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ABSTRACT: Miniemulsions of styrene and butyl acrylate with sodium dodecyl sulfate
(SDS) as the surfactant and hexadecane (HDE) and cetyl alcohol (HDL) as cosurfac-
tants were prepared under high-speed stirring or ultrasonification. Results indicate
that the stability of miniemulsions produced with HDE is more stable than that with
HDL, when the feeding method, in which the cosurfactant is mixed with monomers, is
used. There is an optical ratio (1

4) of the surfactant to the cosurfactant for maximum
stabilization of the miniemulsions. The miniemulsions prepared by ultrasonification
are much more stable than those by high-speed stirring. Also, a stable miniemulsion can
be prepared at lower temperature (457C) when homogenizing way of ultrasonification is
used. The emulsions were of a droplet-size range common to miniemulsions and some of
them exhibited long-term stabilities (3 months). When these emulsions were initiated,
particle formation occurred predominantly by monomer droplet nucleation. The effects
of temperature, ultrasonification time, ratio of monomers, and concentrations of surfac-
tant, cosurfactant, and initiator on the polymerization rate, conversion, and particle
size were determined. It was found that the miniemulsion copolymerization of styrene
and butyl acrylate with a midial amount of a redox initiator ((NH4)2S2O8/NaH SO3)
at lower temperature (457C) can be carried out successfully by using a suitable amount
of the surfactant SDS (10 mM ) and the cosurfactant HDE (40 mM ) , when a homogeniz-
ing way of ultrasonification is applied. q 1998 John Wiley & Sons, Inc. J Appl Polym Sci 68:
2029–2039, 1998

INTRODUCTION phase. Since Ugelstad et al. first reported mini-
emulsion polymerization in the 1970s,1 many in-
vestigators have studied this subject, and a num-Miniemulsions are relatively stable submicron
ber of studies about it have appeared in the litera-(50–500 nm) dispersions of oil in water prepared
ture.2–29 Most of the reported works are basicby homogenizing a system containing oil, water,
studies that elucidate the mechanisms involvedsurfactant, and, additionally, a ‘‘cosurfactant.’’
in the miniemulsion polymerization process. OnlyMiniemulsions are stable for long periods of time
several applied studies on high solid content la-and exhibit unique polymerization kinetic behav-
texes2,3 have been done. In the basic studies,ior when a monomer is used as the dispersing oil
much attention has been paid to the functions of
the cosurfactant, the means of carrying out the
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decane and cetyl alcohol) which are added in small surfactant in the currently used sense. A polymer
has been shown to perform as well as hexadecaneamounts (1–5%) to the droplets. Because these co-

surfactants cannot diffuse readily through the aque- in stabilizing the droplets for the short periods
necessary to ensure nucleation. It has the addedous phase (due to their high water-insolubility),

they retard Ostwald ripening, because removing advantages of being totally innocuous in the final
product, very soluble in the monomer, and very wa-the monomer from a small monomer droplet will

cause an increase in the concentration of the co- ter-insoluble. This kind of work herein indicates
that miniemulsion polymerization may be an alter-surfactant. In addition, for the fatty alcohols such

as cetyl alcohol, the enhanced stability of the mi- native to seeded polymerization as a way of main-
taining robust control of the particle number.niemulsions may also be due to the formation of

an interfacial complex of cosurfactant and surfac- Very recently, Schork et al.8 also reported the
preparation and polymerization of methyl meth-tant. Such complexes would be liquid-like and

electrically charged, creating a barrier to droplet acrylate miniemulsions with dodecyl mercaptan
(DDM) as the cosurfactant (or hydrophobe). Re-coalescence. This mechanism for enhanced stabil-

ity is considered only to be operative in the case sults showed that the emulsions were of a droplet
size range common to miniemulsions and exhib-where a long-chain alcohol is used as the cosurfac-

tant, since a long-chain alkane is almost certainly ited long-term stability (greater than 3 months).
The DDM retarded Ostwald ripening and allowedlocated within the droplets, as opposed to at the

droplet/water interface. Therefore, application of the production of a stable miniemulsion. When
these emulsions were initiated, particle formationthe term ‘‘cosurfactant’’ is not accurate in the

strictest sense when referring to the long-chain occurred predominantly by monomer droplet nu-
cleation. The above results may provide the chem-alkenes.4 However, the above cosurfactants are

volatile organic chemicals. They must be removed ist and engineer with the flexibility to exploit the
advantages of miniemulsion polymerization with-from the latex after polymerization. Several years

ago, Schork et al.5 used a polymer as a cosurfac- out the practical problems of removing the cosur-
factant after polymerization.tant in miniemulsion polymerization, because a

polymer made from the monomer of which the Another important parameter in the prepara-
tion and polymerization of miniemulsions is theminiemulsion is to be made will be highly water-

insoluble, and most polymers are quite soluble in means of carrying out the homogenization. Han-
sen and Ugelstad9 used a two-stage homogenizertheir own monomers. It has been demonstrated

that it is possible to create miniemulsion latexes (Manton Gaulin S.A.) , Chamberlain et al.10 used
a sonifier, Choi et al.11 used the Microfluidizerwith a polymer.4–7 The polymeric cosurfactant is

thought to delay Ostwald ripening sufficiently to (Microfluidics Corp.) , Delgado et al.12 used both
the Omni mixer (Ivan Sorvall, Inc.) and a sonifierallow nucleation of the monomer droplets by wa-

ter-phase radicals (primary or oligomeric) . Once (Branson Sonic Power Co.) , and Rodringez13 used
a sonifier. However, the use of high-shearing mix-the droplets are nucleated, the polymer produced

adds additional diffusional stability. Neverthe- ers could destroy the stability of polymer particles
in the course of polymerization. Thus, all theless, Reimers and Schork7 noted that the mono-

meric miniemulsions formed are not true mini- miniemulsion polymerization processes in those
reports were divided into two-stage mixing, in-emulsions in the sense that they are not stable

over a period of months. However, Ostwald ripen- cluding the miniemulsion and polymerization pro-
cesses. The miniemulsion process first used aing can be reduced to permit the polymerization

to be carried out. The latexes produced from poly- high-shearing mixer, then transferred to a reactor
to polymerize with magnetic stirring or anothermer-stabilized emulsions have all the characteris-

tics of miniemulsion latexes and derive from drop- low-shearing agitator. To simplify the two-stage
miniemulsion polymerization to one stage, Wanglet nucleation. Therefore, they feel justified in re-

ferring to the products of such polymerizations as et al.14 designed a new agitation mixer for the
miniemulsion polymerization of styrene. Theminiemulsion latexes, although they will refrain

from referring to polymer-stabilized monomeric mixer used should have enough mechanical mix-
ing to obtain submicron monomer droplets but notemulsions as miniemulsions. So, they refer the

polymer used to stabilize the droplet against diffu- to destroy the stability of the latex particles in
the polymerization. In their study, a saw-toothedsion as the hydrophobe rather than the cosurfac-

tant, just like hexadecane, since it is not a good blade mixer was successfully used for mini-
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emulsion polymerization with a rotating rate over kinetics and mechanism of nucleation will be the
topic of our next article.15500 rpm.

The effects of the kinds of initiators on mini-
emulsion polymerization are also very important.
Water-soluble and oil-soluble initiators have been EXPERIMENTAL
extensively used. But they led to the results that
the particle-formation stage is unusually long. In Materials
addition, numerous micelles could be formed

Styrene (St) and butyl acrylate (BA) monomerswhen the concentration of the surfactant was too
were distilled under reduced pressure. Ammo-high in the miniemulsion polymerization. Conse-
nium persulfate was recrystallized and then driedquently, some of the primary particles could be
at room temperature under a vacuum. Sodiumderived from the micelle nucleation. Thus, al-
dodecyl sulfate (SDS), hexadecane, cetyl alcohol,though the main locus of particle nucleation was
and sodium hydrosulfite were used as received.in monomer droplets rather than in micelles, mi-
The water was deionized.celles and homogeneous nucleation could still oc-

cur in the miniemulsion polymerization. This is
just one of the reasons why the latexes obtained Preparation and Characterization of Miniemulsions
contain a broad or multimodel size distribution in

Preparationsome polymerizations. Therefore, if the content of
homogeneous and micelle nucleation is decreased, Two methods were used in the preparation of the
the particle-size distribution might become nar- styrene–butyl acrylate miniemulsions: In method
rower in miniemulsion polymerization. Wang et A, the SDS and cosurfactant were dispersed in
al.14 used a fast dissociated redox initiator system water at 507C, stirred for 15 min at high speed,
(cumene hydroperoxide/Fe2/ /ethylenediminetet- and ultrasonified for a certain time at a frequency
raacetic acid–disodium salt/sodium formalde- of 26 { 3 kHz. The monomer mixture was then
hyde sulfoxylate) to prepare a miniemulsion poly- added to the preemulsion under agitation. Fi-
mer and monodisperse polystyrene was obtained. nally, the above emulsion was stirred for 1 h at
This is because the redox initiator produced hy- high speed or ultrasonified for a certain time.
drophobic radicals that not only initiate polymer- In method B, only SDS was dissolved first in
ization in the monomer droplets but also short- water at 507C. The cosurfactant (hexadecane or
ened the induction period of time and prevent ho- cetyl alcohol) , when used, was dissolved in the
mogeneous nucleation. Therefore, the conversion monomer mixture (50 : 50 molar ratio) at room
curves do not contain a zero-order period in mini- temperature. Other processes were the same as
emulsion polymerization and the particle-size dis- in method A.
tribution is very narrow.

In the past, however, the effect of temperature Centrifugational Stability
on the preparation and polymerization of mini-

Once the miniemulsions were prepared, a certainemulsions have been paid little attention. In the
amount of each emulsion was centrifuged atreported works, the temperatures used were usu-
20,000 rpm. The amount of the monomer mixtureally 60 or 707C, and some even reached 807C.2 But
separated from each emulsion after centrifuga-the higher temperature might bring some unfa-
tion was measured and related to the centrifuga-vorable effects on the stabilities of miniemulsions
tional stability.and their polymerization, which might lead to the

complicated mechanism of miniemulsion poly-
Droplet Sizemerization.

This article focuses on the use of a redox initia- Analysis of the droplet size was carried out on a
tor [(NH4)2S2O8/NaHSO3] in the miniemulsion Malvern Auto Sizer Loc-Fc963 apparatus.
copolymerization of butyl acrylate and styrene at
lower temperature (457C). The effects of opera- The Residual Concentration of Surfactant
tion variables, such as reaction temperature, con- in the Water Phase
centrations of initiator, emulsifier, and cosurfac-
tant, monomer ratios, and the time of ultrasonifi- The amount of emulsifier remaining in the water

phase was determined by titrating the aqueouscation, were studied. Details of the reaction
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Table I Miniemulsion Copolymerization Recipes of St/BA Mixture

SDS HDE [I] [St] Ultrasonification Temperature
No. (mM) (mM) (%) (%) Time (min) (7C)

1 10 40 0.2 50 0 25
2 10 40 0.4 50 0 25
3 10 40 0.6 50 0 25
4 10 40 0.8 50 0 25
5 10 40 0.5 50 0 45
6 5 40 0.5 50 0 45
7 15 40 0.5 50 0 45
8 20 40 0.5 50 0 45
9 10 20 0.5 50 0 45

10 10 60 0.5 50 0 45
11 10 40 0.5 10 0 45
12 10 40 0.5 30 0 45
13 10 40 0.5 70 0 45
14 10 40 0.5 90 0 45
15 10 40 0.5 50 2 45
16 10 40 0.5 50 4 45
17 10 40 0.5 50 6 45

phases, separated by centrifugation of the mini- range for miniemulsions (50–500 nm). Droplet
size decreases with increasing cosurfactant con-emulsions at 20,000 rpm for 40 min, with hexadec-

ylammonium bromide, using the titration method centration (at constant surfactant concentration)
(Fig. 1). A further increase in the amount of thewith chloroform and a mixed indicator (disulfine

blue/sulfuric acid). cosurfactant (HDL) results in a slight decrease
in the size of the droplet which almost levels off
at an HDL/SDS molar ratio of 4, i.e., there isThe Miniemulsion Copolymerization Process
an optical ratio of surfactant to cosurfactant forand Particle Sizes
maximum stabilization (smallest droplets) . ThisAll polymerizations were carried out in a batch
result is consistent with those obtained by Azadprocess using a glass reactor equipped with a stir-
and co-workers.16

rer, reflux condenser, sampling device, and inlet
Table III shows the residual concentration ofsystems for nitrogen and the reactants. The copo-

the surfactant (SDS) in the water phase. It canlymerization recipes are given in Table I. The
be seen that, in all the cases, the residual concen-preparation of miniemulsions was described in
tration of the surfactant (SDS) in the water phasemethod B mentioned above. The only difference
are less than the critical micelle concentrationis that the preparation temperature is 457C. After
(CMC) of SDS (CMC Å 8.1 mM ) . This indicatesthis, the aqueous solution of initiator, ammonium
that there are no micelles in the water phase.persulfate, and sodium hydrosulfite was injected.
Combined with the effect of the SDS concentra-Also, the polymerization began.
tion on the stability (Table II) , the optima of SDSSamples were withdrawn during the reaction,
and HDL in preparing the miniemulsions are 10the polymerization was short-stopped with hydro-
and 40 mM, respectively.quinone, and the conversion was determined

The feeding method A was compared withgravimetrically. The particle sizes were measured
method B. For the SDS/HDL system, there is lit-by a Malvern Auto Sizer Loc-Fc963 apparatus.
tle difference in the droplet size and the stability
of the miniemulsions between them, while for the

RESULTS AND DISCUSSION SDS/HDE system, the emulsion prepared by
method B is much more stable and its droplet size

Droplet Sizes and the Stabilities of Miniemulsions is smaller. The above results imply that HDL can
be used as a cosurfactant to prepare miniemul-As seen in Table II the miniemulsion droplets

ranged from 139 to 360 nm, within the typical sions with the above two methods, while for rela-
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Table II Droplet Sizes and Stabilities of the Miniemulsions

Dd Stabilities
(mM) (days) HDL (mM)

SDS (mM)
20 290 30 40
10 232 60
5 360 12

Feeding method
A 230 60 [SDS] Å 10 mM
B 242 60 [HDL] Å 40 mM
A 341 30 [SDS] Å 10 mM
B 182 90 [HDE] Å 40 mM

Means of homogenization
High-speed stirring 342 20 [HDE] Å 40 mM
Ultrasonification 230 90 [SDS] Å 10 mM

Ultrasonification time
0 394 12 [SDS] Å 10 mM
1 194 30 [HDL] Å 40 mM
2 187 60
3 149 90
4 139 54

tively water-insoluble HDE it is more suitable to retards the diffusion of the monomer out of the
droplets. For the cetyl alcohol (HDL) system, thebe mixed with the monomer first, then mixed with

a water solution of the surfactant when used to enhanced stability is also attributed to the forma-
tion of ‘‘intermolecular complexes’’ at the oil /wa-create stable miniemulsions. This is the result of

the little difference between HDL and HDE in the ter interface. These complexes would be liquid
condensed and electrically charged, creating a lowmechanism of enhanced stability. It is well known

that, in miniemulsions, the presence of a low mo- interfacial tension and high resistance to droplet
coalescence. But for HDE, the mechanism of en-lecular weight and water-insoluble compound

such as cetyl alcohol (HDL) in monomer droplets hanced stability is just reducing the Ostwald rip-
ening (diffusional degradation). So, the homoge-
neous distribution of HDE in the monomers will
lower the Gibbs free energy of the droplet, thereby
decreasing the driving force for diffusion. This
kind of function of HDE is larger than that of HDL
due to its being more hydrophobic. Therefore, it
can be found in Table II that the emulsion with
the same components produced by the SDS/HDE
system is much more stable than that of SDS/

Table III Residual Concentration (mM) of
Surfactant (SDS) in Water Phase

HDL/SDS
SDS
(mM) 0.5 1 2 3 6

20 7 5.8 4.2 3.9 3.8
10 3.3 1.4 1.0 0.4 0.2

Figure 1 The effect of HDL/SDS ratio on droplet size: 5 1.2 1.1 0.7 0.3 0.3
(1) [SDS] Å 10 mM; (2) [SDS] Å 20 mM.
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Table V Effects of Emulsifying and StorageTable IV Stabilities of Emulsions Prepared at
Various Temperatures Temperatures on Stabilities of Miniemulsions

with SDS/HDE System
Temperature (7C)

Storage Stabilities (Day) at Various
Emulsifying Temperatures (7C)25 45 65
Temperature

Height of monomer phase (7C) 1 20 40 60 80
separated (cm) 10 0.7 1.20

0 20 15 2 0.5 0.2
[SDS] Å 10 mM; [HDL] Å 40 mM. 20 50 40 6 0.8 0.2

40 ú 70 60 10 1 0.1
60 60 50 3 0.2 0.1
80 15 10 1 0.1 0.05HDL, and the droplet size of the former is much

less than that of the latter, when method B was
used.

About the effects of the homogenizing ways on preparing miniemulsions of BA and St. At 257C,
the stability of emulsion, it can be seen that the HDL (mp 497C) cannot be dissolved completely,
emulsion produced by ultrasonification was stable and its role as a cosurfactant decreases remark-
upon storage for 3 months, while the emulsion ably. While at 657C, the activity of monomers and
produced by high-speed stirring was stable for (co)surfactant increases obviously, which leads to
only 20 days. The effects of ultrasonification time the result that it is easier for monomers to diffuse
on the droplet size and the stability of the mini- out of droplets, i.e., the stability is reduced. A sim-
emulsion is also remarkable. It can be seen that ilar phenomenon in the SDS/HDE system was
the droplet size decreased and stability of the also found (Table V). The worse stability will
emulsion increased with increasing the time of make the miniemulsion polymerization compli-
ultrasonification, but the stability of the mini- cated. This is just one of the reasons why we car-
emulsion decreased after a certain time of ultra- ried out the miniemulsion copolymerization with
sonification (ú 3 min). This may be due to the the redox system under a lower temperature sev-
destroying function of overultrasonification on the eral years ago.17 Another reason is that only a few
complex structure of the surfactant and cosurfac- studies2,3,12,22 have been done on miniemulsion co-
tant and enhanced the diffusion of the monomers. polymerization. Finally, the copolymer products

In addition, the effects of the emulsifying tem- of St and BA have been extensively used in many
perature on the stability of the miniemulsions fields.
were also studied (Table IV). It can be seen from
Table IV that 457C is the optical temperature in

Miniemulsion Copolymerization

Droplet-size measurements (see Table II) show
that it is capable of producing stable droplets in
the miniemulsion size range under all the experi-
mental conditions, with free surfactant levels in
the water phase below the critical micelle concen-
tration (CMC) of the surfactant (SDS). As a re-
sult, droplet nucleation may be the dominant
mechanism in miniemulsion copolymerization of
St and BA. The site of nucleation, which to a large
extent is controlled by the presence of the cosur-
factant, affects numerous aspects of the system,
such as rates of polymerization, particle size and
distribution, and the properties of the final prod-
uct. The conditions for all polymerization experi-
ments are described in Table I. The variables inFigure 2 The effect of initiator concentration on copo-

lymerization: (1) 0.2%; (2) 0.4%; (3) 0.6%; (4) 0.8%. these experiments are the temperature, concen-
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Figure 4 The effect of surfactant concentration onFigure 3 Conversion–time curve for the miniemul-
copolymerization: (1) 5 mM; (2) 10 mM; (3) 15 mM;sion copolymerization at 457C: ([I] Å 0.5%).
(4) 20 mM.

trations of initiator, emulsifier, and cosurfactant,
monomer ratios, and the time of ultrasonification. tration of the surfactant is increased. However,

the particle-size distribution increases with in-
Initiator Amount and Temperature creasing surfactant concentration. This is because

the residual concentration of the surfactant in theThe results of polymerization at 257C with various
water phase increases at a higher surfactant con-amounts of the initiator (NH4)2S2O8/NaHSO3 are
centration (Table III) and presumably led to an-shown in Figure 2. It is observed that the induc-
other mechanism of nucleation (homogeneous nu-tion period is very long, and the polymerization
cleation).is slow. The final conversion of the monomer after

8 h is not very high, even though the amount of
Cosurfactant Concentrationinitiator is much higher (0.8%). In fact, the stabil-

ity results given previously have also indicated Figure 6 presents conversion–time curves for the
that 257C is not suitable in preparing the mini- kinetic runs of three miniemulsions with various
emulsion. So, we tried to carry out the polymeriza- cosurfactant concentrations. Comparison between
tion at a little higher temperature (457C) with a
midial amount of initiator (0.5%) (Fig. 3). Obvi-
ously, the induction period was decreased, and the
polymerization was quicker. The monomer con-
version reached nearly 90% after 4 h. But the
conversion leveled off after 4 h, i.e., the conversion
was not high enough. So, a little more initiator
was needed to increase the conversion to a much
higher position at this condition.

Surfactant Concentration

The effects of surfactant concentration on the po-
lymerization and particle size are shown in Fig-
ures 4 and 5, respectively. It can be seen that as
the concentration of the surfactant increased both
the polymerization rate and conversion increase,
while the particle size decreased. This is in agree-
ment with the result of Delgato et al.12 Also, this
type of behavior is actually similar to conven- Figure 5 The particle size of miniemulsion latex as

a function of surfactant concentration.tional emulsion polymerization when the concen-
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Figure 6 The effect of cosurfactant (HDE) concentration on copolymerization ([SDS]
Å 10 mM ) : (1) 20 mM; (2) 40 mM; (3) 60 mM.

the curves for Nos. 1 and 2 shows that No. 2, in such a way that an increase of the HDE concen-
tration in the monomer droplets reduces the con-prepared with 40 mM HDE, has a faster polymer-

ization rate and a much higher conversion than centration of the monomers in the polymer.18 Fi-
nally, the particle size decreases (Fig. 7). It alsohas No. 1, prepared with 20 mM HDE. This is

due to the greater number of particles nucleated can be seen from Figure 8 that the polymerization
rate of conventional emulsion (without HDE) isin run No. 2 as a result of the smaller-size droplets

initially present in No. 2 as compared to No. 1 much higher than that of the miniemulsion.
(Table VI). On the other hand, when curves Nos.
3 and 2 are compared, the polymerization rate Ratio of Styrene/Butyl Acrylate
and conversion of curve No. 3 is smaller than No.

As shown in Figures 9 and 10, the copolymeriza-2. This is not a droplet-size effect again.
tion rate of St–BA becomes slower, the conversionThe data in Table VI show that, when the con-
lower, and the particle size larger when the ratiocentration of HDE increases from 40 to 60 mM,
of St/BA is increased from 1/9 to 9/1. The abovethe droplet size and number of the miniemulsions
results indicate that the effect of the water solu-are very close to each other. But the concentration

of HDE in the droplet increases sharply, which
increases the surface resistivity to the rate of en-
try of the free radical which is formed in the aque-
ous phase, i.e., it reduces the polymerization rate.
In addition, the much higher amount of HDE may
further reduce the miniemulsion polymerization
rate because the cosurfactant affects the concen-
tration of the monomer in the polymer particles

Table VI Droplet Sizes and Number
of Miniemulsions with Various
Cosurfactant Contents

HDE/SDS

2 4 6

Droplet size (nm) 176.1 145.4 141.6
Droplet no. (1 1019) 6.0 9.8 10.2

Figure 7 The effect of cosurfactant concentration on
[SDS] Å 10 mM. particle size of latex ([SDS] Å 10 mM ) .
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Figure 10 The effect of monomer ratio on particleFigure 8 The copolymerization as a function of emul-
size of latex.sifier concentration in conventional emulsion polymer-

ization: (1) 5 mM; (2) 10 mM; (3) 15 mM.

nal conversions are almost unchanged when the
time of ultrasonification is in the range of 4–6bility of monomers on the polymerization rate is
min, and their conversions reached 100% after 6obvious. One of the reasons is probably that the
h. The above results also demonstrate that ultra-lower water solubility of St makes the desorption
sonification is much more effective for the poly-rate of the radicals larger.
merization of miniemulsions than is high-speed
stirring.Ultrasonification Time

The copolymerization rate of St/BA miniemul-
sions become faster, the conversion higher, and CONCLUSIONS
the particle size smaller when the time of ultra-
sonification is increased from 2 to 6 min (Figs. 11 In the foregoing, both the preparation and poly-
and 12). These phenomena result from the merization of St and BA miniemulsions were car-
smaller droplet size (Table II) when the time of ried out. It was found that droplet size decreased
ultrasonification is increased. In addition, the fi- with an increasing cosurfactant amount at a con-

stant surfactant concentration. A further increase

Figure 9 The effect of monomer ratio on copolymer-
ization: (1) St—10%; (2) St—30%; (3) St—70%; (4) Figure 11 The effect of ultrasonification time on copo-

lymerization: (1) 2 min; (2) 4 min; (3) 6 min.St—90%.
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Also, a homogenizing method of ultrasonification
should be applied.
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