
New Approach for the Polymerization of 2-Chloroethyl
Vinyl Ether Using a Maghnite Clay as Eco-Catalyst

Malika Chabani,1 Ahmed Yahiaoui,2 Aı̈cha Hachemaoui,2 Mohammed Belbachir1
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ABSTRACT: The polymerization of 2-chloro ethyl vinyl
ether (CEVE) catalyzed by the Maghnite-H (Mag-Hþ) was
investigated. Mag-Hþ is a Montmorillonite sheet silicate
clay exanchanged with protons. It was found that the cati-
onic polymerization of 2-chloroethyl vinyl ether is initiated
by Mag-Hþ at 20�C in bulk and in solution. The effect of
the amount of Mag-Hþ, the temperature and the solvent
was studied. The polymerization rate increased with

increase of the temperature and the proportion of catalyst,
and it was higher in dichloromethane than that in toluene.
It may be suggested that the polymerization is initiated by
proton addition to monomer from Mag-Hþ. VC 2011 Wiley
Periodicals, Inc. J Appl Polym Sci 122: 1800–1806, 2011
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INTRODUCTION

Since the first example of cationic polymerization of
vinyl ethers was discovered with use of the combi-
nation of hydrogen iodine as an initiating system,1 a
variety of binary initiating systems consisting of a
protonic acid and a Lewis acid have been reported
to induce the living polymerizations of cationically
polymerizable vinyl monomers.2–6

The polymerization of 2-chloroethyl vinyl ether
(CEVE) was initiated by CH3CHIOR/ZnI2

7 at low
temperature in solution.

Nuyken and coworkers8 synthesized a series of poly
(substituted vinyl ether) based on the living sequential
copolymerization of 2-chloroethyl vinyl ether and iso-
butyl vinyl ether. The obtained block copolymers are
modified by nucleophilic substitution of the chlorine
in the poly(2-chloroethyl vinyl ether) (PCEVE) block.
With this method a variety of amphiphilic polyvinyl
ether-based polymers becomes accessible.

The use of acid-treated clays as a solid source of
protons in number of industrial significant reactions
continues because they constitute a widely available,
inexpensive solid source of protons, e.g., they have
been employed as cracking catalysts until the 1960s,9

and are still currently used in industrial processes,

such as the alkylation of phenols10 and the dimeriza-
tion and polymerization of unsaturated hydrocar-
bons.11 Montmorillonites have both Brönsted and
Lewis acid sites and when exchanged with cations
having a high charge density, as protons, produce
highly-active catalysts for acid-catalyzed reactions.12

Intercalated organic molecules are mobile and can
be highly polarized when situated in the space
between the charged clay layers. These exchanged
Montmorillonites have been successfully used as cat-
alysts for the reaction of polymerization.13

There is, to date, no information on the polymer-
ization of CEVE with clay catalyst. In continuation
of our studies on environmentally benign methods
using solid supports,14,15 we report for the first time
the synthesis of PCEVE via cationic polymerization
by an acid exchanged Montmorillonite called
Maghnite-H (Mag-Hþ), a new non toxic cationic cat-
alyst for vinyl monomers.16 Mag-Hþ can be easily
separated from the polymer product and regener-
ated by heating to temperature higher than 100�C.
The effects of different synthesis parameters, such

as the amount of Mag-Hþ, monomer, temperature,
solvent, are discussed, together with the mechanism
of polymerization.

EXPERIMENTAL

Materials

CEVE was commercially supplied (Fluka) and dis-
tilled twice over calcium hydride before use. Poly-
merization solvents (toluene, CH2Cl2) were purified
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by usual methods and distilled at least twice over
calcium hydride before use.

Raw-Maghnite, Algerian Montmorillonite clay,
was procured from Bental (Algerian Society of
Bentonite).

Preparation of the Mag-H1

Mag-Hþ was prepared according to the process
reported in our previous study.16 Raw-Mag (mont-
morillonite clay) (20 g) was crushed for 20 min using
a Prolabo ceramic balls grinder. It was then dried by
baking at 105�C for 2 h. The Mag was then weighed
and placed in an Erlenmeyer flask together with 500
mL of distilled water. The Mag/water mixture was
stirred using a magnetic stirrer and combined with
different concentrations of sulfuric acid solution to
obtain various forms of ‘‘Mag-Hþ � M’’ catalyst.
When saturation was achieved over two days at
room temperature, the mineral was washed with
distilled water until no sulfate ions were indicated
present in the filtrate using BaCl2. The Mag-Hþ was
then dried at 105�C and then finely ground and. The
concentrations 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, and
0.35M of sulfuric acid treatment solutions were used
to prepare catalyst samples: ‘‘M1,’’ ‘‘M2,’’ ‘‘M3,’’
‘‘M4,’’ ‘‘M5,’’ ‘‘M6,’’ and ‘‘M7,’’ respectively.

Catalyst characterizations

Samples for X-Ray Fluorescence (XRF) analysis were
prepared using the LiB4O7 fusion method. The
resulting beads were analyzed on a Philips PW 2400
XRF spectrometer. Loss on ignition (LOI) was deter-
mined by heating the sample at 1000�C for 60 min
and recording the % weight loss.

Polymerization procedure

Polymerizations were carried out under dry nitrogen
at 20�C in bulk in a flask equipped with a modified

two-way Teflon stopcock. The procedure was identi-
cal in both cases, involving addition of catalyst to
the stirred bulk CEVE. Prior to use, Mag-Hþ was
dried at 120�C overnight and then transferred to a
vacuum desiccator containing P2O5 to cool to room
temperature overnight. An example reaction is
detailed here. After charging the reaction vessel with
9.4 mmol of CEVE in bulk or solution (methylene
chloride or toluene as a solvent), 0.01 g of Mag-Hþ
(1% w/w) was added. At the required time, an ali-
quot of the reaction mixture was then taken in such
manner as to exclude clay mineral. At the end of the
reaction, the resulting mixture was dissolved in
dichloromethane, filtered to remove the clay. The
unreacted monomer and solvent in the reaction mix-
ture were removed by rotary evaporation. The poly-
mer mixture was dried under vacuum (1 Torr) at
�40�C for two days, and the yield was measured by
gravimetry.

Polymer characterization

1H nuclear magnetic resonance (NMR) measure-
ments were carried out on a 300 MHz Bruker NMR
spectrometer equipped with a probe BB05 mm, in
CDCl3. Tetramethylsilane (TMS) was used as the in-
ternal standard in these cases. Intrinsic viscosity [g]
measurements were performed at 20�C in dichloro-
methane using a capillary viscometer SEMATECH
(VISCOLOGIC TL1). The sample concentration was
1 mg/mL. Average molecular weights and molecu-
lar weight distributions of the different polymers
were measured using size exclusion chromatography
(SEC) on a system equipped with a SpectraSYSTEM
AS1000 autosampler, with a guard column (Polymer
Laboratories, PL gel 5 lm Guard, 50 � 7.5 mm2) fol-
lowed by two columns (Polymer Laboratories, 2 PL
gel 5 lm MIXED-D columns, 2 � 300 � 7.5 mm3),
with a SpectraSYSTEM RI-150 and a SpectraSYSTEM
UV2000 detectors. The eluent used is THF at a flow
rate of 1 mL/min at 35�C. Poly(ethylene oxide)

TABLE I
Elemental Composition of Proton-Exchanged Maghnite- H1 x Samples

Samples

Compositions (wt % )
Monomer

conversiona%SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 SO3 As LOI

Raw -Mag 69.39 14.67 1.16 0.30 1.07 0.50 0.79 0.16 0.91 0.05 11 00
M1 70.75 14.67 1.05 0.30 1.01 0.49 0.78 0.16 0.75 0.04 10 25.5
M2 71.00 14.60 1.00 0.30 0.98 0.39 0.78 0.16 0.55 0.04 10.2 34
M3 71.58 14.45 0.95 0.29 0.91 0.35 0.77 0.15 0.42 0.03 10.1 53
M4 71.65 14.20 0.80 0.28 0.85 0.30 0.77 0.15 0.39 0.01 10.6 74
M5 71.70 14.03 0.71 0.28 0.80 0.21 0.77 0.15 0.34 0.01 11 90
M6 73.20 13.85 0.70 0.27 0.78 0.20 0.76 0.13 0.31 0.02 9.78 29
M7 75.31 13.52 0.71 0.26 0.78 0.18 0.75 0.13 0.32 0.01 8.03 18

Loss on ignition (LOI).
a Mag-Hþ/CEVE: 3 %(w/w) T ¼ 20�C, reaction time 3 h.
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standards (483–580.103 g/mol) were used to calibrate
the SEC.

RESULTS AND DISCUSSION

The purpose of this paper is the synthesis of poly(2-
chloroethyl vinyl ether) (PCEVE) by bulk polymer-
ization of 2-chloroethyl vinyl ether catalyzed by
Maghnite-Hþ. The interesting aspect of this chemis-
try is the environment friendly nature of the reaction
because it does not imply the disposal of metal
catalysts.15,16

It can be seen that there is an excellent correlation
between the acid treatment and the catalytic activity
of Maghnite. Acid treatment of ‘‘Raw-Maghnite’’
causes reduction in octahedral content (Al2O3)
resulted in an increase in the proportion of silica
(SiO2) (Table I).

It is necessary to report that the best value of
monomer conversion was obtained with ‘‘Mag-H þ
0.25M,’’ in which there is a complete saturation of
Montmorillonite with protons without destruction of
catalyst structure.13,17 For this reason we have used
this sample for all kinetic studies.

Table II shows the various types of montmorillon-
ites studied, we can see that Maghnite has 11.9%
more SiO2 than that from Wyoming and 19.35% than

from Montmorillon (Vienne, French).18 When treated
with sulfuric acid, this difference is even greater;
14.21% and 21.66% as compared with Wyoming19

and Vienne clay, respectively. Maghnite contains
5.60% and 5.49% less Al2O3, than the Wyoming and
Vienne clays, respectively.

Cationic polymerization of CEVE by Mag-H1

The cationic ring-opening polymerization of CEVE
was examined in the presence of Mag-Hþ as a catalyst
at 20�C for 1 h. The results are shown in Table III and
Figure 2. The proof for this polymerization obtained
by 1H NMR spectroscopy is shown in (Fig. 1).
The spectrum (Fig. 1) showed different peaks,20

the methylene groups of the main chain as large sig-
nal in the range of 1.5–2 ppm, the methylene groups
(CH2Cl) and the methylene and methine groups
(CH2O and CHO-) in the range of 3.4–4 ppm, the
terminal methyl groups at 1.2 ppm. Besides these
well-known resonances, analysis shows at 4.9 ppm
the characteristic resonance of the protons borne by
the terminal double bond.

Effect of the amount of Mag-H1 on the
polymerization

Amount of catalyst (Mag-Hþ/CEVE) was an impor-
tant factor of polymerization. Figure 2 showed the
effect of amount of catalyst on the polymerization
rate of CEVE. We can see from Table III, that the po-
lymerization rate increased with the amount of Mag-
Hþ, in which the effect of Mag-Hþ as a cationic cat-
alyst for CEVE polymerization is clearly shown. This
phenomenon is probably the result of the number of
‘‘initiating active sites’’ responsible of inducing poly-
merization, this number is prorating to the catalyst
amount used in reaction. Similar results were
obtained by Meghabar et al.21 in the polymerization
of N-Vinylpyrrolidone by Mag-Hþ, which polymer-
izes only by cationic process.
In contrast, as depicted in Figure 3 and Table III,

the viscosity and the molecular weight are inversely
proportional to the amount of Mag-Hþ. This finding
is in good agreement with the proposal that Mag-

TABLE II
Comparison in the Composition (in %) of American,

French, and Maghnia (Algerian) Bentonites

Wyoming
(USA)19

Vienne
(Frensh)18

Raw-Maghnite
(Algeria)

Maghnite-Hþ

(Algeria)

SiO2 50.04 57.49 69.39 71.70
Al2O3 20.16 20.27 14.67 14.03
Fe2O3 0.68 2.92 1.16 0.71
FeO 0.19
CaO 1.46 0.23 0.30 0.28
MgO 0.23 3.13 1.07 0.80
K2O 1.27 0.28 0.79 0.77
Na2O Tr 1.32 0.5 0.21
TiO2 0.12 0.16 0.15
SO3 0.91 0.34
As 0.05 0.01

TABLE III
Polymerization of CEVE Induced by the Mag-H1 for 60 min

Catalyst Solvent
Amount
of catalyst

Yield
(%) Mn Mw/Mn

Mag-Hþ Bulk 1% 34 3800 2.30
Mag-Hþ Bulk 2% 63 2870 2.68
Mag-Hþ Bulk 3% 70 2080 2.45
Mag-Hþ CH2Cl2 1% 27.72 4370 2.05
Mag-Hþ Toluene 1% 22.25 4100 2.15
1st recovered Mag-Hþ Bulk 1% 31 3700 2.35
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Hþ is present as the active initiator species since the
number of those species should be related to their
surface area. Kadakowa et al.,22 and Crivello and
Fan23 obtain similar results, in the polymerization of
lactones by Sn-montmorillonite and cyclohexene ox-
ide by Cobalt, respectively.

Effect of time on the polymerization

Figure 2 shows the conversion of monomer versus
time for the polymerization of CEVE using Mag-Hþ
as catalyst. As the figure shows, polymerization
takes place slowly and smoothly, reaching a yield of
88% after 180 min at 20�C in the presence of 3% of
Mag-Hþ. The polymerization yield became constant
at a time; this is probably the result of an increase in
the medium viscosity.

The effect of polymerization duration on the
intrinsic viscosity, as shown in Figure 3, has the
same trend as that of yield.

After the polymerization, the Mag-Hþ catalyst
was removed from the reaction mixture by filtration.
The recovered Mag-Hþ was dried at 120�C for 3 h
under reduced pressure, and used as the catalyst
again for the polymerization of CEVE under the
same conditions as above. The yield and [g] values
(Entry 6, Table III) were comparable with those
shown in Entry 1 (Table III). For example, when the
polymerization was carried out using the removed
Mag-Hþ under the conditions as in Entry 1, PCEVE
was obtained in 31% yield. The Mn value was 3700.
These experimental results indicate that the catalytic
activity did not decrease as compared with 1st run.
Although the X-ray peak of the fresh and the recov-
ered Maghnite-H did not change. This implies that
the original structure was well preserves after poly-
merization and no delamination of the clay was
observed (Fig. 4).

Figure 1 1H NMR spectrum (CDCl3) of PCEVE polymerized with Maghite-Hþ, T ¼ 20�C. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

Figure 3 Effect of polymerization duration and amount
of Mag-Hþ on intrinsic viscosity of PCEVE (CVE: 9.4
mmol in Bulk at 20�C).

Figure 2 Effect of Mag-Hþ/monomer weight ratio on
monomer conversion; CEVE: 9.4 mmol; 20�C in bulk.
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Effect of temperature on the polymerization

Using CEVE and 1% [Mag-Hþ/CEVE] (w/w), the
polymerization was carried out at different tempera-
tures 0, 10, and 20�C and the effect of temperature
on polymerization was studied. In the absence of
Mag-Hþ no polymerization could be detected. In
the presence of Mag-Hþ, however, the polymeriza-
tion was initiated. Figure 5 shows that polymeriza-
tion temperature has much influence on the yield of
PCEVE. The yield increased with the temperature
rising from 0 to 20�C and reached a high yield of
88% at 20�C.

As Figure 6 shows, the intrinsic polymer viscosity
decrease, depending on the polymerization tempera-
ture, in the following order: 0�C> 10�C> 20�C. This is
because increasing the temperature causes an increase
in the rate of chain transfer reaction of the growing
polymer cation (inter and intramolecular).24,25

Effect of solvent on the polymerization

The polymerization of CEVE was carried out in tolu-
ene (e ¼ 2.38, l ¼ 0.43 D) and dichloromethane (e ¼

8.93, l ¼ 1.5 D) and the effect of solvent on the poly-
merization of CEVE was studied.
Data in Table III show that polymerization carried

out in solution lead to higher molecular weights and
narrower MWDs (Mw/Mn). However, conversions in
solution were smaller than the ones obtained in bulk
polymerization. Law conversions in solution poly-
merization may be explained by ‘‘the initiating
active sites’’ of Mag-Hþ at the surface of Mag-Hþ.15

The rate of polymerization in dichloromethane
was found to be much higher than that in toluene
(Fig. 7). There is an effect of the dielectric constant
of solvent (dichloromethane and toluene) on the con-
version of monomer. The most polar solvent pro-
duces a polymer with the highest conversion yield.
The chain transfer of growing polymer cation to

Figure 4 X-ray diffraction patterns of fresh and recovered
Maghnite-Hþ.

Figure 5 Temperature effect on the PCVE yield (CVE: 9.4
mmol, 1% of Mag-Hþ in bulk).

Figure 6 Temperature effect on the intrinsic viscosity of
PCEVE (CEVE: 9.4 mmol, 1% of Mag-Hþ in Bulk). [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

Figure 7 Effect of solvent on the polymerization of CEVE
(1% of Mag-Hþ, [CEVE]: 0.94M, 20�C. [Color figure can be
viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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monomer takes place more easily in dichlorome-
thane than in toluene. Similar results was found, by
Tsubokawa et al.,26 in the cationic polymerization of
N-vinylcarbazole initiated successively by c-poly(-
glutamic acid), carbon fibber, and carbon black.

Mechanism of polymerization

Mag-Hþ is a proton-exchanged montmorillonite
sheet silicate clay. The Montmorillonite lattice is
composed of layers made up of two silica tetrahe-
dral sheets with a central alumina octahedral sheet.11

CEVE polymerizes cationically by opening of the
double bond in the monomer. According to the fore-
going discussion and the results of product analysis,
we may suggest a cationic mechanism for the result-
ing reaction of polymerization induced by Mag-Hþ.
Protons carried by Montmorillonite sheets of Mag-
Hþ (Scheme 1) induce the cationic polymerization.
Propagation then takes place by a conventional cati-
onic mechanism.

Initiation

Initiation involves the reaction between CEVE and
Mag-Hþ and yields carbocation intermediate; the
formation of this species is the rate determining
step.

Propagation

The propagation step is the successive reaction of
Ceve with the carbocation intermediate.

Termination

We suppose that there was formation of a double
bond at the end of the chain of the CEVE by sponta-
neous transfer and regeneration of catalyst (Mag-
Hþ).

CONCLUSIONS

This work shows that the preparation of PCEVE can
be induced in heterogeneous phase by proton
exchanged Montmorillonite clay ‘‘Mag-Hþ’’.
The catalytic activity of this catalyst (measured by

the conversion) and the viscosity of the formed poly-
mer depend on the proportion of catalyst in the
reaction medium and the temperature of reaction.
The polymerization was considered to be initiated
by the proton addition from Mag-Hþ to monomer.
PCEVE was produced by a very simple procedure:
just by filtering, the clay can be separated from the
reaction mixtures. The proton exchanged clay is
inexpensive, stable, noncorrosive and may be recov-
ered and reused.
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