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ABSTRACT

C

oncentrated emulsion polymerization was used for the synthesizing of crosslinked polystyrene-divinylbenzene (PS-DVB) containing 10% (X-10) and 16%
(X-16) DVB with pore size less than 10 µm. For application of these resins
as columns’ filler in ion-exchange chromatography; chloromethylation and then
amination processes were performed via aqueous trimethylamine. The
chloromethylation reactions was done by 1,4-bis(chloromethoxy) butane in
dichloromethane and in the presence of stannic chloride as catalyst at 0°C. The
exchange capacities of anion exchange resins X-16 (CE=3.5 meq/g) and X-10
(CE=3.8 meq/g) was determined by titration procedure. The structure of PS-DVB
was investigated by scanning electron microscope (SEM) technique. The SEM
images showed that the porous structure of PS-DVB resin was approximately
maintained intact after chloromethylation and amination reactions. TGA and FTIR
techniques were used to investigate the thermogravimetric analysis and structures
of obtained resins, respectively.
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Concentrated
emulsion
polymerization has been used to
make precursors for preparation of
homopolymer latexes, copolymers
and tough polymers [1-4]. They
have also been employed to prepare
conductive polymers, composites,

composite membranes, micro
sponge molecular reservoirs and
polymer supported quaternary
onium salts, polymer supported
palladium
complexes
and
quaternary
onium
salts
polymer-supported enzymes [5, 6].
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In contrast to the conventional emulsion,
concentrated emulsion has a large volume fraction of
dispersed phase, greater than 0.74 and as large as
0.99 [7-9]. It has a paste-like appearance and behaviour.
When the volume fraction of continuous phase is
sufficiently small, the dispersed phase is composed
of polyhedrall cells separated by thin films of
continuous phase.
The concentrated emulsions are prepared by
dropwise addition of the dispersed phase to a small
amount of a continuous phase containing a surfactant.
As well known experimental observations have
indicated that the phase in which the surfactant is
soluble constitutes the continuous phase of an
emulsion. The adsorption of surfactant on the interface
between the two media of the emulsion is responsible
for its kinetic stability [10,11].
The concentrated emulsion have attracted our
attention as a possible pathway for a number reasons:
(i) The ordered organization of surfactant molecules
at the two media may organize the monomers in its
vicinity and thus accelerated the rate of conversion,
(ii) The presence of the surfactant layer, causes the
reduction of mobility inside the cell, and could generate
the earlier gel effect, which finally leads to the delay
in the bimolecular termination reaction. Hence, the
molecular weight is expected to be higher if the
polymerization occurs in a concentrated emulsion than
in the bulk.
(iii) The polymerized system maintains the structure
of the emulsion precursor.
(iv) A better control of the size of latexes can be
made by controlling the size of the cells of concentrated
emulsion, using suitable surfactants, ionic strengths,
and pHs. Hence the splitting of a bulk system into a
large number of small, independent cells may have
favorable effects. In addition, a concentrated emulsion
can be polymerized to generate either latexes, or a
porous medium or a composite [12,13].
Cross-linked styrene (St)-divinylbenzene (DVB)
copolymer with chloromethyl substituents (-CH2Cl)
have a wide range of applications in the preparation
of ion-exchange resins, and the supports for catalyst,
gel permeation, gas chromatography and other because
they contain reactive functional groups (-CH2Cl). The
easy chloromethylation of polystyrene copolymer (14,
15) as well as the high reactivity of the resulting
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benzylic positions allow the introduction of a large
number of functional groups and explain the
widespread use of the polymers (16). The aim of this
work was the preparation of anion-exchange resin
which is used in the colums in column chromatography
through concentrated emulsion polymerization
technique. The so-called columns are applicable for
separation of different compounds such as: inorganic
cations and anions, amino acids, proteins, peptides,
phenols, amines, organic acids, and bases [17-20].
Also, this work represents the preparation of
anion-exchange resin from styrene-divinylbenzene
copolymer which obtained by concentrated emulsion
polymerization method. In the further steps, the
copolymer was converted to the anion exchange resin
containing one type ion exchange site with high
sorptive capacity (compared with commercial anion
exchange capacity) by amination reaction. The
prepared resin had capability to eliminate the anions
in water and purifying it.

EXPERIMENTAL
Materials
The following chemicals were used: styrene (Merck,
as monomer), divinylbenzene (Merck, as cross-linking
agent), nonionic surfactant, AIBN (2, 2’azobisisobutyronitrile)(Fluka)
and
cumene
hydroperoxide
(Aldrich,
as
initiator),
paraformaldehyde (Merck), 1,4-butandiol (Merck),
stannic chloride (Merck, as catalyst for
chloromethylation step), dichloromethane (Merck),
acetone (Merck), trimethylamine (Fluka, assay 45%
in water, as amination agent).
Instrumentation
FTIR spectra were recorded using Shimadzu
FTIR-8101 M. Differential scanning calorimetry
(DSC) analyses were performed on a Mettler 4000
TA thermal analytical system.
Methods
Preparation of PS-DVB copolymer by concentrated
emulsion method
A 250 mL three-necked round bottom flask was
equiped with a magnetic stirrer and thermometer. To
prepare of inverse emulsion of water in monomer
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Scheme I. Synthesis of 1,4-bis(chloromethoxy)butane.

solution, the flask in firstly charge with styrene,
divinylbenzene, emulsifier and initiator. Then,
double-distilled water was added to this solution
dropwise, while stirring in this way. The concentrated
emulsion containing 84% dispersed phase had been
prepared. The above emulsion was transferred into
glass tubes by means of vacuum. The packed tubes
were closed and polymerization was performed in the
oven for 48 h at 50°C. Then the water phase or
dispersed phase of the PS-DVB was removed in the
oven during the four steps:
1) 10 h at 70°C
2) 10 h at 80°C
3) 10 h at 105°C
4) 10 h at 140°C
Degree conversion in polymerization process
was allowed to reach the value of 10%. By this
procedure the PS-DVB copolymers with 10, 16 and
30 DVB weight-percent were produced.
Preparation of 1,4-bis (chloromethoxy) butane
Paraformaldehyde (20 g) and 1,4-butadiol (30g) were
mixed together in a flask. The mixture cooled to about
7°C in a cold water bath and hydrogen chloride gas

was passed into the flask for 7 h. The mixture was
then chilled to 0°C overnight during which it is
separated into two layers. The upper layer was
collected, washed, dried with magnesium sulphate
and vacuum distilled to yield 29 g of 1,4-bis
(chloromethoxy) butane (Scheme I).
Chloromethylation of PS-DVB (16%) copolymer
To a stirring suspension of cross-linked polystyrene
(16% DVB) (1.04 g, 0.01 mol), and the
1,4-bis(chloromethoxy) butane (3.75 g, 0.02 mol) in
dichloromethane (20 mL) was slowly added stannic
chloride (0.05 mL, 0.00425 mol) at 0°C. The reaction
mixture was stirred at room temperature overnight
for 18-19 h. The mixture was then cooled at 0°C and
treated with hydrochloric acid (15 mL, 1 N). The
polymer beads were recovered by filtration with
water-dioxane,
dioxane,
methanol
and
dichloromethane. The beads dried overnight in vacuum
at room temperature. The resulting beads were
analyzed for chlorine content. The chloromethylation
analysis of PS-DVB (10%) copolymer beads was
performed by this method and the chloromethylation
yield was 71.8% (Scheme II).

Scheme II. Chloromethylation of PS-DVB copolymers.
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Scheme III. Amination of chloromethylated PS-DVB copolymer.

Amination of chloromethylated PS-DVB (16%)
copolymer
A 100 mL one-necked round botton flask was filled
with a magnetic stirrer. Then the flask was charged
with 0.255 g chloromethylated PS-DVB (16%)
copolymer, 30 mL acetone, and 2 mL of 45% aqueous
trimethylamine. The mixture was allowed to react
overnight at room temperature by stirring about 20 h.
It was diluted with deionized water, filtered, and the
beads were washed with ethanol and then deionized
water. Also the amination step of chloromethylated
PS-DVB (10%) copolymer was performed at the same
way (Scheme III).
Amination of chloromethylated PS-DVB (10%)
copolymer
A 10 mL pressure reactor was filled with 0.42 g of
chloromethylated styrene-divinylbenzene (10%)
copolymer, 0.096 g of dimethylamine, 0.072 g of
sodium hydroxide, and 0.1 g of sodium chloride. The
mixture is stirred and heated to 90°C for 5 h. The
mixture is then cooled, and the contents of the reactor
were emptied. The resin is analyzed according to
standard methods used for determining ion-exchange
capacities.
Calculation of anion exchange capacity
At first, Two samples of wet anion exchange resins
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(w1 and w2) weighted. First sample (w1) dries at
100°C for 12 h and weighted again ( w1′ ). Second
sample (w2) was added to a 30 mL solution of sodium
hydroxide (0.1 N) in a 100 mL round bottomed flask
with a magnetic stirring bar. The mixture was stirred
for 2 h at room temperature, then the mixture was
filtered and washed well with water until the washing
become neutral with phenolphthalein TS. The sample
(w2) was transfer into a 30 mL solution of sodium
chloride (0.1 N) containing 3 drops of phenolphthalein
regent (indicator) and stirred for 2 h at room
temperature. The mixture titrates with 0.1 N
hydrochloric acid until the white mixture is formed
and calculates the ion exchange capacity by the formula
as follow:
X = (w1′ × w 2 ) (w1 ) = w 2′

(1)

(N × V) HCl = a

(2)

CE = a / w ′2

(3)

w1 = weight of wet resin
w1′ = weight of dry resin
w 2 = weight of wet resin in experimental sample
w ′2 = weight of dry resin in experimental sample
a = mmol of chlorine in the dry resin in experimental
sample ( w ′2 )
CE = Exchange capacity of anion exchange resins on
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the base of [Cl-]/[dry resin] (meq/g).

RESULT AND DISCUSSION
Figure 1 shows the FTIR spectrum of 1,4-bis
(chloromethoxy) butane (a) and chloromethylated
PS-DVB (10%) copolymer aminated with
dimethylamine (b), respectively [21-26]. The
absorption bonds of C-Cl, C-O, - CH2, and aliphatic
C-H were observed at 646, 1132, 1479, and 2851 cm-1,
respectively (Figure 1 a). Also the absorption bonds
attributed to compound (b) were observed at 703,

Figure 1. FTIR spectrums of (a) 1,4-bis(chloromethoxy) butane and (b) chloromethylated PS-DVB
(10%) copolymer which aminated with dimethylamine

1458, 1520, 2930, 3030 and 3447 cm-1 which were
corresponding to C-Cl, CH3, - CH2, aliphatic - CH,
aromatic – CH, and – NH, respectively.
Figure 2 showed the scanning electron
micrographs (SEM) of chloromethylated PS-DVB
(16%) copolymer (a) and aminated compound with
trimethylamine (b), respectively.
As could bee seen in Figure (2 a),
chloromethylated PS-DVB had high porous surface.
Also, the X-16 anion exchange resin had the porous
surface along with the holes irregularly distributed
(Figure 2 b).
Thermogravimetric analysis (TGA) graphs of
chloromethylated PS-DVB (16%) copolymer (a), X-16
anion exchange resin (b), and X-10 anion exchange
resin (c) which both (b and c) aminated with
trimethylamine had been showed in Figure 3. As

Figure 2. Scanning electron micrograph (SEM) of (a)
chloromethylated PS-DVB copolymer (16%) and (b)
X-16 anion-exchange resin (magnification x500).
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Table 1. The yield of chloromethylation reaction.

Figure 3. TGA Graphs of (a) chloromethylated PSDVB (16%) copolymer, (b) X-16 anion-exchange resin,
and (c) X-10 anion-exchange resin.

showed in Figure (3 a), at 110°C the chloromethylated
PS-DVB (16%) copolymer gave a weight loss ca.
8%, which was attributed to dehydration of hydrophilic
copolymer surface. At 300°C an overall weight loss
of 23% showed which was attributed to isolation of
chloromethyl and quaternary groups. This resin
exhibited thermal stability up-to 350°C. After this
temperature, degradation of resin was occurred.
As showed if Figure 3c, at 90°C the X-10
anion-exchange resin gave a weight loss of 7% which
was attributed to dehydration of the hydrophilic resin
surface. At 280°C an overall weight loss 25% showed
which was attributed to isolation of chloromethyl and
quaternary ammonium groups. This resin exhibited
thermal stability up-to 300°C. After 300°C the
degradation of resin was occurred.
The chloromethylation yield of PS-DVB
copolymer beads were obtained from equations 4, 5,
and 6 presented at Table 1.
Y = M Cl × 100 / M M = 23.12%

(4)

Z = 23.12 ×10 −2 35.5 = 6.5 mmol

(5)

R = A × 100 6.5

(6)

Y = Percent of chlorine in copolymer when the all
of benzene rings in copolymer became
chloromethylated
Z = mmol of chlorine when chloromethylation is
100%
MCl = Molecular weight of chlorine
MM = Molecular weight of chloromethylated styrene

502

PS-DVB copolymer

X-10

X-16

Chloromethylation yield (%)

71.8

70

monomer
A = Content of chlorine in copolymer obtained from
gravimetric analysis
R = Percent of chloromethylation of copolymer
As showed at Table 1, with increasing the DVB
weight-percent, the yield of chloromethylation reaction
decreased. This is according to increasing at steric
congestion due to increasing DVB content.
We have determined the exchange capacity of
anion exchange resins by titration procedure. The
anion-exchange capacity of X-16 anion exchange resin
(CE=3.5 meq/g) which compared with X-10 anion
exchange resin (CE=3.8 meq/g) is lower because of
its higher steric congestion. This fact led to the lower
chloromethylation and amination yield. The obtained
exchange capacity of these resins can be compared
with the commercial anions exchange resins (CE=
4-4.5 meq/g) [27].

CONCLUSIONS
In this work, anion-exchange resins copolymer
(styrene-divinylbenzene)
was
obtained
by
concentrated emulsion polymerization method. The
influences of chloromethylation and amination
reactions on internal morphology of styrenedivinylbenzene copolymers and anion exchange resins
were demonstrated. The amount of DVB affected on
degree of the thermal stability and anion exchange
capacity of resins. The obtained exchange capacities
of X-10 and X-16 are 3.8 and 3.5 meq/g, respectively.
DSC, TGA, SEM and FTIR Spectroscopy techniqes
were used to investigate the structure of the resins.
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SEM:
TGA:
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Poly styrene-divinylbenzene
Scanning electron micrographs
Thermogravimetric analysis
Miliequivalent per gram
Exchange capacity
Tetrahydrofuran
Differential scanning calorimetry
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