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SYNTHESIZED CO,0, NANOPARTICLES BY SOLUTION
COMBUSTION METHOD AND THEIR ENVIRONMENTAL
REMEDIATION APPLICATIONS

The unique features and prospective applications of Co,0,
nanoparticles to address environmental concerns have attracted significant
interest. As a way to produce Co O, nanoparticles efficiently, the solution
combustion technique is the main emphasis of this study, which also explores
the synthesis, characterization, and many applications of these particles.
Co,0, nanoparticles are an attractive choice for energy storage, sensitive
sensors, environmental remediation, and catalysis due to their remarkable
features, which include their immense surface area, porosity, density,
and magnetic properties. Moreover, Co,04 nanoparticles show potential
characteristics in porosity, electrical performance and environmental
remediation such as sensitive sensors and water treatment using XRD,
SEM, TEM, XPS and BET instruments. Using C030 4 nanoparticles in
smart technology devices offers a different way to accomplish sustainable
development objectives like reducing air pollution, slowing down global
warming, and water treatment. The comprehensive overview provided by
this review highlights the necessity of further research and investigation
to fully realize Co,0, nanoparticles' potential in addressing serious
environmental challenges.

Keywords: Co,0, nanoparticles, solution combustion, porosity,
sensitive sensors, environmental remediation.

Introduction

It is known Particles which have size from 1 nm to 100 nm called nanoparticles.
Nanoparticles are one of the important topics of the 2 1th century that have drawn
attention of researchers and collogues. Large surface area, very small size and wide
amount pores make nanoparticles unique compare to their bulk size. There is need

47



TopaiireipoB ynuBepceutetinin Xabapubicel, ISSN 2710-3544  Xumus-6uonoeusnvik cepuscor. Ne 4. 2023

to achieve the UN 17 goals, for new and smart technology devices. Due to the pore
and large surface area of Co,0, nanoparticles, these nanoparticles show unique
properties that can be used in smart technology devices as alternative materials for
achieving the (UN 17) goals instead of traditional devices spatially, to control the
air pollution, Global warming and water treatment. Co,O, nanoparticles are good
candidates for a variety of applications, including energy storage, remediation
of the environment, sensitive sensors and catalysis, due to their density, melting
temperature, magnetic features, and band gap [10, 11]. The synthesis of Co,0,
nanoparticles by solution combustion, their importance, and the possible impact
they have in a wide range of sectors are highlighted in this review, underscoring the
need for more investigation and study of their numerous potential uses, represents
a comprehensive overview of the synthesis, characterization, and applications of
Co,0, nanoparticles, focusing on the solution combustion method as a versatile
and efficient approach for their production [15, 9]. There are limited publications
that describe Co,0, nanoparticles synthesized by solution combustion method
are promise materials for environmental remediation and sensitive sensors [6].
Further researches is need to provide a comprehensive knowledgement of Co,0,
nanoparticles behavior.

Materials and methods

I performed a bibliographic study on the characteristics and solution
combustion synthesis of Co,0, nanoparticles. To fill the knowledge gap on the
topic, relevant books and articles were consulted in the present research. This
article includes (books, magazines, websites, etc.) as sources.

2. Cobalt (I)(III) nanoparticles

Cobalt oxide has a (6.11 gr/cm?®) density and melts at (895°C), these particles
are magnetic materials with a white tone. likewise, they have positive charge
carriers considering they are P-type semiconductors [1, 12], the chemical name
for the Co,0, compound is cobalt (II, III) oxide, due to its mixed valence of
Co(II) and Co(I1I), some cobalt atoms have a charge of (Co*?), while others have
a charge of (Co"). This can be shown by writing the formula as (CoO*C030s4).
Energy required to excite electrons from the valence band to the conduction band
is known as the band gap and they have two of them. A major aspect of these
applications is the synthesis of CosO4 nanoparticles, and the solution combustion
approach has proven to be a flexible and effective way to create these nanomaterials
with specific properties [1,7]. As shown in (Fig 1), recently many collogues and
researchers had focused on, many researches and articles in a wide range of fields
published, due to the unique properties and many proses of Co,O, nanoparticles.
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Figure 1 — Recently publications of Co,O, nanoparticles in a wide
range of fields.

Recently some publications have examined the synthesis of Co,0,
nanoparticles using solution combustion, examining crucial factors such as the
ratio of fuel to oxide, precursor materials, and reaction conditions. For instance,
Acedera et al. (2020) investigated the use of porous Co,O, nanoparticles in an
alkaline medium as electrocatalysts for the oxygen evolution reaction (OER),
highlighting their potential in renewable energy technologies and emphasizing the
vital role of these materials in energy conversion technologies [2]. Kumar et al.
(2021) investigated how the structural and physical properties of nanocrystalline
Co,0, were affected by the fuel-to-oxidizer ratio [3]. It is essential to understand
the structure of Co,0, nanoparticles to emphasize the adaptability of these
nanoparticles in energy storage devices, in order to maximize their effectiveness
by concentrating on morphological characteristics. Keneshbekova et al. (2023)
explored the Morphological features of Co,O, nanoparticles obtained by the
solution combustion method, providing valuable insights into their structural
characteristics and the finer points of particle creation. Beyond energy storage and
electrocatalysis, Co,0O, nanoparticles have found applications in environmental
remediation [7].

Results and discussion

3.1 Synthesis of Co,0, Nanoparticles by Solution Combustion Method

The solution combustion method is a widely employed technique for
synthesizing Co,0, nanoparticles due to its simplicity and scalability. The
procedure of solution combustion method includes a controlled exothermic reaction
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between cobalt containing precursors and suitable fuel solution, for the formation
of Co,0, nanoparticles [1,7, 14].

3.1 Experimental Procedure

Materials: Cobalt nitrate hexahydrate (Co(NO,)2 6H,0), Citric acid (Fuel),
Deionized water, Ethanol and Crucible.

Synthesis Steps

Step 1: Precursor Solution Preparation

Weigh a calculated amount of cobalt nitrate hexahydrate (Co(NO,), 6H,0)
based on the desired Co,0, nanoparticle size. Dissolve the cobalt nitrate
hexahydrate in deionized water to form a clear solution [3].

Step 2: Fuel Addition

Add a stoichiometric amount of citric acid as the fuel to the cobalt nitrate
solution. Stir the solution vigorously to ensure complete dissolution of the fuel.

Step 3: Solution Combustion

Place the crucible containing the precursor solution on a hotplate. Heat the
solution to initiate the combustion reaction. The exothermic reaction results in
the formation of Co,0O, nanoparticles.

Step 4: Quenching and Washing

Once the combustion reaction is complete, quench the reaction by adding
ethanol to the hot solution. Collect the precipitated Co,O, nanoparticles by
centrifugation or filtration. Wash the obtained nanoparticles with ethanol and
deionized water to remove residual reactants.

Step 5: Drying and Annealing

Dry the collected nanoparticles at a moderate temperature. Optionally, anneal
the dried nanoparticles to enhance crystallinity and structural stability [3].

3.2 Mechanism of Solution Combustion Synthesis:

The combustion reaction is a decomposition reaction of precursors, fuel
oxidation, combustion reaction and cobalt oxide formation steps, firstly Cobalt
nitrate hexahydrate decomposes upon heating to produce cobalt oxide species (2).
The citric acid fuel acts as a reducing agent and will oxidized (3). The generated
carbo monoxide (CO) from the fuel reacts with the oxygen released during the
decomposition of cobalt nitrate, resulting in the combustion of the fuel (4). The
high-temperature environment facilitates the formation of Co304 nanoparticles (5).

2Co(NOs)-6H,0 —= s 2C00 +4NO»+12H,0+0,
2C¢HsO7 + 60,  Combustion 6CO,+8H,0+6CO
- >
6CO+6N02 Heat 6C02+3N2 +302
- >

6COO+402 High Temperature 2C0304
s
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4. Characterization

Powder X-ray diffraction (XRD) and Raman spectroscopy (RS) are used to
characterize the structural properties of the Co304 nanoparticles. First, the Co304
nanoparticles have been found to be a crystalline nature by XRD pattern. For the
observation of their surface morphology and particle size The scanning electron
microscopy (SEM) and the transmission electron microscopy (TEM) were used as
shown in (Fig 2) [3]. It may be concluded that the cobalt oxide consists of particles
measuring (12-60 nm), with the average size about (36 nm) and loose arrangement
featuring several empty spaces from the SEM and TEM imaging results [1, 12].

Figure 2 — SEM image of samples A, B and C;
TEM image of samples A, E, and F [3]

XPS is performed to determine the composition and oxidation states of
Co,0, nanoparticles [5, 8]. Ashok el al. (2018) investigated The surface elemental
composition for further evaluated using XPS analysis to confirm the findings from
TEM and SEM images. The peak area was a function of the number of Ag atoms
on the surface. Highly dispersed Ag atoms on the surface cause an increase in the
intensity of (Ag 3d) spectrum lines. From this aspect, the amount of (Ag 3d) in
the surface is decreasing in the order of (AgCo-21) > (AgCo-11) > (AgCo-12).
This could be due to the synthesized silver in the first stage of combustion being
covered with the cobalt synthesized later. This sequence of combustion reduces,
the surface Ag content in (AgCo-12) compared to the other two cases [8, 9].

BET is performed to evaluate the specific surface area and porosity of Co,O,
nanoparticles [2]. According to the (Table 1), synthesis methods, raw materials
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and temperature are effectiveness on the porosity and specific surface area of the
obtained nanocatalyst.

Table 1 — A comparison of Specific surface area and corresponding preparation
temperature of several Co,O, nanostructures

No Used. Precursors Catalyst BET Heat | References
synthesis agent result
Hydro | (Co(NO,),6H,0 and
1 thermal | urea (CO(NH,)2) in n;??;te H?zs '?1 325Ce [18]
method deionized water p &
(Co(NO,),6H,0;
. : A
) Solutlo'n Aldrich,99%) and Co,0 : 39 m2g-1 | 800 C° [16]
combustion urea nanoparticles
((NH2),CO)
(C,H,0,Co4H20) spinel-
Solution and structured o
3 | combustion|  p-(+)(C,H,0,; Co0, |>m2el 700C [
>99.5% (GO), powder
(Co(NO,),6H,0)
4 | Soleel and PEG in Co,0, 48 5o | )
method .. nanotube m2g-1
deionized water
i (Co(NO,),6H,0)
5 | Sol-gel and PEG in Co.0.bulk | 222 lq00c | 7
method .. 34 m2g-1
deionized water
(Co(NO,),6H,0) Nano-
Solution and urea . .
6 combustion (CO(NH.) ) in crystalline | 10 m2g-1 | 600 C [5]
L2 Co.,0
deionized water 34
| (AgNO), .
7 Solutlo.n (Co(NOS)26H29), silver-cobalt 250 Co [8]
combustion| (C,H,NO,) with | nanopowders
water.
. (Co(NO,), 6H,0) Mn
Rea.lctlx./e and(Mn(NO,) promoted 57.43
8 | calcination Loy 2 . 420 C° [19]
4H O) in deionized | Co,O, spinel | m2g-1
route 2 34
water (Cat-S)
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5. Application
Cobalt oxide nanoparticles have a wide range of applications such as a
few examples of these nanoparticles are: Applications in biomedical science
(antibacterial, antifungal, antiviral, antileishmanial, medications, anticancer, and
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drug delivery), gas sensors, solar specific absorbing materials, anode materials in
lithium-ion batteries, energy storage, pigments and dyes, electromagnetic field-
emitting materials, capacitors, diverse catalysis, magneto-resistive devices, and
electronic lightweight films. Zhao et al. (2021) used laser-induced graphene to
incorporate Co,O, nanoparticles for a flexible and highly sensitive enzyme-free
glucose biosensor, highlighting their versatility in sensing applications [13]. Co,0,
nanoparticles have found applications in environmental remediation. Anele et al.
(2022) discussed recent trends in the environmental remediation of bacteria in
wastewater using Co,O, nanoparticles. The properties of Co,O, nanoparticles have
been taken advantage of in environmental remediation applications, such as the
degradation of dyes, dye waste, and antibiotics, similar to some applications of
other nanoparticles. These include the photocatalytic degradation of hazardous dye
waste in wastewater using Co,0O, nanostructures synthesized with A. linearis leaf
extract. the photocatalytic degradation of hazardous dye waste and the catalytic
reduction of (4- nitroaniline) and (4-nitrophenol) using Co,O, nanoparticles
synthesized with Azadirachta indica leaf extract and methyl orange dye adsorption
using Co,0O, nanoparticles [20].

Conclusion

Cobalt oxide nanoparticles are synthesized via solution combustion synthesis
using cobalt(IT) acetate tetrahydrate as precursor and glucose as fuel. Obtained
nanoparticles have an average size of 36 nm and demonstrate good magnetic
and porosity properties as a suitable material for pollution absorbent in water
treatment. The solution combustion synthesis method offers advantages in terms
of cost and safety, making it a potential route for the large-scale synthesis of
Co,0, nanoparticles. Further adjustments and optimizations can be made based
on specific research goals and requirements. Various characterization techniques
have been employed in these studies, including X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), (XPS) and
(TET) measurements. These techniques collectively provide a comprehensive
understanding of the structural, morphological, porosity and electrochemical
properties of Co,0, nanoparticles. The solution combustion method has proven
to be a versatile and effective approach for synthesizing Co,O, nanoparticles with
tailored characteristics. These nanoparticles find applications in diverse fields,
including energy storage, environmental remediation, and biomedical applications.
The thorough exploration of synthesis parameters, morphological features, and
applications in the reviewed literature emphasizes the significance of Co,0,
nanoparticles as promising materials for various technological advancements. The
wide range of applications, underscores the significance of Co,0, nanoparticles
in diverse scientific and technological domains.
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M. Xawumu'?

13a0yn yHuBepcureTi, Ayrancrat, 3a0yi;
29n-Dapadu ateiarsl Ka3ak yATTBIK YHUBEPCHUTETI,
Kazakcran PecryOnukacer, ATMarsI K.

Bacem merrapyra 04.12.23 KaObUTIaHTBL

EPITIHAJIEP I ’KAFY 9JAICIMEH CO,0, CHHTE3JAEJI'EH
HAHOBOJILIEKTEP )KOHE OJIAP/IbI
KOINAFAH OPTAFA KOJJAHY

Ixonocusnvik npodnemanapoot weuty ywin Co,0, nanobonuexmepiniy
Oipeceu Kacuemmepi MeH NepCneKMuBalblK Koi0anbaiapul yikeH
KbL3bl2yutblivl, myooipost. Co,0, nanoborwexmepin muimoi onoipy
macini peminde epiminOiHiK dcany d0ici ocvl benulekmepoiy CUHMeSIH,
CUNAMMAMACHIH JCOHE KONMe2eH KOJIOAHYAAPbIH 3epmmetmin ocbl
sepmmeyoin nezizei bazvimol 6orvin mabwoiiadel. Co,0, narnobomnuexmepi
YIAKeH OemiHiy ayoaHbvl, Keyekminici, mulabl30bl2bl HCOHE MASHUMMIK
Kacuemmepin KAMmMumoli Kepemem epeKiuenikmepine OauiaHblcmbl
IHepeUAHbL caKmay, ce3y, Kopulazan opmaHvl KAAnblHd Keamipy
Jicone kamanuz ywin mapmelmosl manyoay ooavin mabweiiadel. Co 0,
HanHobenueKkmepi NOMeHYuanobl KeyeKminikmi, 31eKmpiiK eHIMOLIiKmi
orcone XRD, SEM, TEM, XPS scone BET acnanmapuin natidanausin cesy
JICOHe CYObl Mazapmy CUsAKMbL KOpulaean Opmansl KAINbIHA Keamipy
Kacuemmepin kopcemedi. Cnapm-mexnono2usnvi Kypoliestiapoa Co 0,
HaHoOONUWEeKMePIH NAOALAHY AYAHBIH JIACMAHYbIH a3aumy, dcahanovlk
JHCBHLIBIHYObL DOCEHOemy JHCoHe CYObl Mmazapmy CUSKMbl mMypaKmuoliblk
MakcammapuvlHa Kol dHcemKizyO0iy masvl 0ip sHconviH ycbiHaovl. Ocbl
wonyoa bepineen HaH-2HcaKmovl WOLY Kypoeii IKOL0UAIbIK Mocenenepoi
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weutyoe Co 0, nanobonwexmepiniy oneyemin movlx icke acolpy yuiin

00aH opi 3epmmeyiep MeH 93ipaemenepoiy Kaxcemminicin kepcemeol.
Kinmmi cosdep: Co 0, nanobonwexmepi, epimindiniy scamnysl,

KeyeKminiK, ce3iMmail CeHCopaap, Kopuiazan opmarvl KAanblHa Keamipy.

M. Xamumu'?

13a0ynbckuii yHUBEpCUTeT, Adranucras, 3a0y;

’Kazaxckuil HallMOHAIBHBIN YHUBEPCUTET UMEHH anb-Dapadu,
Pecny6iimka Kazaxcran, r. AnMaTsl

IpunsTo k n3nanuto 04.12.23.

CHHTE3WPOBAHHBIE HAHOYACTHIIBI CO,0, METOIOM
CTrOPAHUS PACTBOPOB M X MPUMEHEHHE IS
OKPYIKAIOIIEN CPEJIBI

Vuuxanenwie ceolicmea u nepcnexmusHoe npumenenue HaHOYACHUY
Co,0, 0na pewenus IKON0UYECKUX NPOOIEM 6bI360IIU SHAUUMETbHBILL UHMEPEC.
B kauecmese cnocoba sghhexmuenozo npouszeoocmea nanovacmuy Co 0,
MemoO CoHCULAMUSL 8 PACMBOPE AGIAEMC OCHOBHLIM HANPABTIEHUEM MO0
UCCne008anUs, 6 KOMOpOM MAaKdice UCCIeOVIOMCs CUHIME3, XaPAKMePUCUKA
u mnoeue npumenenus smux yacmuy. Hanowacmuyor Co,0, asisiomes
NPUBTIEKAMENLHBIM GbLOOPOM OISl XPAHEHUs. IHEPSUU, HYBCHGUMENbHBIX
0amuuK08, 80CCMAHOBNEHUA OKPYICAOuell cpeobl U Kamanuda u3-3a ux
3ameuamenbHblx 0COOEeHHOCMEN, KOMopble GKIIOUAION 0ZPOMHYIO NIOWAOb
NOGEPXHOCMU, NOPUCMOCMb, NIOMHOCMb U MACHUMHbLIE CEOUCMEA.
Hanouacmuyor Co 0, demoncmpupyiom nomenyuanbiivie XapaKmepucmuxu
nopucmocmu, d1eKmpuveckKux XapaKxmepucmuk u 60CCMAaHno81eHUs
OKpyoHCcaioufert cpedbl, maKue KaK 4y6CmeumenbHoie OanH4uKu U O4UCIKA 600bl C
ucnomvzosanuem uncmpymenmos XRD, SEM, TEM, XPS u BET. Hcnonv3oeanue
nanowacmuy Co,0, 6 UHMEIIEKMYAIbHBIX MEXHONO2UYECKUX YCMPOUCIEAX
npeonazaem Opy2oil cnocod 0OCMUNCEHUS yenell YCmMouuu8020 pa3eumus,
MAKUX Kax CHUdICeHUe 3acpssHeHusl 6030yXd, 3ameoneHue 2100aibH020
nomennenus. 1 O4UcmKa 600bl. Bcecmoponnuii 0630p, npedcmasnennvlii 6
amom 00630pe, noouepKusaem HeoOX00UMOCHb OAIbHEUUUX UCCTIe008AHUL
u uccnedosanuii ons nomot peanusayuu nomenyuana nanouacmuy Co 0, 6
PeuieHul Cepbe3HbIX IKONOSUYECKUX NPODTIEM.

Kouesvie crnosa: nanouacmuyot Co 0, 20periie pacmeopa, nopucmocni,
YYBCMBUMENbHBIE CEHCOPbL, PEADUIUMAYUSL OKPYIICAIOueli CPeobl.
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