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ABSTRACT: A model to describe the evolution of conduc-
tivity measurements in emulsion polymerizations was pre-
sented in the first part of this work [Santos et al., ] Appl
Polym Sci, 2002]. The model was built on the assumption
that surfactant is partitioned among the three principle
phases of the polymerizing latex. Model parameters were
estimated by fitting the model responses to experimental
conductivity data obtained in different runs performed with
similar solids content, reactor temperature, and initiator
concentration. A soft-sensor strategy was then proposed for
monitoring of the number of polymer particles (N, ) by
combining the conductivity model with the available con-
version, temperature, and conductivity signals. The main
objective of the current work is to validate the conductivity
model in a broader range of operation conditions, to follow

the evolution of N, (nucleation/coagulation) on-line under
different reaction conditions. A series of batch and semi-
batch polymerization runs were carried out aiming to eval-
uate the model performance when different solids content,
surfactant concentration, and reactor temperatures are used.
Additionally, simulation studies were performed to assess
the model sensitivity to the fluctuations of the conversion
and temperature signals. Results showed that the model is
able to perform accurate predictions of N, even when dis-
turbances of *£2°C in temperature and *+0.03 in monomer
conversion take place during the polymerization process.
© 2003 Wiley Periodicals, Inc. ] Appl Polym Sci 91: 941-952, 2004
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INTRODUCTION

Emulsion polymerization is a widely used industrial
process for the production of synthetic polymer la-
texes. Many studies have been conducted to unveil the
kinetics and mechanisms of emulsion polymerization
reactions. Harkins® presented the first attempt to pos-
tulate the basis of emulsion polymerizations, by stat-
ing that the swollen polymer particles and micelles are
the main reaction loci in emulsion polymerization,
and that the monomer droplets serve as monomer
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reservoirs for the growing particles. Smith and Ewart®
treated the Harkins’ theory quantitatively, providing
fair description of emulsion polymerizations of water-
insoluble monomers, such as styrene and butadiene.
Since then, the batch emulsion polymerization has
been generally viewed as a sequence of three intervals
that involve particle generation by micellar nucle-
ation, particle growth, and final monomer consump-
tion inside swollen polymer particles. For slightly wa-
ter-soluble monomers, alternative theories had to be
built to describe the more complex particle nucleation
mechanism. The possibility of producing polymer par-
ticles in the absence of micelles by homogeneous nu-
cleation, was first verified by Priest* and Jacobi’ for
the vinyl acetate and vinyl chloride emulsion poly-
merizations, respectively. Further contributions were
provided by different groups (Napper and Alex-
ander,® Dunn and Chong,” Fitch and Tsai,® and Han-
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sen and Ugelstad”). The last two groups attempted
to present a quantitative description of the homoge-
neous nucleation, which is known as the HUFT
theory. According to the homogeneous nucleation
theory, the formation of particles is due to the pre-
cipitation of the oligomeric radicals formed in the
aqueous phase.

Citing a lack of unambiguous experimental evi-
dence for previous theories, Feeney et al.'”!! pro-
posed an alternative theory, the so-called “coagula-
tive nucleation theory,” by assuming that the parti-
cle nucleation involves at least two mechanistic
steps: the formation of colloidally unstable primary
particles by homogeneous nucleation, and the coag-
ulation of primary particles until attainment of col-
loidal stability, providing the so-called mature par-
ticles. Giannetti'> presented an approach for de-
scription of particle formation by assembling
aspects from the micellar, homogeneous, and coag-
ulative nucleation theories, yielding the so-called
“extended coagulative nucleation” model. General
expressions for time evolution of the PSD moments
were then proposed.

Due to their smaller surface area, monomer drop-
lets have long been regarded solely as reservoirs of
unpolymerized monomers rather than as sites for
polymerization in all of the above-mentioned theo-
ries. However, strong stirring conditions and the
presence of hydrophobic compounds lead to the
formation of submicron monomer droplets, which
provide a surface area that can be large enough to
compete with the micelles for radicals. Ugelstad et
al.”® reported that the monomer droplets can be-
come the predominant loci for particle nucleation in
these cases. This mechanism has been called “drop-
let nucleation,” and is the most important one in
miniemulsion and microemulsion polymerization
reactions.

It should be clear that particle nucleation in emul-
sion polymerizations is a very complex process, and
that it depends on the particular set of operation con-
ditions, including the surfactant and initiator concen-
trations, the temperature, and the monomer solubility
in the aqueous phase. The nucleation step obviously
plays an important role in determining the PSD of the
final latex, which in itself constitutes an important
parameter to be controlled in the final product. In
addition, because the polymerization rate is directly
proportional to the number of polymer particles, it is
desirable to be able to monitor particle nucleation
on-line during the emulsion polymerization. How-
ever, sensors currently available for this purpose,
such as light-scattering devices, are both expensive
and difficult to operate on-line. It is therefore of
interest to develop an alternative on-line tool to
monitor and control particle nucleation and/or Np
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in emulsion polymerizations. For these reasons, our
two laboratories have taken a special interest in
developing techniques that are inexpensive, easy to
implement and widely applicable, such as conduc-
tivimetry and calorimetry.

The main objective of this work is to validate the
conductivity model, to follow the particle nucleation
process on-line at different conditions. A series of
batch polymerization runs were carried out to evalu-
ate the model performance, and to extend its use to
both seeded and unseeded semibatch processes. Fi-
nally, simulation studies are performed to test the
model ability to predict N, when both conversion and
temperature data, used as model inputs, are subject to
perturbations.

The use of conductivity measurements for monitor-
ing and control of N, constitutes a new area of study
and is still in the early stages of development.' The
concept is based on the fact that conductivity measure-
ments allow us to monitor the evolution of concentra-
tions of different species in the latex. In the first part of
this work, a conductivity model was built to describe
the evolution of conductivity measurements in emul-
sion polymerizations. The model was built by assum-
ing that the surfactant is partitioned among the prin-
ciple phases of the polymer latex (the aqueous phase,
the micelles and polymer particles—it is assumed that
the contribution of the surface area of any monomer
droplets present is too small to influence how the
surfactant is distribute). Model parameters were esti-
mated by fitting the model responses to the experi-
mental conductivity data obtained for different batch
polymerization runs performed with similar solids
content, reactor temperature, and initiator concentra-
tion. However, our main interest is to apply the con-
ductivity model on-line during emulsion polymeriza-
tions, and to demonstrate that it can be used for con-
trol purposes, which necessarily involves the analysis
of semibatch processes using monomer and emulsi-
fied monomer feed policies. Furthermore, the great
majority of the industrial emulsion copolymerization/
terpolymerization processes are carried out through
semibatch operations., It is therefore of great interest
to verify the ability of the model previously developed
to perform proper predictions of N, for emulsion po-
lymerization systems at different conditions, such as
solids content and the surfactant concentrations, and
to show that the model parameters estimated from a
base set of conditions can be applied to a moderately
wide range of solid contents, temperatures, and sur-
factant concentrations.

The main objective of this work is to validate the
conductivity model, to follow the particle nucleation
process on-line at different conditions. A series of
batch polymerization runs were carried out to evalu-
ate the model performance, and to extend its use to
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TABLE 1
Estimated Model Parameters and the 95% Confidence Interval for the General Model
Parameter Estimates + 2*STD Units
0y 0.4090 =+ 0.0371 mS/cm
0" ~0.3265 +0.0138 mS/cm/°C
a,F 130.57 +4.19 (mS/cm)/(g/L)
aFT 19.14 +1.29 (mS/cm)/(g/L)/°C
o FE —2.49E + 04 + 1.60E + 03 (mS/cm)/(g/L)>
gOEET 372.42 + 2521 (mS/cm)/(g/L)*/°C
& 0.1111 + 0.0072 (mS/cm)/(g/L)
&7 0.0463 +0.0036 (mS/cm)/(g/L)/°C
&F —-9.94 + 0.67 (mS/cm)/(g/L)?
£ET 0.1978 +0.0949 (mS/cm)/(g/L)%/°C
&FF 348.96 +13.72 (mS/cm)/(g/L)?
& —0.0168 +0.0265 (mS/cm)/(g/L)
g7 —0.0618 + 0.0266 (mS/cm)/(g/L)/°C
&F —-3.771 +1.329 (mS/cm)/(g/L)>
&FET 3.619 + 1.236 (mS/cm)/(g/L)*/°C
&,EE —2.22E + 03 + 8.66E + 02 (mS/cm)/(g/L)?
&Fer 39.3339 +14.1925 (mS/cm)/(g/L)%/°C
& —0.4953 + 0.0141 1—(mS/cm)
&7 0.0116 +0.0021 1—(mS/cm)/°C
&F 244 +0.7 1—(mS/cm)/(g/L)
EFT —0.0830 +0.0493 1—-(mS/cm)/(g/L)/°C
&,FE —255.28 +7.20 (mS/cm)/(g/L)?

Parameters estimated for an ensemble of four runs.
KPS = 1.0 g/L, T, = 60°C, solids contents—10%, [SDS] & 0.01-0.04 M. CMC of SDS

= 0.01 M at 60°C.

both seeded and unseeded semibatch processes. Finally,
simulation studies are performed to test the model abil-
ity to predict N, when both conversion and temperature
data, used as model inputs, are subject to perturbations.

BRIEF MODEL DESCRIPTION

The semiempirical mathematical model proposed
previously for the conductivity signal® is briefly
described in this section. The model was built by
assuming the conductivity signal is the sum of con-
tributions from surfactant molecules present in the
latex as free molecules, as micelles, and as adsorbed
species, according to eq. (1):

ma mmie 1 \m2ds
o =00+ (&) g T (E) g + (fz)()vaq (1)

,

The number of particles is related to the conductivity
signal through the last term in eq. (1), which gives the
contribution of surfactant absorbed on the particle sur-
face. More details of this are discussed by Santos et al."
Model parameters were estimated by fitting the model
responses to experimental conductivity data obtained

for different polymerization runs. The final set of model
parameters [eq. (2)] was very large because it was nec-
essary to include the effects of temperature and ionic
strength in the conductivity signal as discussed by San-
tos et al.' The set of model parameters is presented in
Table I. These global parameters were fit for a set of four
batch runs as described in the previous work. Note that
because all of our experiments were performed at the
same initiator concentration, this parameter was not
taken into account in the original model, and any con-
tribution from the KPS is thus included in the baseline.
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EXPERIMENTAL

A series of Styrene (99+%, ACROS, France) emulsion
polymerization runs were carried out at different sur-
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TABLE 1I
Styrene Polymerization Batches with 20% w/w Solids
Content T, = 60°C; KPS = 1.00 g/L

Exp [SDS] Final N, Comments

S16 0.01 M 8.1E + 17 Low SDS content

S14 0.02 M 8.5E + 17

S13 0.03 M 1.3E + 18

S17 0.03 M 3.8E + 17 Shot of Hydroquinone

at t = 28 min

factant concentrations (SDS, 99+%, ACROS, France),
using potassium persulfate (KPS, 99+%, ACROS,
France) as initiator. Two main operation conditions
were employed during the tests: 20% solids content
with 60°C as the reaction set-point temperature and
10% solids content with 70°C as the reaction set-point
temperature.

The experimental procedure and set-up were de-
scribed elsewhere.! A platinum sensor connected to
the conductivity meter was inserted into the reactor
to provide in situ measurements of latex conductiv-
ity. Both temperature and conductivity were mea-
sured every 10 s. Samples were regularly collected
during the reaction for off-line analysis of conver-
sion (x)—by gravimetry, and average particle size
(dp, nm) by dynamic laser light scattering (57032-
Malvern Instruments Lo-C). These pieces of infor-
mation were then used to calculate the number of
polymer particles in the latex (Np) in accordance
with eq. (3).

6 m,xe 107

NP - TPl -dp3

Effect of solids content: unseeded batch reactions

Styrene emulsion polymerization runs were carried
out using 20% (w/w) solids contents. Experimental
conditions are reported in Table II. It must be pointed
out that in experiment S16 the surfactant concentra-
tion was lower than the concentrations used in the
calibration data set. Another important aspect is the
sudden addition of hydroquinone during experiment
S17 to halt the reaction. Experiment S17 is similar to
experiment S13, but includes a shot of hydroquinone
(HQ), reaching a concentration of 3.0g/L of HQ in the
reactor. This test was performed to stop the particle
nucleation quickly and verify whether the conductiv-
ity model response would describe the reactor re-
sponse properly.

SANTOS ET AL.

Figure 1 summarizes the results obtained for the
batches carried out with 20% (w/w) of solids content.
Basically, the N, estimates agree well with the ex-
perimental values, particularly for those runs car-
ried out with higher surfactant concentrations.
Model deviations are of the order of the experimen-
tal error. This test shows that the model is able to
perform predictions outside the calibration ranges
used for surfactant concentrations and solids con-
tent. Moreover, both the conductivity and the tem-
perature profiles were quite different from those
observed previously in the calibration data set,
which supports the model adequacy to describe the
conductivity measurements.

In all cases, the model provides very good estimate
of the measured values of N, during the nucleation
period. When the shot of hydroquinone was per-
formed (517), the reaction stopped immediately, as
one can observe following both the temperature and
conversion profiles. Furthermore, the typical decrease
of the conductivity signal during the nucleation pe-
riod is suddenly stopped after the HQ addition, and
the model was able to capture the nucleation interrup-
tion.

Figure 1 also shows that the conductivity model
performs correctly when the solids content in the
recipe is changed from 10 to 20%. Thus, it would
appear that the parameters estimated at 10% solids
are still valid at 20%. This is comforting, as it implies
that we can use one set of calibration data for a
moderate range of experimental conditions (of
course, how wide this range is needs to be verified).
It can be observed that the conductivity model de-
livers reliable predictions on N, under different con-
ditions.

Effect of temperature: unseeded batch reactions

Most conductimetry meter devices also measure the
reactor temperature at the same time as the conduc-
tivity to compensate for temperature deviations of the
conductivity signal. This compensation is generally
accomplished by using an internal calibration law that
relates the conductivity measured at a given temper-
ature to the conductivity measured at the set point. In
this study, the conductivity measurements were not
compensated by the temperature drift because it was
assumed that the conductivity model would be able to
capture the deviations induced by changes in the re-
actor temperature. To verify the applicability of the
conductivity model at higher temperatures, styrene
emulsion polymerization runs were carried out at
70°C. Experimental conditions for these tests are re-
ported in Table IIL



EVOLUTION OF NUMBER OF PARTICLES IN EMULSION POLYMERIZATION 945

18
1.7 - (A)
1.6 4
1.5
1.4 -
134
1.2 4
114 -

mSfiem

1.0E+18 - -

8.0E+17 A

6.0E+17 A

Np

4.0E+17 <

2.0E+17 =

Conversion

Temperature (°C}

T T T 0.0
0 20 40 60 80 100 120 140

Time {min}
23
22
2.0

1.9 4 t
18 4 H
1.7 4 L ' L
16
15 -

59

mSiem

2.0E+18 ~ r

1.6E+18 - .

1.2E+18

Np

8.0E+17 4

Temperature (°C)
Conversion

Time (min)

Np

mSicm

12E+18 -
1.0E+18 -
B.OE+17
6.0E+17 .o
4.0E+17
20E417 L

m&cm

45E+17 ~ -

4,0E+17 -

3.5E+17

3.0E+17

25E+17 -

Temperature (°C)

Temperature (°C)

2.1
20 Joy (B)
18 4

{
1.7 4
16 4
1.5 - e
L J

14 4
13-

66
65
64
63
62
61
60

0.1
59"_—# T T ¥ T T T T T T 0.0

0 10 20 30 40 50 60 70 80 80 100
Time {min)

o000 0
WhOAONROLO
Conversion

23

22 Aw*\ (D)
2.1 4

204
1.8 4
1.8
1.7 -
1.6
15 -

62.0 - 02
61.5

61.0

605

T
o
e
Conversion

600 3

00

59.5

Time {min)

Figure 1 Experimental off-line latex properties, on-line measurements, and model results for N, during batches with 20%
(w/w) solids content: validation results for S16 (A), S14 (B), S13 (C), and S17 (D). N.B. Two temperature curves are shown:

Reactor temperature (Ty) and jacket temperature (no label).

The results obtained for the experiments reported in
Table III are exhibited in c. The batch S7 (SDS = 0.02
M) was the only case where N, estimates are not in
good agreement with the experimental data. In this
run, numerical difficulties were encountered during
computation of model predictions, just after the inter-
ruption in the conductivity signal due to a brief loss of

TABLE III
Styrene Polymerization Batches at Tr = 70°C
Exp SDS Final N,
S9 0.01 M 8.8E + 17
S7 0.02M 1.4E + 18
S8 0.03 M 2.0E + 18

Solids content = 10% (w/w); KPS = 1.00 g/L.
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Figure 2 Experimental off-line latex properties, on-line measurements, and model results for N, during batches at 70°C:

validation results for S9 (A), S7 (B), and S8 (C).

information caused by an unidentified (but tempo-
rary) process malfunction. This interruption took
place in the middle of the particle nucleation period.
From this point on, the model no longer predicts the
data well. If one observes Figure 2 with care it can be
seen that the conductivity signal profile is discontin-
uous because of the temporary sensor failure. The

perturbation step, however, is of the order of 5% of the
overall change of conductivity signal along the batch.
This indicates that model responses may be quite sen-
sitive to certain loss of information. Therefore, it might
be interesting to study how sensitive results are to
changes of certain key process variables, such as the
reactor temperature and monomer conversion.
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TABLE IV
Unseeded Semibatch Reactions with Monomer
and Surfactant Feedings

Variable S22 524
7, (%) 10 20
77 (%) 17 30
[SDS], 0.02M 0.02M
[SDS], 0.047 M 0.05 M
dp, <40 nm <40 nm
dps 71 nm 81 nm
B 2.66 g/min 2.90 g/min
aF,, 3.20 g/min 6.80 g/min

@ Not kept constant; KPS = 1.00 g/L.
F,, F—feeding flow-rate of monomer and surfactant;
7—solids content

Effect of solids content: unseeded semibatch
reactions

Unseeded semibatch emulsion polymerization reac-
tions of styrene were also carried out using the exper-
imental setup described previously. A solenoid dosing
pump (ProMinent) was included in the apparatus to
feed the monomer into reactor. A small burette con-
taining a concentrated surfactant solution installed on
the reactor lid provided the surfactant feed. The bu-
rette valve was operated in different positions de-
pending on the experiment to provide either constant
or time-varying feed flow rates of surfactant to reactor.
The surfactant feed flow-rate values were calculated
by considering the volume read in the burette and the
time interval between successive readings. Usually,
the monomer feed flow rate was not kept constant;
instead, it was deliberately varied to provide a good
test to the conductivity monitoring strategy. Table IV
summarizes the experimental conditions used for the
unseeded semibatch emulsion polymerization reac-
tions. Basically, these reactions started in batch follow-
ing the same procedure described previously® with 10
or 20% solids content, and after nucleation is finished,
the surfactant and monomer feed streams were turned
on, starting the semibatch period. Even though the
model was not applied on-line during such experi-
ments, the moment at which the semibatch feed
stream was introduced was actually identified by the
conductivity measurements because it is easy to iden-
tify the minimum in the conductivity signal that cor-
responds to the end of the nucleation period in a batch
polymerization reaction. According to the light scat-
tering analysis of particle size distribution, all of the
experiments summarized in Table IV presented mono-
dispersed PSD. This allowed us to make computations
of N, accurately.

Model predictions are compared with experimental
off-line data and on-line measurements of tempera-
ture and conductivity shown in Figure 3. First of all, it
should be noted that the conductivity signals in both
experiments clearly respond to the different events
observed in the reactor, such as the inhibition period
during the higher solids content experiment (524) and
the nucleation stage during the batch period. Once the
surfactant is added to reactor during the semibatch
period, the conductivity signal increases. When the
monomer feed stream is turned on, the conductivity
measurements tend to decrease for two main reasons:
(1) the increased concentration of nonconducting spe-
cies like styrene; (2) the increased polymer surface
area that demands more surfactant from the medium.
Even though the drop in the temperature with the
surfactant/monomer additions may also cause some
decrease in the conductivity, the changes in tempera-
ture during the semibatch stage are small (1-2°C).
Therefore, temperature effects seem to be of minor
importance on the conductivity signal (see the follow-
ing section). Nevertheless, model predictions are in
very good agreement with the experimental values of
N, in both tests.

Effect of solids content: seeded semibatch reactions

Following the unseeded semibatch series, seeded
semibatch emulsion polymerization reactions of sty-
rene were conducted, using only monomer feeding
(no surfactant feeding). For each test, known amounts
of polystyrene latex (used as seeds), water, and SDS
were charged to the reactor. When both the conduc-
tivity and temperature signals were stable, the initia-
tor (KPS) was added. The seeds were used after the
synthesis stage without further treatments. Table V
shows the experimental conditions of each test, such
as the initial (and final) solids content and average
particle diameter associated to the polystyrene seeds
introduced into the reactor, the monomer flow rate,
and the theoretical final average particle diameter cal-
culated supposing that the seeds’ particles grow with-
out suffering coagulation or renucleation during the re-
action. Different conditions were tested to evaluate the
conductivity model performance during reactions with
solids content evolving from 10-15% to 35-40% solids.

Figure 4 shows results obtained when the conduc-
tivity model is inverted and applied to monitor N,
during seeded emulsion polymerization reactions.
Monomer feed flow rate and off-line measurements
of conversion for the different runs are also pre-
sented. In all four experiments, model predictions
are in good agreement with the experimental values
of N,,. Furthermore, the number of polymer particles
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Figure 3 Experimental off-line latex properties, on-line measurements, and model results for N, for unseeded semibatch
processes: validation results for 522 (A) and S24 (B). Vertical dashed lines indicate the beginning of the surfactant addition

into the reactor.

at the end of each semibatch reaction is the same as
the number at the start, indicating that coagulation
or renucleation probably did not occur. This result is
supported by Table V, which shows good agree-
ment between calculated and experimental average
particle size for the final polymer. This means that
the styrene added has been consumed by the exist-
ing particles causing them to swell so that surface
area is increased. The decrease in conductivity ob-
served is therefore due to the adsorption of SDS
from the aqueous medium to stabilize this new sur-
face area.

It is interesting that the conductivity signal seems to be
insensitive to the temperature drifts during the reactions,

even when high oscillations (2-3°C) occur. Regarding
Table V, one can observe that the experiments S28 and
S30 were conducted with the lowest monomer feed flow
rate. As a consequence, these experiments show the
slowest decreases in conductivity. This may explain why
these two experiments presented the best monitoring
results for N,, as supported by Figure 4.

PREDICTING N, FROM NOISY SENSOR
MEASUREMENTS

In addition to the conductivity signal, the N, pre-
diction strategy evaluated herein relies on conver-

TABLE V

Seeded Semibatch Reactions with Monomer Feeding
Variable 525 526 528 S30
T, 10 12 16 10
Seed 524 S25 526 S24
T 37 40 40 38
[SDS], 0.03 M 0.04 M 0.03 M 0.03 M
dp, 85 nm 129 nm 205 nm 85 nm
dpy 131 nm 205 nm 272 nm 140 nm
“dp[calc.) 131 nm 188 nm 276 nm 133 nm
b ' 7.0 g/min 3.5 g/min 3.0 g/min 2.0g/min

2 Final particle diameter calculated if no renucleation nor coagulation occur.

P Not kept constant.
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sion and temperature measurements. Reliable con-
version and temperature measurements can be eas-
ily obtained in lab-scale reactors. However, in
industrial plants, these measurements can be dis-
turbed to a certain extent. To evaluate how noise, or
variations in the temperature and conversion inputs

can affect the model ability to predict N, simulation
studies were performed by perturbing conversion
and temperature measurements at random within
specific ranges, using *2°C for the temperature
signal and #=0.03 for conversion. These noisy mea-
surements were combined with the actual conduc-
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Figure 5 Model results for N, under normal conditions (-x-) and model predictions under on-line noisy measurements (-)
during batches with 20% (w/w) solids content: S16 (A), S14 (B), and S13 (C).

tivity signal and used as input to the conductivity
model.

The simulation results obtained for polymeriza-
tion runs with 20% solids content (Table II) are
shown in Figure 5. Experimental values for mono-
mer conversion and actual temperature signal are
also plotted, and can be compared with the artificial
noisy inputs. The evolution of experimental N, val-
ues can be compared with the N, model predictions

when the model is fed by actual data and by simu-
lated noisy data input. As one can observe in Figure
5, the model predictions based on the noisy input
data are different from the model predictions based
on actual data. The largest differences between the
prediction curves are observed at the end of the
polymerization runs due to the temperature devia-
tions, which may be regarded as the most influential
perturbation. However, even in these cases, conduc-
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Figure 6 Model results for N, under normal conditions (-x-) and model predictions under on-line noisy measurements (-)

during batches at 70°C: S9 (A) and S8 (B).

tivity responses can be regarded as very good and
robust, as temperature deviations are not expected
to be so large at plant sites.

Figure 6 shows the simulation results for two runs
carried out at 70°C. Similar to the previous results, the
model predictions for N, based on noisy inputs are in
good accordance with the experimental results. More-
over, the model seems to be well suited to predict the
N, during the nucleation period, even when conver-
sion and temperature signals are subjected to fluctua-
tions of *£0.03 and *=2°C, respectively. This may be
seen as a further proof of the reliability of the conduc-
tivity model.

CONCLUSIONS

The use of conductivity measurements as a tool to
determine N, on-line is an original area of study. In
the first article of this series, a semiempirical model
was proposed to describe the conductivity signal as
a function of the latex composition and of the reac-
tor temperature. The model was inverted and com-
bined with conversion and reactor temperature
measurements, being able to perform good predic-
tion of Np. In this second article of this series, the
model is validated at different conditions of solids
content and temperature. Results show that model

parameters estimated for batch runs with 10% solids
are still valid for distinct reactions with 20% solids
(and up to 40% in the semibatch runs). Polymeriza-
tion runs involving surfactant concentration lower
than those used during model calibration were also
included in the analysis with satisfactory results.
Reliable predictions of N, during additional un-
seeded and seeded semibatch reactions were also
provided by the conductivity model. Simulation
studies revealed that disturbances in the monomer
conversion and reactor temperature measurements
lead to slightly corrupted values of N, (with respect
to base case measurement), but only to a small
extent. Therefore, besides being inexpensive, the
conductivity strategy presented shows little sensi-
tivity to the disturbances generally encountered
during actual emulsion polymerization processes.
Consequently, these results are encouraging, and
show that the conductivity strategy presented is
robust enough and can be applied at industrial sites.

Portions of this work were carried out as a part of the
Brazil-France Cooperation CAPES/COFECUB Project No.
236/98-11. Thanks are also due to FAPER] (Fundagdo de
Amparo a Pesquisa do Estado do Rio de Janeiro) and CNPq
(Conselho Nacional de Desenvolvimento Cientifico e Tecno-
l6gico) for providing scholarships.
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