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Сажетак: У овом раду се приказује утицај мастербача на умрежавање силиконских еластомера. Синтетисани су композити на бази силоксана како би се оптимизовала својства коначног материјала. Мастербач који садржи винил-функционалне силоксане и силицијум(IV)оксид као пунило уведен је ради побољшања механичких својстава и топологије мреже. Фуријеова трансформациона инфрацрвена спектроскопија (ФТИР) коришћена је за анализу хемијске структуре, док је термогравиметријска анализа (ТГА) показала термичку стабилност. Додавање мастербача значајно побољшава својства силиконских материјала и чини га идеалним за бројне медицинске примене.

Abstract: This study explores the influence of masterbatch on the crosslinking of silicone elastomer. Siloxane-based composites were synthesized to optimize the final material properties. A masterbatch containing vinyl-functional siloxanes and silicon(IV)oxide as a filler was introduced to enhance mechanical properties and network topology. Fourier transform infrared spectroscopy (FTIR) was used for chemical structure analysis, while thermogravimetric analysis (TGA) assessed the thermal stability. The addition of masterbatches significantly improves the properties of silicone materials and makes them ideal for numerous medical applications. 
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1. INTRODUCTION
When designing the raw composition of elastomers, it is very important to make such a selection of the initial precursors that, after the cross-linking process, will provide a material for specific conditions of exploitation. A big challenge in industrial practice is expanding the possibility of applying elastomeric materials. It is necessary to maintain the existing good properties, and to improve the unsatisfactory ones by changing the basic raw material composition of the networking systems, i.e. compound. During the process of cross-linking of macromolecules, by choosing the type and amount of components, materials with the desired elasticity, mechanical and chemical characteristics are obtained (Botros et al., 2005). Today, special attention is paid to the development and understanding of the behavior of nanostructured elastomeric materials, where superior properties of the final material are to be achieved by the addition of nanoparticles. Polymer nanocomposites are becoming an increasingly topical topic that captures the attention of the scientific and professional public and they mainly focus on structure-property relationships. As polymer nanocomposite materials are extremely important for modern industry, their durability and thermal stability in different conditions of exploitation, as well as the possibility of decomposition after use, are also important from the point of view of ecology. Commercial products made of elastomeric materials are composites with inorganic or organic fillers whose primary particles are nano-sized, so in fact such products are nanocomposites. In the last few decades, the incorporation of nano-materials into the polymer matrix has become the subject of research for the development of polymer nanocomposite materials with specific properties (Hyunjoon et al., 2006). The application of nanomaterials depends on the interaction of the filler with the polymer matrix used, as well as on the thermal stability, i.e. degradation in different environmental conditions during exploitation (Zhang et al., 2017) (Evonik Industries, Technical Information 1351). 
The term siloxane-organic compounds is used for compounds in which silicon atoms are linked through oxygen atoms, and each silicon atom carries one or more organic groups, usually methyl or phenyl groups (Clarson et al., 2003). Thanks to the numerous possibilities of combining organic and inorganic starting compounds and various synthesis reactions, siloxanes enable obtaining materials of the most diverse structures, which is a very attractive area of research. Reducing the dimensions of the inorganic phase leads to homogeneous dispersion which allows further manipulation with the final material properties (Manjenčić et al., 2018). In most cases the terminal groups are methyl, and the polymer is designed so that its chemical or physical properties depend on the pendant groups (P' and P"). Where an inert group on the main chain has little reactivity, the terminal groups can be reused to impart specific reactivity or characteristics to the polymer (Witt et al., 2012) (Jancar et al., 2012). The essential functional component of siloxane crosslinked systems is poly(dimethylsiloxane) (PDMS) (Figure 1).
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Figure 1. Structure of poly(dimethylsiloxane) PDMS polymer
Catalytic hydrogensiliconization of poly[(methyl-H)siloxane] is recognized as one of the most elegant and efficient ways to obtain siloxanes with organofunctional groups linked to silicon atoms. Hydrogen siliconization is catalyzed by transition metal complexes, with platina Pt complexes being the most commonly used catalysts. 

Crosslinking is a crucial process that determines the silicone elastomeric properties. This study aims to evaluate the impact of masterbatch on siloxane elastomers and identify optimal compositions for enhanced performance. The effects of the addition of masterbatch on the mechanical properties and thermal behaviour of the siloxane elastomers are discussed in detail. The establishment of chemical bonds between organic functional groups and the polysiloxane matrix leads to so-called "true hybrids". 
2. EXPERIMENTAL SESION

2.1. Materials

The hydrosilylation addition reaction involves the reaction between vinyl poly(dimethylsiloxane) (Silicon Vinil) and poly(methyl-hydrogensiloxane) (Silicon Hidrogen), producer CHT GMBH BEZEMA, Germany. Cross-linked siloxanes can be obtained by cross-linking at higher temperatures, depending on the molecular weight of the siloxane chain, cross-linking aids and catalysts. When at least two polymers are mixed, it is considered that a multicomponent polymer material has been obtained, but recently, research has been increasingly extended to the hybridization of such systems.

Silicone elastomers were synthesized with hydrogen functionalized and vinyl silicones in a 35-55; 45-45; 60-30 wt:wt ratio (reduced by additional masterbatch (MB)). The syntheses were performed with the addition of 0.15 wt% platinum catalysts and 0.45 wt% crosslinking retarders. Masterbatch with 10 wt% was added to the mentioned mixtures. Pre-formulated masterbatch (producer CHT GMBH BEZEMA, Germany) was used as a reactive component, with a vinyl content of 0.06 mmol g-1, Mw 27,352 g mol-1, Brookfield viscosity at 20 ˚C, 850 Pas. The used masterbatch is a highly filled siloxane mixture containing vinyl functional groups and reinforcing fillers (3.8 mass% SiO2, with a hydrophobic surface, an average particle size of 1 μm and an active surface of 105 m2 g-1). The components were added to mixers with powerful stirrers and mixed by the kneading method. Before being poured into the mould, the mixture of MB with nanoparticles was treated in an ultrasonic bath for 5 minutes and then poured into the mould and crosslinked, according to the mechanism shown in Figure 2. Samples with excess vinyl were observed to have a prolonged crosslinking time. The material composition of the siloxane-based elastomer is given in Table 1.
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Figure 2. Mechanism of hydrosilylation

Table 1. The raw material composition of siloxane elastomer with the addition of masterbatch

	Sample name
	Component 

	
	HPDMS- Sil H

wt %
	ViPDMS- Sil V

wt %
	Masterbatch

wt %

	Sil H-Vi 35/55-10%MB
	35
	55
	10

	Sil H-Vi 45/45-10%MB
	45
	45
	10

	Sil H-Vi 60/30-10%MB
	60
	30
	10


 2.2 Characterization

Thermo-Nicolet Nexus 670 (Thermo Fischer Scientific, USA) FTIR spectrophotometer in ATR mode was used for evaluation of the chemical structure of obtained siloxane samples. The recording of samples was performed at a resolution of 4 cm-1, with 100 scans per sample, on the crystals of germanium. The Thermo-Nicolet Omnic 6.0 software was used to process the spectra.
Mechanical properties of synthesized samples were analysed using a universal testing machine Shimadzu EZ-LX (Japan) according to the procedure defined by ASTM 412-98a standard (with a cross-head speed of 10 cm min-1). The hardness of obtained siloxane and siloxane- based nanocomposites were measured on durometer model 306L type A (USA) (in Shore A units) according to the ASTM D2240 standard. 
To analyze the thermal stability of the siloxane materials, the thermogravimetric analyzer TGA Leco was used. Thermal stability was analyzed by TGA in the air atmosphere from 25 to 700 °C at a 20 °C/min heating rate. 
3.  RESULTS AND DISSCUSION
Results of the FTIR analysis of the molecular structure of synthesized elastomers are shown in Figure 3 and Table 2. Characteristic peaks of siloxane matrix that originated from the functional groups Si-CH3 and Si-O-Si, are clearly observed. Two sharp bands at 2900 cm-1 and 2915 cm-1 originated from the asymmetric and symmetric stretching vibrations of Si-CH3. The addition of masterbatches to samples Sil H-Vi 50-50; 65-35 wt:wt ratio (reduced by additional masterbatch) does not affect the movement of the peaks, although they carry a certain content of vinyl, probably because the system can subsequently crosslink with residual H from poly(methyl-hydrogen siloxane), so the C=C bond peaks (occurring at wavelengths around 1600-1650 cm-1) cannot be observed. However, in systems with respective Sil H-Vi 35-55-10%MB, the addition of masterbatch increases the concentration of unreacted vinyls, which is observed in the spectra as a slight increase in the band at 3100 cm-1. 
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Figure 3. FTIR spectra of siloxane elastomers a) Sil H-Vi-10%MB b) Sil H-Vi 35-55-10%MB

Table 2. Characteristic bands in the FTIR spectrum of synthesized siloxane elastomers

	Wavelength, cm-1
	Functional group

	2800
	CH3 and CH2 group

	1450
	Asymmetric stretching CH3

	~1420
	CH2 bending

	~1260
	Si-CH3

	~1250
	(CH3)3, Si

	1130 – 1000
	Si-O-Si


Certain research is focused on the preparation of filled siloxane elastomers that are optically transparent. Success in this area was achieved by surface treatment of the filler, while it was also discovered that changing the refractive index of the polymer, by incorporating pendant aryl groups on the siloxane main chain, gives the desired transparency crosslinked material. Table 3 gives data on the mechanical properties of the synthesized samples of siloxane composites.
Table 3. Mechanical properties of prepared siloxane elastomers and their nanocomposites

	Sample 
	Ten. strength, MPa
	Elongation at break, %
	Shore A Hardness 

	Sil H-Vi 35/55-10%MB
	0.59
	34.50
	40

	Sil H-Vi 45/45-10%MB
	12.33
	57.55
	59

	Sil H-Vi 60/30-10%MB
	5.20
	110.88
	75


It was shown that the mechanical properties of siloxane elastomers depend on the H/Vi PDMS ratio and content masterbatch. That the elastomer with the Sil H/Vi 50/50 (diminished for the addition of MB) ratio is characterized by the highest breaking strength. By reducing the quantity of Sil H/Vi  35/55 (diminished for the addition of MB) leads to reduction in both the tensile strength and elongation at break, with the reduction in the tensile strength is more significant. This behavior can be explained by insufficient crosslinking in this material because due to the excess of vinyl siloxane in the system and consequently the presence of unreacted vinyl groups. When the Sil H/Vi ratio increases to 60/30 (diminished for the addition of MB), the tensile strength is unexpectedly smaller than the ratio Sil H/Vi 45/45 (diminished for the addition of MB) and the elongation increases, probably due to the better conformation of the resulting network, since in this case there are no unreacted vinyls. Hydrogensiloxane (Sil H) which are in surplus they have a lower molar mass, so they can fit into the topology of the network more easily. In the case of Sil H excess, all vinyl groups reacted in the crosslinking reaction, the crosslinking was incomplete, i.e. dangling chains of unbounded poly(methyl-hydrogensiloxane) were formed. These dangling chains additionally increased the elasticity, but led to the reduction in the material strength. In this relationship, excess vinyl increased the tensile strength values, which can be taken into account for future research. The siloxane elastomer composition had an impact on the hardness of materials, and it was noticed that the hardness increases with a higher proportion of masterbatch, which can be concluded that nanoparticles in masterbatch affect the properties of the material. 
The thermal decomposition of siloxane can be caused by different chemical processes depending on the working environment and it can be related the depolymerization of silanol groups. A decrease in thermal stability can also be due to unstable C=C bonds decompose at elevated temperatures, creating radicals that lead to the onset of the thermal degradation of siloxane elastomers (Figure 4 and Table 4).
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Figure 4. Thermogravimetric curves of siloxane elastomers and their nanocomposites with

Silicon H-Vi-10MB

Table 4.Thermal properties of siloxane elastomers and their nanocomposites

	Sample
	Tons/ °C
	Tder%/°C

	Sil H-Vi 35/55-10%MB 
	440
	480

	Sil H-Vi 45/45-10%MB
	440
	472

	Sil H-Vi 60/30-10%MB
	465
	470


In systems with a Sil H/Vi ratio of 65/35, the addition of masterbatch leads to an increase in the thermal stability of the obtained siloxane elastomers because there is an excess of H-siloxane in the system, so the addition of vinyl masterbatch reacts with that excess and enables the formation of a more regular cross-linked structure. In other systems, the addition of vinyl masterbatch disrupts the stoichiometry and leaves vinyl siloxanes in excess, which leads to a decrease in thermal stability, because the unstable C=C bonds break up at elevated temperatures. 
4. CONCLUSIONS
The improvement of the mechanical properties is the result of an increase in the density of the network, so it has been shown that silicon(IV)oxide fillers, which were in MB, are very good for adjusting the properties of siloxane elastomers. In order to optimize the cross-linking process, in addition to classic Pt catalysts, cross-linking retarders were also used, so that the reaction mixture could be properly homogenized, which is especially important when obtaining nanocomposite materials. Since the masterbatch contains hydrophobic fillers, this affected the mechanical properties due to the facilitated interaction with the hydrophobic matrix, which is visible when adding 10 wt.% of the masterbatch. The study demonstrates that masterbatch composition plays a key role in determining siloxane elastomers' mechanical and thermal properties.
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