СИНТЕЗА И КАРАКТЕРИЗАЦИЈА ПОЛИМЕРНИХ ТАНКИХ ФИЛМОВА И ЊИХОВИХ НАНОКОМПОЗИТА
SYNTHESIS AND CHARACTERISATION OF POLYMER THIN FILMS AND THEIR NANOCOMPOSITES
Александра Милетић1, Немања Мартић1, Ђорђије Трипковић1, Иван Ристић1, Бранка Пилић1, Невена Вукић1, Сузана Цакић2
1 Универзитет у Новом Саду, Технолошки Факултет, Нови Сад, Србија, e-mail: aleksandramiletictf@gmail.com
2 Универзитет у Нишу, Технолошки Факултет, Лесковац, Србија
Сажетак: У протеклој деценији, полимерни материјали су постали предмет све већег интересовања академских и индустријских истраживања, због могућности решавања разних проблема у нанотехнологији. Од недавно је посебна пажња усмерена на истраживање полимерних танких филмова који постају све важнији у многим технолошким применама. Нано-модификација омогућава фино подешавање механичких и морфолошких својстава полимерних танких филмова. У овом раду испитиван је утицај додатка наночестица силицијум(IV)оксида на морфологију и механичка својства полимерних танких филмова добијених на основу модификованог стирен-бутадиенског кополимера. Додавање пунила значајно утиче на морфологију филмова, чинећи их високо порозним. Иако се ови нанокомпозитни филмови одликују порозном структуром, додатак наночестица омогућио је побољшање прекидне јачине за 40% и прекидног издужења за чак 65%.
Abstract: In the past decade, polymeric materials have generated a great interest in academy and industrial research due to its potential to solve a wide variety of industry problem in nanotechnology. Recently greater focus has been placed upon polymer thin films which become increasingly important in many technological applications. Nanо-modifications allow fine tuning of mechanical and morphological properties of polymer thin films. In this work was investigated the influence of silica nanofiller on the morphology and mechanical properties of polymer thin films based on modified styrene-butadiene copolymer. The addition of filler dramatically influences the morphology of films, making them highly porous. Addition of nanoparticles improves the mechanical properties of films, increasing the tensile strength by 40% and elongation by 65%, although the nanocomposites films have porous structures. 
1. INTRODUCTION

Polymer thin films are widely used in many different applications such as manufacture of electronic devices, production of paper, in medical applications, and as packaging materials. Because of numerous applications, the study of the physical properties of polymer thin films has been the subject of many scientific researches, in recent years [1,2]. One particular application in which the properties of thin polymer films is becoming crucially important is in the design, formulation, and processing of electronic devices [3]. Polymer films and membranes are useful for many applications, either in scientific or in industrial. 
The most challenge in polymer thin film processing is to prepare highly homogeneous and uniform thickness samples. Experimentally, polymer thin films are typically easy to prepare. To prepare films on solid surfaces the polymeric material should be dissolved or dispersed in a solvent or molten. The choice of solvent is of major importance because it has been recognized that mechanical properties of some polymer films depend on the solvent used for casting. For instance, for ethyl cellulose thermodynamically poorer solvents lead to films of higher birefringence, higher density, lower brittle point temperatures, and in general greater toughness, although this effect is observed only when the casting is on solid surfaces [4]. Also, the entrapped air bubbles should be removed either by letting the solution stand or by vacuum draying. Uniform thickness is accomplished by spreading with special devices [5]. A Stainless Steel spreader bar has been employed for styrene-butadiene rubber (SBR) latexes [6]. 

Usually polymer thin films are prepared from solution by spin-casting, dip-coating or drop-casting. Due to the geometric size, a simple optical microscope is sufficient to investigate mesoscale surface topography [7]. Spin coating is a method for preparing a thin film of uniform thickness on a substrate. This method was first characterized by Walker and Thompson in 1922 [8] and is now essential to the industrial production of thin films. Dipping a glass plate into polymer solutions and removing it vertically is another laboratory technique for film preparation [9, 10]. The rate of withdrawal of the plate influences the thickness of the resulting film. Cellulose acetate dipped films 0.6 to 4.5 μm thick were obtained using a 30 cm/min rate [11]. 

Numerous studies have shown that the physical properties of thin polymer films may deviate substantially from that of the bulk polymer. One particular physical property that has been extensively studied in a variety of polymer films is the glass transition temperature (Tg) [12]. The glass transition temperature is a particularly important physical property for thin film applications since it marks the temperature at which a number of physical properties of the polymer change (such as the coefficient of thermal expansion, mechanical modulus, rate of diffusion through the polymer etc.).  Thus, it is clear that a better fundamental understanding of the glass transition temperature of thin polymer films would be useful in a variety of fields. The Tg for thin polymer films has previously been shown to be a function of both the film thickness and, in the case of supported films, the type of substrate [13,14].

Some properties of polymer (and polymer thin films) could be improved by the incorporation of nano or micro filler. Polymer nanocomposites offer the possibility of substantial improvements in some properties such as shear and bulk modulus, yield strength, toughness, film scratch resistance, optical properties, electrical conductivity, gas and solvent transport, with only very small amounts of nanoparticles. Inorganic fillers as dispersed phases in nanocomposites are nanosized, with at least one dimension in nanometer range (1-100 nm). For this reason nanofillers can create very large interfaces with polymer matrix because of their small particle size and extremely high surface area. 

The goal in this work was to prepare polymer thin films from modified poly(styrene-butadiene) and to investigate the influence of nanofiller adding to the mechanical, morphological and thermal properties of films.  
1. EXPERIMENTAL SESION
2.1. Materials
The linear block copolymer of [styrene-b-butylene-b-styrene] (SBS D1102 AU) was greatly provided by Kraton Polymers LLC. For the synthesis of poly(ricinoleic acid) was used ricinoleic acid, TCI Tokyo Kasei, (OH# 175 mg KOH/g) and catalyst titanium isopropoxyde, Ti[OCH(CH3)2]4, Sigma-Aldrich Wisconsin. Silica nanoparticles with average size of 12 nm, were supplied from Sigma-Aldrich.
2.2. Samples preparation
Poly(ricinoleic acid) (PRA) was synthesized via polycondensation of ricinoleic acid with diethylene glycol, as initiator. Into a 200 mL round-bottom flask were charged 111 g of ricinoleic acid, 6.3 g of diethylene glycol, and 0.6 g of Ti[OCH(CH3)2]4. The polymerization was carried out at 190-200 °C, under nitrogen atmosphere, for 6h. Obtained polyol had a molecular mass 2000 g/mol, according to the hydroxyl number calculation. 
The blends were prepared in a Haake Rheomix mixer at 170 °C and rotor speed of 50 rpm. The mixer was charged by the components (80 wt% SBS and 20 wt% of poly(ricinoleic acid)) and blending time was 5 min.

Films were prepared by the dip-coating methods. Blend (SBS and PRA) was dissolved in dichloromethane (10 wt%), and the glass plates were withdrawal from solution with the rate of 0.7164, 1.1766 and 2.1426 cm/min. Different withdrawal rates produced polymer films with different thickness. Films were dried at room temperature for 24h. Nanocomposite films were prepared at the same way, with the addition of silica nanoparticles to the blend. For nanocomposite film preparation, dichloromethane solution of blend and 6 wt% of silica nanofiller, was sonicated for 5 min before film preparation. 

2.3. Characterization of obtained polymers
The morphology of prepared films was examined in a Brasser Micro optical microscope, with a magnification of 40x.

Thermal properties of the samples were investigated by differential scanning calorimetry (DSC) using TA Instruments Q100. Hermetically sealed aluminium pans containing 3-5 mg of sample were prepared. The non-isothermal scan was performed from -90 to 150 °C with heating rate 10 °C min–1.

Tensile strength and elongation at break tests were measured on a universal tensile testing machine Instron 1122 according to the specifications of SRPS G. S2. 612 standard (ASTM D882) at 25 °C. The sample sizes were measured by micrometer, and the crosshead speed was set at 10 mm/min. 
2. RESULTS AND DISSCUSION
Figure 1 shows micrographs of prepared pure and nanocomposite films. The film samples were prepared by the same withdrawal rate, and had similar thickness as indicated in the Table 1. In the pure film sample not observed any macro phase separation, which presumed good compatibility between butadiene and PRA soft segments. Pure film show very smooth surface which are distinctly different compare to the nanocomposite film. Addition of nanofiller dramatically changed the morphology of thin films making them highly porous. It is expected because the thicknesses of analysed films were 1.9 and 2.0 μm for pure and nanocomposite, and further nanomodification caused such changes in morphology.

a)[image: image1.jpg]


b)[image: image2.jpg]



Figure 1. Optical microscopy images of prepared pure film, SBS film-1.1766, (a), and nanocomposite film, SBS nanocomposite film-1.1766, (b); (magniffication 40x)
The DSC thermogram of blend shows a glass transition on -77.88 °C from the soft segment (poly(butadiene) and poly(ricinoleic acid)), compare to the glass transition temperature of the PB blocks in SBS copolymer at -89 °C [15]. Glass transition of the PS blocks was not detected due to the decreasing of PS content in blends by adding a PRA (Figure 2). Glass transition temperature of soft segment was shifted to the -66.18 °C by adding nanofillers. The interaction of filler and polymer hindered the movement of polymer chains, which influence the rising of Tg of soft segment and detection of hard segment Tg at 86.06 °C. The presence of the particles perturbs both the local and global polymer matrix dynamics, increasing the Tg values.
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Figure 2. DSC thermograms of pure, SBS film-2.1426 (dash line), and nanocomposite film, SBS nanocomposite film-2.1426 (solid line)
Mechanical characteristic measurements of thin films were carried out at 25 °C, according to the specifications of SRPS G. S2. 612 standard. This involving standard tube for investigation and five samples measured for each data point. Investigation of mechanical properties of samples do not showed significantly the dependence of film thickness. For nanocomposite films is obviously that with adding a filler tensile strength increased. Also percent elongation at break of nanocoposites showed the same trend (Table 1). Thermal fluctuations in materials characteristically drive the ordering phase transition order from second to first-order by the well known Brazovskii mechanism [16]. These behaviors could be explained based on increase of phase separation caused by interaction of fillers with both, soft and hard segments, which is in accordance with DSC results. 

Tensile strength and elongation at break were calculated according to following equations:

σm=Fm/A0

ε,%=(Δl/l0) x 100%

where are: Fm - force measured at break, A0 - cross section area (mm2), l0 the original length of an extension sample, Δl change in length.

Table 1. Mechanical properties of polymer films and their nanocomposites
	Sample name
	Tensile strength (MPa)
	Elongation at break (%)
	Thickness (μm)

	SBS film-0.7164
	9,19
	665
	14.2

	SBS film-1.1766
	8,33
	623
	1.9

	SBS film-2.1426
	6.05
	702
	1.7

	SBS nanocomposite film-0.7164
	14.81
	1120
	10.5

	SBS nanocomposite film-1.1766
	13.15
	1018
	2.0

	SBS nanocomposite film-2.1426
	16
	1334
	1.7


* SBS film-0.7164 – film obtained by dip-coating method with withdrawal rate of 0.7164 cm/min 
After mechanical properties testing, films were analyzed in order to determine the degree of cracking and disordering of surface morphology. As shown in figure 3, after testing in the pure film are observed the high level of surface damage, especially at breaking area. In contrary, the nanocomposite films remain almost unchanged morphology, which confirmed strong interaction of filler and polymer matrix. This enabling the use of prepared nanocomposite thin films in some special application which required elastic and tough materials. 
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Figure 3. Optical microscopy images of tested pure film, SBS film-1.1766, (a), and nanocomposite film, SBS nanocomposite film-1.1766, (b); (magnification 40x)

3. CONCLUSIONS
A simple way to prepare uniform and smooth polymer thin films and their nanocomposites was developed. For using as polymer matrix SBS copolymer was modified with poly(ricinoleic acid) in order to increasing elastic properties of blend. Obtained films show very smooth surface without any macro phase separation. Addition of nanosilica particles dramatically changed the morphology of obtained film, making them highly porous, and improves the mechanical properties of films, increasing the tensile strength and elongation at break. The presence of the particles perturbs both the local and global polymer matrix dynamics, increasing the Tg values. After mechanical in the pure film are observed the high level of surface damage, especially at breaking area, while the nanocomposite films remain almost unchanged morphology.  
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