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Comb-type siloxane belongs to graft polymers with high density in seg-
ments of main backbone, which have considerable attracted interest of 
researchers due to unique architecture. Hydrosilylation reactions are used 
for synthesis of graft polymers. The aim of presented work is obtaining of 
photopolymers based on polydimethylsiloxane (PDMS). For this purpose, 
we have conducted hydrosilylation reaction of polymethylhydrosiloxane 
(PMHS) with allyl acrylate and vinyltriethoxysilane in the presence of 
Karstedt's catalyst in toluene. Nanocomposites are fabricated based on 
PDMS and reduced graphene oxide with different content in the range of 
0.5–0.8 wt.%. Materials’ structure and composition are characterized by 
FTIR, NMR, TGA, DMTA, Raman, and SEM analyses in order to deter-
mine the structure, morphology, filler dispersion, defects and other char-
acteristics. 

Силоксан гребінчастого типу належить до прищеплених полімерів з 
високою щільністю у сеґментах основного кістякового ланцюга, які 
викликали значний інтерес дослідників завдяки унікальній архітекту-
рі. Реакції гідросилілування використовуються для синтези прищепле-
них полімерів. Метою представленої роботи є одержання фотополімерів 
на основі полідиметилсилоксану (ПДМС). Для цього нами було прове-
дено реакцію гідросилілування поліметилгідросилоксану (ПМГС) з алі-
лакрилатом і вінілтриетоксисиланом у присутності Карстедтового ката-
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лізатора в толуолі. Нанокомпозити виготовляються на основі ПДМС і 
відновленого оксиду графена з різним вмістом у діяпазоні 0,5–0,8 
мас.%. Структура та склад матеріялів характеризуються методами 
ÔПІЧ, ЯМР, ТҐА, ДМТА, Раманової аналізи та СЕМ з метою визна-
чення структури, морфології, дисперсії наповнювача, дефектів та ін-
ших характеристик. 

Силоксан гребенчатого типа относится к привитым полимерам с высо-
кой плотностью в сегментах основной остовной цепи, которые вызвали 
значительный интерес исследователей благодаря уникальной архитек-
туре. Реакции гидросилилирования используются для синтеза приви-
тых полимеров. Целью представленной работы является получение фо-
тополимеров на основе полидиметилсилоксана (ПДМС). Для этого нами 
была проведена реакция гидросилилирования полиметилгидросилокса-
на (ПМГС) с аллилакрилатом и винилтриэтоксисиланом в присутствии 
катализатора Карстедта в толуоле. Нанокомпозиты изготавливаются на 
основе ПДМС и восстановленного оксида графена с различным содер-
жанием в диапазоне 0,5–0,8 масс.%. Структура и состав материалов 
характеризуются методами ÔПИК, ЯМР, ТГА, ДМТА, рамановского 
анализа и СЭМ с целью определения структуры, морфологии, диспер-
сии наполнителя, дефектов и других характеристик. 
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1. INTRODUCTION 

Organo-siloxane polymers belong to hybrid materials, where organic 
groups are grafted on main inorganic siloxane backbone, and they 
are composed of organic groups hanging on the main inorganic sili-
con backbone. They also belong to semi-inorganic polymers’ class. 
Interest towards organo-siloxane increases because of unique prop-
erties such as low glass-transition temperature, temperature and 
oxidative stability, low surface temperature, stability to UV irrita-
tion, hydrophobicity. It is possible to create new polymers by graft-
ing various functional groups (epoxy, amine, carboxyl, anhydride, 
nitro, hydroxyl, vinyl, acryl and others) on main and side backbones 
[1–3]. 
 Comb-type siloxane belongs to graft polymers with high density 
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in segments of main backbone, which have considerable attracted 
interest of researchers due to a unique architecture [4–7]. 
 Hydrosilylation reactions are characterized by great practical 
significance. They are the most effective and convenient methods 
for obtaining of relevant silicon-organic compounds. Silylation is 
used to obtain low-molecular compounds as well as molecular com-
pounds and their modification. Great interest is due to the simplici-
ty, convenience and absence of co-product [5, 6]. 
 Recently, hard and elastic materials with low density are used, 
and great attention is paid to composites based on polymers and 
carbon nanostructures (graphene, carbon nanotubes), owing to their 
unique electrical and mechanical properties [8–10]. 
 Addition of carbon nanostructures into polymer materials gives 
very new properties of the obtained composite. For example, less 
than 1% carbon nanostructures in polymer increases electroconduc-
tivity by 10 times, thermal conductivity by 2–3 times, etc. 

2. MATERIALS AND METHODS 

Materials. Polymethylhydrosiloxane (PMHS), allyl metacrylate, vi-
nyltriethoxysilane, platinum (0)-1,3-divinyl-1,1,3,3-tetramethyl dis-
iloxane complex (2%-solution in xylene), diphenyl (2,4,6-
trimethylbenzoyl) phosphine oxide supplied from Sigma Aldrich. 
Toluene was dried over and distilled from sodium under an atmos-
phere of dry nitrogen. 
 FTIR spectra were obtained on a Nicolet Nexus (Thermo Nicolet 
Corp., Madison, WI) 470 machine with a mercury–cadmium–
telluride detector type B (MCTB). 1H-NMR spectra were recorded on 
a Bruker (Rheinstetter, Germany) ARX400 NMR spectrometer at a 
400 MHz operating frequency with CDCl3 as the solvent and an in-
ternal standard. 
 Dynamic mechanical thermal analysis (DMTA) was also carried in 
temperature range from 80C to 20C; regime of oscillation was as 
follows: load1 N, frequency1 Hz. 
Hydrosilylation Reaction of PMHS to Allylmetacrylate and Vinyl-
triethoxysilane. 1 g polymethylhydrosiloxane, 1.26 g allylmetacry-
late, and 0.95 g vinyltriethoxysilane were placed into a 50 ml flask 
under nitrogen. Then the mixture was dissolved 15 ml of toluene, 
and 3 L Karstedt's catalyst was syringed into the flask. The ho-
mogeneous mixture was degassed and placed into an oil bath, which 
was previously set to 60C, and reaction continued at 70C. The re-
action was controlled by decrease of intensity of active Si–H 
groups (Scheme 1). Then 0.1% activated carbon was added and re-
fluxed for 3 h for deactivation of catalysts. All volatiles were re-
moved by rotary evaporation, and the obtained product was precipi-
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tated at least three times into pentane to remove side products. Fi-
nally, all volatiles were removed under vacuum, and colourless vis-
cous product was obtained. 
Synthesis of Reduced Graphene Oxide (rGO). Synthesis of graphene 
oxide was carried out by modified Hummers method. 300 ml flask 
was placed into an ice bath, 3 g natural graphite was added into a 
mixture of 30 ml 98% H2SO4, 2.5 g K2S2O8 and 2.5 g P2O5, and the 
solution was stirred at 80C during 5 h. Pre-oxidized graphite was 
washed and dried in vacuum. Obtained product was mixed with 100 
ml 98% H2SO4, and 7.5 g KMnO4 was added at a temperature bellow 
15C; 150 ml H2O was added and stirred during 2 h; additional 200 
ml H2O and 15 ml 30% H2O2 dropwise were added into a solution. 
Resulting mixture was washed, and product was obtained after dry-
ing in a vacuum oven. Ethanol was added in the obtained product, 
and sonication was carried out during 30 min to obtain stable sus-
pension. Reduction of GO solution was carried out in microwave. 

3. RESULTS AND DISCUSSION 

The aim of presented work was obtaining of photopolymers based on 
PDMS [11–13]. For this purpose, we have conducted hydrosilylation 
reaction of polymethylhydrosiloxane (PMHS) with allyl acrylate and 
vinyltriethoxysilane in the presence of Karstedt's catalyst in tolu-
ene. Obtained polymer is liquid and well soluble in organic solvents 
with specific viscosity sp0.4. The end of reaction was tested by 
FTIR, where peak at 1260 cm

1 belonging to Si–H bonds disappears. 
After this, the polymer was distilled in vacuum; cross-linking agent 
was add about 1% and cured by UV during 1 h. 
 Second step was the addition of photoinitiator, which is dissolved 

 

Scheme 1. 



  NANOCOMPOSITES BASED ON SILOXANE AND REDUCED GRAPHENE OXIDE 469 

in monomer and reduced graphene oxide. Nanocomposite was ob-
tained by solution-mixing method. Then, polymer surface was treat-
ed by Ar and curing by UV for 2–3 h. 
 The structure and composition of the obtained compounds were 
studied by determination of molecular masses, FTIR, 1H-NMR spec-
tra data, SEM, TGA, and DMTA. 
 In the FTIR spectra (Fig. 1, a), we observed absorption bands 
characteristic for Si–CH3–Si bonds at 1044 cm

1 and absorption 
bands characteristic for –CH2 at 2860 cm

1. Results showed that 
all active Si–H bonds of PMHS enter in hydrosilylation reaction 
with allyl methacrylate and vinyltriethoxysilane. In the 1H-NMR 
spectra (Fig. 1, b), we observed signals characteristic for methyl 
protons of Si–CH3 and Si–(CH3)3 with chemical shifts 0.09 
ppm. Triplet signal with centre of chemical shift at 2.30 ppm 
and 2.50 ppm corresponds to protons’ methylene-groups’ frag-
ment. 
 Synthesized GO was characterized by Raman spectroscopy and 
SEM (Fig. 2, a, b). In the Raman spectrum, the G-band and D-band 
of GO appear at 1595 cm

1 and 1347 cm
1, respectively. SEM shows 

that obtained rGO layers have thickness 20–40 nm. 
 Mechanical properties of obtained polymers depend on intensity 
of UV irritation. These eco-friendly photopolymers can be used suc-
cessfully in SLA 3D printer. 
 rGO/polymer nanocomposites were prepared by physical mixing 
method. At first, filler mixed into liquid polymer, which is dis-
solved in organic solvent. Then, solvent is removed by evaporation, 
and composite is obtained, where filler is distributed well in poly-
mer. Results show that addition of carbon nanostructures in poly-
mers improves number of composite properties. 
 Dynamic mechanical measurements are very sensitive to the 

  
                        a                                                 b 

Fig. 1. FTIR data (a) and 1H NMR (b) of UV curable PDMS. 
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chemical and physical structures of polymeric materials. In this 
work, DMTA was used to verify the composite morphology and to 
measure its glass-transition temperatures (Fig. 3, a). The results 
were obtained with a frequency of 1 Hz. 
 In the DMTA data, the low-temperature zone corresponds to the 
glassy state of the polymer, where the storage modulus is high and 
decreases slowly with the increase of the temperature. Storage 
modulus increases as the concentration of rGO rises (Fig. 3, b). Ac-
cording to TGA data, rGO/siloxane nanocomposite starts slow losing 
mass between 250–400C due to polymer degradation, and the rest 
of the carbon material remains stable up to 700C. 

  
                         a                                                   b 

Fig. 2. Raman spectrum (a) and SEM (b) of reduced graphene oxide. 

  
                         a                                                  b 

Fig. 3. Storage modulus and loss modulus as functions of temperature (a) 
and TGA (b) of nanocomposite. 
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4. CONCLUSIONS 

The UV-curable PDMS samples were successfully synthesized by hy-
drosilylation reaction in the presence of Karstedt's catalyst. The 
optimal reaction condition for completely converting –SiH groups to 
methacrylate and vinyl groups were used with a ratio of 1:20:30. 
The synthesized polymers were investigated by FTIR, 1H NMR, 
TGA, and DMTA. Results showed that all active Si–H bonds of 
PMHS enter in hydrosilylation reaction with allyl methacrylate and 
vinyltriethoxysilane. Mechanical properties of the obtained poly-
mers depend on intensity of UV irritation. These photopolymers can 
be successfully used in SLA 3D printer. Nanocomposites were pre-
pared by physical mixing method. 
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