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Abstract

In this research, we focus on the study of the operating
conditions that influence on suspension process for
obtaining (co)polymers of styrene with polar monomers
(copolymers of styrene with acrylate of butyl (S-BA) and
copolymers of styrene with vinyl acetate (S-VAc)) using
the technique of conventional free radical polymerization
(FRP). At higher agitation speed, the reaction
performance decreases. Likewise, the influence of the
molecular weight of the dispersing agent, in this case
polyvinyl alcohol (PVA), influences the polymerization
performance was also observed. That is, at a higher
molecular weight of PVAs, there is an increase in the
particle size of the bead and in the polymerization yield.
Finally, there is an influence of the polar part on the
copolymer both for the yield and for the particle size of
the bead. When obtaining copolymers of S-VAc, the
yield is lower compared to the respective styrene
homopolymer and higher in the S-BA.
Styrene, Suspension, Polar Monomer,
Copolymerization, PVA

Resumen

En esta investigacion, nos centramos en el estudio de las
condiciones operativas que influyen en el proceso de
suspension para obtener (co) polimeros de estireno con
mondmeros polares (copolimeros de estireno con acrilato
de butilo (S-BA) y copolimeros de estireno con acetato
de vinilo (S-VAc) utilizando la técnica de polimerizacion
por radicales libres (FRP) convencional. A mayor
velocidad de agitacidn, el rendimiento de la reaccion
disminuye. Asimismo, la influencia del peso molecular
del agente dispersante, en este caso el alcohol polivinilico
(PVA), también influye en el rendimiento de la
polimerizacidn. Es decir, a un peso molecular méas alto de
los PVA, hay un aumento en el tamafio de particula de la
perla y en el rendimiento de polimerizacién. Finalmente,
existe una influencia de la parte polar en el copolimero
tanto para el rendimiento como para el tamafio de
particula de la perla. Cuando se obtienen copolimeros de
S-VAc, el rendimiento es menor en comparacion con el
homopolimero de estireno respectivo y mayor en el S-
BA.

Estireno, Suspensién, Monémero Polar,
Copolimerizacion, PVA
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1. Introduction A typical suspension polymerization

Currently, the polymers area is one of the
fastest growing due to the demand of its
products in the international market, for this
reason this sector needs to invest in research
and technology to improve its products or
processes to get this type of materials. Polymers
have brought great advantages with respect to
traditional materials and for their various
applications can be used in many sectors of the
processing industry. Therefore, they have great
versatility and this can be seen in the great
development scientific and technological that
has allowed the acquisition of new types of
materials.

As an example, the preparation of the
styrene-maleic anhydride copolymer can be
mentioned, which is of great value because it is
widely used as a compatibilizing agent in
polymer blends and among other uses.** Such a
copolymer system is generally prepared by
conventional free radicals. (FRP) and has the
characteristic of presenting broad molecular
weight distributions (P)~2.4. For this reason,
suspension polymerization is widely used in the
industry to produce high added value
particulate products as separation media for
chromatography columns, ion exchange resins
and supports for immobilization of enzymes,
among other uses.’

2. Background

The importance of the particle morphology of
the polymer (particle size, shape and internal
structure) affects the performance of the resin in
many important applications and consequently
the economic value of the polymeric resin. The
morphology of the particles of a polymer resin
is often a key quality parameter that must be
controlled. Normally, large particles with a
relatively uniform size are more desirable. The
fine particles can give rise to problems of dust
formation, both during handling and bulk
processing, also this be a cause of uneven
absorption of plasticizers during dry mixing. On
the other hand, coarse particles can lead to flow
problems during processing and can be a cause
for the appearance of fish eyes in the finished
product. Finally, large resin particles sometimes
do not completely melt during processing,
which can significantly impair the appearance
and physical properties of the finished articles.

ISSN-On line 2410-4191
ECORFAN® All rights reserved.

system is characterized using initiators and
monomers that are relatively insoluble in water
(this is called continuous phase) and by the fact
that the monomer drops are dispersed with aid
of a vigorous agitation and small amounts of
suspending agents (stabilizers or dispersants).
The suspension agents usually used in the
process can be of two groups: inorganic
compounds insoluble in water such as
tricalcium phosphate or water-soluble polymers
such as hydroxyethylcellulose or polyvinyl
alcohol (PVA).

Several studies % have established that
the stabilizing properties of PVA during the
suspension process are dependent on the
concentration, degree of hydrolysis and
molecular weight. The suspension process is
constituted by the continuous phase that
represents most of the reaction medium, where
the suspension agent is solubilized and
combined with the speed of agitation, it avoids
that coalescence does not occur in the dispersed
phase as well as control the final particle size of
the polymer. The dispersed phase is formed by
the monomer and the initiator. The operating
conditions that must be taken care of are the
reaction temperature, the speed of agitation and
the concentration of the dispersing agent in the
medium.® ** At the end of the polymerization,
pearls are obtained so that their purification
process and separation is relatively simple.
Thus, the use of the dispersing agent (or
suspending agent) is the crucial ingredient for
carrying out said polymerization process.

It has been found that at lower
molecular weights of the PVA, more stable
suspensions are produced than with those of
high molecular weight and generating larger
particle sizes. With the use of a high molecular
weight of PVA have been obtained sizes well-
defined particles. It should be noted that the
initiator begins inside the drops to initiate the
polymerization process. The interaction
between the macroradicals is strong enough to
facilitate the aggregation of the monomer units.
In addition to the growth of the aggregates, it
also proceeds by coalescence, forming primary
particles that are responsible for the porosity of
the formed grains.*>*3

RODRIGUEZ-PIZANO, José Josué, GRANADOS-RIVERA, Laura
Edith, HERNANDEZ-ESCOTO, Héctor and CONTRERAS-LOPEZ,
David. Effect of the operating conditions on the particle size distribution
by the suspension polymerization process. ECORFAN Journal-Bolivia.
2019.
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Various reports have been published
about the effects of polymerization conditions
such as the speed of agitation, type and
concentration of the suspending agent, the
monomer-water volume ratio, monomer reflux
conditions, temperature and conversion.***°
Although the suspension process has been
extensively studied, its understanding is still
limited. There is a large amount of
experimental effort and empirical knowledge to
design new resins. The less advanced issues are
related to the rheological behavior of the
reaction mixture during polymerization and the
phenomena of coalescence that determine the
particle size distribution in this last stay.13
Obtaining a well-defined size and particle size
distribution (PSD) are subject to intensive
research for many suspension polymerization
processes.’’

Approximately 80% of the commercial
production of PS and its copolymers is by the
process of suspension polymerization.” This
material is mainly used for packaging and
production of disposable materials, due to its
low cost and good processing capacity; the
most used form is the expanded one because it
is highly required in disposable and
construction products, thermal insulators and in
the protection of objects packaging.18 The
present research is focused on studying some
characteristics of the suspension process to
carry out the synthesis of styrene copolymers
with polar vinyl monomers such as vinyl
acetate (VAc) and butyl acrylate (BA). The
reason is that within the industrial sphere, this
process is still maintained with a trial-and-error
approach with few scientific bases, generating
negative repercussions economically.8

The spirit of our study is focused to
increasing the knowledge of the factors that
govern the polymerization of styrene with polar
monomers by the process of suspension to
create more advanced and controlled structures,
given that this is a part of a project in which
some techniques of controlled free radical
polymerization (CRP) will be used, in particular
nitroxide-mediated polymerization (NMP) and
reversible addition-fragmentation chain transfer
process (RAFT). Likewise, the intention of
obtaining this type of copolymers is to use them
as support materials or compatibilizers in
mixtures of conductive polymers within the
assembly of a solar cell for example.

ISSN-On line 2410-4191
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However, the effectiveness of such
applications requires a priori knowledge of the
operating conditions and their characteristics of
the suspension process of conventional free
radical polymerizations and subsequently
transfer them to CRP.*°

Today, our work of group is focused on
this type of synthesis approach by mechanical
agitation. Therefore, the objectives of this
investigation are: 1. To find which are the
operating conditions that obey the suspension
process via magnetic stirring, 2. To control the
particle size and distribution of the pearls that
are formed and 3. To study the statistical
behavior that is focused on said study. All this,
accompanying the objectives the analysis by
IR-FT, NMR and viscosimetry of solutions.

3. Materials and Methodology

Styrene, butyl acrylate, vinyl acetate and
benzoyl peroxide (BPO) were of analytical
grade (Sigma-Aldrich), the monomers were
previously washed to remove the inhibitor by
conventional methods. The ethanol was of RA
grade. Different molecular weights and degree
of hydrolysis of PVA were used as specified by
the supplier (see Table 1, Sigma-Aldrich). The
experiments of the suspension were carried out
in a 250 mL reactor and the stirring was by
magnetic agitation.

The continuous and dispersed liquid
phases were prepared as shown in Table 1. In
the batch  suspension polymerization
experiments, we investigated the effect of three
variables: agitation speed to the reaction
system, concentration and molecular weight of
the suspension on the conversion profiles, on
the molecular weight of the polymeric material
obtained, size and distribution of the particle
size derived from the suspension process. The
experiments were carried out for the
homopolymerization of styrene and two
copolymerizations of S-BA and S-VAc.

RODRIGUEZ-PIZANO, José Josué, GRANADOS-RIVERA, Laura
Edith, HERNANDEZ-ESCOTO, Héctor and CONTRERAS-LOPEZ,
David. Effect of the operating conditions on the particle size distribution
by the suspension polymerization process. ECORFAN Journal-Bolivia.
2019.
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Degree of

Molecular weight
Polyalcohol (Da)

hydrolysis

PVAl 13 000 — 24 000 87-90 %
PVA2 30 000 —70 000 87-90%
PVA3 89 000 — 98 000 87-90%
PVA4 124 000 — 130 000 87-90%

Continuous | Distilled water (100 mL) + Stabilizer
phase: (PVA)

Dispersed Monomer(s) + initiator (BPO)
phase: Initiator concentration: 12.1 g/L=0.05
mol/L

Table 1 Agents of dispersion and properties of liquids in
the two phases in the initial stage of polymerization (85
OC)

The average molecular weights were
determined with a Cannon-Fenske #25
viscometer and the Mark-Houwink equation.
The Mark-Houwink constants for the systems
used are presented in Table 2, the percentage is
indicated by weight with respect to polar
monomer. The PVA solutions were prepared by
dissolving the polyvinyl alcohol in water at
temperature between 60 and 75 °C. The
solutions were kept in agitation until they
presented a transparency, so they were filtered
and stored before use (for not more than a
week).

S 0.530 37.0
S-VAc 10% 0.530 37.7
S-VAc 5% 0.530 40.6
S-VAc 1% 0.530 441
S-AB 10% 0.552 34.0
S-AB 5% 0.541 35.5
S-AB 1% 0.531 36.7

Table 2 Mark-Houwink Constants®

a BA: Butyl acrylate; S: Styrene; VAc:
Vinyl acetate.

b Referred to 25 ° C and dissolved in
toluene.

Conversion profiles. The monomer
conversion was calculated by gravimetric
analysis of samples taken from the reactor at
sampling times chosen by means pipettes (0.8
mm D.l.) and placed on aluminum plates
containing an inhibitor solution (hydroquinone).

ISSN-On line 2410-4191
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Towards the end of the reactions, the
representative sampling of the particles in
suspension became more difficult; despite the
agitation in the reactor, the polymer particles
tended to settle to the bottom of the reactor
because the density of the formed material is
significantly higher than that of the water
(pps=1.04 glcm®).

3.1.  Synthesis of styrene homopolymer

A typical procedure for the
homopolymerization of styrene to conventional
free radicals (FRP) by means the suspension
process was carried out using PVA as the
dispersing agent. In the dispersed phase, 18,180
g of styrene (175 mmol) and 0.242 g of benzoyl
peroxide (BPO, 0.1 mmol) were added,
therefore there is a molar ratio of monomer:
initiator of 1750: 1. The synthesis was carried
out in a 250 mL Batch reactor, using 100 mL of
distilled water as a continuous phase (in that
phase the PVA was already dissolved, two
concentrations of 5 and 10 g / L were used), the
speed of agitation of the system (three agitation
speeds, 300, 500 and 800 rpm were used) at a
temperature of 85+2 °C until an approximate
yield of 80% was obtained. For the purification
of the polymer, we proceeded with filtration by
gravity and washed with ethanol (2 times) to
remove the remaining PVA on the surface of
the beads. It got dry at room temperature until a
constant weight was obtained. It was sent to
characterize by NMR 'H, IR-FT, viscosimetry
and sieving to obtain the particle size.

The determination of the NMR 'H
spectra was carried out in a Bruker Ascend 400
MHz equipment of 7.07 Teslas of magnetic
field intensity in tubes of 5 mm external
diameter, using deuterated chloroform (CDCls)
at room temperature. It worked 16 scans with
samples of 25 mg in 0.6 mL of the deuterated
solvent. The chemical shifts () were measured
in parts per million (ppm). Tetramethylsilane
(TMS) was used as internal reference for the
NMR spectra. To obtain the spectra of FT-IR
was in a Perkin-Elmer Spectrum 100
equipment. The samples were analyzed in tablet
form by means of a mixture with KBr. The
working frequency range was 4000-400 cm™
using 32 scans and 4 cm™ resolution. By means
of this technique the absorption bands present
in the various polymeric compounds obtained
were analyzed.

RODRIGUEZ-PIZANO, José Josué, GRANADOS-RIVERA, Laura
Edith, HERNANDEZ-ESCOTO, Héctor and CONTRERAS-LOPEZ,
David. Effect of the operating conditions on the particle size distribution
by the suspension polymerization process. ECORFAN Journal-Bolivia.
2019.
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3.2.  Synthesis of styrene copolymers

The copolymerization of the styrene was
carried out according to the procedure
described: "Synthesis of styrene homopolymer™
with the difference that the concentration of the
polar monomer (butyl acrylate (BA) or vinyl
acetate (VAc)) was varied in 10%, 5% and 1%
by weight with respect to styrene added to the
system, the free radical initiator was used BPO
to maintain a molar ratio of 1750: 1. It should
be noted that for the copolymerizations only the
PVA3 was used at a concentration of 5 g/L of
the dispersing agent.

4. Results and Discussion
4.1. Homopolymerization of styrene

The following results are related to the use of
the PVA3 dispersant agent, it has been selected
because is this in the middle part of Table 1,
these results are so similar with those obtained
the other dispersing agents. The agitation speed
in the reaction medium and the concentration of
the dispersing agent are natural variables that
can be manipulated to control the morphology
of the particles in the suspension
polymerization reactors, so it is acceptable that
these variables do not cause any influence on
the kinetics of the polymerization. Figure 1A
and B show the evolution of monomer
conversion (% X) and polymerization rate
(Rp=d%X/dt) for runs performed at different
concentrations with PVA3 at 300 rpm and 85
°C. The behavior shown in Figure 1 is also
observed in the case of the agitation speeds of
500 and 800 rpm. It can be seen in Figure 1A
that there is a retardation effect in the reaction
medium due to the presence of the stabilizing
agent since we believe that by adding it to the
medium, these agents were used as they were
provided without any other purification, which
could explain why the reaction is delayed
although this phenomenon is not important for
the purposes established in the present work
however some differences can be observed in
the range of conversions from 5 to 80% but
from the practical point of view the reactions
end at a conversion of the monomer in about
85% at 2 h of reaction, except for the case of
the lowest concentration (0.01 g/L) which
extends until 3 h of reaction.
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ECORFAN® All rights reserved.

June 2019 Vol.6 No.10 1-12

This can be explained by the fact that
the effect of the immiscibility between the two
phases governs more because there is
practically no formation of pearls and therefore,
there is greater freedom in the dispersed
medium for the polymerization reaction,
resulting in a larger population of monomer
present in the medium and avid radical species
of these vinyl type molecules.
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Figure 1 Ewvolution of monomer conversion (A) and
polymerization rates (B) for the suspension
polymerization of styrene at 85 °C and 300 rpm using
PVA3

Figure 2 shows the experimental data for
the evolution of the average particle size of
styrene at different concentrations of PVA3 at
the same temperature (85 °C) and at different
rates of agitation in the polymerization system.
It can be seen that at low concentrations of the
suspension agent, the size of the bead is higher
than at high concentrations, clearly indicating
the low influence of the PVA concentration in
the system, which does not have an important
participation during the process of pearl
formation, governing more the coalescence
process and that is according to what is
indicated by Lin et al.*
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However, this is not true for high speeds
of agitation as it happens at 800 rpm because
they govern more the shear forces, allowing the
rupture process to be the main phenomenon
present in the process.?*

ry
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Figure 2 Evolution of the average particle size of
polystyrene at different agitation speeds with PVA3

The process of rupture and coalescence
comes when the viscosity of the suspended
particles is low, and the shearing forces created
by the agitation become strong enough to break
the particles fused into smaller particles. When
the viscosity of the droplets is high such as in
the case at moderate to intermediate
conversions, the stirring may not be sufficient
to interrupt coalesced particles.

In spite this, the protective layer (high
coverage) prevents coalescence of the particles
in the larger ones and therefore small solid
particles will form during the reaction. Only
when the concentration of adsorbed polymer
segments is not high enough, bridging due to
entanglement can be broken by shear forces. In
this case the protective layer is not as effective
as that of higher concentrations, probably due
to the lower density of the polymeric segment
and thus coalescence occurs in larger particles.
With high molecular weight species, the
protective film is thicker than in the case
discussed above (due to the much larger
molecular weight and size) and therefore
coalescence can be effectively prevented even
at lower PVA concentrations.> % %

The average particle size and size
distribution in  suspension polymerization
reactors is important for certain applications.
Maintaining the average particle size constant
during the scaling of the reactor is a challenge
in polymer engineering.
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The prediction and control of the final
particle size distribution is associated with the
evolution of the droplet size distribution in the
monomer dispersion of the aqueous continuous
phase. We can observe this by means of the
effect of the concentration of the suspension
agent to different speeds on the particle size
(see Figure 2) and on the size distribution (see
Figure 4), showing that a reduction in the
concentration of PVA produces a larger particle
size and a larger particle distribution size,
added to the agitation speed imparted to the
system (see Figure 3), being the latter an
important factor In the dynamic process of
coalescence and rupture of the particles in the
dispersed medium.

Concluding that, at a higher agitation
speed, the average particle size decreases
thanks to the effect of the cutting forces that are
printed for the formation of the bead.
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Figure 3 Ewvolution of the average particle size at
different agitation speeds with PVA3

After drying the pearls, the particle size
distribution (PSD) was obtained by means of a
sieving (standard ASTM sieving method
D1291-87) and recording the weight of each
size fraction. These results are shown in Figure
4 corresponding to the agitation speeds and in
Figure 5 can be seen the evolution of the PSD
at different concentrations of the PVA3
dispersion agent.

The distribution presents a tendency of
decrease of the average diameter when the
concentration of the PVA and the speed of
agitation increase. This is due to the breaking of
the larger particles and the stabilization of the
smaller ones as the PVA is added.
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The effect on the distribution becomes
narrower as the agitation speed increases. In the
case of the agitation speed of 500 rpm, the
distribution is narrower than at 300 rpm and the
effect of the PVA is the same resulting in a
narrower PSD which is not observed at 800 rpm
and is due to the existence of a greater shear
force in the system. Therefore, as the stirring
speed increases the PSD becomes wider. In
other words, while the concentration of the
dispersing agent increases the PSD decreases
and the average size also decreases.

Figure 4 Representative particle sizes at' different
agitation speeds with PVA3: a) 300 rpm, b) 500 rpm, c)
800 rpm

According to Figure 5, the recurrent
modification of the agitation speed and the
concentration of the dispersant agent results in a
bimodal PSD in the polymerization of the
suspension. For purposes of this work, the
agitation  speed and  stabilizer  agent
concentrations are of interest to observe the
change of the final particle size of the polymer,
without the need to introduce additional
changes in other variables of the reaction
conditions of the polymerization or the
suspension process itself.

It should be noted that the concentration
of 0.01 g/L of PVA maintains an erratic
behavior during the stabilization process of the
suspension and although the amount of the
dispersing agent in the system is small, it can be
observed that it is sufficient to affect the
polymerization process.

This phenomenon can be clearly seen in
Figure 5c. At low concentrations of PVA, the
surface coverage on the particle is poor and
therefore the coalescence will occur when it is
in contact with other particles.
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Figure 5 Particle size distribution at different agitation
speeds with PVA3, A) 300 rpm, B) 500 rpm and C) 800
rpm

The influence that the molecular weight
of the dispersing agent has on the size of the
particle (bead) in the polymerization of styrene
can be observed in Figure 6. The size of the
bead has a slight increase and as the speed of
agitation decreases, the particle size tends to
increase. Therefore, there is a certain trend with
the size in relation to the agitation speed since
at 300 rpm an average particle size of 2.14
millimeters is obtained, at 500 rpm there is a
size of 1.83 millimeters and at 800 rpm a size of
0.99 millimeters. The average size shows a
slight tendency to decrease in diameter when
the molecular weight of the PVA decreases and
this is due to the rupture of the larger particles
and to the stabilization of the smaller ones as
the dispersing agent is added.
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The results of the suspension
polymerization show that the low molecular
weight suspension agents (PVALl and PVA2)
are better stabilizers than those of high
molecular  weight, due to an ageing
phenomenon that is related to the formation of a
rigid film in liquid-liquid interface.

It has been documented that this
phenomenon of ageing decreases with the
increase in molecular weight and the degree of
hydrolysis that the dispersant has.®* 2
However, in cases where it is carried out with
high molecular weight suspension agents
(PVA3 and PVA4), there is a more definite
pearl production.

This is due to the agglomeration of
particles that are produced with PVA. The
thickness of the polymer adsorption layer
increases with the increase in molecular weight
and with the increase in particle size.?

2,5
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Figure 6 Influence of PVA MW on particle size at
different agitation speeds

The influence of molecular weight of
the dispersing agent on the molecular weight of
the obtained polymer can be seen in Figure 7,
this behavior exhibits a proportional increase
with the size of the main chain of the PVA and
this confirms what was observed in Figure 6
with respect to the agglomeration of the low
molecular weight suspension agents and the
process of the size of the suspended particle,
thickness of the adsorbed layer and physical
properties of the reaction of the monomer and
polymer.
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Figure 7 Influence of the molecular weight of the PVA
on the molecular weight of the polystyrene obtained at
different agitation speeds

It can be seen in Figure 8 the yields of
homopolymerization of the styrene with PVA2
and PVA3 at different concentrations (5 and 10
g/L) and agitation speeds (300, 500 and 800
rpm) at 85 £ 2 °C. According to this, it is
obtained a higher yield in the three agitation
speeds when a concentration of 5 G/L is used
with any of the dispersing agents, compared
with the systems in which it is worked with a
concentration of 10 g/L. This behavior is due to
the above described in relation to the coverage
of the dispersing agent on the surface of the
polymer particle, being low and the coalescence
occurs in contact with other particles. Added to
that there is a greater space to obtain more
freedom during the polymerization process.

Therefore, there is a high probability
that the vinyl molecules can be polymerized by
the phenomenon of avidity of consumption of
the monomers. It is noted that when we used
the PVAS3, there is a higher performance than
when using the PVA2. As already discussed, it
is due to both the size and the mobility of the
polymer chain of the dispersing agent, so PVA2
maintains a greater proportion of available
hydrogen bridges with the continuous phase,
which leads to having a lower yield of the
polymer formed.
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Figure 8 Performance of styrene homopolymers at
different agitation speeds by the suspension process. The
parentheses indicate the concentration of the dispersing
agent

4.2.  Copolymerization with Vinyl Acetate

According to what was observed during the
styrene homopolymerization process, there are
copolymerization similar behaviors, so that
only the results obtained for the styrene-vinyl
acetate copolymers (S-VAc) and for the
styrene-butyl acrylate system (S-BA) focused
on the yields at different concentrations of the
polar comonomer (10, 5 and 1% by weight in
the feed in relation to styrene). We work with
PVA2 and PVA3 along with what has already
been discussed because they are the ones that
present  satisfactory results during the
suspension process in polymerization.

For the S-VAc system, it is observed in
Figure 9 the vyields obtained at different
concentrations of vinyl acetate to form the
corresponding copolymer, identifying that at
the concentration of 1% by weight of the polar
monomer in 10 and 5 g/L of the PVA3 lower
yields are obtained comparing with the
corresponding result of the
homopolymerization of the styrene, otherwise
with the use of the PVA2 at a concentration of
10 g/L.

This is to the affinity that exists between
polyvinyl acetate and PVA, due to its
physicochemical characteristics, which may be
forming some type of intermolecular bonds
such as hydrogen bridges mainly with the low
molecular weight dispersion agent. Finally,
there are better yields of the polymerization
process with the use of PVA2 than with PVA3.
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From the point of view of the reactivity
ratios to the S-VAc system (r;=57.8, r,=0.08),%
it indicates that polystyrene type radicals react
with vinyl acetate at a speed close to 0.02
which can react with the styrene itself if both
monomers are present at the same
concentration. A similar interpretation can be
made with the radicals derived from the VAc,
which indicates that it reacts with styrene at a
rate of 12.5 times that with vinyl acetate at the
same concentration. This allows us to explain
that there are lower yields compared with the
homopolymerization of styrene. It should be
noted that since ry is much larger than ry, the
copolymer formed contains long sequences of
styrene units interspersed with occasional units
of vinyl acetate generating a copolymer with a
random tendency.?’

PYAL PYAL PVAZL FVAL PVAL PYAL PVAT PVAT PVAS VAL TWVAL WAl

Yld (2

(P (3% (F%3 (10% (3% (1% (1O %S (%8 0% (5% (1%

';w.:- by 10 1 10 Sgl) 3 sl

Figure 9 Yield of styrene-vinyl acetate copolymers using
PVA2 and PVA3

With respect to the FT-IR spectrum of
the (co) polymer S-VAc at 10% by weight in
the feed with respect to styrene and obtained by
the suspension process using the PVA3. It was
analyzed qualitatively, and its corresponding
bands can be observed in Figure 10, the
copolymer exhibits the same characteristic
absorption bands shown by the homopolymer
units.

In this spectrum, a band is shown in
2915 cm™ representing the vibration of CH
from the methyl, methylene and methine that
are present in the main chain of the polymer,
the bands in 1941, 1878 and 1804 cm™
correspond to a monosubstitution in the
aromatic ring belonging to the unit of styrene,
in the same way we can observe a signal in
1723 cm™, characteristic of the elongation type
vibration of a carbonyl group that corresponds
to the acetate group.
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The signal at 1598 cm™ represents the
elongation vibration of a CC double bond of
aliphatic type, as we observe in 1487, 1454 and
1373 cm™ represent the deformation vibration
of a CH bond of methyl, methylene and
methine groups, the band that confirms the
existence of a CO bond is at 1269 cm™.

Figure 10: IR-FT spectrum of the 10% styrene-vinyl
acetate copolymer in the feed

In Figure 11 (as in the case of the FT-
IR, a comparison was made with the
homopolymer of styrene), in the region between
0.8 to 1.0 ppm are the contributing signals of
the VAc in the copolymer corresponding to
methyl, also observed that in 1.2 to 2.0 ppm are
the protons that are due to the methylene and
methine that make up the main chain of the
polymer and a group in 2.05 and 2.2 ppm that
are due to the methine (-CH-) that bound the
ester group of the acetate . With respect to the
contribution of styrene, the signals in the region
of 6.3 to 7.1 ppm are due to the aromatic
protons.

4
3 (ppm)

Figure 11 RMN 'H spectrum of styrene-vinyl acetate
copolymer at 10% in the feed with respect to styrene

4.3. Copolymerization with Butyl Acrylate

The yields of copolymers of styrene with butyl
acrylate, these can be seen in Figure 12. It is
generally appreciated that by increasing the
concentration of the polar monomer in the
medium and the concentration of PVA.
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The polymer conversion increases in
both cases, this may be due to the interactions
exerted by the polar monomer in the reaction
medium, the formation of the copolymer is
favored when it is in a greater percentage.
Although we can notice that using the PVA3
has a higher yield than with the PVA2. This
could be related to the configuration that the
PV A3 acquires in the reaction medium because
it is a larger chain, having a ball configuration
and grateful to this, it does not allow it to easily
form intermolecular links with the continuous
phase as it would be the case of PVA2. The
chain of polymer is considerably shorter and
can acquire a linear configuration to have a
better mobility and form intermolecular bonds
with the continuous phase and the polar
monomer, decreasing the yield of the obtained
polymer.

Now, from the point of view of the
reactivity indexes presented by the S-BA
system (r1=0.698, r,=0.164),% it indicates that
the polystyrene type radicals react with butyl
acrylate at a close speed of 1.43 that you can
react with the styrene itself if both monomers
are present at the same concentration. A similar
interpretation can be made with the radicals
derived from BA, which indicates that it reacts
with styrene at a rate of 0.03 times that with
butyl acrylate at the same concentration. This
allows us to explain that there are higher yields
compared with the homopolymerization of
styrene. It should be noted that since rl is
slightly larger than r2, the copolymer formed
contains sequences of styrene units interspersed
with butyl acrylate units, generating a
copolymer with an alternating tendency.?’

The FT-IR spectrum of the (co) polymer
at 10% by weight in the feed with respect to the
styrene obtained by the suspension process
using the PVA3, was analyzed qualitatively and
its bands can be observed in Figure 13, where
it was carried out a comparison between these
materials. The copolymer exhibits the same
characteristic absorption bands shown by the
homopolymer units.
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Figure 12 Performance of styrene and butyl acrylate
copolymers using PVA2 and PVA3

It can be seen in the FT-IR spectrum of
the styrene-vinyl acetate copolymer In this
spectrum, a band is shown in 2912 cm®
representing the vibration of CH from the
methyl, methylene and methine that are present
in the main chain of the polymer, the signals in
1943, 1871 and 1800 cm™ correspond to a
monosubstitution in the aromatic ring belonging
to the premiere unit, in the same way we can
observe a signal in 1725 cm™.

The characteristic of the vibration of
elongation type of a carbonyl group
corresponding to the acrylate group.

The signal at 1594 cm™ represents the
elongation vibration of a CC double bond of
aliphatic type, as we observe in 1492, 1443 and
1375 cm™ represent the deformation vibration
of a CH bond of methyl, methylenes and
methine groups, the band that confirms the
existence of a CO bond is at 1269 cm™.

Figure 13 IR-FT spectrum of 10% by weight styrene-
acrylate copolymer in the feed
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In Figure 14, in the region between 0.5
to 0.8 ppm are the contributing signals of the
BA in the copolymer corresponding to methyl,
it is also observed that in 0.8 to 1.8 ppm are the
protons that are due to the methylene and
methine that make up the main chain of the
polymer and a group in 1.8 and 2.0 ppm that are
due to the methine of the main chain (-CH-)
that binds the ester group of the acrylate. There
is a multiplet corresponding to the methylene (-
CH-) of the butyl after the acrylate ester. With
respect to the contribution of styrene, the
signals in the region of 6.0 to 6.9 ppm are due
to the styrene aromatic protons.

7 6 5 4 3 2 1 |
& (ppm)

Figure 14 RMN 'H spectrum of styrene-10% butyl
acrylate copolymer in the feed

5. Conclusions

According to the observed, it was found that by
decreasing the molecular weight and increasing
the concentration of the dispersant agent
(PVA), there is a lower conversion in the
homopolymers of styrene. The influence of the
speed of agitation is noticeable when increasing
it, as the distribution of particle size is less
polydisperse at lower speed.

On the other hand, it was found that by
decreasing the concentration of vinyl acetate in
the reaction medium, this favors the formation
of the corresponding copolymer with a high
concentration of dispersant agent.

In the case of styrene and butyl acrylate
copolymers, it was found that by increasing the
concentration of the polar monomer and the
concentration of the dispersing agent, the
conversion of the corresponding copolymer is
favored.
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Based on the above, this is a very good
approximation to the knowledge of the optimal
conditions for obtaining this type of styrene
polymers.
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Abstract

In this work, electrochemical sensors were developed for
the detection of artificial sweeteners such as D-sorbitol
and Maltitol in aqueous solutions. These compounds are
classified as polyalcohols and are widely used in the food
and beverage industry to replace common sugar.
However, their consumption is not currently regulated,
and excessive use leads to consequences in the body such
as increased blood glucose levels. Graphene oxide (OG)
inks were prepared, which were deposited on vitreous
carbon (CV) electrodes, followed by enzymatic
immobilization. The detection capacity of the biosensors
was evaluated applying electrochemical techniques. The
biosensor with the best levels of detection,
reproducibility and durability for the analytes under study
for the detection of D-Sorbitol turned out to be that
measured at a working voltage of 0.86 V vs Ag/ AgCl /
KC1 (3 M), depositing 20 pL of OG ink and using a
dilution of 0.5 pLL/ 100 pL of (alcohol oxidase / PBS). In
the case of Maltitol the best designed biosensor was
worked at 1.06 V vs Ag/ AgCl / KCI (3 M), depositing
20 pL of OG ink and using a dilution of 2.0 pL / 100 uL
of (alcohol oxidase / phosphate buffer).

Biosensor, Maltitol, D-sorbitol

Resumen

Se elaboraron sensores electroquimicos para la deteccion
de edulcorantes artificiales (D-sorbitol y Maltitol) en
soluciones acuosas. Estos compuestos son polialcoholes
ampliamente utilizados en la industria alimenticia y
bebidas, en sustitucion del azdcar comdn., sin embargo,
su consumo no se encuentra regulado, y el uso
desmedido conlleva a consecuencias en el organismo
como el aumento en los niveles de glucosa en sangre. Se
elaboraron tintas de 6xido de grafeno (OG), que fueron
depositadas sobre electrodos de carbén vitreo (CV),
posteriormente se llevd a cabo la inmovilizacion
enzimatica. La capacidad de deteccion de los biosensores
fue evaluada aplicando técnicas electroquimicas. El
biosensor con los mejores niveles de deteccidn,
reproducibilidad y durabilidad para los analitos en
estudio para la deteccion de D-Sorbitol resultd ser aquel
medido en un wvoltaje de trabajo de 0.86 V vs
Ag/AgCI/KCI(3 M), depositando 20 uL de tinta de OG y
utilizando una dilucién de 0.5 puL/100 pL de (alcohol
oxidasa/PBS). En el caso de Maltitol el mejor biosensor
disefiado se trabajé a 1.06 V vs Ag/AgCI/KCI(3 M),
depositando 20 pL de tinta de OG y utilizando una
dilucion de 2.0 pL/100 pL de (alcohol oxidasa/Buffer de
fosfatos).

Biosensor, Maltitol, D-sorbitol
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Introduction

Artificial sweeteners are organic compounds
that have been used to replace the use of
sucrose or common sugar, preserving the sweet
taste in foods, but with a lower caloric content,
so they are in products recommended for
People who try to lose weight and those with
problems of hyperglycemia or diabetes. If the
sweeteners are not used in the right portions can
trigger effects on the organism as an alteration
of blood glucose levels, risk of obesity,
hypertension, metabolic disturbances and
cardiovascular complications.

There are many sweeteners, among
which  we find alcohols sweetened or
polyalcohols, this type of compounds are
characterized because they are assimilated in a
partial or slower than the sugar in the organism.
Two polyalcohols were selected for this work:
D-sorbitol (e-420) and Maltitol (e-965), both
are long-chain branched alcohols and are
commonly used in a wide variety of foods such
as energy drinks, biscuits, cereals, Chewing,
among many others.

Currently there are no rules or
regulations that require producers to denote
polyalcohols as such in the nutritional and
energy labels of their food and beverages,
instead, are categorized along with many other
molecules such as Carbohydrates. The result of
the lack of regulation of this type of compounds
is that people do not know that they consume
them, nor the proportion in which they do; So
your intake can be a health risk factor.
(Mexican Diabetes Federation, 2016).

Therefore, it is of great importance to
take control of the consumption of these
polyalcohols, which is achieved through
monitoring within the production processes in
the food industry.

One of the simplest technologies to
carry out the monitoring of different chemicals
is through the sensors, which carry out a rapid,
economical and quantitative analysis of the
analyte in question, which is why they become
highly options Viable for the detection of
chemicals and  biomolecules in  the
environment, the food industry and clinical
analyses (Sassolas, Blum, and Leca-Bouvier,
2012).
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Among the different types of sensors
known, the type of electrochemical detection
are the most used because they have advantages
such as low manufacturing and maintenance
costs, require small volumes of samples,
present sensitive Detection levels and enormous
diversity for analyte detection (Alegret, Del
Valle, & Merkoci, 2004).

Depending on the type of analyte that
needs to be quantified, the most appropriate
type of sensor will be selected; Many of the
substances that are evaluated are usually
biomolecules or other biological type, in these
cases the detection response can be improved in
a remarkable way including in the sensor
receptor biological elements such as enzymes,
antibodies, proteins, among many others; The
type of sensor formed by biological elements is
known as biosensor. Normally enzymes are the
biological elements most used for the
construction of biosensors, mainly due to their
selective and catalytic properties.

Electrochemical sensors have a
predominant  position in the analytical
instrumentation market; These are very simple
technologies that do not need sophisticated
measuring equipment, use Vvery common
instrumentation in laboratories such as
potentiometers and  Potenciostatos;  The
translated signal is of electrical type and easily
processable by electronic methods. They are
easily miniaturized devices, which allows to
make measurements in small sample volumes
or in areas of reduced dimensions. They present
sufficient detection limits for a large majority of
analytical interest samples and a wider response
interval than most other types of sensors. They
can be manufactured in series production
techniques, with low costs and become
commercialized as disposable devices without
having to give them constant maintenance
(Alegret, Del Valle, & Merkoci, 2004).

In a traditional way, the sensor area has
used carbon-based materials such as vitreous
carbon electrodes, carbon fibers and pyrolytic
graphite; However, today it has been sought to
introduce carbon-based nanomaterials (Yang,
Denno, & Pyakurel, 2015); Such is the case of
graphene oxide and graphene, which have been
used mainly to carry out the immobilization of
the bioreceptors.

GALINDO-GONZALEZ, Rosario, ULLOA-VAZQUEZ, Talina,
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So far the most studied electrochemical
biosensor based on Grafiticos materials is the
one that uses the enzyme glucose oxidase for
glucose detection (Lawal, 2015).

However, the presence of grafiticos
materials has shown increases in sensitivity,
selectivity, and reproducibility of many sensors;
When it has worked on the electrochemical
detection of analytes such as (Bahadir &
Sezgintiirk, 2016), (Sassolas, Blum, and Leca-
Bouvier, 2012): cholesterol, uric acid, ascorbic
acid, hydrogen peroxide, methanol and glucose
to name a few.

This paper presents a comparison
between graphene and graphene oxide modified
with the enzyme alcohol oxidase, for the
elaboration of an electrochemical detection
device, using synthetic samples of D-sorbitol
and Maltitol, two sweeteners Widely used in
the food industry, thus generating a simple,
economical and effective alternative for quality
control in the food industry.

Methodology
Synthesis of graphene oxide

The synthesis of graphene oxide was carried out
following the technique reported by Hummer &
Offeman  (Ramos-Galicia, 2014), which
consisted of the following steps: In a three-
mouth flask placed in an ice bath, 46 ML of
sulphuric acid (karal reactive) was added. To
reach a temperature of 0 ° C, at this time 2 g of
graphite (Electron Microscopy Science #70230)
were added and immediately afterwards, 6 g of
potassium  permanganate  (Sigma-Aldrich
reagents) was added. Once the previous
components were mixed, the reaction was
carried at a temperature of 35 °© C with magnetic
agitation, reached this value, it was allowed to
react for 2 hours. After this time the heating
was removed and the flask was slowly added to
92 mL of distilled water, leaving the solution to
react for 15 minutes with magnetic agitation.

Independently in a beaker, 270 ml of
distilled water and 10 ml of hydrogen peroxide
were added; After 15 minutes in magnetic
agitation of the product obtained from the
synthesis, this solution was mixed together with
the hydrogen peroxide preparation. Later, the
final solution was filtered until a neutral PH
was obtained.
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To this point graphite oxide has been
obtained, which was allowed to dry at 65 ° C
for 12 hours.

To obtain GO a solution of (0.1 g/10
ML) of graphite oxide and distilled H,O was
prepared respectively, the solution was soniced
in an ultrasonic bath (model 1510R-MTH, at a
frequency of 50-60 Hz) for a time of 4.5 hours.
Finally, the solid product was separated by
centrifugation, dried and ground until reaching
a diameter of 75 microns (mesh #200). Two
different lots were prepared to generate enough
work material.

Biosensors preparation

It begins by describing the preparation of the
ink of carbon-based materials, then this ink is
deposited on the surface of a vitreous carbon
electrode (CV), the next stage in the elaboration
is the immobilization of the enzyme alcohol
oxidase AlOx and Finally, the biosensor test is
carried out in synthetic solutions of each one of
the analytes under study. The modification of
the CV electrode consisted of several deposits
of 10 pL of ink in the form of layers. During
each tank a vacuum oven was used at a
temperature of 60 ° C, which allowed each layer
to be completely dried in order to carry out the
next addition. It is important to leave the
modified electrode for a day so that the ink
anchorage to the glassy carbon electrode is as
strong as posible.

Electrochemistry test

The electrochemical characterization of the
modified electrodes was used a reference
electrode of Ag/AgCI/KCI (3 M) and as a
counterelectrode a platinum wire; The working
electrode used was the developed biosensor.

Results

Figure 1 presented the Raman spectra made to
the original material used that was the graphite
(black line), and the samples of graphene oxide
(blue line) and reduced graphene (pink line)
synthesized during the investigation. In this
analysis it is possible to see that the graphite
has a high degree of grafitica orientation
reflected in the intensity of the G-band. The
defects in its structure are minimal and are
manifested in the peak D1 with weak intensity.

GALINDO-GONZALEZ, Rosario, ULLOA-VAZQUEZ, Talina,
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The ratio of area D1/G is 0383, which is
interpretable as a material of low structural
disorder.

4 ——Grafto ——GO GRF -

Intensity (u.a.)

300

Dispersion (cm™)
Figure 1 Raman spectra for different grafiticos materials

The G-band corresponds to the vibration
within the aromatic layers in the graphite
structure, its magnitude corresponds to the
vibration of the C-C type SP2 hybrid link
stretch. In the spectrum of the GO the G-band
decreases, while the intensity of D1 increases
markedly, the peaks become wider due to
factors such as the presence of vacancies,
defects in the structure, finite size of the net or
others; They specifically represent the loss of
symmetry due to the finite size of the graphite
crystals or the vibration of the stretching of the
hybrid links type SP2 and SP3 of the carbon
atoms.

When the D1 band is intense and broad
as in the case of GO, this implies that the
carbonaceous material lacks ordering in its
atoms (Beyssac, Goffé, & Chopin, 2002).
Mainly this band is attributed to structural
defects or the presence of Heteroatoms (O, H,
N), resulting from the oxidation process to
which the graphite was subjected. The ratio
D1/G for GO is 0968 because the number of
defects is higher by oxidation compared to
graphite.

Figure 2 corresponds to the TEM
micrographs of graphene oxide, as you can see
its morphology is of type flakes with at least a
length of 1 micron of approximately width.
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Figure 2 TEM of Grafene oxide

Figure 3 A represents an average of the
cronoamperometrias obtained and B shows the
calibration curve with the standard deviation of
the values obtained for the biosensors.
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Figure 3 Results of Repetividad tests in the best
conditions for sorbitol detection. A) average
Cronoamperometria using a CV electrode with 20 p L of
TGO, 10 mL PBS PH = 74, E, =0864 V Vs
Ag/AgCI/KCl 3 M), (0.5 p 1 AlOx/100 MLPBS), B)
linear approximation of response detection vs. Signal
Current measurement

For these biosensors the following
average values were obtained: sensitivity of
4.834.83 pA/mmolL ™, minimun detection limit
of 0.49 mmol/L maximun 6.52 mmol/L and
linear approximation factor of 0.993. The
average cronoamperometria has a signal-to-
noise ratio of 1.63.

The Figure 4 A represents an average of
the cronoamperometrias obtained B shows the
calibration curve with the standard deviation of
the values obtained for the biosensors
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Figure 4 Results of Repetividad tests in the best
conditions for maltitol detection. A) Cronoamperometry
using a CV electrode 20 pL de TGO, 10 mL PBS
pH=7.4, E,=1.064 V vs Ag/AgCI/KCI(3 M), (2.0 pL
AIOx/100 pL PBS), B) linear approximation of response
detection vs. Signal Current measurement

For these biosensors the following average
values were obtained: sensitivity of 4.92
HA/mmolL™, minimun detection limit of 0.49
mmol/L  and maximun 3.70 mmol/L
and linear approximation factor of 0.991.  The
average cronoamperometria has a signal-to-
noise ratio of 1.009.

Conclusions

The GO is synthesized by means of a modified
Hummer technique. In the analyses carried out
to carry out the characterization, it was found
that the oxidation of the material had been
carried out in a satisfactory way, since they
were inserted in the structure different
oxygenated groups. The insertion of the
oxygenated groups was also observed in the
Raman spectroscopy, reflected in the variation
of the width and intensity of the bands G and
D1 when compared with those of graphite,
which was interpreted as a loss of the
crystallinity of the material. The TEM
microscopies allowed to visualize that the GO
presents a flake structure and with an
approximate size to 1 micron. The
electrochemical impedance spectroscopy made
it possible to conclude that the GO is a material
that contributes a resistance of 200 € once its
ink is deposited and tested in the biosensor.

Given the characteristic parameters
reported for each biosensor can be concluded,
that the electrochemical detection of sorbitol is
much better than that of maltitol, because the
chemical structure of sorbitol is mostly akin to
AlOx to be oxidized.
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Therefore, the biosensor sheds more
stable, reproducible responses with greater
signal/noise ratios
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Abstract

The production of artificial polymers is, today, one of
themost important activities of the chemical industry,
polymersare widely used in everyday life, as, there are
different types of polymers, they can be used for different
uses. These polymeric materials have unique mechanical,
physical and chemical properties, which most other
materials do not possess, not to mention that its cost is
lower than the other materials. The present research work
focuses on the determination of optimal operating
conditions for the polymerization of styrene and methyl
methacrylate in a Batch reactor, as well as the influence
of inorganic salt in this case NaCl in the performance of
reaction and in the size of the material polymer, through
the process of suspension using a synthetic route of
polymerization by radical free conventional (FRP), where
viscometry to the polymeric material testing was
performed for this way characterize it, and to determine
factors of interest such as the molecular weight, etc.

Styrene, Methyl methacrylate, Polymerization,
Suspension process, Free radicals

Resumen

La produccion de polimeros artificiales es, en la
actualidad, una de las actividades mas importantes de la
industria quimica, los polimeros son usados ampliamente
en la vida cotidiana, ya que, al existir diferentes tipos de
polimeros, pueden ser aprovechados para diferentes usos.
Estos materiales poliméricos  tienen  singulares
propiedades mecanicas, fisicas y quimicas, que la mayor
parte de otros materiales no poseen, sin mencionar que su
costo es menor al de otros materiales. El presente trabajo
de investigacion se enfoca en la determinacion de
condiciones de operacién optimas para la polimerizacién
de estireno y metacrilato de metilo en un reactor Batch,
asi como también la influencia de una sal inorganica en
este caso NaCl en el rendimiento de reaccion y en el
tamafio del material polimérico, mediante el proceso de
suspensién utilizando una ruta sintética de polimerizacién
por radicales libres convencionales (FRP), donde se le
realizaron pruebas de viscosimetria al material
polimérico para de esta manera caracterizarlo , y poder
determinar ciertos factores de interés como el peso
molecular, etc.

Estireno, Metacrilato de metilo, Polimerizacion,
Proceso de suspension, Radicales libres
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Introduction

Polymers, synthetic or natural are present in
every aspect of our lives, in many modern
materials, pharmaceutical equipment, electronic
devices, automotive parts, medical equipment,
etc. From time to date, polymers have been
replacing traditional materials, mainly at low
cost and the possibility of being adapted in a
host of special applications.

Therefore, at present, the polymers area
in the world is one of those with the highest
growth due to the demand of its products in the
international market, which is why this sector
needs to invest in research and technology to
improve the processes of obtaining their
products.

In the present research work the
synthesis of the polymers was carried out by
means of the process of free radical suspension
(FRP), it is a very important commercial
process for the preparation of polymers with
high molecular weight because it can be used
for the polymerization of a wide variety of
vinyl monomers under moderate reaction
conditions, requiring absence of oxygen, but is
water tolerant, and can be carried out over a
wide range of temperatures (-80 to 250°C).

Radical polymerization, like other chain
growth polymerization mechanisms, has three
main reactions: initiation, propagation and
termination.

The initiation of a free radical
polymerization consists of two steps. In the
first, the initiator (I) is broken down into two
radical species. In the second step of the
initiation, a monomer molecule (M) reacts with
the radical initiator to form a radical monomer.
Propagation is the growth of the active chains
(radicals) by a sequential addition of
monomers. And the termination produces dead
polymer chains: the growth of the polymer
chains is finished and the active centers are
irreversibly annihilated.

As mentioned in this work we focus on
the suspension polymerization, where the
monomer to be polymerized has to be dispersed
in the continuous phase (aqueous phase) as
small droplets.
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To achieve a stable dispersion with a
controlled coalescence of the droplets during
the polymerization process, this is achieved by
applying a suitable method of agitation in the
reactor and by means of the use of suspending
agents (stabilizing or dispersing agents).

Both the production of polystyrene (PS)
and polymethyl methacrylate (PMMA) are
some of the most important polymeric materials
available today, so the industrial production of
PS and PMMA has led to a large amount of
development and sustainable growth as a
mature technology.

Overall objective

Obtain polymers of styrene and methyl
methacrylate by the process of suspension via
free radicals, varying the reaction parameters,
such as temperature, speed of agitation, etc. To
determine the performance of the reaction.

Specific objectives

- Synthesize polystyrene beads,
determining the optimal operating
conditions for subsequent

characterization.

- Synthesize polymethyl methacrylate
beads to determine optimal operating
conditions for further characterization

- Determination of the reaction yield.

Materials and methods
REAGENTS

Monomers>  Styrene and  methyl
methacrylate: With a purity percentage> 99%
(Sigma-Aldrich).

Washing> Hydroxide sodium 0.1M
(HYCEL)

Dispersing agent> Polyvinyl alcohol
(PVA). Hydrolysis percentage: 87-90%.
(Sigma-Aldrich).

Initiator> Benzoyl peroxide: With a
purity percentage of 97%. (Sigma-Aldrich).

Solvent> Toluene.

MONTERO, Erika, CONTRERAS, David, FUENTES, Rosalba and
GALINDO, Maria Del Rosario. Influence of NaCl on the
polymerization of vinyl monomers by the suspension process.
ECORFAN Journal-Bolivia. 2019.
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Polymerization of styrene

Determination of operating conditions: The
polymerization process was followed by
suspension via FRP. The reactions were carried
out in a 500 mL Batch reactor, using for the
continuous phase a constant volume of 240 mL
of distilled water with a PVA concentration of 5
g / L, and adding different amounts of salt
(NaCl), 0 g, 0.3 g, 0.45 g. While for the
dispersed phase, 20 mL of styrene was added,
with equal amounts of initiator (BPO); 0.325 gr
(ratio 1: 130). The synthesis was carried out
with a stirring speed of 150 rpm at a
temperature of 85 = 5 ° C for 2.45 hours and
3.00 hours consecutively.

Polymerization of methyl methacrylate

In the same manner, for this reaction,
suspension polymerization was followed via
FRP. The reactions were carried out in a 300
mL reactor, and using a constant volume of 110
mL of distilled water with a PVA concentration
of 5 g/ L for the continuous phase, and adding
different amounts of salt (NaCl), 0 g and 0.3 g.
While for the dispersed phase, 8 mL of methyl
methacrylate was added, with an amount of
initiator (BPO); 0.1818 gr (ratio 1: 100) and.
The synthesis was carried out with stirring
speeds of 420, 500 rpm at a temperature of 75 +
5 ° C, for 100 hours and 1.30 hours
consecutively.

Performance of the reaction
The vyield of polystyrene and polymethyl
methacrylate obtained with the following

equation was calculated.

w,
M0 4100

%R =
P

Where:
% R is the percentage of performance

Wwmo is the weight of the polymer
obtained, gr in the reaction.

Wep is the weight of the monomers
obtained theoretically in, gr.
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Characterization

Viscosimetry The average molecular weights
were determined with an Ostwald viscometer
number 150 and the Mark-Houwink equation.
The constants used for toluene styrene systems:
a = 0.62 k = 0.037 and for the methacrylate
methyl-toluene system: o = 0.73 k = 0.0071.

Results and Discussion

Experimentally, the reactions were performed
with the styrene and methyl methacrylate
monomers with different volumes of PVA and
BPO, in a Batch reactor, at different stirring
speeds of 150, 420 and 500 rpm and at 85 £ 5
°C.

The variations were made in each of the
reactions until obtaining the optimum
conditions of operation where pearls were
obtained with good appearance and of
considerable size and the reactions that were
more favourable of the different polymers were
selected and analysed.

The influence of temperature and
polymerization time on the final molecular
weight is not so significant when adding the
inorganic compound (sodium chloride, NaCl) in
the reaction medium, so it was not considered
in the analysis of results. however, the influence
that the agitation speed has if it is of
consideration.

For example, the Table 1 and Figure 1
show the data obtained from the capillary
viscosimetry to determine the molecular weight
of the PS at 150 rpm and 0 g of NaCl added in
the reaction medium.

Concentration nr Nsp Nred Ninh
(g/mL) (Vo) (t-to/to) (Msp/C) In n,/c

0.002 1.06 0.06 27.85 27.10
0.001 1.04 0.04 38.35 37.63
0.0005 1.03 0.03 50.66 50.04
0.00025 1.02 0.02 76.14 75.42

Table 1 100% Polystyrene
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Graph 1 100% Polystyrene

The determination for molecular weight
was made using the parameters offered by the
Mark-Kouwink expression, that is (see Table
2):

o k
(Toluene PS (10-3) (M)~ (1 /a)) (1.2My)
1013x10° 1317x10°

] at 298°K)

Table 2 100% Polystyrene

The yield of polystyrene obtained was
56.8% which is an average performance can be
considered good, so we would have to check or
refine some details technically. The M,, was
1317x10° g/mol which is a very high molecular
weight.

As a summary form, Table 3 shows the
molecular weights for the polystyrene obtained
by the suspension process at different reaction
rates and amounts of the inorganic salt.

Reaction M, x 10°

RX NaCl (g) rate (rpm) (g/mol)
1 0 150 1316
2 0 420 385
3 0 500 191
4 0.3 150 539.8
5 0.3 420 245.6
6 0.3 500 125
7 0.6 150 658.5
8 0.6 420 318.7
9 0.6 500 1317

Table 4 Summary of the molecular weights for
the PS by the process of suspension at 85 °C
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The influence of the rate of agitation
and the amount of sodium chloride in the
reaction medium can be seen in Figure 2,
clearly observing how the flocculating effect of
the inorganic salt (cage effect) remains very
intense as the amount of ions in the reaction
medium; however, there is a limit of this
amount and it is observed with 0.6 g of NaCl.

This is because the medium is already
saturated, the effect is already minimal with the
size of the polymer chain, which no longer
allows it to continue to grow in the process of
chain propagation.

1,E+06
—e— 0 g NaCl
1E+06 —@— 0.3 g NaCl
1,E+06 0.6 g NaCl
5
£ B8,E+05
=
f 6,E+05
4,E+05
2,E+05
0,E+00
100 200 300 400 500

Reaction rate (rpm)

Graph 2 Evolution of the Mw of the PS in the process of
suspension at different concentrations of NaCl and
agitation speed at 85 ° C

The tendency that can also be observed
is that as the speed of agitation increases in the
medium, the molecular weight decreases, which
IS correct because there is a greater breakage of
the pearls formed in the process of suspension;
that is, the size of the particles is smaller as the
agitation speed increases, so there is less
volume to store a greater amount of monomer.
Likewise, coupled with the presence of NaCl,
the space is diminished and therefore, there is a
lower molecular weight of the polymer chains
formed.

Similarly, Table 5 presents the data
acquired for PMMA at 85 ° C of molecular
weight at different inorganic salt concentrations
and agitation rates.

MONTERO, Erika, CONTRERAS, David, FUENTES, Rosalba and
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Acrticle
Reaction rate My x 107

‘ Rx Nacl ©) (rpm) (g/mol)
10 0 150 1586.1
11 0 420 457.7
12 0 500 206.6
13 0.3 150 781
14 0.3 420 392.1
15 0.3 500 183
16 0.6 150 693.1
17 0.6 420 359.8
18 0.6 500 149.7

Table 5 Summary of the molecular weights for the
PMMA by the process of suspension at 85 °C

The yield of methyl polymethacrylate
obtained was 77% average which is a yield
under the operating conditions were favorable
for the reaction. Considering that the
propagation constant that MMA has is much
greater than that of styrene, which denotes that
the reaction time is shorter to obtain this
conversion; Likewise, a similar behavior is
observed in the evolution of molecular weight
with respect to the agitation value and the
concentration of the inorganic salt (see Figure
3).

2,E+06
2,E+06
1,E+06
~ 1E+06
g 1,E+06
2 8,E+05
2 6,E+05
4,E+05
2,E+05
0,E+00
100 200 300 400 500

Reaction rate (rpm)

—e— 0 g NaCl

—@— 0.3¢g
NaCl

Graph 3 Ewvolution of the Mw of the PMMA in the
process of suspension at different concentrations of NaCl
and agitation speed at 85 ° C

However, the effect of sodium chloride
as a flocculating effect in MMA is not very
appreciable at high concentrations and this is
due to the electrostatic forces presented by the
inorganic salt with the ester group present in the
monomer, indicating that the critical
concentration in this case is 0.3 g NaCl.

Conclusions

By way of conclusion we can say that through
this work it was observed that for the
polymerization performance of styrene and
methyl methacrylate it is important, the
presence of the dispersing agent since it avoids
the agglomeration or coalescence of the
polymer beads.
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Because  when  decreasing  this
agglomeration we will have mostly pearls and a
better performance in the reaction, with respect
to the inorganic salt that in our case the NaCl,
we can say that it was mostly favorable in the
styrene polymers, not so much for the methyl
methacrylate, but in if it is a good influence on
the size of polymeric material and influences its
consistency.

Another important factor is the agitation
speed that influences the formation of beads
and molecular weight. Based on this, it was
possible to obtain the most adequate operating
conditions for the process, giving as a good
result that the suspension process is a good way
to obtain this type of polymers.
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Abstract

This paper presents the numerical comparison in ANSYS
Maxwell between nanocrystalline, Vitroperm 500F, and
ferrite, 3C90, cores to be used in power electronic
converters (PECs) transformers. The converter topology
used is the doubled switch Forward, due to its
characteristics and its power range (<500W). The
transformer model development, the characterization and
the BH measure curves from the material, as well as its
validation and the excitation type implemented in the
numerical model are described in the methodology. The
exposed results show an improvement in comparasion
with the ferrite, in addition to a better flexibility in the
magnetic  design  methodology, given by the
nanocrystalline magnetic characteristics.

Nanocrystalline, ANSYS, Forward

Resumen

El articulo presenta la comparacion numérica en ANSYS
Maxwell entre ndcleos de nanocristal, Vitroperm 500F, y
ferrita, 3C90, para ser usados en transformadores para
convertidores electronicos de potencia (CEP). La
topologia de convertidores usada es el Forward con doble
interruptor, debido a sus caracteristicas y su rango de
potencia (<500W). El desarrollo del modelo del
transformador, la caracterizacion y medicién de curvas
BH del material, asi como su validacion y el tipo de
excitacion implementados en el modelo nimerico son
descritos en la metodologia. Los resultados expuestos
muestran una mejora en el uso de nancristales en
comparacion con la ferrita, asi como mayor flexibilidad
en la metodologia de disefio magnético dadas las

caracteristicas del material nanocristalino.
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Introduction

Today, electronic power converters (PECS)
have increased the operating frequency and
reduced the size of the entire system [1]. This
can be achieved due to the advancement in the
technology of power electronic switches, such
as silicon carbide (SiC). The increase in switch
technology reduces switching losses [1], which
is one of the major considerations by increasing
the operating frequency; by increasing the
working frequency, the magnetic components
can be reduced in size, but the losses in the
nucleus increase.

Current materials used in magnetic
devices, such as ferrite, have a rather low
saturation  point  which  represents an
impediment to reduce the size of magnetic
devices. That is why the tendency in PECs is to
find and use new magnetic materials that can
work in smaller sizes and with better
performance [2]. New magnetic materials with
higher saturation points, wider frequency
operating ranges, smaller core losses and small
magnetostriction are required. The
characteristics of magnetic materials with
nanocrystals make this type of candidate
materials to migrate from conventional
materials, this has led to their potential
applications being studied.

In [3] a magnetic nanocrystal stator is
constructed and analyzed to reduce the losses in
the stator of an electric machine. The shape of
the stator core is not commercial and this
configuration and special cutting was done by
the Hitachi company. The results in [3] show a
reduction in core losses from 64% to 75%
compared to conventional silicon steel material.

Another application is shown in [4]. In
this research, the authors analyzed and designed
a high density transformer for a resonant
converter (30 kW 200 kHz). At work it can be
clearly seen a decrease in size by comparing the
nanocrystalline and ferrite material, almost 50%
in size. The tests performed on the transformer
confirmed an improvement in the performance
of the transformer by using magnetic materials
with nanocrystalline structures, reducing losses,
increasing power density and greater saturation
of magnetic flux. While there is some research
with nanocrystal magnetic cores such as those
discussed in [5,6,7,8], most of the research
focuses on high power.
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Due to the high power, the size of the
core is usually large and the cost of the
nanocrystalline material is excessively high,
compared to the price of ferrites. There are
much smaller nanocrystalline cores that can be
used in conventional low power applications
with a price that can compete with that of
ferrites.

51

Figure 1 BH curve measuring circuit for magnetic
materials

Magnetic Properties of the Cores

This section presents the circuit used to obtain
the BH curves of the magnetic materials which
are used in the finite element analysis in the
ANSYS Maxwell software.

Figure 1 shows the circuit used for the
measurement of magnetic parameters, magnetic
flux density (B) and magnetic field (H). The
magnetic field strength is directly proportional
to the field generating current (1) and this
passes through the primary of the transformer;
therefore, a shunt resistor is necessary to
measure the magnetic flux intensity in the core.
The magnetic flux is given by the integral of the
voltage induced in the secondary, which is why
the operational amplifier is configured to
function as an integrator and thus the magnetic
flux is directly proportional to the output
voltage of the operational amplifier (2).

—Np-I

H=—" 1)
Where H is the magnetic field strength,

Np is the number of turns in the primary and Lc

is the length of the magnetic path of the core.

o] Vo*C1%R
=2 — _ YoxCI-Ré )
Ac Ns
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Where B is the magnetic field density,
Ac is the cross-sectional area of the core, @ is
the magnetic flux, Vo is the output voltage of
the operational amplifier, C1 and R6 are the
elements of the integrated and Ns is the number
of turns in the secondary.

An oscilloscope is necessary where the
channels can be used as axes, since channel one
will be connected to the shunt resistor and
channel two to the output of the operational
amplifier. Figures 2 and 3 show the BH curves
of the Vitroperm 500F material and 3C90
ferrite respectively, which were measured at
500 Hz and at 28.5 ° C.

Tek g

Y Mode
25-Jan-13 14:23

Figure 2 BH curve of the Vitroperm 500F material at
500Hz and 28.5° C

Tek JL.

1Y Maode
25-Jan-19 15:11

Figure 3 BH curve of the 3C90 ferrite at 500Hz and 28.5
°C

Finite Element Analysis (FEA)

In this section all the details for the numerical
simulation are described. The main design
parameters are shown and how the model will
be analyzed is created. It is important to present
the considerations to simulate a numerical
model in the most optimal way.
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Therefore, a 2D model is presented in
this section. The materials used in the 2D
model, as well as the validation to use it are
described. It is necessary to validate all material
used in an analysis with reference values,
usually they can be found in the manufacturer's
data sheets. In the corresponding section, the
values taken to validate the nanocrystal material
are mentioned. Finally, the transitory design of
the Forward converter is exposed; this model is
created to analyze the transformer. This
analysis serves to know the distribution of the
magnetic flux and saturation of the nucleus.
Core losses are obtained from this analysis
because the power of the transformer into a
Forward converter is not sinusoidal.

The design of the converter is beyond
the scope of this paper, however, the
methodology and analysis of the Forward
topology with double switch (Figure 4) can be
found in [10].

Parameter Design parameters
NEI Value Unit

Input voltage 200 |V

Output voltage 50 \'
Output current 10 A
Work cycle 0.25 -
fequency 100 e
Inductor value 192 uH
Capacitor value 22 uF

Table 1 Design parameters for the Forward converter

Parameter Design parameters Design ters

Name Nanocrystalline core Ferrite core (ETD34)

Value Unit Value Unit

Operating

100 kHz 100 kHz
frequency

Security
Saturation 0.8 T 0.33 T
Point

Number of
turns ratio

Area product

(calculated) 0.3411 4 111 cmé

Area product

0.4755 cmd 11.931 cmd
(core)

Number  of
turns in the
primary and 23 - 23
secondary
coil

Table 2 Design parameters for the transformer
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numerical comparison for high frequency and low power electronic
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Figure 4 Forward converter with double switch

The parameters for the Forward
converter are shown in Table 1. The design
parameters of the nanocrystalline and ferrite
transformers can be observed in Table 2. The
methodology for transformer design can be
found in [11] and it shows that the more
magnetic flux density can be induced in a
material, the smaller the cross-sectional area is
needed and the smaller the size of the magnetic
device.

The methodology to design an
electronic power transformer and analyze it in
ANSYS consists of:

1. Design the 3D or 2D model in a
computer-aided design software.

2. The next step is to characterize all the
materials to be used in the model.

3. Perform a frequency analysis and
calculate the losses in the core to
compare them with those of the
manufacturer.

4, Finally, the transitional analysis model
is created. With external power due to
the non-sinusoidal power signals that
can be observed in the converters.

2D Core and Winding Design

The geometry for nano-crystal numbers,
competitive in price to ferrite, which satisfies
the design requirements, is a toroidal shape. For
a 500W Forward converter, the specific core of
the manufacturer Vacuumschmelze is the model
T6006-L2025- W523. For the ferrite, the
smallest core that satisfies the requirements is
the ETD34. These design features to select the
cores are those shown in Table 2.
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The nominal values of each core, used
for the creation of the 2D and 3D model are
shown in [12] and [13], for the nanocrystal core
and the ferrite, respectively. Because the
coating material of the nanocrystal core is
considered to be permeable equivalent to that of
vacuum, the plastic is created as a non-model
element in ANSYS Maxwell to improve the
computing speed.

The toroidal model is performed in 2D
simulation because simulating the complete 3D
model as shown in Figure 5 requires a large
amount of computational memory, due to the
small cable length. To simulate this model, the
first iteration consists of approximately
1,700,000 elements. So the 2D model is
recommended when the geometries prevent
simplifying winding due to changes in the
cross-section of the cable. In the 2D model
(Figure 6) we consider that each conductor that
is observed is litz cable and there is no induced
skin effect on them.

Figure 5 3D model of the toroidal transformer

{/
\

Figure 6 2D model of the toroidal transformer
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In the case of the ferrite core, the
winding maintains an equal cross-sectional area
in all parts because it is designed as a cylinder.
Therefore, this model can be simplified as a
solid conductor, where the width of the
conductor is given by (3).

h=,/(n/4)*D 3)

Moreover, due to the symmetry stored
by the ETD34 core, it is possible to cut the
model and simulate only 1/4 of the complete
geometry without compromising the system
response. The final simulation model for the
ferrite core can be seen in Figure 7.

Figure 7 3D model of the transformer, ETD34 core

Sy 1

Graph 1 BH curve of the DC of the Vitroperm 500F
material

Nanocrystalline Material Characterization

The characterization of ANSYS Maxwell
requires giving the BH curve in DC. The BH
curve of DC does not contain hysteresis to
obtain said curve of the values of Figure 2; the
values can be interpolated and checked with the
curve given in [9]. The BH curve for the
characterization of the material can be seen in
Graph 1.
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Given the extensive study in the field of
ferrites, the ANSYS Maxwell software has in
its libraries the magnetic properties of the
Ferroxcube 3C90 ferrite, as well as the
coefficients of the mathematical loss model,
Steinmetz; therefore, it is not necessary to
inquire about obtaining the parameters.
However, the BH curve obtained in the
measurements can be interpolated in the same
way as the nanocrystal curve to check the
model of the library with the physicist.

Whag

Graph 2 Loss curves vs. frequency of the Vitroperm
500F material

The loss model of Steinmetz (4) [14] is
the one used in ANSYS to calculate the losses
of the magnetic components. The coefficients
of the Steinmetz mathematical model are
obtained with the loss curves at various
frequencies shown in Graph 2 and given in
[15].

Pe = Kp*F*Bp + K *(F*Bp) + K *(F*Bp) > (4)

Where Kh, n, Ke and Ka are the loss
coefficients, f is the operating frequency and Bp
is the average magnetic flux density flowing
through the core cross section.

The mathematical model of losses
already considers hysteresis losses with the
corresponding coefficient Kh. Density and
stacking factor for laminated materials are other
characteristics that are required by the software.
The stacking factor can be obtained with (5).
The density for the nanocrystal is 7100 kg/m"3
and the stacking factor is 0.4 and must be
oriented in cylindrical coordinates on the radial
axis, by toroidal geometry.

Sr = An/Are (5)
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Where Ar. is the effective cross-sectional
area of the nanocrystalline material and Ay is
the nominal cross-sectional area of the core.

Graph 3 Loss vs. frequency curves of the Vitroperm
500F material obtained in ASYS Maxwell

Nanocrystalline material validation

To validate the material model, it is necessary
to perform a frequency analysis with ANSYS
Maxwell. The geometry for this simulation is
the same one designed in the previous section
and only one coil is used to simplify the
simulation model. With this analysis, a
variation is made in the input power, which is a
sine wave, to vary the magnetic flux density
induced in the core. To obtain the losses in the
core in ANSYS Maxwell (Graph 3) it is
necessary to create a line in the core cross
section. To obtain a value of the magnetic flux
density is used (6).

B=/|B”|.ds/s (6)

Where B~ is the magnetic flux density
vector and s is the area of the core cross section.

Losses can be plotted for losses in the
core against frequency. Comparing the graph
obtained in ANSYS and the one given by the
manufacturer, it can be seen how each of the
curves of both graphs corresponds, so that the
material has been validated with real values and
can be used in the following analyzes.

Transitional Analysis Design

The Forward topology comprises a transformer
used to isolate the input and output stages of
one another and to increase or decrease the
output voltage. The transient analysis shows the
losses in the nuclei of both transformers:
nanocrystal and ferrite.

In this design the excitation of the
transformers is the topology of the Forward
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converter (Figure 4), the parameters are
extracted in the circuit editor of ANSYS
Maxwell. These parameters determine the
amplitude and waveform of the current in the
primary. Thus, the transformer can be analyzed
for the application that was designed and the
other elements of the converter are simulated as
ideals.

Performance

Numerical Results and

Comparison

This section shows the results of the transitional
analysis. The analysis is considered from the
start of the circuit and is simulated until it
reaches the steady state in order to compare the
cores correctly. The time range for the
simulation is from QOus to 900us, with a time
step of 0.1us to ensure quality results; 9000
iterations are performed per transformer. Due to
the analysis requirements, parallel processing is
used in ANSYS using 9 of 10 available
processor cores.

ANSYS Maxwell uses an automatic
mesh refinement method, only in non-transient
analyzes. Therefore, to have a quality mesh in
the transitory analysis, the frequency analysis
mesh has been imported, which improves the
simulation time.

b [renia)

Figure 8 Density of magnetic flux in ferrite core

For both materials there are values
calculated automatically by the software. The
first parameter analyzed is the magnetic flux
density (B), Figures 8 and 9 represent the time
interval where the greatest B occurs.
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Figure 9 Magnetic flux density in nanocrystal core

A more prone to saturation nucleus in
the ETD34 nucleus can be seen in Figure 8. The
saturation point for the 3C90 ferrite is 0.44 T;
despite this, in the design it is always advisable
to consider a saturation point lower than the
real one, to avoid saturating the core, in this
case the saturation point fixed is 0.33 T. In
Figure 8 the maximum value of magnetic flux
is 0.218 T compared to the nanocrystal core B,
which is 0.261 T. The saturation point for the
design in the nanocrystal core was 0.8 T. By
analyzing both nuclei, we can see that the most
prone to saturation is the ferrite core. Figure 4
shows the output voltage of the Forward
convector with a nanocrystal core. Comparing
the output voltage of the nanocrystal core
converter with the output voltage of the ferrite
core converter (Figure 5), we can see that the
latter is larger than the nanocrystal core.

80
60
40

20

Voltage (V)

0
0
-20

200 400 600 800 1000

Time (us)

Graph 4 Output woltage of the converter with
nanocrystal core
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Graph 6 Loss in the nanocrystalline nucleus

Figures 6 and 7 show the losses in the
transformer core built with nanocrystal and
with ferrite, respectively. It can be seen that the
losses in the ferrite transformer are lower than
in the nanocrystal transformer. This is due to
the fact that the cross-sectional area of the
nanocrystal transformer is smaller, causing a
higher magnetic flux density in the nanocrystal
core.
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Graph 7 Loss in the 3C90 ferrite core

Given the conductivity or material, there
are greater losses due to Eddy currents
compared to losses of the ferrite core. The
losses of the ferrite core are almost entirely
attributed to the hysteresis losses of the material
and turn out to be smaller than the nanocrystal
core.

Conclusions

By analyzing the results obtained in the
simulation, a greater flexibility in the design for
the nanocrystal nuclei can be observed.
Although the losses in the nanocrystalline core
are greater compared to that of ferrite, the cross
section of the ETD34 core is 4.9 times larger
than the core cross section T60006-L2025-
W523.
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This represents a larger core and weight;
the ferrite core is 3 times heavier than the
nanocrystal core, and there is no smaller ferrite
core that meets the design specifications of a
500W Forward converter, unless the security
saturation point becomes wider, which can
create the risk of saturating the core. If the cross
section of the nanocrystal core doubled the
losses between the cores it would be similar.
The nanocrystalline core has greater flexibility
in design, due to its high saturation point.

The cross section of the nanocrystalline
core can be increased by saving the same
dimensions specified in the data sheet, if a
greater stacking factor is specified to the
manufacturer to cover the cross section with
more magnetic material. This type of low-cost
cores are used in common mode shock,
however, this article demonstrates its wide
potential and improvement in power density
and losses in electronic power converters,
increasing the cross-section of the core to
induce less losses by Eddy currents in the
material.
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