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ABSTRACT

The polymerization of aniline hydrochloride by inverse microemulsion in a batch process and the
semicontinuous process was studied as a function of the surfactant ionic and nonionic.
Polymerizations were carried out at 60°C for 4 h with a yield polymer of circa 67 and 27% wt. for
ionic and nonionic surfactants. The conductivity of synthesized polyaniline by the semicontinuous
process is higher up to three orders of magnitude than that of the batch process for both
surfactants. The calculating degree of oxidation by UV-Vis showed the relative intensities of the
quinoid to benzenoid unit around one. The morphology was determined by Scanning Electron
Microscopy (SEM) and observed that the formation of the different morphologies is due to the self-
assembly behavior of surfactant. The diameter z-average particle size (Dz) was studied by
Transmission Electron Microscopy (TEM), which determined that the diameter particle in
a semicontinuous state is larger than the one produced in a batch; this is due to the control of
monomer addition in the system. These findings suggest that the polymerization process and the
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type of surfactant influence the properties of polyaniline.

1. Introduction

Polyaniline (PANI) is a material of great interest in the
application of different technology areas, for instance:
electronic devices, light-emitting diode (LED),
rechargeable batteries, supercapacitors, and solar
cells. This is due to its electrical conductivity and
environmental stability [1,2]. The polymerization of
PANI depends on the various factors that affect the
viscosity properties, conductometry, and yield. Some
of these factors are aniline/oxidant agent mole ratio,
concentration, the nature of protonic acid, time of
reaction, reaction temperature, and polymerization
technique [3,4]. There is much research in the litera-
ture, but the oxidation of aniline in acidic aqueous
media using ammonium peroxydisulfate as an oxi-
dant has been mostly used [5-7]. For another part,
PANI has been synthesized by heterogeneous poly-
merization emulsion, nanoemulsion, and microemul-
sion [8,9]. One of the few synthesis methods used is
microemulsion polymerization. Microemulsions are
homogeneous pseudoternary dispersed systems,
they are constituted by two immiscible liquids (oil-
to-water), appropriate amounts of surfactant, and/or

co-surfactant. They are within thermodynamic equili-
brium and can take on several microstructures such
as oil in water (O/W) or water in oil (W/O) depending
on temperature, composition, surfactant type, etc.
[10,11]. A variant of the batch microemulsion synth-
esis method is semicontinuous polymerization, which
can be used to obtain polymeric nanoparticles with
defined morphology. The synthesis begins from
a surfactant solution without the presence of
a monomer. There are only empty micelles present
at the beginning of the reaction and then the mono-
mer is added continuously at a constant rate (Ra)
[12]. On the other hand, numerous reports are avail-
able depicting the behavior and the physicochemical
properties of microemulsions using surfactant ionic
and nonionic [4,13,14]. However, there is little biblio-
graphy that describes using of microemulsions
inverse [15], with surfactant ionic [16] and nonionic
in polymerization semicontinuous for obtaining the
conductive polymers [17]. The present contribution
deals with the study of the polymerization of aniline
hydrochloride through inverse microemulsion by the
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batch process and semicontinuous process as
a function of the surfactant ionic and nonionic. The
effect on the yield, particle size, structure, and con-
ductivity of polyaniline was analyzed.

2. Experimental section
2.1. Reagents

Aniline hydrochloride monomer was synthesized by
using 99% pure Aldrich brand reagent grade aniline
(St. Louis, MO, USA), previously distilled at 185°C. The
aniline hydrochloride salt was washed with 99% pure
Wohler brand reagent grade ethyl ether (Iztapalapa,
Mexico). Brand Aldrich ACS grade (St. Louis, MO, USA)
ammonium persulfate (APS) was used as the oxidizing
agent. Sodium bis(2-Ethylhexyl) sulfosuccinate (AOT)
and polyethylene glycol sorbitol hexaoleate (PEG-SOR
HEX) were used as anionic surfactant and nonionic
both with HLB of 10 from Aldrich (St. Louis, MO, USA).
Nitrogen gas with 98% pure from Infra de Occident
(Guadalajara, Mexico) was used to purge and evacuate
the oxygen content of the solution, and hydrochloric
acid from Aldrich (St. Louis, MO, USA) was also used
without purification. Selectro Pura brand deionized
water (Guadalajara, Mexico). Dimethyl sulfoxide brand
Aldrich grade ACS (St. Louis, MO, USA) was used as the
solvent

2.2. Methodology

The synthesis of aniline hydrochloride (AHCI) was carried
out by mixing equimolar amounts of previously distilled
aniline and hydrochloric acid under stirring within
a 100 mL round flask cooled with ice and water. As the
solution cooled down, the formation of aniline hydro-
chloride salt crystals began. Once this process was fin-
ished, the salt was deposited in a separation funnel and
washed with anhydrous ethyl ether. The salt was col-
lected and dried in an oven at 50°C and stored for the
next process. To make the phase diagram, compounds
were weighed and introduced into glass ampoules,
which were sealed and immersed in a temperature-
controlled bath at 60°C until the system achieved the
equilibrium of thermic stabilization. The samples were
visually examined using a laser beam of light scattered
as it passes through glass ampoules containing diluted
microemulsion. If the effect of scattered light occurred, it
was considered a microemulsion. Different recipes were
tried for the synthesis and were chosen the composi-
tions were more stable for realization. The first composi-
tions have been 83.4%wt cyclohexane, 13% wt. AOT
ionic surfactant, and 3.537% wt. AHC| into an aqueous

phase. In the aqueous phase, the proportions were
3.074% wt. water, 0.342% wt. of AHCI. and 0.12% wt of
APS. The composition second was 83.32% wt. cyclohex-
ane, 10.78% wt PEG-SORHEX nonionic surfactant, and
5.90% wt. AHCI into an aqueous phase. In the aqueous
phase, the proportions were 4.293% wt. water, 1.49% wt.
of AHCI, and 0.117% wt. of APS. Both syntheses were
made in a batch process and semicontinuous process.
First, the surfactant AOT or PEG-SORHEX was mixed with
cyclohexane and deposited in a three-neck reactor with
a condenser. Afterward, a solution of distilled water and
APS purged by nitrogen was added. Thereafter, the
reactor was hermetically closed and left stirring for
24 h protected from light. In the batch reaction, a single
all compounds were added, and the synthesis was con-
ducted for one period of 4 h. For the semicontinuous
polymerization, the solution with surfactant ionic or
nonionic, cyclohexane, water, and APS previously
mixed was charged to the reactor. Followed the mixture
of the aqueous phase of AHCl/water was added to the
reactor using a B-D YALE 20 mL syringe adapted to
a calibrated addition pump (Kd-Scientific) at a constant
monomer addition rate (Ra) of 0.007 g/min for the micro-
emulsion with AOT and a rate of 0.0152 g/min for the
microemulsion with PEG-SORHEX. The process of semi-
continuous addition was carried out for 1 h and the
reaction continued for three additional hours. In the
beginning, all reactions were placed in a temperature-
controlled bath at 60°C with a stirring speed of 300 rpm
and purged with N; for 30 min to remove oxygen. The
conversion was gravimetrically followed: in the microe-
mulsion synthesized with AOT, a 5 ml aliquot was with-
drawn in a time determined and placed in vials that were
weighted previously. A mixture of water and ethanol (1:1
ratio) was added and the solution shook. The mixture
and the vial were placed into an oven at 50°C for eva-
porate the solvent and precipitate the polymer. The
polymer was filtered and washed several times with
a water and ethanol mix to remove the AOT. The poly-
mer and the vial were deposited in the oven to 50°C until
obtained constant weight, and after conversions were
determined by gravimetry. In the microemulsion synthe-
sized with PEG-SORHEX, a 10 ml aliquot of the solution
was withdrawn every determined time and placed in
50 mL centrifuge tubes of polypropylene and added
acetone and centrifuged at 8500 RPM for 15 minutes.
The centrifuge tube contained two phases, one phase in
a solution and another polymer. The solution was
extracted with a syringe, and acetone was added again.
This process of separation was repeated three times. The
polymer was withdrawn and was deposited into a glass
vial of known weight and dried at 50°C until a constant
weight was achieved.



2.3. Characterization

FTIR spectra of PANI samples were determined using
Thermo Scientific iS5 Nicolet (Thermo Fisher Scientific,
Madison, USA) with attenuated total reflection Fourier
transform infrared spectroscopic (ATR-FTIR). The spectra
were made at a 4 cm-1 resolution, and 32 scans. UV
spectrograms were obtained by using a Genesys 10S
UV.Vis brand UV-Vis spectrophotometer (Madison, WI,
USA). Quartz cells were used. The calibrations were per-
formed prior to the measurements with dimethyl sulf-
oxide. Latex particles of polyaniline (PANI) were
examined in a JEOL 1010 Transmission Electron
Microscope (Peabody, MA, USA) at a 100 kV voltage.
The diameter and count of the particles were calculated
by the program ImagelJ 1.53. The descriptive statistic was
realized by the program Origin 8.1. The diameters were
obtained by measuring at least 50 particles in
a micrograph. The diameter number-average size parti-
cle (Dy), the diameter weight-average size particle (D),
the diameter z-average-particle size (D,), and polydisper-
sity index (D,,/ D,,) were determined through the follow-
ing equations:

> NiD;

i
n N

Dn- (M

> D}
w= i
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where n; is the number of particles, Di is the diameter of
which particle and ), n; is the total number of particles
measured. The morphological analysis was conducted
by a scanning electron microscope (SEM) TESCAN
model MIRA3 (Warrendale, PA, USA). The conductivity
tests were done in a Hioki LCR Meters model IM3570
(Shanghai, China). The value of conductivity was
obtained in the frequency range of 1 kHz to 1000 kHz.
Where an alternating perturbation from 1 V was applied
to a 0.2 mm distance from the sample.

3)

3. Results and discussion
3.1. Ternary diagram

Figure 1 shows the pseudoternary phase diagram of the
system aniline hydrochloride-water/cyclohexane/ sur-
factant ionic (AOT) or nonionic (PEG-SORHEX) at 60°C
temperature. The diagram shows the area from
the microemulsion zone, which defined the path for
the realization of the synthesis as a function of the
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Figure 1. Phase diagram using ionic and nonionic surfactants.

components. Two reaction formulations were chosen
that provided better stability and higher polymer con-
version when synthesized PANI by batch and semi-
continuous polymerization technique. The phase
diagrams were made because there are few reports of
articles where they present aniline hydrochloride/water
ionic surfactant (AOT) [4,18] and in particular nonionic
surfactant (PEG_SORHEX) in cyclohexane to form inverse
microemulsion zones. As can be seen in the phase dia-
gram, the capacity to solubilize aniline hydrochloride-
water is rather limited and relatively few sensitive to the
ionic surfactant in comparison to nonionic surfactant.
The ability to solubilize aniline hydrochloride/water in
ionic and nonionic surfactant systems will be limited by
the radius of spontaneous curvature and the attraction
between the droplets. Thus, for the aniline hydrochlor-
ide-water/AOT/cyclohexane system, the interactive
attraction between the droplets decreases by making
the layer more rigid due to the packing of the polar
groups so that the degree of interpretation of the dro-
plet is reduced and the reduction of the effect of curva-
ture [19]. However, for the system where was used
a nonionic surfactant such as PEG-SORHEX, the solubility
of aniline hydrochloride-water is favored by the effects
of the composition chemical of surfactant nonionic [20],
which changed the radius of curvature.

3.2. Conversion

Figure 2 shows the conversion in batch and semi-
continuous polymerization in inverse microemulsion
for the different surfactants used. The graph of conver-
sion against time shows the polymerization of the sys-
tem with nonionic surfactant presents low conversion
compared to the polymerization of the system with ionic
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Figure 2. Conversion versus time for inverse microemulsion
polymerization of PANI in batch and semicontinuous using
surfactant ionic (AOT) and nonionic (PEG-SORHEX) at 60°C.

surfactant. In the synthesis aniline hydrochloride mole-
cules in the solution react with the oxidizing agent in the
water, accelerating the diffusion process and improving
the polymerization rate. Beginning of the reaction, the
aniline hydrochloride is completely oxidized, when more
aniline monomers are added, these are reduced and
oxidized through the reaction medium until the oxida-
tion potential is being low and the polymerization
decreases [21]. Therefore, it can be deduced that the
ionic surfactant was adequate to stabilize the aniline
hydrochloride in water, due to the ionic strength and
the polarizability of the polymerized particles. According
to [22], the incorporation of a bulky anionic surfactant
into polyaniline and polypyrrole prepared by chemical
oxidative polymerization of monomers in an aqueous
medium demonstrated an increase in the polymer
yield. On the other hand, in reverse microemulsion
where the surfactant was nonionic, the decrease in the
conversion is due to various causes. One could be that
the growth of the particles formed at low conversions is
restricted by the very low concentration of monomer
within the particles, and therefore the formation of
new particles predominates over the swelling and
growth of existing ones due to diffusion of monomers,
a consequence of the amount and type of nonionic
surfactant used [23]. Another cause is the effects of the
nonionic surfactant, which caused the ionic strength to
increase and the polymer formed with a positive charge
to be affected by Van der Waals attractions or the very
long aliphatic chains of the surfactant can be a steric
barrier to oligomerization of the radical cations and later
for the creation of polyaniline chains [22]. The results of
[24, 25], ascribed the slower polymerization rate, to the

presence of molecules of ethylene oxide into the struc-
ture of surfactants, ethylene oxide chain hinders the
sulfate ions from oxidized into the anilinium cation.
Other causes can be, the formation of the chemical
environment, compartmentalization, the concentration
of the reagents, the attraction or exclusion by electro-
static interaction by the Stern layer, and the oxidant
concentration, promoted the formation of PANI with
a higher content of soluble fraction of oligomers in the
polar solvent [26-28]. Sapurina et al. [6] proposed that
the formation of oligomers in the synthesis of PANI, due
to the hydrolysis of the amino groups, generates the
termination of the polymerization by the production of
oligomers, thus blocking the continuation of the synth-
esis obtaining low conversions of polyaniline. However,
determining the causes is left out of the study.

3.3. UV analysis

Figure 3 shows the spectra of UV visible of PANI
synthesis by polymerization batch and semicontinu-
ous realized with an ionic and nonionic surfactant.
The graph shows two bands at 303-320 nm and 609-
636 nm assigned to transition benzenoid and quinoid
consistent with the molecular structure of the emer-
aldine base form. The first absorption band located at
303-320 nm is assigned to the m-m * transition in the
benzenoid ring. The second absorption band located
at 609-636 nm is assigned to the transition quinoid
ring (charge transfer from HOMO of the benzenoid
ring to LUMO of the quinoid ring) [29]. The ~600 nm
signal is due to the formation of excitons in quinoid
rings, these excitons are quasiparticles in which there
are Coulombic interactions between an electron and
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Figure 3. UV-Vis spectra of PANI in ionic and nonionic surfactant
done by reverse microemulsion in batch and semicontinuous.



Table 1. Effects of the reaction of polyaniline in the yield,
oxidation degree, and conductivity.

yield (o)
Samples (%) lo/8? (S/cm)
Batch/ AOT 67.5 0.9307 1.3x107"°
Semi/ AOT 66.4 0.8521 7.7X1077
Batch/ PEG-SORHEX 27.1 0.8050 1.1x1077
Semi/ PEG-SORHEX 274 0.7439 2.7x107*

®los is a relation quinoid (Q)/ benzenoid (B).

a vacancy of opposite charge and are only found in
semiconductor or insulating materials [30]. These
bands provide information on the general oxidation
state of PANI. For determining the degree oxidation,
the spectra of UV-Vis were normalized by baseline
and were calculated the intensity by the origin lab 8
program, the ratio is calculated as follows:

I
R(Intensity ratio) = 2 (4)

I330

where | is the intensity absorption band. The values of
R =0.9307 and 0.8251 for PANI synthesized by batch/AOT
and semicontinuous/AOT were determined, respectively.
For PANI synthesized by batch/PEG-SORHEX and
Semicontinuous/PEG-SORHEX, the values were 0.8050 and
0.7439. For each case, values less than 1 indicate that there
are more benzene units within the polymer, and values of 1
define structure type emeraldine and the polymer presents
more conductivity [31]. In this case, the value oxidation circa
to one was for PANI synthesized by AOT by batch and
semicontinuous. This suggests that the surfactant ionic
(AOT) used in the synthesis was one important parameter
that affects the oxidation state of PANI. Table 1 depicts the
results of oxidation degree, conversion percentage, and
conductivity. The conductivity and the yield of polyaniline
synthesized were found to depend on the kind of surfactant
(Table 1). The yield of the product increased when the
synthesis was realized with surfactant ionic (AOT) in com-
parison to surfactant nonionic (PEG-SORHEX). The conduc-
tivity of polyaniline synthesized by the semicontinuous
process at 60°C was higher up to three orders of magnitude
compared to that prepared at the same temperature by the
batch process for both kinds of surfactant. According to 32,
the increase of the conductivity is due to the homogeneous
protonation of the imine nitrogen and good conforma-
tional ordering. This depends on the synthesis, the dopant,
the surfactant, and the concentration of reactants.

3.4. FTIR analysis

The FTIR spectrum of PANI is shown in Figure 4. The
3262 cm™' peak is attributed to N-H stretching mode,
and the 688 cm-1 peak is attributed to N-H movement.
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Figure 4. FTIR spectra of PANI synthesized in batch and semi-
continuous using surfactant ionic and nonionic.

IR spectra of PANI show the main characteristic peaks of
the samples at 1596 cm™', 1461 cm™', 1376 cm',
1251 cm™', and 807 cm™" in agreement with the literature
[33]. The spectrum shows two bands in the region of
1596 cm™', and 1461 cm™' corresponding to the stretch-
ing vibrations of the quinoid (Q) and benzenoid (B) rings
of polyaniline. A band near 1376 cm™" is C,N+ stretching
adjacent to the quinoid structure, while a band at
1306 cm™ is associated with C-N stretching vibration in
alternating quinoid-benzenoid-quinoid ring units as
shown in Figure 4. The peaks at 1376 cm™' and
1251 cm™" correspond to the N-H bending and the sym-
metric component of the C-C or C-N stretching modes.
The delocalization of m electrons induced by polymer
protonation is related to the bands at 1232-1250 cm™
that are vibration signals in the C-N+ - polaron structure.
These signals are more defined in the spectra correspond-
ing to the polymers that showed higher conductivity,
such as those synthesized with PEG-SORHEX [34]. The
peaks at 1151-1162 cm™" are vibration signals of charged
polymers, either Q = NH+-B or B-NH+-B indicating the
presence of charges in the polymer chain. The bands
corresponding to 792 and 815 cm™' are due to out-of-
plane vibrations in 1,4-substituted aromatic rings. On the
other hand, the bands from 2841 to 2968 cm™" are attrib-
uted to signals caused by stretching of the C-H bond [35].
The band around 1167 cm™' is attributed to the benze-
noid—(NH+) , and quinoid structure that forms during the
protonation process. The 1596 cm™' peak confirms the
presence of a protonated imine, and the 1251 cm™' peak
is characteristic of the conduction of a protonated form of
PANI [27,29]. In the case of the spectra of samples synthe-
sized with active surface PEG-SORHEX, some different
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signals can be found from the spectra of the PANI synthe-
sized with active surface AOT, in the bands of 860 cm™
and 943 cm™ that indicate signals of 1,2,4 trisubstituted
rings [36] this coincides with the structure of phenazine.
The formation of trimers with a phenazine structure func-
tions as initiation centers for the growth of polyaniline
chains that have reactive sites in para positions [6].

3.5. TEM analysis

Figure 5 shows micrographs of PANI synthesized in batch
and semicontinuous using surfactant ionic (AOT) and
nonionic (PEG-SORHEX). In all cases, the micrographs
show quasi-spherical particles; this is due to the deforma-
tion by heating due to the electron beam when examin-
ing in TEM. The results from diameters of the particle of
the latex of PANI are reported in Table 2. Table 2 shows
that the latexes contain a nearly mono-dispersed popula-
tion of particles (1.05 < Dw/Dn < 1.29). The polydispersity
diminishes when used the process of polymerization in

JEOL 1010 Mag: 150 kx

100 nm ==

batch in comparison to the polymerization semicontinu-
ous. This is an indication that the control of the addition of
monomers affects polydispersity. The values of the dia-
meters calculated in the synthesis by ionic surfactant are
smaller than synthesized by a nonionic surfactant in the
different processes done, because nonionic surfactant
decreases the effective packing parameter promoted in
part by the hydrophilicity of the surfactant causing the
droplet size to increase for the ionic system [16].
Regarding the process of polymerization, it is observed
that the diameter particle synthesized in semicontinuous
is bigger than the synthesized in batch, due to the control
of monomer addition in the system, and this influences
the distribution and particle size of the latex [37].

3.6. SEM image analysis

Figure 6 shows SEM micrographs of PANI synthesized
with ionic surfactant (AOT) and nonionic surfactant (PEG-
SORHEX) by process batch and semicontinuous. In

JEOL 1010 Mag: 150 kx 100 nm

d)

¥

7

A’ﬂ")
B

S

N

.:\_"1
o

JEOL 1010 Mag: 150 kx 100 nm  w—

Figure 5. TEM images of PANI synthesized by a) Batch AOT b) Semi AOT, c) Batch PEG-SORHEX and d) Semi PEG-SORHEX.



Table 2. Diameter particle of PANI synthesized by batch and
semicontinuous.

Dy, D,
Samples (nm) (nm) Dw/Dn
Batch AOT 36.25 4483 1.15
Semi AOT 48.88 70.16 1.29
Batch/PEGSORHEX 55.29 59.18 1.04
Semi/PEGSORHEX 73.96 96.96 1.23

Figure 6(a,b), the morphology of PANI synthesized with
ionic surfactant by the discontinuous process and the
semicontinuous process is observed, and the morphol-
ogy changes from agglomerate to agglomerate with
a bar. This is due to the addition of water/monomer
into the micellar system, and how it is fed the water/
monomer to the system by batch and semicontinuous
processes, this increases the intermicellar exchange of
matter between the AOT-inverted micelles. This

SEM HV: 150V WO: 14.83

View fedd: 382 pm Det: S€
SEM MAO: 500 x  Date(mwidry): 051321

UNIV. O GUADALAJARA | CUCE
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exchange induces one-dimensional growth and ulti-
mately aggregates formation through intermicellar colli-
sions [14]. According to 24,38 and, the morphology of
PANI particles can change depending on the synthesis
method, the types of surfactants, the nature of the oxi-
dizing agent, and reaction conditions. When the surfac-
tant is removed, the PANI nanoparticles can be regularly
arranged to form a granular agglomerate morphology
due to the small size of the nanoparticles [14]. Figures 6
(c,d) show the micrographs of PANI made with nonionic
surfactant (PEG-SORHEX) by discontinuous process and
semicontinuous process, and the morphology changes
from agglomerates to agglomerates with a dendritic
structure. When the nonionic surfactant was removed,
the PANI nanoparticles can organize regularly to form
a granular agglomerate morphology, caused by the con-
ductive nanoparticles forming structures or agglomer-
ates of nanoparticles that have very strong affinities with

SEM HV: 150 %V WO: 1500men |
View fiekd: 382 pm Det: S8

SEM MAG: 500 x  Date{mvary): 031321 UNIV. O QUADALAJARA | CuClr

SEM HV: 15.0 KV WO: 14.90 men

Ll 1L}

MRA) TESCAN

Figure 6. Scanning electron microscope micrograph of PANI synthesis: a) Batch/ AOT b) Semicontinuous/AQT, c) Batch/ PEG-SORHEX

and d) Semicontinuous/ PEG-SORHEX.
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each other, which are grouped during the preparation of
the sample, obtaining different morphologies., Caused
by the nonionic surfactant within the inverse microemul-
sion that favors the packing parameter, forming spheri-
cal micelles due to the presence of oxyethylene groups
[39]. Different investigations in heterogeneous polymer-
ization attribute the formation of the different morphol-
ogies to the self-assembly behavior of nonionic
surfactants that form micelles in the organic phase
induced by the environment and the addition of mono-
mers in the PANI polymerization [40-42].

4. Conclusions

Optimum synthesis conditions for the polymerization in
microemulsion of aniline by ammonium persulphate
oxidation in batch process and semicontinuous process
using surfactant ionic and nonionic was established.
The yield was higher for the ionic surfactant compared
to the nonionic. Spectroscopic studies of UV-Vis
showed a ratio of the relative intensities of the quinoid
to benzenoid unit closed to one. The conductivity of
polyaniline synthesized by polymerization semicontin-
uous process is higher up to three orders of magnitude
compared to the polymerization batch process for both
surfactants. Different PANI nanostructures were
obtained by SEM. The formation of the different
morphologies is due to the self-assembly behavior of
surfactant ionic and nonionic that form micelles in the
phase organic induced by the environment and the
addition of aniline hydrochloride/water in the polymer-
ization. The results of TEM show the particle size
synthesized in polymerization semicontinuous process
is bigger than the ones synthesized in a process poly-
merization batch process.
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