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S. Marinovi¢!, Z. Vukovié', A. Nastasovi¢? and A. Milutinovié-Nikoli¢'

L IChTM, University of Belgrade, Department of Catalysis and Chemical
Engineering, NjegoSeva 12, Belgrade, Serbia
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Abstract

Macroporous crosslinked copolymer of glycidyl methacrylate, GMA, and ethylene
glycol dimethacrylate, EGDMA, poly(glycidyl methacrylate-co-ethylene glycol
dimethacrylate) and its composites were synthesized by suspension
copolymerization. Composites were obtained by introducing 10 mass % of either
raw bentonite (Sy) or acid modified bentonite (S,) into reaction system. The
composite synthesized with S, as filer showed superior thermal stability comparing
to starting copolymer and composite with Sy embedded in copolymer matrix.

Introduction

Polymer/clay nanocomposites (PCN) were invented at Toyota Central R&D Labs,
Inc. (Toyota) in 1985 [1, 2]. PCN have become increasingly important because
they combine the structural, physical, and chemical properties of both clay and
polymer [3]. PCN modify different properties of polymers i.e. thermal and
mechanical endurance with minimal loss of ductility, flame, abrasion and chemical
resistance, alter electrical, electronic and optical properties [4]. Several studies on
nanocomposites demonstrated that introducing clay minerals into a polymer, if it
results in intercalated or exfoliated structures, leads to thermal degradation shifted
towards higher temperatures. Moreover, this improvement can arise at very low
filler content (< 1 mass %) [5].

Experimental

Macroporous crosslinked copolymer of glycidyl methacrylate, GMA, and ethylene
glycol dimethacrylate, EGDMA, poly(glycidyl methacrylate-co-ethylene glycol
dimethacrylate), was synthesized by suspension copolymerization [6]. The
monomer phase containing reaction mixture (20.8 g of GMA and 13.8 g EGDMA),
AIBN as an initiator (0.35 g), 45.4 g of inert components (36.3 g cyclohexanol and
9.1 g of tetradecanol) was suspended in the aqueous phase which consisted of 240 g
of water and 2.4 g of polyvinilpyrrolidone (Sigma-Aldrich). The copolymerization
was carried out at 70 °C for 2h and at 80 °C for 6 h with stirring rate of 300 rpm.
After reaction, the copolymer particles were washed with distilled water and
vacuum dried at 40° C and denoted as CP. Composites were obtained in same
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manner as CP, only 10 mass % of monomer mixture of either raw bentonite S¢ or
acid modified S, was introduced into reaction system [7, 8]. The obtained
composites were denoted CP-Sy, and CP-S,. Grafting of organic groups into
bentonite structure of synthesized composites was confirmed by IR analysis [9].
The presence of inorganic constituents in composites was performed after the
organic constituent was removed by heat treatment. The inorganig residues were
3.26 and 6.50 mass % for CP-S, and CP-S,, respectively [9].

The thermogravimetric measurements were performed with heating rate 10
°C/min on SDT 2090 (TA Instruments) thermal analyzer under air atmosphere. The
heating was performed from the ambient temperature up to 600 °C [9].

Results and Discussion
Results obtained by TGA for copolymer and composites are given in Fig. 1 and
Table 1. CP is thermally stabile in range of temperatures from 50 to 100 °C.

P s, < For CP it was observed 10

ns 805 % mass loss in the first step of

Sl 408 degradation (~200 °C). In the

é w0l o ~ second step, (200—350°C) mass

Z loss was significant ~86.5 %.

0 In the temperature range 350-

ol 450 °C there was a continual

g mass loss.
3 40

Z For CP-S, was observed

< 0% oo a0 300 a0 seo oo continual mass loss in .the

Temperature [ C] second step of degradation,

Fig.1. TGA for CP, CP-S; and CP-S,. while CP-S, shows continual

mass loss in range 130-450 °C.

Mass residues at 600 °C were

Table 1. Thermal stability of samples. much different for CP-S, and

Sample A msspec [%] A mggoc[%] CP-Sa. In CP-Sp amount of

residue after decomposition is

CcP 86.5 9.8 29.3 mass %, which is almost

CP-S, 84.3 96.7 five times more than amount of

CP-S, 41.4 70.7 embedded inorganic component

Where: A mjsg-c and A mg oc are mass loss on denoted (6.5 mass %). The residue for
temperatures.

CP-Sy was equal to its inorganic
constituent.
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Conclusion

Composites of macroporous crosslinked poly(glycidyl methacrylate-co-ethylene
glycol dimethacrylate) and bentonite-clays were synthesized by suspension
copolymerization. Mass losses at 600 °C were much different for composite with
raw clay (96.7%) from the composite having acid modified bentonite as filer
(70.7%). In latter the amount of residue of 29.3 mass % was almost five times more
than amount of embedded inorganic component (6.5 mass %). The assumption was
that by embedding acid modified bentonite into copolymer matrix, polymer chain
splitting was prevented. In this way, thermal decomposition of composite was
lowered in temperature range 200-400 °C.

Acknowledgement
This work was supported by the Ministry of Science and Technological
Development of the Republic of Serbia (Projects ON 166001 and ON 142039)

References

[1] A. Okada, M. Kawasumi, T. Kurauchi, O. Kamigaito, ACS Polym. Prepr.,
1987, 28, 447.

[2] U. S. 4739007 (1988, priority date: Sep. 30, 1985), Toyota Chuo Kenkyuusho,
invs.: A. Okada, A. Fukushima, M. Kawasumi, S. Inagaki, A. Usuki, S.
Sugiyama, T. Kurauchi, O. Kamigaito; Chem. Abstr., 1987, 107, 60084.

[3] Q. T.Nguyen, D. G. Baird, Advances in Polymer Technology, 2006, 25, 270

[4] M. Celik, M. Onal, J. Appl. Polym. Sci., 2004, 94, 1532-1538.

[5] P. Dubois “Overview of clay-based polymer nanocomposites (CPN) ”, in:
Clay-based polymer nanocomposites (CPN), K. A. Carrado, F. Bergaya, The
Clay Minerals Society, Chantilly (USA), 2007, 51.

[6] S. M. Jovanovi¢, A. Nastasovi¢, N. N. Jovanovi¢, K. Jeremi¢, Z. Savic,
Angew. Makromol. Chem., 1994, 219 161-168.

[7] Z. Vukovi¢, A. Milutinovié-Nikoli¢, J. Krsti¢, A. Abu-Rabi, T. Novakovi¢, D.
Jovanovi¢, Mater. Sci. Forum, 2005, 494, 339-344.

[8] Z. Vukovi¢, A. Milutinovi¢-Nikoli¢, Lj. Rozi¢, A. Rosi¢, Z. Nedi¢, D.
Jovanovi¢, Clays Clay Miner., 2006, 54, 699-704.

[9] Z. Vukovi¢, Ph. D. Thesis, Faculty of Physical Chemistry, Belgrade, 2010.

511



	VOL 2
	J-P-12


