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INVESTIGATION OF THE EFFECT OF REDUCED
GRAPHENE OXIDE ON THE STRUCTURAL
PROPERTIES OF TITANIUM DIOXIDE

This paper investigates the effect of reduced graphene oxide (rGO)
on titanium dioxide’s (TiOy) structural and physico-chemical properties.
Using rGO as a TiO, modifier is essential for increasing its photocatalytic
activity and improving its mechanical and electrical characteristics.
During the study, TiO/rGO nanocomposites of various concentrations
of reduced graphene were obtained, which were subjected to structural
analysis  using scanning electron microscopy and atomic force
microscopy. The results showed that adding rGO contributes to a change
in the crystal structure of tio2 and improves its textural characteristics,
such as porosity and surface. The effect of the rGO concentration on
the properties of nanocomposites was also studied, which allowed us
to identify the optimal ratio for increasing the photocatalytic activity of
TiO,. Additionally, spectroscopic studies were carried out, confirming
the improvement of the conductive properties and stability of TiO, with
the addition of rGO. The results open prospects for developing highly
efficient TiOy-based materials with improved water purification, solar
energy, and sensor functional properties.

Keywords: reduced graphene oxide, titanium dioxide, nanocomposite
material, photocatalysis, photodetector.
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Introduction

The study of the effect of reduced graphene oxide on the structural properties
of titanium dioxide is an important topic in materials science. Such hybrid materials
can demonstrate unique physicochemical characteristics that are functional for
various applications, including catalysis, solar cells, sensors, and batteries [1-4].

rGO is a form of graphene in which parts of oxygen-containing oxide groups
are reduced, which improves the material’s conductivity compared to graphene
oxide (GO). Recovery can be achieved by various methods, including chemical
reduction, thermal reduction, or reduction using electricity, etc. [5-7] rGO has a
high specific surface area and good conductivity, which makes it interesting for
creating composite materials with other semiconductors, such as tio2 [8; 9]

TiO: is one of the most widely used semiconductors in photocatalysis
and energy applications. It exists in several crystalline forms (anatase, rutile,
and brutal), with anatase and rutile being the most stable and frequently used
catalysts. TiO2 has good chemical stability, but its effectiveness in processes
such as photocatalysis is limited due to the band gap and the tendency to rapid
recombination of charge carriers [10—12].

The use of rGO in the composition of nanocomposite materials with TiO-,
its presence can significantly affect the structural and functional properties of the
latter. The interaction between rGO and TiO: usually leads to improved electrical
and optical characteristics and increased photocatalytic activity. Using rGO as
a conductive material can serve as a conductor for charges formed when tio2 is
excited by light. This reduces the likelihood of recombination of charge carriers
and improves the efficiency of photocatalysis. The addition of rGO can affect the
crystal structure of TiOz. In some cases, this may lead to a change in the phase
composition or an improvement in the distribution of crystallites. In other instances,
rGO can act as a structural template, helping TiO» form more stable structures
with an increased surface area.

rGO can contribute to a more uniform distribution of TiO- nanoparticles in
the material, preventing their aggregation. This is especially important to maintain
a high contact surface and catalyst activity.

The rGO- TiO2 nanocomposite material can demonstrate improved properties
at the phase boundary, where efficient separation and transport of charge carriers
occur, contributing to enhanced catalytic and sensor characteristics.

Many studies confirm that adding rGO to TiO: can significantly improve
its photocatalytic activity [13-15]. Due to the improved conductivity of rGO,
electrons generated in TiO: by light can be efficiently transferred to graphene,
reducing their recombination and increasing the efficiency of photocatalysis. rGO
helps to improve the effective surface of TiO2, which increases the contact area
with reagents and accelerates photochemical reactions. In some cases, rGO can
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prevent the aggregation of TiO: particles, maintaining stability and improving
the material’s durability.

However, optimal results are achieved at a certain concentration of rGO.
Excessive amounts of reduced graphene oxide can cause poor particle distribution or
even lead to deterioration of material properties due to aggregation of graphene sheets.

Applying TiO»-rGO nanocomposite materials has excellent properties
for decomposing organic pollutants and hydrogen from water using sunlight.
In photovoltaic devices, rGO can help improve electron transport and energy
conversion efficiency. As sensors, TiO2-rGO can detect gases or change the
concentration of pollutants.

This work obtains an ultraviolet detector of a nanocomposite material based on
rGO and TiOsz. It is assumed that adding rGO to TiO: in the complex will improve
the optoelectronic characteristics of the photodetector since their use has led to
an increase in the efficiency of photocatalytic properties [16].

Materials and methods

The preparation of nanocomposite materials was carried out using
hydrothermal synthesis according to the works [16, 17]. The preparation was
carried out based on rGO (Cheaptubes, USA), TiO2 (d>21 nm, anatase, 99.7 %,
Sigma Aldrich), deionized water (Drawel water purification system), and ethanol
(anhydrous). The concentration of rGO in the resulting nanocomposite material is
10 %, as studies have shown that at this concentration, the materials have highly
effective catalytic activity [17]. All reagents were analytically pure and used
without additional purification.

The surface morphology of the obtained composite materials was studied
using a scanning electron microscope (SEM, Tescan Mira3). Films of TiO: or
Ti02-rGO nanocomposite were prepared from a paste obtained by continuous
mixing of 150 mg of TiO: and TiO2-rGO powder with 1 ml of ethanol for 24
hours. The finished paste was applied to the surface of the substrates using the
“spin-coating” method at a rotation speed of 3000 rpm. After application, the film
was annealed in an Ar atmosphere for 2 hours at a temperature of 450 °C (Tmax).

Results and discussion

Figure 1 shows the low-frequency TiO: structures of anatases. It can be seen
from the figure that the woofers are distributed on the surface of the substrate.
Next, Figure 1b shows SEM images of rtGO, which has a sheet thickness from 40
nm to 90 nm. In this case, thick sheets of rGO are most likely superimposed on
each other since they are rare in the sample. Or it can be called multilayer rtGO
sheets. In these samples, rGO has a layered structure distributed over the entire
substrate volume.
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The arrangement of the rGO sheets can also be observed through the AFM,
shown in Figure 1, B. The AFM indicates precisely the same surface distribution
as in SEM images. Once again, these data show the distribution of rGO sheets.

SEM images were obtained after synthesizing the nanocomposite material,
as shown in Figure 1. TiO2 NPs are distributed on the surface of rGO sheets. The
study of the structure using SEM shows that an island film is formed when rGO
is added to TiO.. TiO2 NPs are wrapped in sheets of rGO, creating a conductive
network in the nanocomposite material. This network is probably responsible for
the recombination of TiO2 charge carriers. Thus, the TiO: electrons are transferred
to the surface of the rGO sheets, and they, in turn, move to the FTO and transmit
a signal for registration. The images indicate the formation of a nanocomposite
material based on rGO and TiOs.
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Figure 1 — SEM images samples: a — TiO,,
b —1GO, d - TiO,-rGO, and AFM image rGO

Next, Figure 2 shows the Raman spectra of the starting materials and the
nanocomposite material. The Raman spectra of TiO2 correspond to previous
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work. The Raman spectra of rGO also have characteristic peaks for graphene
and its derivatives. These are the D- and G-peaks, which characterize the defect
and crystallization of the material. In the Raman spectra, as can be seen from the
figure, there are peaks of the source materials.
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Figure 2 — Raman shift samples: dark — TiO2,
red — rGO, blue — Ti02-rGO

Thus, the formation of a TiO2-rGO nanocomposite material can be observed
using the Raman spectrum.

Conclusions

A study of the effect of reduced graphene oxide on the structural properties
of titanium dioxide has shown that rGO significantly improves the photocatalytic,
photodetectable, optical, and other functional characteristics of TiO2. This
approach has great potential in creating highly efficient materials for environmental,
energy, and sensor applications.
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KAJINBIHA KEJTIPUITEH T'PA®EH OKCHITHIH
TATAH JUOKCHUJITHIH KYPBLJIBIMIBIK
KACUETTEPIHE OCEPIH 3EPTTEY

Amanmviu scymvic Kaanvina Keamipineen epagen oxcuodiniy (rGO)
muman Ouokcudiniy (TiOy) KypoLIbIMObIK JiCOHE (DUIUKA-XUMUSLIbIK,
Kacuemmepineocepinzepmmenioi. RGO-wol TiOp moougpuxamopwi peminde
navoanamy OHulH  QOMOKAMANUMUKANLIK —OeJICeHOLNIZIH  apmmulpy,
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COHOQU-AK, MEXAHUKANBIK JICOHe JeKMPIIK OHIMOLNIZIH  dicakcapmy
Yywin eme manwizobl. 3epmmey OapvbiCbIHOA CKAHEPIEYW IJIeKMPOHObL
MUKDOCKONUsL MeH amoMOblK Kyul MUKPOCKONUSCHIHbIY KOMe2iMeH
KYpbLIbIMObIK, MAN0AyOaH OmKeH op Mmypii MOMbIKCbI30aHObIPbLI2ZAH
epagen konyenmpayusicoinoazsl TiO»/rGO HanokoMnozummepi aibiHObl.
Homuorcenrep rGO xocwvinywr TiOy kKpucmanobik KypoliblMblHbIY 032epYiHe
BIKNA eMemiHiH, COHbIMEH KAmap OHbIH KeyeKminiei MeH bemi Cuskmol
MEKCMYpPAnblK, CUNAMMAMAIApbIH dcakcapmamoinvii kopcemmi. RGO
KOHYEHMPAYUSICLIHBIY, HAHOKOMNO3ummepoiy Kacuemmepine ocepi oOe
sepmmenoi, oyn TiO, omokamanumukanvlx bencenodinicin apmmaolpy
YWIH OHMAUIbl KAMbIHACMbL AHLIKMAyea MYMKIHOIK Oepli. Kocvimuia
CREKMpOCKONUSILIK 3epmmeyiep dcypeizindi, oyn rGO Kocvliean kesoe
tio, emkizeiwmik Kacuemmepi MeH MmypaKmolibl2blHblY JHCAKCAP2AHbIH
pacmaowl.  Homuowcenrep cyovl  mazapmy, KyH HEPSUACHL  JCOHE
CeHCopaap CanacblHoa KOJNOAHLLIAMbBIH DYHKYUOHANOBIK Kacuemmepi
orcakcapmoinean dicozapol muimoi TiOy Hecizinoeei mamepuanoapovl
a3ipreyee nepcnekmusanap oepeoi.

Kinmmi  coe3z0ep: kamnwina  xeamipineen — epagen  okcudi,
Mmuman  OUOKCUOI, HAHOKOMNO3UMMIK —MAMepuas @OomoKamanius,
¢omoodemexmop.
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HCCJEJOBAHUE BJAUSAHUS BOCCTAHOBJIIEHHOT O
OKCHJIA TPA®EHA HA CTPYKTYPHBIE
CBOMCTBA JJMOKCHUJIA TUTAHA

B oannoti  pabome uccredyemcs enusiHue BOCCMAHOBICHHOZO
okcuoa epagena (rGO) Ha cmpykmypHvie U QUIUKO-XUMUYECKUE
ceoticmea ouoxcuoa mumana (1i0). Ucnonvszosanue rGO 6 kauecmee
moouurxamopa  TiO, umeem 6adicnoe 3nauenue Oisl  NOGIUCHUS.
e20  (omoxamanumuyeckon aKmuHOCMU, d MAKdHCe  VIV4UleHUs]
MEXAHUYECKUX U DJeKMPULECKUX Xapakmepucmuk. B xode ucciedosanust
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ovLiu noayuenvt Hanokomnosumol TiO/rGO paziuunou KOHyeHmpayuu
B80CCMAHOBICHHO20 2paghena, KOmopvle No0BePeaiucCt CMPYKIMYPHOMY
AHANU3Y € UCNONIL308ANHUEM CKAHUPYIOWEl DTIEKMPOHHOU MUKPOCKONUU U
AMOMHO-CUNO0BOU MUKPOCKONnUU. Pesynomamul nokasanu, umo 0odasnenue
rGO cnocobcmeyem usmenenuto Kpucmaiiuyeckou cmpykmypol 1i0»,
a makoce Yayuuaen e2o mekcmypHvle Xapakmepucmuku, maxkue Kax
nopucmocms u nogepxHocmo. Bausnue xonyenmpayuu rGO na ceoticmea
HAHOKOMNO3UMOG ObLIO MAKICE UZVYEHO, YMO NO360IUNO0 BblOCUMNb
onmumanbHoe coomuowenue O NOGbIUEHUs (DOMOKAMATUMUYECKOU
axmuenocmu TiO,. Jlonornumenvno nposedeHvl cnekmpockonuueckue
UCCre008anUsl, NOOMEEPOUSUIUE VIVHUICHUE NPOBOOSUUX CBOUCME U
cmabdunsnocmu TiOp npu 0obasnenuu rGO. Ilonyuennvie pesyromamol
OMKPBIEAIOM NepPCneKmusbl Ol paspabomKu  6blCOKOIPHeKmMuHvLX
mamepuanos Ha ocnoge TiO; ¢ YayuueHHbIMU  QYHKYUOHATbHBIMU
CBOUCMEAMU, NPUMEHSEMbIX 6 001ACmU OYUCTIKU 600bl, COJTHEUHOU
9HEP2EMUKU U CEHCOPOB.

Kniouesvie  cnosa:  eoccmanosiennvlli  okcuo  epaghena,
OUOKCUO  MUMANA, HAHOKOMROUMMbBIL MAMEPUAs, @HOomoKamaius,
¢domoodemexmop.
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