CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2021,
Vol. 15, No. 2, pp. 183—190

Chemistry

GREEN POLYMERIZATION OF VINYL ACETATE USING
MAGHNITE-Na‘, AN EXCHANGED MONTMORILLONITE CLAY,
AS AN ECOLOGIC CATALYST

Badia Imene Cherifil' ¥, Mohammed Belbachir!, Souad Bennabil

https://doi.org/10.23939/chcht15.02.183

Abstract. In this work, the green polymerization of vinyl
acetate is carried out by a new method which consists in the
use of clay called Maghnite-Na" as an ecological catalyst,
non-toxic, inexpensive and recyclable by a simple filtration.
X-ray diffraction and scanning electron microscopy showed
that Maghnite-Na" is successfully obtained after cationic
treatment (sodium) on crude maghnite. It is an effective
alternative to replace toxic catalysts such as benzoyl
peroxide and azobisisobutyronitrile which are mostly used
during the synthesis of polyvinyl acetate (PVAc) making
the polymerization reaction less problematic for the
environment. The synthesis reaction is less energetic by the
use of recycled polyurethane as a container for the reaction
mixture and is considered as a renewable material and a
good thermal insulator maintaining the temperature of
273 K for 6 h. The reaction in bulk is also preferred to
avoid the use of a solvent and therefore to stay in the
context of green chemistry. In these conditions, the
structure of obtained polymer is established by 'H NMR
and °C NMR. Infrared spectroscopy (FT-IR) was also used
to confirm the structure of PVAc. Thermogravimetric
analysis showed that it is thermally stable and starts to
degrade at 603 K while differential scanning calorimetry
showed that this polymer has a glass transition temperature
Ty 0f 323 K.

Keywords: polyvinyl acetate, ecologic catalyst,
Maghnite-Na', polymerization, green chemistry, thermal
stability.

1. Introduction

The chemistry is now moving towards the use of
less polluting polymers and synthetic methods that
involve low energy and low toxic reagents and therefore
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are environmentally friendly. Polyvinyl acetate (PVAc)
meets these requirements, it is non-toxic [1] and
biodegradable under specific conditions [2]; it attracts
considerable attention in the pharmaceutical industry [3],
as anti-tumor [4], in cosmetics [5, 6], in the food and food
packaging [2, 5, 7], as the cheese coating [8] and gum
base for chewing gum [9]. This polymer is also used in the
building industry as paint and glue for wood, paper and in
the textile industry as well [10-13].

PVAc can be polymerized using various catalysts.
Indeed, Madras et al. [14] polymerized vinyl acetate using
benzoyl peroxide (BPO) as a catalyst at a temperature of
328 K, while Tewari et al. [15] used azobisisobutyronitrile
(AIBN) in benzene as a solvent at a temperature of 333 K.
Vinyl acetate was also polymerized by Shaffei et al. [16]
in emulsion; the reaction was catalyzed by potassium
persulfate in the presence of surfactants at 343 K.
However, these catalysts are not recyclable and require
treatment of waste, they are toxic and harmful to human
health; they can be dangerous if swallowed and cause skin
and eye irritation [17-19]. In addition, the polymer
synthesis in the presence of these catalysts is carried out at
high temperature requiring more energy which is less
attractive from economic and environment standpoints.

In this perspective, in our laboratory we developed
a new method for the PVAc synthesis with a sustainable
way based on the principles of green chemistry. For these
reasons, we used rigid polyurethane as a container for the
reaction mixture that we recovered and recycled.
Moreover, it is a material that remains undamaged for a
very long time and is considered today as the best thermal
insulation [20] maintaining a low temperature (273 K) for
several hours.

The advantage of this new polymerization method
is also the use of Maghnite-Na " catalyst that promotes the
synthesis reaction. It is available, green, non-toxic,
inflammable and inexpensive because it can be separated
from the system by a simple filtration and reused in other
reactions [21]. Unlike natural clay minerals, Maghnite-
Na' has high crystallinity, controllable composition and
fewer impurities [22]. For these reasons, the use of such
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modified Maghnite as host materials is expected to be
more advantageous than the use of raw natural clay
minerals [23]. In the past years, this catalyst has been used
successfully as an initiator for the anionic polymerization
of several acrylamide and vinyl monomers [24-26], as
well as for the synthesis of nanocomposites/clay [27, 28].
The polymerization of vinyl acetate catalyzed by
Maghnite-Na' is carried out under mild conditions, in the
bulk without solvent and with the minimum of reagent,
reducing the waste treatment.

2. Experimental

The vinyl acetate has been polymerized by using
different solvents and toxic initiators [14-19]. In our work
we achieve a heterogeneous polymerization based on the
principles of green chemistry, and assume that it proceeds
according to the anionic mechanism (Scheme 1) PVAc.
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Scheme 1. Schematic representation of the PVAc synthesis

2.1. Materials

Vinyl acetate monomer (Sigma Aldrich, > 99%),
diethyl ether (Sigma Aldrich, > 99%) and NaCl were used
as received without further purification. Raw-Maghnite
(Algerian montmorillonite clay) was procured from
BENTAL (Algerian Society of Bentonite). Deionized
water was used for the preparation of Maghnite-Na .

2.2. Preparation of Maghnite-Na+

In an Erlenmeyer of 11, 15 g of crude Maghnite is
put in 400 ml of distilled water and the mixture is stirred
at room temperature for 2 h. Then 600 ml of a sodium
chloride solution (1M, NaCl) is added to the mixture and
left stirring for 48 h at room temperature. After this time,
the product is filtered and washed with distilled water
until complete removal of the CI ions. This is confirmed
by the silver nitrate test. The last step is to crush the
obtained Maghnite-Na" after drying in the oven at 378 K.
Its structure is established by FT-IR, XRD and SEM.
Scheme 2 shows the structure of the catalyst.

2.3. Synthesis of Polyvinyl Acetate
(PVAC)

The polymerization of vinyl acetate is carried out
in the bulk in two steps: the first step is the activation of
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the monomer by the catalyst. A small amount of vinyl
acetate (1 g, 0.012 mol) is mixed with Maghnite-Na" (eco-
catalyst) at various weight percentages (3, 4, 6, 7, 10 and
12 % w/w) in a sealed tube for one hour at a temperature
of 273 K. The low temperature is maintained using a
container which does not require energy to cool; it is made
from polyurethane waste (it is a thermal insulator) which
allowed the reaction to proceed smoothly under mild
conditions in accordance to the principles of green
chemistry. Then, in the second step, the remaining amount
of the monomer (4 g, 0.046 mol) is added to the previous
mixture and the polymerization is conducted at various
times, still at 273 K. At the end of the reaction, solid
Maghnite-Na+ is removed from the mixture by filtration,
then the polymer is obtained by precipitation of the filtrate
in diethyl ether. Scheme 1 describes the synthesis reaction
of PVAc.
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Scheme. 2. Schematic representation
of Maghnite-Na+ structure [29]

2.4. Characterization

Nuclear magnetic resonance (‘HNMR and
BC NMR) spectra are recorded on a Bruker-Advance
300 MHz apparatus in deuterated chloroform (CDCls).
FT-IR (Fourier transform infrared spectroscopy)
absorption spectra are recorded on an Alpha Bruker FT-IR
spectrometer based on Bruker Optics patented
RockSolid™ design, flexible sampling and transmission,
attenuated total reflection (ATR), external and diffuse
reflection FT-IR sampling accessories. Thermo-
gravimetric analysis (TGA) is carried out on a
PerkinElmer STA 6000 under nitrogen in the temperature
range of 303-963 K with a rate of 20 K/min. X-ray
diffraction (XRD) studies of the clay are done using
Bruker AXS D8 diffractometer with the VANTEC-500
detector using Cu-Ka radiation (A = 1.5418 A). The clay
morphology is characterized by scanning electron
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microscopy (SEM) using Hitachi S 2500 apparatus.
Differential scanning calorimetry (DSC) measurements
are carried out on a TA instrument Q500, the heating rate
is 10 K/min from 253 to 473 K under N, and the sample
weight about 20 mg.

3. Results and Discussion

3.1. Catalyst Structure

Maghnite-Na" is analyzed by FT-IR spectroscopy
which confirmed the structure of montmorillonite. A broad
band between 3200 and 3500 cm™ characteristic of the OH
group bonded to octahedral aluminum is observed in Fig. 1.
The band at 1629 cm™ corresponds to the stretching
vibration of H,O. The FT-IR spectrum also shows the
presence of an intense band at 984 cm™ attributed to the Si—
O-Si stretching vibration in the tetrahedral layer. The
characteristic bands of Si-O—Al and Si-O-Mg groups
appear at 516.46 and 439.20 cm™, respectively.
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The X-ray powder diffraction profiles, illustrated in
Fig. 2 show that there is an increase in a basal spacing
(001) from 9.98 A in the Raw-Maghnite to 12.70 A. This
increase in the interlayer distance is explained by the
adsorption of a water molecule on the surface of the
montmoriollonite sheets reflecting the changes in an
interlayer cation as a result of the basic treatment. The
other weak peaks are related to the structure of aluminum-
oxygen octahedron and silicon-oxygen tetrahedron in the
montmoriollonite.

The SEM micrographs of the untreated Maghnite
and Maghnite-Na" are illustrated in Fig. 3 and suggest that
the clay has maintained its morphology even after being
modified with Na" cations. The micrographs also show
that Maghnite-Na* is a very cohesive material in which
forming micron-size fragments are aggregated in a
disordered way. These results confirm that the structure of
this clay is formed from intercalated layers containing an
interlayer space (already shown by XRD).
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Fig. 1. FT-IR spectra of Raw-Maghnite (A) and Maghnite-Na" (B)
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Fig. 2. XRD of Raw-Maghnite (A) and Maghnite-Na' (B)
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Fig. 3. SEM micrographs of Raw-Maghnite (A) [30] and Maghnite-Na" (B)
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Fig. 4. Effect of Maghnite-Na" amount
on the PVAc yield (reaction time is 6 h, reaction
temperature is 273 K, in the bulk)

3.2. Effect of Maghnite-Na+ Amount and
Time on the Polymerization of Vinyl
Acetate

The effect of Maghnite-Na“ amount expressed by
using various weight ratios of Mag-Na/monomer, on the
polymerization yield of vinyl acetate is shown in Fig. 4.
The polymerization is carried out in the bulk at 273 K for
6 h using various amounts of Mag-NaJr (3,4,6,7, 10 and
12 % wt/wt). It can be noted that the PVAc yield increases
with the increasing amount of the catalyst, in which the
effect of Mag-Na' as a catalyst is clearly shown.
However, the maximum yield is obtained at 7 wt % of
Mag-Na" and from this value it remains unchanged. This
phenomenon (increasing of the yield) can be attributed to
the active sites available in the catalyst which are
responsible for the initiation and acceleration of the
polymerization reaction until the saturation of these sites
(stabilization of the yield).

Fig. 5 shows the effect of time on the PVAc yield.
The polymerization of vinyl acetate is carried out at
different times in bulk at 273K using 7wt% of
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Fig. 5. Effect of time on the PVAc yield
(reaction temperature is 273 K, Mag-Na" = 7 wt %,
in the bulk)

Maghnite-Na'. The obtained results show that the yield
increases slightly during four hours of reaction; this can be
considered as an induction period. From that time, the
yield begins to increase rapidly until it stabilizes, reaching
a maximum value of 37 % after 6 h of reaction.

3.3. Polymer Structure

The structure of PVAc is analyzed and confirmed
by "CNMR and 'HNMR spectroscopy. The peaks at
21.04, 39.16, 66.98 and 170.38 ppm observed in the
C NMR spectrum (Fig. 6) are assigned to the CHs, CH,,
CH and C=0 groups of the polymer, respectively. The
'"HNMR spectrum (Fig. 7) also confirms the PVAc
structure by the presence of two peaks centered at 1.52
and 1.78 ppm corresponding to the methylene group
(CH,) corroborated by the disappearance of the peaks
(two doublets) at 4.56 and 4.87 ppm corresponding to the
H,C=CH, double bond [31]. The peaks situated between
2.01-2.05 ppm are assigned to the methyl group (CHs)
and the broad peak located at 4.88 ppm — for the CH
group. These results are similar to those obtained by Itab
et al. [32] and Poljansek et al. [33].
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Fig. 7. "H NMR spectrum (CDCl;) of PVAc

The polymerization of PVAc is also established by
the FT-IR analysis. Indeed, the characteristic bands of the
vinyl group at 1664.07 cm™, the stretching bands at 949
and 873 cm™ corresponding to C=C and the stretching
vibration at 1132.99 cm™ corresponding to the =C—O—C
group observed in FT-IR spectrum of vinyl acetate (Fig.
8) disappear in FT-IR spectrum of PVAc (Fig. 9)
confirming that the polymerization of the monomer
catalyzed by Maghnite-Na® (7 wt%) has been
successfully completed. In addition, the stretching
vibration C=0 and the band corresponding to the ester
group of vinyl acetate which appear, respectively, at
1728.97 and at 1206.74 cm’ shift to 1755.89 and

1224.83 cm’ for PVAc. The stretching vibrations of CH
(2923.82 cm™), CH, (2923.82 cm™), CH; (3017.66 cm™)
and COCH; (1018.77 cm™) are observed in the spectra of
PVAc.

3.4. Thermal Properties

The TGA analysis is used in order to study the
thermal  stability of PVAc. The  obtained
thermogravimetric curve which is the representation of the
relative weight loss depending on the heating temperature
is given in Fig. 10 and shows that there are two weight
loss stages. The first and intense weight loss between 573
and 673 K (69 wt %) corresponds to the deacetylation step
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which consists in smaller fragments corresponding to the
acetic acid mother molecule. Also during the
deacetylation process, (CH), fragments evaporate from
the polymeric material indicating scission of the polymer
main chain at the end. At the temperature of 673 K the
PVAc decomposes into a highly regular unsaturated
material or polyene. The second weight loss observed at
high temperatures, in the range of 673—-773 K (19 wt %),
can be attributed to the complete degradation of the
formed polyene through chain scission reactions. These
results are similar to those obtained by Rimez et al. [34].
DSC analysis determines the thermal properties of
PVAc and in particular its glass transition temperature, T,
which corresponds to the passage of the polymer from the
vitreous to the rubbery state. The hermetic capsule
containing a mass of the polymer is introduced into the
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oven at room temperature and then the temperature is
lowered to 253 K by a flow of N, gas. After that, a
temperature gradient of 253—473 K is achieved with a rate
of 10 K/min. At 473 K, the temperature is again lowered
to 253 K, again with 10 K/min through the N, gas flows,
before a second temperature rise in the same conditions.
The DSC thermogram thus obtained allows to determine
the 7, value. The first passage in temperature gives an
enthalpy relaxation peak which depends on the internal
tensions, resulting from the synthesis process and the
thermal history of the polymer and cannot be taken into
consideration. To eliminate the “thermal history” of
PVAc, T, is determined from the second pass. The
obtained curve (Fig. 11) shows that 7, is about 323 K
which is in agreement with the data from the literature
[35].
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4. Conclusions

In this work, polyvinyl actete (PVAc) is
synthesized and structurally characterized. The synthesis
of this polymer is carried out successfully by highlighting
a completely ecological process by integrating the
principles of green chemistry. This new approach allows
developing an energy-efficient process by using a
recycled polyurethane-based as a container for the
reaction mixture which is an excellent thermal insulator
and thus let it possible work at low temperature for a long
time. In addition, PVAc is synthesized for the first time in
the bulk using an efficient green catalyst called Maghnite-
Na' under heterogeneous conditions. The polymerization
proceeds via anionic mechanism due to the presence of
intercalated sodium ion (Na") in the lamellar structure of
the montmorillonite. The morphology of the catalyst is
characterized by FT-IR spectroscopy, XRD and SEM
which confirm the structure of montmorillonite and show
that the layer structure remained intact after the cationic

modification. The kinetic study of the PVAc synthesis
shows that the best yield of this polymer is obtained by
using 7 wt % of Maghnite-Na" with a reaction time of 6 h
and a temperature of 273 K. FT-IR, as well as '"H NMR
and "C NMR spectroscopy establish and confirm the
structure of PVAc. TGA thermograms show that the
obtained polymer is thermally stable with a degradation
temperature higher than 573 K and its glass transition
temperature is 323 K which was obtained by DSC
analysis. Thus, Maghnite-Na" shows that it is an attractive
eco-catalyst with many advantages, such as cheapness,
safety and reusability. Moreover, it can be easily separated
from the polymer products and regenerated by heating to a
temperature above 373 K.
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«3EJIEHA» TOJIMEPI3AIISA BIHUIALIIETATY
3 BAKOPUCTAHHSIM SIK EKOKATAJIIBATOPA
MOHTMOPHJIOHITOBOI I'/TMHA MAGHNITE-Na*

Anomauyin. Ilposedeno «3enenyy nonimepusayilo 6iHiia-
yemamy HOBUM MemOOOM, AKUL NONASAE ) BUKOPUCIAHHT 2TTUHU NiO
nazeolo Maghnite-Na' sx exonoziunozo, HemoKcuurozo, Hedopo-
2020 Kamanizamopa, wo pe2eHepyemuvcsa npocmor Qinempayiero.
3a donomozcoio penmeeniscokoi ougparyii ma cxamylo4oi enexkm-
pounoi mixpockonii dosedeno, wo Maghnite-Na* moxcua ompumy-
eamu KamioHHUM obpobiennsm (nampiem) cupoi enunu maghnite.
Tokasano, wo makuil Kamanzamop € eekmusHolo anbmep-
HAMU6o MOKCUYHUM KAmanizamopam nepoxkcuo Oenzoity ma
az00icizobymuponimpuy, SIKi 8 OCHOBHOMY GUKOPUCHIOBYIOMbCS
onst cunmesy nonigininayemany (IIBA). Bemanoeneno, wo cunmes
CMAE MeHUl eHepeo3ampamHuM 3a605KU BUKOPUCIIAHHIO K EMHOC-
mi Onsl pearyitinoi cymiuti ymunizo8ano2o NOMYPemawny, sKuii €
NOHOGNIOBAHUM MAMEPIANOM MA XOPOWUM MENIOI30NAMOPOM, U0
niompumye memnepamypy 273 K npomseom 6 200. B xonmexcmi
«3€eneHoiy XiMii, 3 Memoio0 YHUKHEHHS GUKOPUCMAHHA PO3YUHHUKA
peakyito npogoounu 6 maci. Cmpykmypy OmMpumMaHo2o nouimepy
ecmanoeneno memooamy 'H ma *C S10ePHO-MACHIMHOL  pe30-
HaHcHoi cnekmpockonii. [l niomeepooicentnsi cmpykmypu T1BA
3acmocosano Dyp ‘e-cnekmpockonito. 3a 00nomMozol mepmoepa-
8iMempUYHO20 aHANi3y NOKA3AHO, WO CUHME308aHUll nolimep €
mepmiyno cmabinehum I nouunae pyunyeamucs 3a 603K, a
BU3HAYEHA 3a OONOMO20I0 OUpepeHyianbHOl CKAHYIoYol Kanopu-
Mempii memnepamypa cKyeaHHa cmarosums 323 K.
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aizamop, Maghnite-Na', nonimepuzayis, «3e1eHay» Ximis, mepmiuna
cmaoinbHicme.



