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Abstract 

       This article reports an experimental investigation of free radical 
miniemulsion copolymerization of styrene (St) and methyl methacrylate 
(MMA  ) . Miniemulsion polymerization involves the use of an effective 
surfactant/cosurfactant system to produce very small monomer droplets. 
One of the most important parameters in miniemulsion polymerization is 
the surfactant. The main role of the surfactant is to stabilize the monomer 
droplets in an emulsion form, to decrease the surface tension in the reaction 
medium and to stabilize the formed latex particles. If the monomer droplet 
size can be reduced below 0.5µm, the reduction in the droplet size will 
result in huge increase in interfacial area. This increased interface will 
require a monolayer of surfactant to remain stable. The surfactant necessary 
to support this large interfacial area will come from the break of surfactant 
micelles. In the present study the effect of cationic surfactant 
[cetyltrimethylammonium bromide (CTAB) ]and anionic surfactant 
[sodium dodecyl sulfate (SDS) ] on the colloidal stability of the poly 
[styrene/methyl methacrylate, P (ST/MMA) ] in the presence of the 
cosurfactant hexadecane (HD) were experimentally examined. In addition 
the effect of temperature on monomer conversion and particle stability was 
also investigated. The overall monomer conversion%, Particle Size and 
Particle Size Distribution (PSD) were determined employing gravimetry, 
laser diffraction, respectively. In addition, the particle morphology was 
observed by scanning electron microscopy (SEM). From experimental 
investigations it is apparent that overall monomer conversion increases as  
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the polymerization temperature increases, while it does not have a 
systematic effect on both particle size distribution and average particle size. 
It was found that both surfactants (SDS, CTAB) concentrations played a 
critical role in controlling the particle size and subsequently the conversion. 
Accordingly Comparing the surfactants SDS and CTAB,  it was found that 
under low concentration of each of them, the particles were aggregated, but 
the phenomenon was not so intense in the case of SDS. 

Keywords :  Miniemulsion, Copolymerization, Surfactant, Cosurfactant, 
Nanoemulsion, Styrene, Methyl Methacrylate, Temperature. 

Introduction 

     The synthesis and application of polymer nanoparticles dispersed in a 
non-solvent, so-called polymer latexes, experiences a scientific 'renaissance' 
in polymer science. This is due to a number of reasons. On the one hand, a 
general trend in society towards 'no organic volatiles' because of security, 
health, and environmental reasons makes formulations of polymers in 
'healthy' solvents, in general water, necessary. This is why polymer science 
is confronted with the problems to disperse or to synthesize more and more 
polymers in water, although a dispersion in water might interfere with the 
polymerization process. A second driver for this development is the 
technological trend towards a high solid content of polymer formulations, 
e.g. to minimize shrinkage effects or to shorten processing times. A high 
polymer content at reasonable processing viscosities can only be obtained 
by polymer dispersions, either in water or in hydrocarbon solvents. Thirdly, 
scientists have learned that polymer dispersions are a possibility to control 
or imprint an additional length scale into a polymer bulk material, given by 
the diameter of the particle, which is offered by the process of film 
formation 'for free'. That way, polymer materials can be generated 
employing rational structure design not only on the molecular scale, but 
also on the mesoscale, and superior rubbers or shock resistant 
thermoplastics are obtained Antonietti et al (2002). 

      Emulsions with droplet size in the nanometric scale (typically in the 
range 20–200 nm) are often referred to in the literature as miniemulsions, 
nano-emulsions, ultrafine emulsions, submicron emulsions etc. The term 
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nano-emulsion is preferred because in addition to give an idea of the 
nanoscale size range of the droplets it is concise and it avoids 
misinterpretation with the term microemulsion which are 
thermodynamically stable system . Due to their characteristic size, nano-
emulsions appear transparent or translucent to the naked eye and possess 
stability against sedimentation or creaming. These properties make nano-
emulsions of interest for fundamental studies and for practical applications 
e.g .chemical, pharmaceutical, cosmetic, fields. Oil-in-water (O/W) type 
nanoemulsions have been investigated since long ago, especially as 
nanoreactors for polymerization.  In contrast, water in - oil (W/O) nano-
emulsions have been described for the first time recently. Both types of 
nano-emulsions are experiencing a very active development as reflected by 
the numerous publications and patents Solans et al (2005).  
      Miniemulsions are a special class of emulsions that are stabilized 

against coalescence (by a surfactant) and Ostwald ripening (by an osmotic 
pressure agent). The miniemulsions are produced by high-energy 
homogenization and usually yield stable and narrowly distributed droplets 
with a size ranging from 50 to 500 nm Daniel et al (2010). 

     In miniemulsions, the fusion-fission rate equilibrium during sonication 
and therefore the size of the droplets directly after primary equilibration 
depends on the amount of surfactant. For SDS and styrene at 20 wt% 
disperse phase, it spans a range from 180 nm (0.3 rel% SDS relative to 
styrene) down to 32 nm (50 rel% SDS). Again, it is anticipated that rapidly 
polymerized latexes also characterize the parental miniemulsion. As 
compared to emulsion- and microemulsion polymerizations, those particles 
are with respect to the amount of used surfactant very small, comparable to 
the best emulsion polymerization recipes. A latex with a particle size of 32 
nm is already translucent and very close to the size which was obtained in a 
microemulsion polymerization process with no hydrophobe, but the 
fourfold amount of a SDS/alcohol mixture.  

     The majority of the recipes described in the literature is based on the 
anionic SDS as a model system. The possibility of using cationic 
surfactants, such as octadecyl pyridinium bromide for the preparation of 
miniemulsions was firstly exploited in 1976. However, the emulsions were 
prepared by stirring, and the resulting emulsions showed broadly 
distributed droplet sizes Azad et al [1976]. El-Aasser reported also on the 
use of cationic surfactant to create miniemulsions Chou et al [1980,]. A 
steady-state miniemulsions showed that cationic surfactants form well-
defined miniemulsions latexes with narrow size distribution and high  
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stability Landfester et al [1999]. From surface tension measurement results, 
the surface coverage was determined to be of the order of 30%, which 
proved the high efficiency of surfactants also in cationic miniemulsions. 
Two cationic counter ion-coupled gemini surfactants, so-called cocogems, 
which were shown to be extremely efficient in the formation of 
microemulsions, resulted in only a moderate activity in miniemulsification: 
rather large latex particles with a closeto- complete surfactant layer were 
obtained. This shows that the underlying energetical rules of micro- and 
miniemulsions are different and that efficiency relies on different surfactant 
properties. It is speculated that for miniemulsions the ability to form 
dilutesurfactant layers is advantageous, whereas low absolute interface 
energies and a high area requirement per surfactant is favorable for 
microemulsions Antonietti et al [1996]. A new class of cationic surfactants 
with sulfonium headgroups was also effectively employed for the synthesis 
of miniemulsion polymers Putlitz et al [2000]. Non-ionic miniemulsions 
can be made by using 3-5% of a poly (ethylene oxide) derivate as 
surfactant, resulting in larger, but also very well-defined latexes  Landfester 
et al [1999]. Chern and Liou The efficiency of the two non-ionic surfactants 
is lower, and the whole size-concentration curve is shifted to larger sizes. 
The polydispersity of the latexes is also generally broader for the non-ionic 
systems. This is attributed to the lower efficiency of the steric stabilization 
as compared to electrostatic stabilization and the fact that steric stabilization 
relies on a more dense surfactant packing to become efficient. As can be 
derived from surface tension measurements of the latexes and surfactant 
titrations, the non-ionic particles are nevertheless incompletely covered by 
surfactant molecules and show surface tensions well above the values of 
saturated surfactant layers. Also for the non-ionic systems, the surface 
coverage depends on size: the coverage of the particles with surfactant 
increases with decreasing particle size 

In the present study, the miniemulsion free-radical copolymerization of 
St-MMA was carried out in a batch-scale experimental reactor. A number 
of product quality variables were experimentally measured. In particular, 
the following product quality variables were measured. To investigate the 
miniemulsion free-radical copolymerization of St-MMA: 

• The monomer conversion (%) 

• The mean particle size (d0.5) and Particle Size Distribution (PSD). 
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To accomplish this goal, a designed set of experiments were carried out 
using as process parameter. To obtain a basic mechanistic understanding of 
the St-MMA polymerization process it is important to determine the 
important factors that affect the system. In the present study the following 
factors have been experimentally examined: 

Effect of cationic surfactant (cetyltrimethylammonium bromide) 
(CTAB) and anionic surfactant (sodium dodecyl sulfate (SDS) on the 
colloidal stability of the poly (styrene/methyl methacrylate, P(ST/MMA) ) 
in the presence of the cosurfactant hexadecane (HD). 
A comparative study between the aforementioned surfactants concerning 
their effect on overall monomer conversion, particle stability (e.g. average 
particle size and particle size distribution) and particles morphology was 
also performed. As well as the effect of temperature on monomer 
conversion and particle stability was also investigated. 
 

Material and Methods 

Polymerization Reactor Apparatus 

     Polymerization experiments were carried out in a laboratory scale water-
jacketed glass reactor of 0.5 L (Normschliff Gerateball Wertheim) equipped 
with a four–blade impeller, an overhead condenser and a nitrogen purge 
line. 
The type and the concentration of Surfactants in presence of oil soluble 
initiator AIBN and HD, The levels of each factors are given in Table 1.1 
 

Table 1.1: Factors and level of the factorial design 

FACTOR 

(Variables) 
                          LEVEL 

Low           High 

Cosurfactant (HD) 1%                 constant 
Surfactant (SDS), 
CTAB  

0.5% 
0.5% 

                   10% 
         2% 

Initiator (AIBN) 0.5%                  constant 

*All the weight of factors based on monomer weight 
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Materials 
      Styrene (St) (Aldrich +99%) and methyl methacrylate (MMA) (Aldrich 
+99%) were used as received without any further purification. Sodium 
dodecyl sulfate (SDS), (Sigma-Aldrich +98.5%),was used as surfactants, 
hexadecane (HD) (Fluka), dodecyl mercaptan was used as cosurfactant and 
2, 2’-azobisisobutyronitrile (AIBN) (Aldrich +98%) was used as initiator. 
Hydroquinone was used to inhibit the polymerization reaction, methanol 
Merk (+99, 9%), ethanol, acetone, dichloromethane (Fluka +99.9%), 
tetrahydrofuran (THF +99, 8), and chloroform were used as solvents. 
Double distilled water was used for all the experiments. 

Experimental Procedure 

Preparation of Miniemulsion 

       First the cosurfactant (HD) and the oil-soluble initiator (AIBN) were 
dissolved in the mixture of monomers (St/MMA) representing the oil phase. 
The oil phase was then added to the water phase consisting of an aqueous 

solution of the surfactant (SDS). (

 
25%

  

Oil Phase

Oil Phase Water Phase
=

+ ). The 
system then subjected to agitation for 20min, followed by ultrasonication at 
50% duty cycle and 50% output of the max power for 4.5min in an ice-bath.  

Polymerization Process 

      Following the ultrasonication the miniemulsion was added into a 0.5L 
water-jacketed glass reactor preheated to 700C and equipped with a reflux 
condenser, stainless steel stirrer, nitrogen inlet, and sampling device. After 
a steady temperature (70 0C) was reached, the polymerization reaction was 
continued for 5 hours at agitation rate 300rpm. 

Kinetic Data 

      During the polymerization reaction about 7 ml of sample were 
withdrawn periodically from the reactor using a sampling tube. The samples 
were added into vials that contained 0.05%wt hydroquinone solution and 
were quickly cooled. The samples were analyzed for overall monomer 
conversion (x) and particle size distribution (PSD). The overall conversion 
was determined gravimetrically, and the average particle size and particle 
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size distribution were determined by laser diffraction (Malvern mastersizer 
2000). 

Results and Discussion 

The Effect of polymerization Temperature T(
o
C) on the Overall 

Monomer Conversion   

       Figure 1 shows the effect of the polymerization temperature on the 
overall monomer conversion. In these experiments the amounts of SDS, 
AIBN and HD were kept constant, while the temperature varied from 60 to 
700C. It is apparent that the overall monomer conversion increases as the 
polymerization temperature increases.  

For typical polymerization reactions, the rate of polymerization depends on 
many variables and kinetic parameters. These include the kinetic rate 
constants that are temperature dependent. Each of the kinetic rate constants 
(e.g., propagation, initiation, and termination,   kp, kd, kt) is assumed to be an 
Arrhenius function and consequently increases with temperature. The 
magnitude of the increases will be system dependent Odian  [1991]. 
 

0 50 100 150 200 250 300 350
0

20

40

60

80

100

 

Exp 23 T= 60
0
C

Exp 24 T= 70
0
C

C
o

n
v
e
rs

io
n

 %

 Time (min)

 
Figure 1: Effect of the polymerization temperature on the overall 
monomer conversion ([SDS]:0.9%w/w, [AIBN]:0.6 %w/w, 
[HD]:1.4%w/w). 
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Effect of Polymerization Temperature T(oC) on The Average Particle 

Size and The PSD 

      Figures 2 and 3 illustrate the effect of the polymerization temperature 
on the particle size distribution and the average particle size respectively. It 
was found that while the polymerization temperature was varied from 60 to 
70 0C no systematic effect on both particle size distribution and average 
particle size was detected. This is in agreement with what mentioned in the 
literature, as the miniemulsion stability should not be seriously affected by 
the temperature, since transport processes do not occur between the 
droplets. This is the so-called ‘nanoreactor’ concept, since every droplet 
behaves as independent reaction vessel without being seriously disturbed by 
serious exchange kinetic parameters Bachthod [2000]. However, higher 
polymerization temperatures might bring some unfavourable effects on the 
stabilities of miniemulsions (The temperature has only an indirect effect on 
emulsification because of its effect on viscosity, surfactant adsorption and 
interfacial tension) and their polymerization, which might lead to a more 
complicated mechanism of miniemulsion polymerization Tiarks et al 
[2001]. For this reason, higher polymerizations temperatures were not 
included in this study. 
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Figure 2: Effect of the polymerization temperature on the particle size 
distribution ([SDS]:0.9%w/w, [AIBN]:0.6 %w/w, [HD]:1.4 %w/w). 
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Figure 3: Effect of the polymerization temperature on the average 
particle size ([SDS]:0.9%w/w, [AIBN]:0.6w/w, [HD]:1.4w/w). 
 

Effect Of Surfactant [SDS] on The Overall Monomer Conversion  

       One of the most important parameters in miniemulsion polymerization 
is the surfactant. The main role of the surfactant is to stabilize the monomer 
droplets in an emulsion form, to decrease the surface tension in the reaction 
medium and to stabilize the formed latex particles. If the monomer droplet 
size can be reduced below 0.5µm, the reduction in the droplet size will 
result in huge increase in interfacial area. This increased interface will 
require a monolayer of surfactant to remain stable. The surfactant necessary 
to support this large interfacial area will come from the break of surfactant 
micelles. In properly formulated miniemulsion, all micelles will be 
sacrificed to support interfacial area. Thus, not only do the small droplets 
compete effectively for micelles, their presence causes the distribution of 
the micelles, leaving droplet nucleation as the dominant process Joseph et al 
[2005]. 

       Figure 4. shows the effect of SDS concentration on the overall 
monomer conversion during the polymerization reaction. From the results it 
is obvious that, by increasing the concentration of the surfactant, the 
monomer conversion increases. This can be explained by different sizes of  
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the initial droplets, or with increasing SDS concentration, the emulsion 
droplet size decrease due to the decrease in the oil/water interfacial tension 
to a low plateau value. This is commonly seen in miniemulsion 
polymerization. It is well known that the monomer droplet size decreases 
when the surfactant concentration increases. Because the surfactant can 
successfully stabilize a large number of smaller droplets since, the 
polymerization takes place within the droplets which become polymeric 
nanoparticles an increase in their number increases the polymerization rate  
Landfester et al and chern et al    [1999, 1999].  

Bechthold and Landfester [2000] found that particle size had strong effect 
on the polymerization kinetics of miniemulsion systems. Their results 
indicated that the maximum reaction speed show a strong particle size 
dependence and is proportional to the particle number, i.e. the smaller the 
particle, the faster in the reaction. 
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Figure 4: Effect of surfactant [SDS] concentration on the overall 
monomer conversion (HD: 1%w/w, AIBN: 0.5%w/w). 
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Effect of Surfactant [SDS] on The Particle Size Distribution [PSD] 

Figure 5. illustrates the effect of SDS concentration on the PSD. The results 
confirm that the increase of surfactant has remarkable influence on PSD. 
This increase led to narrower particle size distribution due to improved 
particle stability. On the other hand, at lower SDS concentration ratio 
(0.5%: w/w) create colloidally unstable systems and coagulation of the 
particles can be observed, due to the fact that the surface coverage of the 
droplets with surfactant is incomplete. The above results confirm that an 
increase in SDS concentration will improve the stability of the droplets 
against coagulation and thus, result in a reduction of the particle size. These 
results are in agreement with the experimental observation of Landfester et 
al [1999] who described that when SDS below S=0.01 %wt or 1% wt were 
used, the dispersions became unstable, followed by an increasing amount of 
coagulum, which is presumably related to the very low surface coverage 
with surfactant, while the use of high amount of surfactant lead to the 
presence of free surfactant micelles or multilayer adsorption. 
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Figure 5: Effect of surfactant [SDS] concentration on the PSD (HD: 
1%w/w, AIBN: 0.5%w/w). 
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Effect of Surfactant [SDS] on The Average Particle Size 

Figure 6.  shows the effect of SDS concentration on the average particle 
size. From the data, it can be confirmed that all particle sizes are in the 
typical miniemulsion range. As can be seen the particle size shows a strong 
dependence on the surfactant concentration. More specifically the final 
particle size decreased from 126nm for the latex containing 0.5% w/w 
surfactant (SDS) to 98 nm for the latex containing 10%w/w surfactant. This 
is attributed to the fact that when increasing surfactant concentration, the 
latex particle size decreased, since more surfactant molecules are available 
to stabilize a larger number of smaller droplets and the coalescence among 
the monomer droplets is reduced. These results are in agreement with the 
work done by Asua et al. [2002] and Lim et al. [2000], who examined the 
effect of surfactant concentration on miniemulsion droplet size.  

Asua et al [2002] has shown that the surfactant concentration can influence 
droplet coalescence by lowering the contact force between monomer 
droplets, due to the electrostatic and steric interaction.  Although it was 
shown that the decrease in the initial droplet size with increasing surfactant 
concentration can be attributed to a reduction of the coalescence, it was 
found that the droplet size could not be reduced below a critical size. 

In the present study, it was found that latexes prepared with higher amounts 
of surfactant (10 %w/w) are more translucent than the others prepared with 
lower amounts of surfactant. This is similar to the results reported by 
Antonietti et al. [2002] who studied the miniemulsion polymerization of St 
using SDS as the surfactant. They found that the particle size decreased 
from 180nm (when 0.3%wt SDS based on St was used) to 32nm (when 
50%wt SDS based on St was used). Their results also showed that as the 
amount of surfactant increased, the latex became more translucent as a 
result of the decreased particle size. Furthermore from Figure 6, it can be 
seen that, the average particles size is higher at the beginning of the 
polymerization and becomes lower as the polymerization process proceeds. 
The particle sizes measured in this study were of swollen particles, which 
composed of polymer, monomer and cosurfactant. It was found that the 
particles measured in the literature were both monomer droplets and 
monomer swollen polymer particles. 
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Figure 6: Effect of surfactant [SDS] concentration on the average 
particle size (HD: 1%w/w, AIBN: 0.5%w/w). 
 
Figure 7 : The SEM images did show that the latexs were relatively 
monodisperse even at low surfactant concentration in case of SDS. This 
proves that  surfactant plays crucial role in controlling the particle stability. 
 

 
Figure 7: Effect of cosurfactant type on particle morphology (AIBN 
3%w/w, SDS: 0.5% w/w, HD: 1%w/w). 
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Effect of Surfactant [CTAB] on The Overall Monomer Conversion   

Colloidal stability is usually controlled by the type and amount of surfactant 
employed. In miniemulsions, the fusion-fission rate equilibrium during 
sonication, and therefore the size of the droplets directly after primary 
equilibration, depends on the amount of surfactant. 

Cationic surfactants such as dodecylammonium chloride and 
cetyltrimethylammonium bromide are frequently used as surfactants 
because of their efficient emulsifying action. Up to now, practically all 
miniemulsion recipes were based upon the anionic surfactant (SDS) in 
combination with HD. However, for a number of applications, such as 
coating of negatively charged surfaces cationic charges are required. 

Figure 8 shows the influence of the cationic surfactant [CTAB] 
concentration on the overall monomer conversions for [AIBN]=0.5%w/w 
and [HD]=1%w/w. An increase in the overall monomer conversion with 
increasing surfactant concentration is observed. This is attributed to the 
larger number of droplets generated in the miniemulsion  Bechthold et al  
and  Ugelstad [2000, 1973] when higher amounts of surfactant are used. 
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Figure8: Effect of surfactant [CTAB] concentration on the overall 
monomer conversion (HD 1%w/w, AIBN: 0.5%w/w). 



Journal of Humanities and Applied Science 

15 
 

Effect of Surfactant [CTAB] on The Particle Size Distribution 

Figure 9 illustrates the effect of CTAB concentration on the PSD. Limited 
particle coagulation can be observed at the low (CTAB) concentration due 
to insufficient particle stabilization a phenomenon that is eliminated at the 
higher CTAB concentration indicating improved particle stability 
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Figure 9:  Effect of surfactant [CTAB] concentration on the PSD (HD 
1% w/w, AIBN=0.5%w/w). 
 

Effect of Surfactant [CTAB] on The Average Particle Size 

The effect of surfactant concentration used on the average particle size is 
presented in Figure 10. The particle size has a dependence on the surfactant 
concentration. More specifically, the particles size decreases by increasing 
the surfactant concentration. This is attributed to the fact that when the 
surfactant concentration is increased, the latex particle size decreases, since 
more surfactant molecules are available to stabilize oil-water interface area 
generated during homogenization at higher concentration and the 
coalescence among the monomer droplets is reduced. 

The effect of CTAB concentration on the particle size is also illustrated in 
Figures 11-12 corresponding to SEM photomicrographs of P(St-MMA)  
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latexes prepared under different experimental conditions, As can be seen  
the surfactant concentration leads to the production of a latex with narrow 
PSD and low average particle size. 
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Figure 10: Effect of surfactant [CTAB] concentration on the average 
particle size particle size (HD: 1% w/w, AIBN=0.5% w/w). 
 

 
Figure 11: SEM photomicrograph of P(St-MMA) latex prepared by miniemulsion     
polymerization ([CTAB]=0.5%w/w,[AIBN]=0.5%w/w ,[HD]=5%w/w) 
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Figure 12: SEM photomicrograph of P(St-MMA) latex prepared by miniemulsion 
polymerization ([CTAB]=0.5%w/w,[AIBN]=3.5%w/w, [HD]=5%w/w) 

 
Conclusions 

Experimental effort in this article involved the investigation of the 
critical factors that influence the conversion, average particle size and 
particles size  distribution A set of experiments were designed based on the 
following three critical experimental parameters. The type and amount of 
anionic (SDS) and cationic (CTAB) surfactants,  cosurfactant (HD) and the 
initiator (AIBN). 

Several analytical procedures were applied during this study. The 
overall monomer conversion was determined by gravimetry. The average 
particle size and particle size distributions were measured using laser 
diffraction. Finally the morphology of the polymer particles was observed 
by scanning electron microscopy (SEM).  

From the experimental results presented in the above discussion, 
several important observations can be noted and various conclusions can be 
drawn: 

It was found that the overall monomer conversion increases as the 
polymerization temperature increases. However, while the polymerization 
temperature was varied from 60 to 70 0C, no systematic effect on both 
particle size distribution and average particle size was detected.  
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The increase of surfactants concentration played a crucial role in the 

control of the particles size and subsequently the conversion. It was found 
that the increase of surfactant (SDS, CTAB) concentration leads to a large 
decrease of the average particle size (>100nm) and narrower particle size 
distributions are obtained. A decrease of the surfactant concentration leads 
to an increase of the amount of agglomerates. 
 Under lower concentration of surfactants, the average size of the particles 
obtained with SDS as surfactant is generally smaller than that measured in 
the case of CTAB. This explains why cationic surfactants (like CTAB) are 
less frequently used as compared to anionic surfactants. 
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