2].

Recently, a relatively large number of
publications presenting experimental in-
line measurements of dielectric proper-
ties have been reported in the literature.
However, most of these investigations re-
fer to cure monitoring applications and
very little is known about the in-line eval-
uation of these properties for estimating
homo/copolymerization progress. Crow-
ley and Choi [3] reported the use of di-
electric sensor as an in-line monitoring de-
vice for monomer conversion measure-
ment. However, their study looked only
at the homopolymerization of MMA
(methyl methacrylate).

In the present work, dielectric analy-
sis is used for in-line evaluation of mono-
mer conversion and overall conversion
during MMA and BuA (butyl acrylate)
batch solution copolymerizations. An
empirical model was derived to correlate
dielectric loss factor and monomer con-
version.

2. Experimental

Solution MMA/BuA polymerization
batches were carried out at 60 DC with
toluene (Laury lab-France, 99%) as sol-
vent and AIBN (Acros Organics, 99%) as

InItIator, using a II stirred tank reactor.
Samples were occasionally collected
from the reactor for off-line determina-
tion of monomer conversion by gravime-
try. Gas chromatography analysis (CG
5890 Hewell Packard) was used to deter-
mine individual monomers conversion.
The monomers used were MMA (Acros
Organics, 99%), BuA (Acros Organics,
99+%). Chemicals were used as re-
ceived. Both the MMA and BuA used in
the batches contain 10 and 20 ppm of
MEHQ (monomethyl ether of hydroqui-
none).

Dielectric measurements at frequen-
cies of 1 Hz were collected at regular
intervals of 1 min using an impedance an-
alyzer/gain-phase SI 1260 (SOLAR-
TRON INSTRUMENTS) controlled by a
microcomputer, connected to a planar
wafer-thin sensor inserted into the reac-
tor. The sensor is inert and has 2 cm x I em
area and Imm thick. For all the batches, a
sinusoidal voltage with amplitude of 1 V
was imposed across the sensor. The re-
sulting current traversing the sensor was
also sinusoidal but out of phase with the
voltage signal. The instrument measures
the amplitude ratio and phase difference
of the signals and, from these, calculates
the equivalent capacitance and conduct-
ance. These two values are used to calcu-
late the permittivity (c') and loss factor
(c") for the polymer solution in contact to
the sensor, as described elsewhere [1-3].
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3. Results and Discussion Table 1. Experimental conditions of the polymerization runs: calibration data set

a Solvent: toluene (480 g); solids content = 40%; T = 60°C; [AIBN] = 3 g/I

Run MMA[g] BuA[g] w

Exp1 - MMA 320 1.00

Exp2 - MMAlABu 240 80 0.75
Exp3 - MMAlABu 160 160 0.50
Exp4 - MMAlABu 80 240 0.25

I)

This empirical approach can account
for the different compositions in the
batch, and the overall gravimetric con-
version. Thus, MMA conversion was re-
garded as dependent of a sort of parame-
ters Pi and variables (/Ji in a polynomial

Gravimetric measurements of conver-
sion and normalized loss factor values
were correlated by an empirical model
described by Eqn (1), where the parame-
ters kJ and k2 (with 95% confidence inter-
val) are given by kJ = 1.05£-2 ± 3.0£-4
and k2 = 4.288 ± 0.121.
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The influence of induction period can
be clearly seen in Fig. 1 and Table 2. Di-
electric measurements are more delayed
as w decreases. This occurs because as w
decreases, we add more BuA, and thus
more inhibitor W.r.t the initiator concen-
tration.

Table 2. Inhibitor concentration in the media

For the sake of the dielectric signal
calibration, solution MMAlBuA polym-
erization batches with different initial
compositions were carried out. Table 1
shows experimental conditions for the
polymerization runs, where w represents
the initial weight fraction of MMA in the
monomer mixture.

Fig. 1 shows the typical evolution of
loss factor dielectric signal at a frequency
of IHz when homo/copolymerization
batches are carried out. Loss factor val-
ues change dramatically as polymer is
formed, indicating high sensitivity to the
resistance imposed by reactor media to
the mobility of ions. This is to be expect-
ed because a low frequency electric field
was applied. It can also be noted that a
maximum value of loss factor occurs at
each polymerization run, at different re-
action times. This behavior was also ob-
served by Choi and Crowley [3], and was
attributed to the induction period of the
process, due to the consumption of inhib-
itor molecules by initiator radicals. In this
case, the maximum value of loss factor
dielectric signal represents the start-up of
the polymerization process. To minimize
batch-to-batch variations, calibration tests
must be done with normalized dielectric
data.

For practical applications, the moni-
toring of normalized loss factor should
be done only after the evaluation of
E"( w)max' This constraint may be unim-
portant, as E"( w)max is generally observed
during initial instants of the polymeriza-
tion

Fig. 1: Dielectric signal monitoring during po-
lymerization runs, W = 1.0 (+), W = 0.75 (0),
W = 0.50 (0), W = 0.25 (.).
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approach, described by Eqn (2). The vari-
ables were chosen by the trial-and-error
method, and a minimization of the differ-
ence between chromatographic and pre-
dicted values for MMA conversion. The
Pi parameters calculated from such ap-
proach are (0.354, -0.620, 0.555, -0.375,
0.163, 1.048). The $; variables used in
h . [1""2 2 ]t e regressIOn are ,E, E ,W, W ,Xg .
These variables were found to provide the
best agreement between predictions and
calibration data set.

mllla ::: L PI' <1> I (2

4. Conclusions

An empirical model was derived to
correlate dielectric loss factor and mono-
mer conversion. The effects of inhibitor
contents and MMA concentration on the
dielectric properties were also investigat-
ed, showing that this technique allows the
identification of the induction time. The
empirical model can be used at different
MMA contents. However, further cali-
bration is needed if we are to treat a wider
range of conditions.

Received: December 22, 2000
Fig. 2 (A,B) shows the estimation of

the overall and MMA conversions for
copolymerization batches. It can be ob-
served that the model fits quite well over-
all conversion values, some difficulties
are observed for MMA individual con-
version at initial times due to the pres-
ence of inhibitor molecules, as discussed
above.

An extra MMA/BuA copolymeriza-
tion (w = 0.50) run was carried out in or-
der to validate the empirical model, as
shown in Fig. 2 (C). It can be observed
that, particularly for the MMA conver-
sion, predicted values are underestimat-
ed. However, overall conversion predict-
ed values are in good agreement with ob-
served values.
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Fig. 2: Estimation of the overall (0) and MMA(+)
conversion, and comparison with Xg (.) and
Xmma (.) experimental values: (A) w=O.75, (8)
w=O.50; (C)validation results for an extra batch
with w=O.50
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