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Abstract. Nanocomposites based on layered silicate organically modified montmorillonite (Cloisite 20A) and acrylic comonomers (butyl acrylate and methyl methacrylate) were prepared by simple “in situ” batch emulsion polymerization method. The particle size and zeta potential of the emulsions were analyzed. The structural characterizations of the nanocomposites were performed by FTIR, thermal behaviors of the films were investigated by DSC, mechanical properties of the films were tested by DMA and intercalation success was assessed by XRD. The mechanical properties of the nanocomposites were improved significantly especially at the temperatures above Tg. The ultrasonication process was found to be useful for increasing the homogeneity of the emulsions and intercalation success. The obtained nanocomposite emulsions were applied on garment leathers in a finishing formulation as aqueous binders sharing good film forming ability and elasticity.  
Introduction

In the last decade the importance of waterborne coatings has been increased because they are more environmental friendly, have less toxicity and improved flame retardant properties. Beside these advantages, it was faced with some disadvantages as decreased mechanical properties, poor water resistance etc. due to the usage of emulsifiers. On the other hand, water-based clay/polymer nanocomposites have become an alternative way to overcome some of these problems and to improve mechanical properties of the polymers. Some recent studies on clay/polymer nanocomposite emulsion polymers have been mostly focused on thermoset or hard thermoplastic polymers in order to obtain better mechanical properties especially for coating of though surfaces [1-4], but there are only a few studies focused on the improvement of coating properties for soft surfaces, such as textile and leather [5,6].
  
Due to resistance to hydrolysis, high block resistance, hardness-softness, good adhesiveness and good film forming properties of acrylates, they are the most common polymer emulsions used in several industries for coating purposes [7,8]. Acrylic emulsions used for coating of soft surfaces such as textile and leather materials have the advantages as mentioned above but also they suffer from sticking problems, poor heat resistance and moderate mechanical properties. The aim of this study is to prepare aqueous acrylate/montmorillonite nanocomposites by emulsion polymerization, their characterization and testing as polymer binders for coating of soft surfaces.
Experimental Section
Materials. Butyl acrylate (BA) and methyl methacrylate (MMA) were used as monomers (Aldrich). As layered silicate material, commercial organically modified montmorillonite (OMMT) was used (Cloisite 20A-Southern Clay Products Co). Potassium persulfate (KPS) as initiator, sodium dodecyl sulfate (SDS) and nonylphenol polyglycolether (NP-40) as emulsifiers were supplied from Aldrich. All chemicals were used as received without further purification. The mixing and polymerization reactions took place in a four necked 500 mL glass reactor thermostated and equipped with a thermometer, nitrogen pipe, a condenser and a stirrer.
Preparation of Montmorillonite/Acrylate Nanocomposites. Prior to polymerization, certain amount of comonomers and organically modified montmorillonite were mixed together for 24h with a magnetic stirrer at room temperature without or with sonication (20 mins of sonication). After introducing selected amount of water, emulsifiers, sodium bicarbonate, the mixture of comonomers and clay into the reactor, system was purged with nitrogen gas for 30 minutes to remove the dissolved oxygen from the system. When the temperature of the reaction medium was reached to 75°C, KPS was added to start the polymerization. After 2 hours of reaction, the system was cooled down to room temperature and the emulsion was collected. The emulsions were prepared with a total solid content of 20 wt% and with a mixing speed of 250 rpm. In all series, the BA/ MMA ratio was constant of 70:30 by weight (Table 1). All conversions of the reactions were measured by simple gravimetric method and they were found to be over 90% for all runs. 
Investigation Methods. The particle size and zeta potential measurements of the emulsions were performed by nanoNS model (Malvern Instruments UK) zetasizer instrument. The chemical composition of the films was determined by Vertex 70 Bruker Fourier Transform Infrared Spectrometer (FTIR) instrument. Differential Scanning Calorimetry (DSC) thermographs were recorded with a Perkin Elmer Diamond DSC instrument at a heating rate of 10 °C/min under N2 atmosphere from -80 to 170°C. The mechanical properties of nanocomposite films were performed by a Perkin –Elmer Diamond Dynamic Mechanical Analyzer (DMA) with a heating rate of 1°C/min at 1Hz frequency under N2 atmosphere from -60 to 120°C. The average interlayer spacing of OMMT before and after intercalation were investigated by a Philips PW 3710 Wide Angle X-ray Diffraction (WAXD) (Cu-Ni radiation, λ= 0.154 nm). The distances between clay layers were calculated with Braggs law: 2d sin θ = nλ ; where λ is the wavelength of the X-ray d is the interspacing distance and θ is the angle of incident radiation.  
Results and Discussions
Particle Size and Zeta Potential of the Nanocomposite Emulsions. The average particle diameters varied from 64.3 to 105 nm and showed an increase due to higher clay content (Table 2) as also the polydispersity index (PDI) did. However, PDI values of the emulsions prepared after ultrasonication process were lower than those of the corresponding emulsions prepared without sonication. The particle size distributions of the nanocomposites without ultrasonication seemed to be wider, especially of the emulsions with higher clay content (Fig 1), while the emulsions obtained with sonication show more homogenous particle size distributions (Fig. 1b-c) indicating a better dispersion of clay in monomer matrix. The zeta potential values of the emulsions ranged from -30 to -44 mV. As higher zeta potantial values refer to higher dispersion stabilities, the emulsions of the nanocomposites can be considered in a range of moderate to good stability.

 

FTIR Spectra of the Nanocomposites.
The FTIR spectra of poly-(methyl methacrylate-co-butyl acrylate) with and without OMMT showed the bands at 1065, 1161, 1452, 1729, 2873 and 2958 cm-1 which can be attributed to stretching  of C-O-C, OR-C-C, COO-CH3 (asymmetric), C=O, -CH2 and -CH3 groups of poly-(MMA-co-BA), respectively (Fig. 2). The specific absorption bands of clay can not be seen clearly in the spectra due to its relatively low content in respect with BA/MMA comonomers. However, Si-O-Si stretching vibrations at 1043 cm-1 seemed to be overlapped on the absorption band at 1065 cm-1 and made it wider (Fig 2B), especially of the nanocomposites with higher clay content. In addition, the characteristic peak of C=C at the stretching band of 1645 cm-1 was not observed in all spectra. Therefore, it can be said that poly-(BA-co-MMA) was successfully synthesized and there were no remaining unreacted monomers in the system.

Table 1. Experimental design 

Table 2.  Average particle size and zeta 
            
potential values of the nanocomposites
	Runs
	Av.  P.  Size [nm]
	Polydispersity

Index [PDI]
	Zeta Potantial

[mV]

	R1
	64.3
	0.270
	-38.6

	R2
	72.0
	0.252
	-31.7

	R3
	75.0
	0.412
	-30.3

	R4
	93.8
	0.588
	-44.3

	R5
	91.0
	0.842
	-34.4

	  S1
	67.2
	0.302
	-40.4

	  S2
	89.3
	0.478
	-31.6

	  S3
	105.0
	0.557
	-42.4

	Runs
	BA    [%]
	MMA [%]
	OMMT [%]

	R1
	70
	30
	0.0

	R2
	70
	30
	0.5

	R3
	70
	30
	1.0

	R4
	70
	30
	2.0

	R5
	70
	30
	3.0

	 S1*
	70
	30
	1.0

	 S2*
	70
	30
	2.0

	 S3*
	70
	30
	3.0
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Fig. 1: The particle size distributions of                  Fig. 2: FTIR spectra of the nanocomposites
the nanocomposite emulsions containing 
clay; [a] 0.5-1 wt%, [b] 2 wt%, [c] 3 wt%.
XRD Analysis. The XRD data (Fig 3) showed that for all nanocomposites the d001 peak of the clay was shifted to lower angles. This can be explained by intercalation of polymer chains into silicate layers resulting in an opening of the space between the layers.  The d001 peak of the organoclay (C20A) at 2θº = 3.4° which refers to a d-spacing of 2.59 nm increased in a range of d001 = 3.38 - 3.69 nm for all nanocomposites and a proportional increment was observed by increasing the clay content (Table 3). Also, the basal spacing of the nanocomposites prepared after ultrasonication process slightly increased in respect with those obtained without sonication.
Mechanical and Thermal Properties of the Nanocomposites.
The DMA results of the nanocomposites are shown in Fig. 4. By clay incorporation, the storage modulus (E’) showed remarkable increase for all nanocomposites especially above the Tg’s. The nanocomposites with the clay content of 0.5-1 wt% showed relatively small improvements of E' especially for the samples obtained without sonication process and significant higher values were obtained for the clay content of 2-3 wt%. According to the results obtained from XRD and DMA, the intercalation of polymer into silicate layers was achieved even without ultrasonication. The obtained nanocomposites seemed to have partial intercalated/exfoliated structures. Also, the sonication process helped to obtain more homogenous emulsions during polymerization as it can be seen from particle size distributions (Fig. 1 and Tab. 2). Fig. 5 shows the DSC analysis of the pure poly-(BA-co-MMA) and the nanocomposites. From the thermographs the Tg value of the pure polymer (R1) was found to be -20°C and for all nanocomposites the Tg-S varied from -23.4 to -14.7°C (Table 4). In glassy-hard polymers, the silicate layers in the polymer matrix usually have a role of increasing the Tg due to its confinement behavior for polymer chains. But for rubbery and soft polymers, it seems that intercalation and exfoliation of clay in the polymer matrix doesn’t show an important role on Tg, as similarly indicated by other authors [6]. 
Table 3: 2θ values and corresponding interlayer distances of d001 peak of the nanocomposites
	Samples
	2θ  [degree]
	d001 [nm]

	C20A
	3.40
	2.59

	R1
	x
	x

	R2
	2.61
	3.38

	R3
	2.57
	3.43

	S1
	2.55
	3.46

	R4
	2.50
	3.52[

	S2
	2.43
	3.63

	R5
	2.44
	3.61

	S3
	2.39
	3.69
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Fig. 3: XRD patterns of C20A and the 
acrylates/ C20A   nanocomposites

Application on Leather. To evaluate the effectiveness of the nanocomposite emulsions as coating polymers, they were mixed with pigment, wax and water in a simple formulation and sprayed on soft garment leathers till obtaining a homogeneous appearance on the surface. The leathers were then tested according to the leather standart of “Colour Fastness of Leather to To and Fro Rubbing” (SLF 450) and results were given is Table 5. From the data it can be seen that the fastness of leathers to rubbing were improved with the increase of clay and the leathers coated with sonicated emulsions showed better fastness levels.
Table 4. Tg and E’ values at 0°C and 20°C of the              Table 5. Resistance of the leather finish to 

nanocomposites 




          rubbing

	Samples
	Tg value

[°C]
	E′value at 0°C [MPa]
	E′value at 
20°C [MPa]

	R1
	-20,1
	14,1
	0,9

	R2
	-20,4
	21,0
	1,1

	R3
	-15,6
	56,0
	1,2

	R4
	-14,7
	140,1
	6,6

	R5
	-23,4
	38,5
	6,9

	S1
	-23,3
	10,2
	1,2

	S2
	-21,9
	30,6
	3,4

	S3
	-18,2
	114,2
	9,3

	Sample
	Fastness level – Dry, 600 rubs

	
	Leather
	Felt

	R1
	3
	3

	R2
	3
	3

	R3
	3
	2/3

	R4
	3
	3/4

	R5
	4
	3/4

	S1
	3
	3

	S2
	4
	3

	S3
	5
	4
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Fig. 4: Storage modulus diagrams                Fig. 5: DSC thermographs of the nanocomposites
of   the  nanocomposites  containing; 
(a) 0.5-1% clay, (b) 2-3% clay
Conclusions
Organically modified montmorillonit/acrylic copolymer nanocomposites were successfully synthesized by emulsion polymerization. DMA analysis showed a remarkable increase on mechanical properties with the increase of clay content of the nanocomposites, especially at the temperatures above the Tg-S. This result provides a great advantage to prepare polymers with increased mechanical properties without changing the flexibility of polymers which is used for coating of soft materials like textiles and leathers. 

The application of the nanocomposite emulsions on leathers showed that the obtained nanocomposite polymers worked successfully as binders for leather coating and resulted in an improved physical property of the surface of leathers. Further investigations to prepare more specific polymer nanocomposites for leather industry including many other testing of leather properties will be the subject of a next study. On the other hand, the method used for preparing nano-layered silicate/acrylates nanocomposites was found be useful to improve some mechanical properties of the polymers used as aqueous pigment binders for leather and textile industry.        
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