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Abstract 
Polystyrene spheres have been synthesized using potassium persulphate (KPS) as initiators without using any 
surfactant or stabilizing agent. Simple mixing method was used to synthesize styrene monomer into polystyrene 
spheres. The influences of mixing time, ammount of styrene monomers, and ammount of initiators were studied 
in this research. Size measurement and its distribution were analyzed by Scanning Electron Microscopy (SEM). 
Monodisperse spheres and verry narrow size distribution are expected in this research. The results showed that 
the most optimum time to synthesize styrene monomer into polystyrene latex is 6 hours, where biggest and most 
uniform spheres size were obtained. Meanwhile when ammount of styrene monomers were increased, the 
diameter of polystyrene spheres were also increased. The biggest and most uniform polystyrene spheres diameter 
was shown by 14% volume ratio of styrene monomer. For initiators influence, the smaller diameter of 
polystyrene spheres were obtained for 0.2 gram KPS than in 0.05 gram KPS. Polystyrene spheres using 0.05 
gram KPS also has more uniform size than in 0.2 gram. 

Keywords: polystyrene spheres, surfactant free, styrene monomer, mixing time, ammount of styrene, ammount 
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1. Introduction 
In recent times, there are so many industries utilised polystyrene as the main material. This polymer has been 
used in many industries, such as catalysis, immobilization system, packaging and storage industry, etc. This 
popularity is based from its good properties, such as its rigidity, low water absorbality, low production cost, and 
good processability (Yoon et al., 2006). Polystyrene is also usually used as template in the synthesis of 
macropore particles. It is effective because it can be easily removed and available as a homogeneous sphere. This 
condition makes polystyrene can control pore size by changing its size. It makes further study in the synthesis of 
polystyrene particles with controllable size becomes needed (Nandiyanto, 2012). 

Styrene polymerization using radicalary polymerization mechanism is one of method that has been used to 
obtain the polystyrene. The formation of macromolecule by free radicals are including three main steps, they are 
initiation, propagation, and termination of chain growth by either termination or chain transfer. Different type of 
initiators, organic or inorganic, will give different characteristics to the polymeric materials which synthesized. 
(Gorsd et al., 2012). The overall reaction describing the styrene polymerization is: 

  

 

 

 

 

Figure 1. Polymerization Reaction of Polystyrene 

 

Emulsion polymerization is generally used for polymerization of styrene. Emulsion polymerization can produce 
relatively stable latex (Kim et al., 1992). Water-insoluble monomers would be firstly dispersed into water with a 
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small amount of a surfactant. Water-soluble initiator will form radicals when it is heated, because it has weak 
peroxide bond. These radicals will be the initiator in the chain reaction of the monomers in the water, until they 
become polymer that grow in the water and become the primary polymer particles. These particles swell with 
monomers, then the polymer chains initiation continues in the aqueous-phase. After that, the growing polymer 
radicals are trapped by the existing particles and the polymerization process continues inside the particles. All 
further polimerization will increase the size of the particles, not the number, until all of the monomers are 
consumed. The final diameters of particles are depending on all variables in the experimental procedure, but 
typically are about 50 until 500 nm (Sunkara et al., 1994).   

In order to make polymerization become more economical, this research was aimed to study the polymerization 
of styrene monomer under surfactant-free condition. The comprehensive studies on the polimerization of styrene 
monomer under additive-free condition, especially related to its function as template of macropore particle, are 
not much done yet. The controllable size and monodisperse spheres are expected in this research. Some variables 
are done to study their influence into polystyrene particle size and particle size distribution.  

2. Method 
2.1 Polystyrene Spheres Synthesis 

Polystyrene spheres were synthesized using a liquid-phase synthesis method, styrene monomer was simply 
polymerized in an aqueous solution (pure water), with the absence of additives such as surfactant agents or 
co-monomer, under potassium persulphate (KPS) as the initiator. Before it was used, the monomer styrene was 
previously purified by a base solution (NaOH 10%) to remove its inhibitor (Astrini et al.,1997). The 
polymerization was conducted in the batch-process reactor-system. The reactor consisted of a glass reactor (300 
ml of a four-necked round bottom flask), a magnetic stirrer, a mantle heater, a temperature controller, a reflux 
condenser equipped with a chiller, and a nitrogen gas inlet (Kim et al., 1992). 

Firstly pure water was put into the reactor, then stirred at about 400 rpm and heated at 80o C. Nitrogen gas was 
added to remove oxygen from the reactor. When the set temperature was reached, a specific amount of monomer 
styrene and KPS initiator were added to the reactor. Nitrogen gas was continued to bubble until 15 minutes and 
then was stopped (Gorsd et al., 2012). The mixtures were subsequently kept at this temperature for specific time, 
varied between 5 and 7 hours.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Schematic of Polymerization Apparatus 

 

2.2 Characterization 

Polystyrene spheres morphological analysis was performed by scanning electron microscopy (SEM). The 
determination of the sphere diameter, its distribution and the average diameter was carried out from the SEM 
images of the samples, measuring about 300 until 400 spheres in each images using ImageMIF software. The 
size of the spheres was measured using Ferret analysis. 

3. Results 
This research was aimed to study the effects of mixing time, styrene concentration, and initiator concentration in 
the synthesis of monodispersed polystyrene particles. Simple mixing method was used in this research, where 
polymerization took place in batch reactor equipped with magnetic stirrer. This research used inorganic initiator 
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potassium persulphate (KPS) and performed in the absence of any additives, such as stabilizing agents or 
surfactants. 

3.1 Effect of Mixing Time 

To study the influence of mixing time in the particle size and its distribution, 10% (v/v) styrene monomer was 
mixed with water and 0.05 gr KPS. Mixing time when the mixture were stirred in the reactor was varied 5, 6, and 
7 hours. By mixed them, the styrene monomer droplets will be dispersed first before polymerize. Figure 3 shows 
the SEM images of particles with the impact of mixing time. The result of SEM images showed that polystyrene 
particles which were obtained has spherical shape and relatively monodispersed. By using ImageMIF software, 
average diameter and its distribution for each variables can be obtained. The average diameter for variable 5 
hours is 206 nm, while for 6 hours is 223 nm, and for 7 hours is 218 nm. Meanwhile figure 4 shows particle 
distribution for each variables. It was shown that variable 6 hours has the smallest deviation. For next variables, 
6 hours of mixing was used as fixed variable.   

 

 

 

 

 

 

Figure 3. SEM images of polystyrene spheres under different mixing time : (a) 5 hours, (b) 6 hours, and (c) 7 
hours 

 

 

 

 

 

 

 

Figure 4. Size distribution of polystyrene spheres under different mixing time: (a) 5 hours, (b) 6 hours, and (c) 7 
hours 

 

3.2 Effect of Styrene Monomer Concentration 

Figure 5 shows SEM images impact of styrene monomer concentration which is added in the initial process of 
polystyrene spheres polymerization. The styrene monomer concentration was varied between 5% and 14% (v/v). 
Meanwhile the amount of initiator was fixed in 0.05 gr, and the mixture was stirred for 6 hours. SEM images 
show that the shape of polystyrene obtained from all variables are spherical and spread evenly. Meanwhile 
Figure 6 shows that the average diameter of polystyrene spheres obtained increase when styrene monomer 
concentration is also increased. The biggest styrene monomer concentration variable, 14% (v/v), also has the 
smallest deviation of particle size distribution. It means 14% (v/v) variable has the most uniform polystyrene 
particle size.  

 

 

 

  

 

 

Figure 5. SEM images of polystyrene spheres under different styrene concentration:  (a) 5%, (b) 10%, and (c) 
14% 
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Figure 6. Size distribution of polystyrene spheres under different styrene concentration: 5%, (b) 10%, and (c) 
14% 

 

3.3 Effect of Initiator Amount 

This research used potassium persulphate (KPS) as the initiator to accelerate polymerization of styrene monomer. 
KPS is inorganic initiator which can be dissolved in aqueous phase (Gorsd et al., 2012). Figure 7 shows SEM 
images of polystyrene for each variable of initiator amount. KPS amount was varied into 0.05 gr and 0.2 gr. 
Meanwhile styrene monomer concentration was set constant for 10% (v/v) and stirred for 6 hours. The images 
showed the shape of polystyrene are spherical and spread evenly. Figure 8 shows the average diameter of 
polystyrene for 0.05 gr amount of initiator is bigger than for 0.2 gr. The particle size distribution graph also 
shows that smaller amount of initiator variable produces more uniform particle size than the bigger one. 

 

 

 

 

 

 

Figure 7. SEM images of polystyrene spheres under different initiator ammount : (a) 0,05 gr and (b) 0,2 gr 

 

 

 

 

 

 

 

 

Figure 8. Size distribution of polystyrene spheres under different initiator ammount: 0,05 gr and (b) 0,2 gr  

 

4. Discussion 
From the result it was showed that the most optimum mixing time is 6 hours, which has the biggest size and the 
most uniform size of particles. This result is appropriate with what expected, to get monodisperse spherical 
polystyrene. Particles which obtained from 5 hours variable have the smallest size and the biggest deviation. It 
can be explained due to the incomplete polymerization reaction for the small time. Meanwhile longer time of 
mixing can make some particles grow bigger than any other particles. It makes particles size become not uniform 
and the deviation of particle size distribution becomes bigger. This phenomenon is happened for variable 7 
hours.  
Meanwhile for styrene concentration effect, the result showed that the average diameter of polystyrene spheres 
obtained increase and more uniform when styrene monomer concentration is also increased. This phenomena can 
be explained because the constant amount of dissolved monomer (aqueous-phase monomer) in the aqueous 
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solution under additive-free condition to the initial concentration of monomer itself. Monomer will be partially 
dissolved mostly into monomer droplets (oil-phase monomer). The initiator radicals can easily attack the 
aqueous-phase monomer and this rate is faster than the rate of monomer diffusion (from oil to aqueous phase), so 
that there is only limited available active monomer. This condition will retard the nucleation stage. Then, 
because the Brownian motion of nuclei is slower than other components (Nandiyanto et al., 2010), so that the 
nuclei is more tended to increase in weight by the interaction and coalescence of initiator radicals and the free 
monomer, than in number (Nandiyanto et al., 2012). So that, in the bigger monomer concentration there are more 
free monomers to coalesce and produces bigger particle. 

The result also showed that the average diameter of polystyrene for bigger amount of initiator is smaller. The 
particle size distribution graph also shows that smaller amount of initiator variable produces more uniform 
particle size than the bigger one. Potassium persulphate (KPS), which was used as initiator, was soluble in 
aqueous phase and diffused fastly to the monomer droplet. The higher amount of KPS will increase the rate of 
polymerization process. It makes the nucleation period becomes shorter and produces smaller polystyrene 
particles (Gorsd et al., 2012). 

5. Conclusion 
Polymerization of styrene monomers was succesfully done using emulsion polymerization under surfactant-free 
condition. SEM images showed that obtained polystyrene particles have spherical shape and can spread evenly. 
The result showed that the most optimum mixing time in this polymerization is 6 hours, where the average 
particle diameter obtained in this variable is the greatest and has the narrowest size distribution. Furthermore, the 
result also showed that the variation of styrene monomer concentration and amount of KPS initiator can also 
modify both the average diameter of the obtained particles and its distribution. For a fixed amount of initiator, an 
increase in the size of the spheres was observed as the styrene monomer concentration increased. The biggest 
styrene monomer concentration variable also produced the most uniform size of the spheres. Meanwhile, for a 
fixed styrene monomer concentration, smaller amount of initiator added produced bigger size and also narrower 
size distribution of the spheres. 

Observation of initiator effect can be further developed by using organic initiator, such as 4,4 Azobis 
4-Cyanovaleric Acid (ACVA). Different kind of initiator can produce different shape and diameter of polystyrene. 
Further observation in the application of polystyrene in producing hollow particle also should be done in order to 
know the stability of template material and its effect in the particle structure.  

Nomenclature 
dav  average particle diameter (nm) 

σ   deviation of average particle diameter 
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