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In this study, the synthesis, characterization, and thermal properties 
of poly(2-(4-methoxyphenyl amino)-2-oxoethyl methacrylate) 
(MPAEMA) polymer/organoclay based nanocomposites were 
investigated by in situ polymerization. Firstly, OVHAC organoclay that 
modified with vinylbenzyldimethylhexadecyl ammonium chloride 
(VHAC), and MPAEMA monomer were re-synthesized according to 
the literature. FTIR, XRD, and SEM technique was used in 
characterization of nanomaterials, and TGA/DTA/DTG simultaneous 
system was used for thermal characterization of nanomaterials. It was 
observed from these analyzes that nanocomposite, which was 
synthesized with the use of high proportion of clay, had an intercalated 
structure. 

Disciplinary: Chemistry 
2020 INT TRANS J ENG MANAG SCI TECH. 

1. INTRODUCTION 
Polymer/clay composites have been extensively studied in recent years due to the perfect 

combination of properties they can offer in clay loading. Carbon nanotubes, graphene and 
(organo)clays are the most frequently used in polymer nanocomposites as nanofiller [1]. Due to its 
layered structure, clay is suitable for obtaining such hybrid materials. In addition, since clay is a 
cheap and abundant substance, it is a very economical approach to use as an inorganic matrix and 
finds a wide application in technical applications [2]. Since clays are hydrophilic inorganic 
compounds, they are generally not mixed with hydrophobic character polymers. For this reason, clays 
are usually modified with long chain alkyl salts to ensure both miscibility and to increase the distance 
between layers. The modification takes place after a simple displacement reaction. After the reaction, 
the surface of the clay becomes organophilic and dispersed in organic phases [3-5]. 
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Recently, polymer/clay nanocomposites have been of great interest as they exhibit as much 
thermal and mechanical properties as the polymer itself. Intercalation and exfoliation are perfect 
compositions of a nano-scale type. In intercalation, when a small amount of polymer is added 
between the layers of clay, the intermediate layer expands the spacing, thus resulting in a 
well-organized multi-layer structure. The layers of clay are completely separated in exfoliation, and 
the layers are dispersed throughout the polymer matrix.  Depending on the type and amount of 
nanoclay used, the status of intercalation or exfoliation also varies [6,7]. Since polymer/clay 
nanocomposites have improved physical, mechanical and chemical properties compared to pure 
polymer, it has recently been one of the most studied areas. While preparing polymer/clay 
nanocomposites, one of the most used clay types among the clay types selected as nanofiller is MMT 
and has many advantages over other clay types. 

In this study, OVHAC organoclay-MMT derivative was used. The purpose of our study is the 
synthesis and characterization of polymer/organoclay nanocomposites containing oxo methacrylate. 
MPAEMA (2-(4-methoxyphenyl amino)-2-oxoethyl methacrylate) monomer was first synthesized 
and its nanocomposite was prepared by free-radical in situ polymerization using organoclay. Then, 
the morphology and thermal properties of the synthesized composite and organoclay were 
investigated. 

2. EXPERIMENTAL 

2.1 Materials 
Na+Montmorillonite clay (Na+MMT) nanoclay was provided from Esan-Eczacıbaşı. Na+MMT, a 

natural bentonite nanoclay and the particular scale gamut <63 μ [8]. For the synthesis of nanoclay, 
vinylbenzyl chloride, and dimethylhexadecylamine was purchased from Sigma-Aldrich. For the 
synthesis of MPAEMA monomer, 4-methoxyaniline, triethylamine, chloroacetyl chloride and 
sodium methacrylate (Aldrich) were used. For nanocomposite synthesis, azobisisobuturonitrile 
(AIBN) was used as Initiator and 1,4-Dioxane and ethyl alcohol as solvent. 

2.2 INSTRUMENTAL MEASUREMENTS 
A PerkinElmer Spectrum Two (UATR) IR spectrometer was used to conduct the FTIR spectra of 

all the materials. XRD patterns were collected using a diffractometer of the Bruker Axs D8 Advance. 
A Zeiss Evo LS 10 was registered for scanning electron microscope observation. In nitrogen 
atmosphere, thermal analyzes were conducted using a Hitachi 7000 with a heating rate of 10oC/min. 

2.3 Synthesis of Organoclay and its Nanocomposites 
OVHAC organoclay [9-11], and MPAEMA monomer (Fig. 1) [12-14] were re-synthesized 

according to the literature. For the synthesis of VHAC, vinylbenzyl chloride was dissolved in diethyl 
ether solvent, and dimethylhexadecylamine was added dropwise. Later, the precipitate formed was 
filtered, crystallized and dried. For OVHAC synthesis, 1.5g of Na+MMT clay was inflated in pure 
water, 0.8g of VHAC dissolved in pure water separately and the two solutions were combined, mixed 
for 1 day, the precipitate formed washed with distilled water. 

Poly (MPAEMA)/OVHAC nanocomposite was prepared with in-situ method. 50% amount of 
organonanoclay was dispersed in 1,4-dioxane and stirred at 70 °C for 24 h. 1M MPAEMA monomer 
was dissolved in 1,4-dioxane at room temperature in another flask. AIBN was added as a free radical 
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initiator to the 50% organoclay added monomer. Polymer/organoclay composite was formed by 
mixing at 75 °C for 48 hours. The composite was precipitated in excess ethyl alcohol, removed from 
impurities, dried in the oven, and sifted through a 20micron sieve. 

 
2-(4-methoxyphenylamino)-2-oxoethyl methacrylate (MPAEMA) 

Figure 1: The synthesis scheme of MPAEMA. 

3. RESULT AND DISCUSSION 

3.1 FTIR SPECTROSCOPY 
Figure 2 shows FTIR spectra of OVHAC organoclay, and its nanocomposite. In the FTIR 

spectrum of the OVHAC organoclay (cm-1), 2920 and 2850 (aliph. C-H), 1630 (aliph.  C=C), 1480 
(arom. C=C) tensile vibrations are observed from the vinylbenzyldimethylmethylhexadecyl 
ammonium chloride (VHAC) that used in the modification. In addition, vibrations from the structure 
of Na+MMT clay (cm-1) that 3600 (OH), 1020 (Si-O), 510 (Al-O), 460 (Mg-O) tensile vibrations are 
observed. A similar approach has been proposed by Kurt et al. [9-11].   

In the FTIR spectrum of the nanocomposite; from the MPAEMA homopolymer, (stretch cm-1) 
1738 (C=O ester), 1662 (C=O amide), 1603 (C=C on arom. ring), 1240 and 1509 (symmetrical and 
asymmetrical C-O-C) are observed and also 2922 and 2623 (aliph. C-H), 1017 (Si-O), 460 (Mg-O) 
from OVHAC organoclay are observed [15-18]. 

3.2 XRD Measurements 
It was read that the Na+MMT nanoclay was 2θ=7°, 20°, 22° (d=1.26, 0.44, 0.40 nm) from the 

XRD curve provided by Esan company [8]. In the literature, the crystalline peaks of OVHAC 
organoclay is 8.7° and weak 3.8° [9-11]. The shift between the layers of clay indicates that the layers 
of clay are isolated from each other and that natural clay organomodification has been accomplished. 
In the XRD patterns in Figure 3, the peaks of the OVHAC organoclay were read as 15°, and weak 6°. 
The peak values of the nanocomposite are the same as the organoclay. This is an expected result in the 
use of a high proportion of clay [19-29]. The polymer chains enter between the layers of the clay and 
slightly widen the distance between the layers of the clay; however, the morphological structure in 
which the crystal layouts of the clay layers are still intact, is known as intercalated. Therefore, we can 
say that for the nanocomposite, the polymer chains are in an intercalated structure where the chains 
are placed between the clay layers and the layers expand [17,19-29]. 
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Figure 2: FTIR spectra of a) nanocomposite b) OVHAC, respectively. 

 

 

 
Figure 3: XRD patterns of a) OVHAC b) nanocomposite. 
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3.3 MORPHOLOGICAL REVIEW WITH SEM 
The distribution of nanoparticles from SEM photographs is presented in Figure 4. As seen in the 

micrographs of SEM the clay was dispersed in the matrix of polymers. As with the XRD results, the 
intercalated structure was confirmed in SEM photographs [11,18, 20-22]. 

 

 
Figure 4: SEM micrographs of nanocomposite. 

3.4 THERMAL CHARACTERIZATION 
When the thermal behavior of nanocomposite and organoclay is compared, it is observed that the 

composite has better thermal stability than organoclay. This thermal change shows us that polymer 
chains can penetrate between layers of clay and that nanocomposite is properly synthesized. The 
dispersibility of polymers between the layers of clay limits thermal stability and thereby increases 
thermal stability [9-11,15-18,21-29]. Simultaneous device TGA / DTA / DTG has calculated the 
thermal properties of the components. The degradation of the organoclay and composite from the 
thermogram were observed at one level. Thermogram are given in Figure 5, and some thermal data 
are given in Table 1. 

 
Table 1: Some thermal data of organoclay and nanocomposite. 

Sample Max. 
Decomp. 

Temp. 
(°C) 

Temp. of 
10% 

weight loss 
at (°C) 

Temp. of 
20% weight 
loss at (°C) 

Temp. of 
25% weight 
loss at (°C) 

Temp. of 
50% weight 
loss at (°C) 

%Weight 
loss at 

Max. 
Decomp. 

Temp. 
(°C) 

OVHAC 314 243 299  314 - 48 50 
MPAEMA/OVHAC 366 313 349  314 398 57 41 

 

4. CONCLUSION 
In this research, MPAEMA (2-(4-methoxyphenyl amino)-2-oxoethyl methacrylate) monomer 

and OVHAC organoclay were re-synthesized according to the literature for composite synthesis. 
Characterization of polymer/organoclay nanocomposite synthesized by in-situ polymerization 
method was performed by FTIR, XRD, SEM techniques and also, thermal behaviors were 
investigated.  From XRD, SEM and thermal measurements, it was observed that the morphology of  
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Figure 5: The TGA/DTA/DTG curves of the a) OVHAC b) nanocomposite, respectively. 

 
nanocomposite was intercalated when the clay content is made high. In addition, the poly 
(MPAEMA)/OVHAC nanocomposite shows higher thermal stability than the OVHAC organoclay. 
Given that polymer/clay composites are used in various fields such as innovative synthesis methods, 
aviation, automobile, construction, packaging, petroleum, biomedical and wastewater treatment, we 
hope that this study will lead the literature and companies. 
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