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Abstract Keywords 
Spherical TiO2/Cr2O3 oxides composites were obtained 
by template method accompanied with sol–gel method. 
Ion exchange resins of spherical form (TOKEM-100 and 
TOKEM-250) were used as an organic polymer matrix. 
Thermal analysis, X-ray phase analysis and micro-X-ray 
spectral analysis were used to identify the formation 
process and compositions of oxides composites. The 
formation of spherical oxide composite ends at 400 C 
and the final products are a mixture of two oxides: Cr2O3 
and TiO2 regardless of the structure of the used tem-
plate. According SEM data prepared TiO2/Cr2O3 com-
posites have spherical form and the size of sphere found 
to be in a range from 300 to 870 m 
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Introduction. At current, mixed valence metal oxides used widely in catalysis 
process [1–4]. Oxide composites based on Cr2O3 и TiO2 are advanced catalysts 
in the reactions of deep and partial oxidation of hydrocarbons [5], their 
dehydrogenation [6], and also possess photocatalytic activity [7–9]. 

Scientists from all over the world pay close attention to the development of 
catalytically active oxide composites in spherical form. This form of catalyst 
granules is technologically attractive for several reasons: spherical granules are 
characterized by high abrasion resistance; they contribute to catalytic units stable 
operation with moving and fluid beds, easily moving from the reactor through the 
regeneration section and back into the moving bed, providing a continuous 
reaction and catalyst regeneration [10]. At current, these catalysts are 
manufactured by applying a catalytically active substance on a spherical carrier 
formed by suspensions moulding into granules, for example, catalysts based on 
alumina carrier [11–14]. As shown in the research [14], one of the most important 
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problems of granulation is the production of granules with targeted properties. 
One of the ways to solve this problem is to use template and sol-gel synthesis 
methods in spherical catalysts manufacturing. Thus, in works [15, 16], was shown 
to obtain spherical aglomarates, being the TiO2 layer applied on SiO2 spheres 
previously prepared with the sol-gel method using the structure-forming agent 
(cetyl trimethyl ammonium bromide, CTAB) [17].  

The actual task for researchers is to find out alternative methods for 
obtaining spherical composites with targeted properties, the choice of template, 
the establishment of optimal parameters that contribute to the materials 
production with given catalytic properties. Using the example of metal oxide 
composites of YBa2Cu3O7−δ and TiO2–SiO2 composites production in works 
[18–20], it was shown that ion exchange resins could act as a template. Earlier 
[5, 21], it was indicated that ion exchange resins could be used as a template for 
the preparation of catalytically active oxide composites TiO2−SiO2/Cr2O3 and 
TiO2−SiO2/Co3O4 with a spherical shape of aglomerates. 

The purpose of the work is to obtain spherical oxide composites of 
TiO2/Cr2O3 using the method based on sol-gel technology and template 
synthesis, and to investigate their phase composition and morphology. 

Experimental technique. As a template for spherical composites, ion-
exchange resins with various natures were used: TOKEM-100, TOKEM-250 
(manufactured by TOKEM PО LLC, Russian Federation). The ion exchange 
resin TOKEM-250 is a polymer with a macroporous structure with an acryl-
divinylbenzene matrix containing carboxyl functional groups. The 
components of the TOKEM-100 polymer composition have a gel-like structure 
and contain styrene-divinylbenzene units with sulfo functional groups. 

The preparation of spherical granules was done in several stages, which 
was proposed in works [22]. The first stage was in placing the templates 
(cation exchange resins TOKEM-100, TOKEM-250) in a saturated aqueous of 
chromium(III) nitrate (Сr(NO3)3 ∙ 9H2O, pure 99 %, Yugreaktiv company)  
for 6 hours in constant agitating conditions on a magnetic stir bar at room 
temperature. Then the polymer was dried for 2 hours at 60 °C in air. The 
second stage is the preparation of an aggregative-stable sols according to the 
method represented in Ref. [23]. To prepare the sol, tetrabutoxytitanium 
(TBT, extrapurity, Acros, USA, Ti(C4H9O)4 with concentration 0.1 mol/L), 
distilled water (H2O with concentration 0.4 mol/L) and nitric acid (pure 99%, 
UralPromPostavka LLC, Russian Federation, HNO3 with concentration  
2.5 · 10−3 mol/L, using butyl alcohol as a solvent (pure 99%, “EKOS-1” JSC, 
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Russian Federation). The process of aging of solution took three days after 
preparation. Ion exchange resins with sorbed chromium(III) ions were placed 
into the finished sol for 12 hours. The obtained samples were marked  
as TBT/Cr3+(100), TBT/Cr3+(250), depending on the ion exchange resin used. 
Then, spherical granules of TBT/Cr3+(100), TBT/Cr3+(250) were dried  
for 30 minutes at a temperature of 70 °C in a loss-on-drying oven and 
annealed in a muffle furnace for 30 min at the temperature of 100, 200, 250, 
300, 350 C and 1 hour at a temperature of 400 C. After heat treatment, the 
obtained samples were marked as TiO2/Cr2O3(100) and TiO2/Cr2O3(250) 
respectively. 

The processes of oxide systems formation during temperature treatment of 
samples TBT/Cr3+(100), TBT/Cr3+(250) were examined by means of thermal 
analysis. The research was done on a synchronous thermal analyzer STA 449 C 
Jupiter (Netzsch-Gerätebau GmbH, Germany) in the temperature range  
of 30–900 C in air. Sample heating rate was 5 /min. Heating was done in 
corundum (Al2O3) crucibles. 

The phase composition of samples obtained after annealing was 
determined by X-ray phase analysis (XRD) on a MiniFlex 600 diffractometer 
(Rigaku, Japan) with CuK  radiation. The shooting was carried out in the 
range of angles 2θ 10–80 . Identification of the synthesis products was done 
according to the international data bank PDF-2. 

The surface morphology of the obtained oxide composite materials was 
examined on a TM-3000 scanning electron microscope (SEM) (Hitachi, Japan) 
with an accelerating voltage of 15 kV (electron gun 5  10–2 Pa, camera for the 
sample 30–50 Pa). X-ray microanalysis was performed on the Shift ED 3000 
console using energy dispersive X-ray. 

Results and discussion. The most important step in the production of 
spherical oxide composites by the proposed method based on sol-gel technology 
and template synthesis is a stepwise temperature treatment of polymer matrices 
treated with chromium(III) nitrate solution and a tetrabutoxytitanium-based sol. 
The temperature treatment modes for TBT/Cr3+(100), TBT/Cr3+(250) samples 
were selected based on the results of the thermal analysis performed: 
thermogravimetric (TG) and differential scanning calorimetry (DSC) (Fig. 1). 

The thermal decomposition of examined samples, despite of the cation 
exchanger selected as a template, proceeds in three main stages, which is 
confirmed by the presence of three areas of sample mass alteration on TG curves 
(Fig. 1, a). This process is accompanied with low endothermic effects (Fig. 1, b), 
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Fig. 1. Thermal analysis results: 

a TG-curves for TBT/Cr3+(100) (1) and TBT/Cr3+(250) (2) samples; b DSC-curves for 

TBT/Cr3+(100) (1) and TBT/Cr3+(250) (2) samples 

which is typical for the process of water desorption from the surface of the 
samples. Ion exchange resins are wet polymeric materials, their dehydration is 
complicated by high pore volume, advanced specific surface, content of polar 
groups and contaminations of metal ions. According to the data of [24, 25], 
ion-exchange resins, saturated with metal ions, are able to sorb water  
and retain it in the form of weakly hydrated water due to a weak bond  
with counter-ions — metal ions. At temperatures of 209.2 and 219.7 C,  
small exothermic effects are observed for samples TBT/Cr3+(100) and  
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TBT/ Cr3+(250) (see Fig. 1, b), which can be associated with chemically bound 
water desorption in the second stage of their decomposition within the 
temperature range of 85–250 C. At the third stage, within the range of 
temperatures of 250–400 C, the complete thermal destruction of examined 
samples happens, proceeding with a large heat release, which is associated with 
thermal destruction of TBT based sol, and to a greater extent with the destruction 
of ion exchange resins, oxidation and removal of volatile decomposition products. 
For the TBT/Cr3+(100) sample, exothermic effects are observed at the temperature 
of 396.2 C, and for the TBT/Cr3+(250) sample are observed at the temperature of 
318.2 C (see Fig. 1, b). According to the TG curves (see Fig. 1, a) and the XRD 
results (Fig. 2), decomposition of the studied samples, regardless of the cationite 
used structure, is completed at a temperature of approx. 400 C. 

Fig. 2. X-ray pattern of samples TiO2/Cr2O3(100) (1) and TiO2/Cr2O3(250) (2) 
 
The samples of TiO2/Cr2O3(100) and TiO2/Cr2O3(250) obtained after 

annealing are Cr2O3 with a corundum structure. The X-ray patterns of the 
examined samples (see Fig. 2) correspond to the data of the crystal peaks of the 
PDF-2 database (maps no. 00-038-1479), where a = 4.960 Å and c = 13.597 Å 
(2  = 24.40; 33.56; 36.16; 39.67; 41.48; 44.17; 50.24; 54.87; 58.38; 63.42; 65.09; 
72.90; 76.74; 79.02). The dimensions of the coherent scattering areas are  
16.8 nm (sample TiO2/Cr2O3(100)) and 18.4 nm (sample TiO2/Cr2O3(250)). 
Reflexes corresponding to the TiO2 phase were not indicated on any of X-ray 
patterns, which could be due to the fact that the amount of titanium dioxide 
formed is below the detection limit of this method (less than 5 wt. %). 

The presence of the titanium phase in the obtained spherical composites is 
confirmed by the results of the qualitative (Fig. 3) and quantitative micro-X-ray 
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spectral analysis. The results of quantitative X-ray microanalysis show that the 
content of the titanium compound in the samples is less than 4 wt. %, which 
correspond with the XRD data. 

Fig. 3. Results of X-ray microanalysis of samples: TiO2/Cr2O3(100) (a)  
and TiO2/Cr2O3(250) (b) 

 
The spectrum of both samples contains emission lines specific for 

chromium (at 0.5, 5.4, and 5.9 keV), titanium (at 0.39, 4.5, and 4.9 eV) and 
oxygen (at 0.6 keV). The spectrum of the sample TiO2/Cr2O3(250) also 
contains a spectral line at 1.1 keV, specific for sodium. This may be due to the 
fact that the TOKEM-250 cation exchanger used as an organic matrix was used 
in sodium form and as a result of sorption, not all sodium ions were replaced 
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by chromium (III) ions. According to researches of such systems [5, 21, 23] 
and based on XRD data and micro-X-ray spectral analysis, we assume that the 
samples obtained are oxides TiO2 and Cr2O3. 

SEM data indicated that TiO2/Cr2O3(100) and TiO2/Cr2O3(250) (Fig. 4, a, c) 
samples have a spherical form. The size of the spheres of all samples presented lies 
in the range of values of 300−870 m. 

 

Fig. 4. SEM image of samples: TiO2/Cr2O3(100) (a, b) and TiO2/Cr2O3(250) (c, d) 
 
The surface morphology of the TiO2/Cr2O3(100), TiO2/Cr2O3(250) sample 

spheres is a relief (Fig. 4, b, d), consisting of herringbone convexes and dimples 
distributed over the entire surface of a spherical granule. On separate parts of 
the surface, larger clusters of oxide crystals are formed, closely adjacent to each 
other. 

Conclusion. Spherical shape TiO2/Cr2O3 oxide composites were obtained 
with the method based on sol-gel technology and template synthesis, using ion-
exchange resins with various structures as templates. It is found out that staged 
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heat treatment leads to the decomposition of cation exchangers and synthesis 
precursors with the formation of oxide composites that retain the spherical shape 
of the template. Despite the structure of used ion-exchange resin, the formation of 
TiO2/Cr2O3 oxide composites is completed at the temperature of 400 C and 
obtained samples have a similar surface morphology of spherical granules.  
The resulting spherical composites TiO2/Cr2O3(100) and TiO2/Cr2O3(250) could 
be used as catalysts in hydrocarbons oxidation. 

Translated by K. Zykova 

REFERENCES 

[1] Barbato P.S., Colussi S., Benedetto Di A., et al. On the origin of high activity and selec-
tivity of CuO/CeO2 catalysts prepared by solution combustion synthesis in  
CO-PROX reaction. J. Phys. Chem. C, 2016, vol. 120, no. 24, pp. 13039–13048.  
DOI: https://doi.org/10.1021/acs.jpcc.6b02433  
[2] Baidya T., Murayama T., Bera P., et al. Low-temperature CO oxidation over combus-
tion made Fe and Cr doped Co3O4 catalysts: role of dopant’s nature toward achieving su-
perior catalytic activity and stability. J. Phys. Chem. C, 2017, vol. 121, no. 28, pp. 15256–
15265. DOI: https://doi.org/10.1021/acs.jpcc.7b04348 
[3] Yim S.D., Nam I.-S. Characteristics of chromium oxides supported on TiO2 and Al2O3 
for the decomposition of perchloroethylene. J. Catal., 2004, vol. 221, iss. 2, pp. 601–611. 
DOI: https://doi.org/10.1016/j.jcat.2003.09.026 
[4] Akhmadullin R.M., Buy D.N., Akhmadullina A.G., et al. Catalytic activity of metal 
oxides of variable valence deposited on a polymer matrix in reaction of sodium hydrosul-
fide oxidation. Vestnik Kazanskogo tekhnologicheskogo universiteta, 2012, vol. 15, no 1,  
pp. 50–54 (in Russ.). 
[5] Rogacheva A., Shamsutdinova A., Brichkov A., et al. Synthesis and properties of spher-
ical catalysts TiO2–SiO2/MkxOy (M = Co and Cr). AIP Conf. Proc., 2017, vol. 1899, no. 1, 
art. 020007. DOI: https://doi.org/10.1063/1.5009832 
[6] Cherian M., Gupta R., Rao M.S., et al. Effect of modifiers on the reactivity of 
Cr2O3/Al2O3 and Cr2O3/TiO2 catalysts for the oxidative dehydrogenation of propane. 
Catal. Lett., 2003, vol. 86, no. 4, pp. 179–189.  
DOI: https://doi.org/10.1023/A:1022655716275 
[7] Wahyuningsih S., Hidayatika W.N., Sari P.L., et al. The influence of Cr3+ on TiO2 crys-
tal growth and photoactivity properties. IOP Conf. Ser.: Mater. Sci. Eng., 2018, 
vol. 333, no. 1, art. 012023. DOI: https://doi.org/10.1088/1757-899X/333/1/012023 
[8] Rahman K.A., Bak T., Atanacio A.J., et al. Toward sustainable energy: photocatalysis of 
Cr-doped TiO2:2. effect of defect disorder. Ionics, 2018, vol. 24, iss. 2, pp. 327–334.  
DOI: https://doi.org/10.1007/s11581-017-2370-9 



A.O. Rogacheva, O.S. Khalipova, A.S. Brichkov, V.V. Kozik  

132  ISSN 1812-3368. Вестник МГТУ им. Н.Э. Баумана. Сер. Естественные науки. 2019. № 4 

[9] Ahmed M.A., Abou-Gamra Z.M., Salem A.M. Photocatalytic degradation of meth-
ylene blue dye over novel spherical mesoporous Cr2O3/TiO2 nanoparticles prepared by 
sol-gel using octadecylamine template. JECE, 2017, vol. 5, iss. 5, pp. 4251–4261.  
DOI: https://doi.org/10.1016/j.jece.2017.08.014 
[10] Mukhlenov I.P., ed. Tekhnologiya katalizatorov [Catalysts technology]. Leningrad, 
Khimiya Publ., 1989. 
[11] Odintsova N.A., Vishnevskaya T.A., Maltseva N.V., et al. Structured aluminohydrox-
ide suspensions for obtaining spherical and thin-layer carriers catalysts. Izvestiya 
SPbGTI(TU) [Bull. SPbSTI (TU)], 2017, no. 39, pp. 11–18 (in Russ.). 
[12] Alari Zh.-A., Zakhze S. Sfericheskie zerna korunda na osnove plavlenogo oksida al-
yuminiya, a takzhe sposob ikh polucheniya [Spherical grains of corundum based on fused 
alumina, as well as a method for producing them]. Patent 2378198 RF. Appl. 13.09.2006, 
publ. 10.01.2010 (in Russ.). 
[13] Poluboyarov V.A., Korotaeva Z.A., Eunap O.A., et al. Sposob polucheniya 
sfericheskogo oksida alyuminiya [The method of obtaining spherical alumina]. Patent 
2002103817 RF. Appl. 11.02.2002, publ. 11.20.2007 (in Russ.). 
[14] Ismagilov Z.R., Shkrabina R.A., Koryabkina N.A. Aluminum oxide carriers: produc-
tion, properties and applications in catalytic processes of environmental protection. 
Ekologiya. Seriya analiticheskikh obzorov mirovoy literatury [Ecology. Analytical Review 
Series on World Literature], 1998, no. 50, pp. 1–80 (in Russ.). 
[15] Mahesh K.P.O., Kuo D.-H., Huang B.-R. Facile synthesis of heterostructured  
Ag-deposited SiO2@TiO2 composite spheres with enhanced catalytic activity towards the 
photodegradation of AB 1 dye. J. Mol. Catal. A Chem., 2015, vol. 396, pp. 290–296.  
DOI: https://doi.org/10.1016/j.molcata.2014.10.017 
[16] Zelekew O.A., Kuo D.-H. A two-oxide nanodiode system made of double-layered  
p-type Ag2O@n-type TiO2 for rapid reduction of 4-nitrophenol. PCCP, 2016, no. 6,  
pp. 4405–4414. DOI: 10.1039/c5cp07320k 
[17] Cao B., Li G., Li H. Hollow spherical RuO2@TiO2@Pt bifunctional photocatalyst for 
coupled H2 production and pollutant degradation. Appl. Catal. B, 2016, vol. 194, pp. 42–
49. DOI: https://doi.org/10.1016/j.apcatb.2016.04.033 
[18] Pimneva L.A., Nesterova E.L. X-ray-phases investigations, chemical compound of 
system of Y–Ba–Cu–O. Fundamentalnye issledovaniya [Fundamental Research], 2011,  
no. 4, pp. 150–153 (in Russ.). 
[19] Pimneva L.A., Nesterova E.L. Optimization of process of receiving of cuprate of yt-
trium and barium by thermolysis of carboxyl cation (-exchange) resin. Sovremennye nau-
koemkie tekhnologii [Modern High Technologies], 2010, no. 1, pp. 21–26 (in Russ.). 
[20] Shishmakov A.B., Koryakova O.V., Mikushina Yu.V., et al. Synthesis of spherical 
TiO2–SiO2 granules by joint hydrolysis of tetrabutoxytitanium and tetraethoxysilane, with 
KU-23 polymeric cation exchanger used as matrix. Russ. J. Appl. Chem., 2014, vol. 87,  
iss. 9, pp. 1219–1234. DOI: https://doi.org/10.1134/S1070427214090067 



Production of TiO2/Cr2O3 Composite Material in the Spherical Form 

ISSN 1812-3368. Вестник МГТУ им. Н.Э. Баумана. Сер. Естественные науки. 2019. № 4  133 

[21] Zharkova V., Bobkova L., Brichkov A., et al. Prospects for the use of the Tokem-250 
carboxylic cation exchange resin. AIP Conf. Proc., 2017, vol. 1899, iss. 1, art. 020011.  
DOI: https://doi.org/10.1063/1.5009836  
[22] Paukshtis E.A., Kozik V.V., Brichkov A.S., et al. Sposob polucheniya kompozitnogo 
kataliticheskogo materiala v vide sloistykh polykh sfer [Method of producing composite 
catalytic material in form of layered hollow spheres]. Patent 2608125 RF.  
Appl. 24.09.2015, publ. 13.01.2017 (in Russ.). 
[23] Shamsutdinova A.N., Brichkov A.S., Paukshtis E.A., et al. Composite TiO2/fiberglass 
catalyst: synthesis and characterization. Catal. Commun., 2017, vol. 89, pp. 64–68.  
DOI: https://doi.org/10.1016/j.catcom.2016.10.018 
[24] Korchagin V.I. Thermal studies on polymer compositions on the basis of butadiene-
styrene rubbers and ion-exchange resin used. Khimiya i khimicheskaya tekhnologiya [Rus-
sian Journal of Chemistry and Chemical Technology], 2006, vol. 49, no. 11, pp. 59–63  
(in Russ.). 
[25] Pimneva L.A. Thermolysis of phosphoric acid cation exchanger with sorbed ions of 
yttrium, barium and copper. Fundamentalnye issledovaniya [Fundamental Research], 
2014, no. 8, pp. 614–619 (in Russ.). 

Rogacheva A.O. — Post-Graduate Student, Department of Inorganic Chemistry, Na-
tional Research Tomsk State University (Lenina prospekt 36, Tomsk, 634050 Russian 
Federation). 

Khalipova O.S. — Cand. Sc. (Eng.), Researcher, Department of New Materials for the 
Electrical and Chemical Industry, National Research Tomsk State University (Lenina 
prospekt 36, Tomsk, 634050 Russian Federation). 

Brichkov A.S. — Cand. Sc. (Eng.), Researcher, Department of New Materials for the 
Electrical and Chemical Industry, National Research Tomsk State University (Lenina 
prospekt 36, Tomsk, 634050 Russian Federation). 

Kozik V.V. — Dr. Sc. (Eng.), Professor, Head of the Department of Inorganic Chem-
istry, National Research Tomsk State University (Lenina prospekt 36, Tomsk, 634050 
Russian Federation).  

Please cite this article as: 
Rogacheva A.O., Khalipova O.S., Brichkov A.S., et al. Production of TiO2/Cr2O3 
composite material in the spherical form. Herald of the Bauman Moscow State 
Technical University, Series Natural Sciences, 2019, no. 4, pp. 124–133.  
DOI: 10.18698/1812-3368-2019-4-124-133 


