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Epoxy/TiO2 composite materials and their mechanical properties 

The physicomechanical properties and thermal stability of epoxy nanocomposites with TiO2 (anatase — 
75 %, rutile — 25 %) nanoparticles were studied. The TiO2/epoxy polymer (TiO2/EP) nanocomposite films 
were obtained by curing a pre-sonicated mixture of diane-epoxy resin ED-20, 4,4'-diaminodiphenylmethane 
and TiO2 nanoparticles using stepwise technique: 90 ºС for 3 hours, then 160 ºС for 3 hours. Tensile tests 
were carried out according to American Society for Testing and Materials ASTM D882–10. The average size 
of TiO2 nanoparticles and microstructure of the obtained nanocomposites were studied by scanning electron 
microscopy. It was found that addition of the TiO2 nanoparticles at a concentration above 3 wt.% leads to a 
decrease in tensile strength at break, apparently due to secondary aggregation processes of nanoparticles. 
During curing, the average diameter of TiO2 nanoparticles increases from 40 nm to 60 nm. An increase in the 
elastic modulus, a slight increase in the glass transition temperature, and a decrease in the elongation at break 
of epoxy nanocomposites at a concentration of TiO2 nanoparticles > 1 wt.% indicate an increase in the rigidi-
ty of the epoxy matrix. The nanocomposites obtained were shown to be stable at concentrations of TiO2 na-
noparticles up to 5 wt.% and up to 300 ºС in vacuum. 

Keywords: epoxy resin, curing, titanium oxide (IV), nanoparticles, tensile strength at break, elastic modulus, 
elongation at break, thermal stability. 

 

Introduction 

The increasing requirements for modern materials lead to intensive search for new composite materials 
with additional properties (mechanical, magnetic, tribological, radiation protection, etc.). The introduction of 
inorganic nanoparticles into organic polymers is of considerable interest, because it makes possible to create 
the hybrid nanocomposite materials with improved properties such as heat resistance, fire resistance, reduced 
gas permeability, and resistance to chemicals. Titanium oxide (IV) (TiO2) nanoparticles are often used as 
inorganic fillers of polymeric materials. Titanium oxide (IV) is one of the most widely used metal oxides for 
photocatalytic decomposition of organic pollutants in an aqueous or gaseous medium. The photoactivity of 
TiO2 is based on the process of a reversible single-electron transition Ti4++ e– ⇄ Ti3+. TiO2 nanoparticles 
have a stronger photocatalytic effect than TiO2 microparticles [1], forming reactive oxygen particles, hy-
droxyl radicals, H2O2, etc. under the influence of UV radiation. Due to exceptional characteristics of TiO2, 
i.e. chemical and thermal stability, recycling potential, non-toxicity, and low cost, its applications range is 
quite wide: self-cleaning materials based on titanium oxide (IV), photocatalysts for the decomposition of or-
ganic compounds [2–6], anode materials [7,8], anti-bacterial coatings and packaging [9–12], etc. It is im-
portant to note that the induction of bactericidal activity due to photocatalysis is achieved by exposure to soft 
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Figure 3. Tg dependence of TiO2/EP nanocomposites on the concentration of TiO2 nanoparticles 

 

a) b) 

c) 

a — elastic modulus, GPa; b — tensile strength at break, MPa; c — strain at break, % 

Figure 4. The dependence of the mechanical properties of TiO2/EP nanocomposites on the concentration of TiO2 

Thermal stability of nanocomposites 
Stability of nanocomposites is essential for its implementation. Therefore, the thermal stability of 

TiO2/EP films with different concentrations of TiO2 was studied. As can be seen from Figure 5, TiO2/EP are 
stable at up to 5 wt.% TiO2 concentrations and up to 300 °C temperatures in vacuum. 
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Figure 5. Thermograms of TiO2/EP nanocomposites with 1–5 wt.% filler concentration  
(2.4 °C/min heating rate; 1.3 Pa residual pressure) 

The results obtained are in good agreement with the literature. It was found that TiO2/polypropylene 
nanocomposites have the similar thermal stability in the nitrogen atmosphere [23]. The initial and maximum 
decomposition temperatures increase from 360 ºC and 455 ºC for the EP to 405 ºC and 479 ºC for the poly-
mer nanocomposites with 2 wt % TiO2 content. 

Conclusions 

The TiO2/EP nanocomposites with 0.5–5 wt.% filler content were obtained by ex situ introduction of 
TiO2 nanoparticles into the epoxy resin ED-20 at the stage of curing in the presence of 4,4′-diamino-
diphenylmethane. It was found that the addition of TiO2 nanoparticles at a concentration above 3 wt. % leads 
to a decrease in tensile strength at break, apparently due to secondary aggregation processes. The average 
diameter of TiO2 nanoparticles increases from 46 nm to 80 nm during curing. An increase in the elastic mod-
ulus, a slight increase in the glass transition temperature and a drop in the elongation at break of the epoxy 
nanocomposite at concentrations of TiO2 nanoparticles above 1 wt. %, indicate an increase in the rigidity of 
the nanocomposite matrix. The stability of TiO2/EP in vacuum is shown at temperatures up to 300 ºС and 
filler concentrations up to 5 wt.%. 

This work was performed in accordance with the state task, state registration No. АААА-А19-
119032690060-9 using the equipment of the Multi-User Analytical Center of IPCP RAS. 
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Л.М. Богданова, В.А. Лесничая, Н.Н. Волкова,  
В.А. Шершнев, В.И. Иржак, Ю.С. Букичев, Г.И. Джардималиева 

TiO2 эпоксидті нанокомпозиттері жəне олардың механикалық қасиеттері 

TiO2 (анатаз — 75 %, рутил — 25 %) нанобөлшектері бар поликонденсациялық эпоксидті 
нанокомпозиттердің физика-механикалық қасиеттері жəне термотұрақтылығы зерттелген. Эпоксидті 
полимер (TiO2/ЭП) негізіндегі қалыңдығы 80–100 мкм нанокомпозитті қабықшалар алдын-ала ультра-
дыбыспен өңделген эпоксидианды шайыр, 4,4'-диаминдифенилметан жəне TiO2 нанобөлшектерінің 
қоспасын сатылы температуралық режим бойынша (90 ºC — 3 сағ) + (160 ºC — 3 сағ) қатайту арқылы 
алынды. Созылуға механикалық сынақтар ASTM D882–10 стандарты бойынша жүргізілді. TiO2 
нанобөлшектерінің өлшемдері мен алынған нанокомпозиттердің микроқұрылымдары сканерлеуші 
электрондық микроскопия əдісімен зерттелді. TiO2 нанобөлшектерін 3 масс. % жоғары қосу 
нанобөлшектер агрегациясының екіншілік процестері салдарынан беріктіктің төмендеуіне əкеледі. 
Қатаю процесінде TiO2 нанобөлшектерінің орташа диаметрі 40 нм-ден 60 нм-ге дейін артады. TiO2 
нанобөлшектерінің концентрациясы >1 масс. % кезінде серпімділік модулінің ұлғаюы, шынылану 
температурасының жоғарылау тенденциясы жəне эпоксидті нанокомпозиттердің деформациясының 
төмендеуі эпоксидті матрицаның қаттылығының артқанын көрсетеді. TiO2 нанобөлшектерінің кон-
центрациясы 5 масс. % дейін болғанда жəне вакуумда 300 ºС-қа дейінгі температураларда зерттелген 
нанокомпозиттердің тұрақтылығы көрсетілген. 

Кілт сөздер: эпоксидті шайыр, қатаю, титан диоксиді, нанобөлшектер, механикалық қасиеттер, 
термиялық тұрақтылық. 
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Л.М. Богданова, В.А. Лесничая, Н.Н. Волкова,  
В.А. Шершнев, В.И. Иржак, Ю.С. Букичев, Г.И. Джардималиева 

TiO2 эпоксидные нанокомпозиты и их механические свойства 

Исследованы физико-механические свойства и термостабильность поликонденсационных эпоксидных 
нанокомпозитов с наночастицами TiO2 (анатаз — 75 %, рутил — 25 %). Нанокомпозитные плёнки на 
основе эпоксидного полимера (TiO2/ЭП) толщиной 80–100 мкм получали отверждением предвари-
тельно обработанной ультразвуком смеси эпоксидиановой смолы ЭД-20, 4,4'-диаминодифенилметана 
и наночастиц TiO2 по ступенчатому температурному режиму (90 ºC — 3 ч) + (160 ºC — 3 ч). Механи-
ческие испытания на растяжение проводили по стандарту ASTM D882–10. Размеры наночастиц TiO2 и 
микроструктуру полученных нанокомпозитов изучали методом сканирующей электронной микроско-
пии. Найдено, что добавление наночастиц TiO2 выше концентрации 3 масс.% приводит к падению 
прочности, по-видимому, вследствие вторичных процессов агрегации наночастиц. В процессе отверж-
дения средний диаметр наночастиц TiO2 возрастает от 40 до 60 нм. Увеличение модуля упругости, 
тенденция к повышению температуры стеклования и падение деформации эпоксидных нанокомпози-
тов при концентрациях наночастиц TiO2 >1 масс.% свидетельствуют о повышении жёсткости эпок-
сидной матрицы. Показана стабильность изученных нанокомпозитов при концентрациях наночастиц 
TiO2 до 5 масс.% и температурах до 300 ºС в вакууме. 

Ключевые слова: эпоксидная смола, отверждение, диоксид титана, наночастицы, механические свой-
ства, термическая стабильность. 
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