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Polystyrene microspheres (PS) were synthesized by dispersion polymerization in ethanol/2-Methoxyethanol (EtOH/EGME) blend
solvent using styrene (St) as monomer, azobisisobutyronitrile (AIBN) as initiator, and PVP (polyvinylpyrrolidone) K-30 as
stabilizer.
e typical recipe of dispersion polymerization is as follows: St/Solvent/AIBN/PVP = 10 g/88 g/0.1 g/2 g.
emorphology
of polystyrene microspheres was characterized by the scanning electron microscopy (SEM) and the molecular weights of PS
particles weremeasured by theUbbelohde viscometermethod.
e e�ect of ethanol content in the blend solvent on themorphology
and molecular weight of polystyrene was studied. We found that the size of polystyrene microspheres increased and the molecular
weight of polystyrenemicrospheres decreasedwith the decreasing of the ethanol content in the blend solvent from 100wt% to 0wt%.
What ismore, the sizemonodispersity of polystyrenemicrosphereswas quite goodwhen the pure ethanol or pure 2-Methoxyethanol
was used; howeverwhen the blend ethanol/2-Methoxyethanol solventwas used, the polystyrenemicrospheres became polydisperse.
We further found that the monodispersity of polystyrene microspheres can be signicantly improved by adding a small amount of
water into the blend solvent; the particles became monodisperse when the content of water in the blend solvent was up to 2wt%.

1. Introduction

Micrometer-sizemonodisperse polymer particles have awide
variety of scientic and technological applications, such as
standard calibration, biomedical and clinical diagnosis, high-
performance liquid chromatography (HPLC) llers, catalyst
carriers, coatings and ink additives, information storage
materials, and colloidal crystals [1, 2]. Micron-size monodis-
perse particles were usually di�cult to obtain because this
size is in-between the diameter range of particles produced
by conventional emulsion polymerization (0.06–0.7�m) in
a batch process [3–6] and suspension polymerization (50–
1000 �m) [7–11]. Dispersion polymerization is an attractive
method for producing micron-size monodisperse polymer
particles in a single batch process. Great progress in this eld
has been achieved over the past three decades [12–21].

Dispersion polymerization in organic hydrocarbon
media was rst developed by Barrett [22]. Dispersion
polymerization may be dened as a type of precipitation
polymerization in which one carries out the polymerization

of a monomer in the presence of a suitable polymeric
stabilizer soluble in the reaction medium. 
e solvent
selected as the reaction medium is a good solvent for
both the monomer and the steric stabilizer polymers but a
nonsolvent for the polymer being formed.

In order to obtain micron-size monodisperse linear
polystyrene beads for seeded polymerization we followed
the literature method [23], using ethanol/2-Methoxyethanol
blend solvent. We found that in a single solvent, either
ethanol or 2-Methoxyethanol, monodisperse polystyrene
microspheres were obtained. However, in the ethanol/2-
Methoxyethanol blend solvent system, we did not get
monodisperse polystyrene microspheres but got polydis-
perse polystyrene microspheres. By chance we found that
if a small amount of water was added into the ethanol/2-
Methoxyethanol blend solvent the uniformity of the resulting
polystyrene microspheres will be signicantly improved.
e
e�ect of the water content in the blend solvent on the mor-
phology and molecular weight of the obtained polystyrene
microspheres was further studied.
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Table 1: 
e standard recipe for the dispersion polymerization of
styrenea.

Ingredient Weight (g)

Styrene 10

Polyvinylpyrrolidone 2

Solvent 88

Azobis(isobutyronitrile) 0.1
a70∘C; 24 h; 80 r/min; 10 wt% of monomer concentration based on total
weight.

2. Experimental

2.1. Reagents. Styrene (analytical reagent; Beijing Reagents
Factory) was washed with a 10wt% aqueous sodium hydrox-
ide solution and water, dried over anhydrous magnesium
sulfate, and distilled in vacuum. Azobis(isobutyronitrile)
(AIBN, Beijing Chemical Factory) was recrystallized in
methanol before use. Polyvinylpyrrolidone (PVP, Mw = 4.0
× 104 g/mol, Sigma) was of reagent grade. Ethanol (analytical
reagent; Beijing Reagents Factory) and 2-Methoxyethanol
(analytical reagent; Beijing Reagents Factory) were distilled
before use.

2.2. Synthesis. Generally, dispersion polymerization is car-
ried out in a four-neck �ask with a mechanical stirrer, a
re�ux condenser, a nitrogen inlet, and a thermometer. To
simplify the experimental operation and reduce the system
operational di�erences, a single-necked round bottom �ask
was used as a reactor; a�er feeding, purging with nitrogen,
the �ask was sealed and was placed into an electrical ther-
mostatic oscillation tank and then polymerization started.

e polymerization was carried out at 70∘C oscillation fre-
quency was 80 r/min. 
e greatest advantage of doing so is a
series of comparative experiments which can be carried out
simultaneously in the electrical thermostatic oscillation tank.
A�er 24 hours the reaction was terminated. 
e resulting
particles were washed repeatedly using water and ethanol
with a centrifuge. Polystyrene microspheres were obtained
a�er drying under vacuum at 60∘C for 8 h. All ingredients
used are summarized in Table 1.

2.3. Measurements. 
emolecular weights of the polystyrene
were tested by Ubbelohde viscometer at 25∘C using toluene
as solvent. Viscosity average molecular weight is calculated
by the Mark-Houwink-Sakurada equation: [�] = ���

V
(K =

0.0075mL/g, � = 0.75), where [�] is the intrinsic viscosity
determinedwith theUbbelohde viscometer.
emorphology
of the particles was characterized using a scanning electron
microscope (SEM, XL30ESEM-FEG FEI, USA).

3. Results and Discussion

So far there is no uniform polymerization mechanism for
dispersion polymerization; currently there are two main
explanations: (1) oligomer precipitation mechanism; (2) gra�
copolymer coalescence mechanism. In this paper the rst

theory was mainly used to explain the results of the poly-
merization. Oligomer precipitation mechanism believes that
the oligomer formed in early reaction can be dissolved
in polymerization solvent. Oligomers precipitate from the
solvent when it reached a critical degree of polymerization
and nucleus of particle is formed.
e nucleus can be present
in solvent stably because of the presence of the dispersion
stabilizer, and nally the nucleus grows into microspheres.

3.1. E�ect of Ethanol Content on the Polystyrene Microspheres.
Polystyrene microspheres were synthesized by dispersion
polymerization in ethanol/2-Methoxyethanol (EtOH/
EGME) blend solvent, and the molecular weights and
particle sizes of the polystyrene were controlled by
adjusting the ethanol content in the blend solvent. Five
comparative experiments with di�erent contents of ethanol
are summarized in Table 2.

From Table 2 we can clearly see that the molecular
weights of the polystyrene microspheres became lower with
the decreasing of ethanol content in the solvent. 
is result
can be ascribed to the better solubility of styrene in 2-
Methoxyethanol than that in ethanol; time of chain growth in
solvent became longer with the decreasing of ethanol content
in the solvent. However, the speed of chain growth in solvent
is slower than that of “bulk polymerization” in styrene; nally
the lower molecular weight polystyrene was obtained.

From Figure 1 we can clearly see that the particle size of
polystyrene microspheres became bigger with the decreasing
of the ethanol content in the solvent. 
is can be ascribed
to the better solubility of polystyrene in 2-Methoxyethanol
than that in ethanol; the polystyrene chain is looser in 2-
Methoxyethanol than in ethanol.

From the SEM images of polystyrene microspheres we
also found that in a single solvent, either ethanol or 2-
Methoxyethanol, monodisperse polystyrene microspheres
were obtained. However, quite di�erent from those reported
in literature [23], in the ethanol/2-Methoxyethanol blend
solvent system, we did not get monodisperse polystyrene
microspheres but got polydisperse polystyrenemicrospheres.

3.2. E�ect of Water in Blend Solvent on the Polystyrene
Microspheres. A�er comparison with the literature [23] we
found the di�erences. We puried the solvent before use,
while without purication in the literature. Small amount of
water in solvent may be removed during the solvent rening
process. In order to verify this idea, we designed a series of
comparative tests; di�erent contents of water were added into
the polymerization system (based on PS03). Five comparative
experiments with di�erent contents of water are summarized
in Table 3.

From Table 3 and Figure 2 we can clearly see that the
uniformity of the resulting polystyrene microspheres was
signicantly improved with the increasing of water content
in the solvent. 
e particles became monodisperse when
the content of water in the blend solvent was up to 2wt%.
We believe that this result is associated with the miscibility
between solvents. 
e miscibility between ethanol and 2-
Methoxyethanol is not so good, while themiscibility between
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Figure 1: SEM images of polystyrene microspheres synthesized with di�erent dosages of ethanol.
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Figure 2: SEM images of polystyrene microspheres synthesized with di�erent dosages of water.

water and ethanol or 2-Methoxyethanol is quite good. Small
amount of water in the solvent acted as a “dissolution bridge”
between ethanol and 2-Methoxyethanol.

What is more, with the increasing of water content in the
solvent, the particle sizes became smaller and the molecular
weights of the polystyrene microspheres became higher. 
is
result can be ascribed to the poorer solubility of styrene and
polystyrene in water than in ethanol or 2-Methoxyethanol.
Water is a poor solvent of styrene.

4. Conclusion

Polystyrene microspheres were synthesized by dispersion
polymerization in ethanol/2-Methoxyethanol blend sol-
vent. Because the miscibility between ethanol and 2-
Methoxyethanol is not so good, secondary particles were
found and polydisperse polystyrene microspheres were

obtained. 
is problem can be signicantly improved when
a small amount of water was added into the polymeriza-
tion system. 
e particles became monodisperse when the
content of water in the blend solvent was up to 2wt%. 
is
result can be ascribed to the relatively better miscibility
between water and ethanol or 2-Methoxyethanol. Small
amount of water in the solvent acted as a “dissolution bridge”
between ethanol and 2-Methoxyethanol. 
is result further
showed that the solubility between blend solvent should to
be attention in the dispersion polymerization in a blend
solvent.
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Table 2: E�ect of ethanol content on the polystyrene microspheres.

Sample EtOH/g EGME/g �
V
/104 g⋅mol−1 D/�m Morphology

PS01 88 0 6.0 2 Monodisperse

PS02 66 22 4.9 0.3∼4 Polydisperse

PS03 44 44 3.8 0.5∼5 Polydisperse

PS04 22 66 2.7 0.5∼10 Polydisperse

PS05 0 88 2.0 2.2 Monodisperse

Table 3: E�ect of water in blend solvent on the polystyrene micros-
pheres.

Sample H2O/wt% �V
/104 g⋅mol−1 D/�m Morphology

PS06 0 3.7 0.5∼5 Polydisperse

PS07 1 5.9 0.5∼3.5 Polydisperse

PS08 2 7.1 2.7 Monodisperse

PS09 4 8.6 1.6 Monodisperse

PS10 8 12 1.4 Monodisperse
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