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ABSTRACT

For the synthesis of zirconia mixed metal oxide apanmticles, various synthetic routes have been u3é@ various
synthetic methods, as well as other parameters sschoncentration, pH, and the type of precursaedysaid in the
creation of zirconia mixed metal oxide nanoparscleith various physicochemical properties. This gragiscusses the
various synthetic routes of sol-gel, hydrothernzald co precipitation for the formation of zirconmixed metal oxide
nanoparticles from zirconia and other metal oxidas, well as the physicochemical properties and abtrization

techniques of the synthesised zirconia mixed matde nanoparticles.

KEYWORDS: Synthesis of Zirconia, Metal Oxides, Metal Oxided{zarticles

Article History
Received: 30 May 2021 | Revised: 31 May 2021 | Accepted: 07 Jun 2021

INTRODUCTION

Mixed metal oxide nanopatrticles, also known asroeetetal mixed oxide nanoparticles, are createddsyhining two or
more metal oxides to improve the properties of lsgsized products. Numerous metals with variousaiiid states can
be combined in a variety of ratios to form mixedtah@xide nanoparticles. The physical, chemicad arorphological
properties of the synthesized mixed metal oxideoparticles vary, and they are used in a varietfieds [1]. Since the
invention of nanomaterials, it has been well egthbd that the nanoparticles' small size is regptn®or a variety of their
unique propertief?]. This has ushered in a plethora of research stgianning various fields such as chemistry, pbysic
and medicine. Nanoparticles' high surface energsgel area-to-volume ratio, and small size in comparto bulk
materials[3] have enabled them to denote unique catalg#j¢c thermal[5], optical [6], electrical[7], and biological

application[8] properties that are being used in a variety ddifie
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Due to its high strength, fracture toughness, aadiress, zirconia nanoparticles are used in atyaaé
syntheses. Depending on the temperature, puren@roan take three different shapes: monoclintcag@nal, and cubic.
At room temperature, the monoclinic form is therwyamically stable, but at temperatures above 117@agnsforms
into the tetragonal form, and at 23700C, it transf® into the cubic form. The hydrothermal procf3s biological
synthesiq10], co-precipitatior{11], solid state reactiofL2], microwave synthesid 3], and sol-gel methofl 4] have all
been used to synthesize zirconia nanoparticles.edexry due to agglomeration, the majority of thoaeaparticles are
poorly crystalline or have a broad particle siz&trithution[15, 16} Zirconia has been combined with other diverseaimet
oxides to create zirconia mixed metal oxide nantigeas to address the issue of agglomeration thatirs during the
synthesis of single metal oxide nanoparticles anstabilize the higher temperature polymorphsdtginal and cubic) to
enhance their application in various field§, 18] Sol-gel, hydrothermal, co-precipitation, chemipalymerization, stir
casting technique, thermal casting, and biologiyaithesis are among the various synthetic routethé preparation of
zirconia mixed metal oxide nanoparticles discusedtlis review. In addition, the various characation techniques used

will be discussed. Finally, during this researcthpaome future considerations and advances ahdighiged.
Synthesis of Zirconia Mixed Metal Oxide Nanopartices

Metal oxide and mixed metal oxide nanoparticles lsarmade using a variety of different synthetictesu Each of the
synthetic routes has been categorised accordirgetdaechnical approach used. The various techaigptoaches could
also be in accordance with the type of growth medigour phase growth, liquid phase growth, solidge formation, and
hybrid growth, as well as the state of the produatnoparticles via colloidal processing, nanoradd nanowires via
template-based electroplating, thin films via malac beam epitaxy, and nanostructured bulk materiblhe top-down
approach entails physically reducing a bulk matdnananoscale dimensions, whereas the bottom-ypoaph entails

constructing a structure from the unit buildingdis[19].
Thermodynamic Method

The hydrothermal method is an example of a solvathésynthetic route that is used to make a varétyganomaterials
by dispersing the starting material in a suitaldlvent and subjecting it to moderately elevatedperature and pressure
conditions, resulting in nanoparticle formation.eTimethod is known as hydrothermal synthesis wheenis used as the
reaction's solvent. Chemical parameters such asargacomposition and concentration, solvent oucéty agent ratio,
and thermodynamic parameters such as temperanagsype, and time all play a role in the formatdmanoparticles.
Machmudah et al used hydrothermal synthesis to rnakia-zirconia mixed oxide and found that the siz¢he particles
formed is temperature dependg2®]. J. R. Kim et al. used supercritical water as talgst to investigate Ceria-Zirconia
mixed oxide prepared by continuous hydrothermalttssis. As a result of its sparsely agglomeratedphaogy,
supercritical synthesis has been reported to r@seria-Zirconia mixed oxides with higher thernséhbility and better
oxygen storage capacity, with potential applicatamna catalysf21]. According to Piticescuet. al, the solubilization-
reprecipitation process results in the formation aofstable cubic phase, with the crystallinity o thynthesised
nanoparticles increasing with time and temperatiréne hydrothermal treatmefi22]. X. Wang et al investigated the
photocatalytic activity of ZrO2-CeO2 synthesiseddajcinations of the precursor prepared by a oep-kiydrothermal
method in the light region. According to the findé when compared to the monocomponents of ZrO2 Ga1d2,
Zr02/Ce0O2 nanocomposite showed enhanced photogatadtivity [23]. In addition to the above, other synthetic routes

have been used to synthesise zirconia in combimatith other compounds or elements for a varietyapplications.

Impact Factor (JCC): 5.1484 NAAS Rating 2.07



Zirconia Mixed Metal Oxide Nanoparticlesfor Thermal Barrier Coatings: Synthesisand Characterization: A Review 67

Patoliya et al. investigated the preparation aratadterization of Zirconia reinforced aluminium alahatrix composites
using the stir casting technique and found thateimsing the weight fraction of Zirconia particleghin the aluminium
matrix improved mechanical properties such as temslrand impact strengf@4]. A. Sultan et al. used a chemical
polymerization method to study the synthesis, dttar@ation, and electrical properties of poly yerzirconia
nanocomposites and their application as an etha®e sgnsoff25]. H. Tu et al. investigated the synthesis and
characterization of Scandia-Ceria stabilised Zir@gowders prepared using a polymeric precursohaakfor integration
into anode-supported solid oxide fuel cdl®6], while Mudila et al. investigated the electrocheahiperformance of
zirconia/graphene oxide nanocomposites cathodgiesifor enhanced power density super capacitof@nut that the
nanocomposite David et al. investigated the syighesd characterization of Co304-Zn0O-ZrO2 ternaagaparticles and
found that as the concentration of the precursun®ases, so does the size of the nanoparticle®dgglomeration of the
tiny metal oxide nanopartic|28]. Tsai et al investigated the reactive oxygen gsestavenging properties of ZrO2-CeO2
solid solution nanoparticles and found that thdaceirconia nanoparticles are highly crystallinenature and will be
dispersed in sodium citrate buffer at pH 7.4 witbeereactive oxygen species scavenging activit@e®2 nanoparticles
was increased fourfold by incorporating zirconiumpiits crystal structure. The amount of oxygenaveies within the

lattice correlates with the scavenging activityttedse nanoparticlgd29].
Co-Precipitation

Using a precipitating medium, the oxo-hydroxidenfioof a salt precursor (for example, chlorides aitihtes metal salts)
is precipitated from a liquid of the salt precurgoa solvent (e.g., H20 or NaOH). When the criltmancentration of the
specie within the solution is reached, the nuabeafirocess is followed by the growth phase. Argsnét al. synthesize
ZrO,-CeQ, nanoparticles using coprecipitation met{88] and Rossignol et al prepared 4rOeC, materials by using
sol-gel and coprecipitation methods. It has begromed that both the structure and therefore thtute of the solids
obtained depend upon the syntheses route and ladsprécursor usef81l]. Kumar et al investigated the preparation,
characterization and antibacterial application of§®4ZrO, mixed oxide nanoparticles. After the experimerte t
antibacterial study was reported to demonstratetlieamixed nanoparticles are going to be empldyetieat infectious
diseases caused by E.cf8R] while M Liu et al. administered the investigatioh(CeGQ) x (S60s3) (0.11-X) (ZrQ)o.go
(x=0.01-0.1) electrolyte materials for intermedia¢anperature solid oxide cdlB3] and Maridurai et al. reported the
synthesis and characterization of yttrium stabdizarconia nanoparticle$34]. Glushkova et al investigated the
nanostructure evolution in partially stabilizedcinia- based solid solutions prepared by coprextipit and to assess the
efficiency of freeze drying in preventing agglontera of the powder§35]. Thirupathy et al. reported that Yttria stabilised
zirconia nanoparticles were successfully synthdsisging the co-precipitation method. The XRD patteras used to
confirm the structure. SEM and TEM analyses werdus determine the sizes of the synthesised sammghe the sizes
calculated were in nanometers. The PL spectrumusad to investigate the optical properties. Théedigc constant,
dielectric loss, and AC conductivity of YSZ nandpaes were investigated as a function of frequeaong temperature.

Dielectric studies revealed that as frequency emed, both the dielectric constant and the diételctss decreasd@4].
Sol-Gel Technique

The sol-gel method entails hydrolysis of a metglamic compound precursor to produce oxo-hydroxidéowed by
condensation and polymerization to form a netwdrknetal hydroxide and a porous gel, respectivelighwrying and

heating of the gel resulting in nanoparticle forimaf35]. Various zirconia mixed metal oxide nanopartidiese been
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synthesised using this method. Morteza Hajizadeha@get al. investigate whether the calcining teawripee should be
above 600 °C in order to obtain pure CYSZ powdbet will not decompose at high temperatures. Abgy@ °C, the
thermal decomposition of the gel into oxide was adtncomplete[36]. Using the sol-gel method, alumina-zirconia
powders were synthesised and characterized. Tleetedf the solvent and the rate of water additiBallowing the
experiment, different solvents result in differéextural properties, while different water additiaies result in different
structural properties of the synthesised matefgd]. Tayseir, M, et al. investigated the sol-gel sgsih and
characterization of zirconia containing hydrophosileca nanoparticles in 2017. The structural aextural properties of
pure silica and silica zirconia were clearly diffiet depending on the zirconium percentage, as levég characterization
techniques. The characteristic result revealedttf@tzirconia content had an impact on the strec&und morphology of
synthesised silicf88]. Bashir et al. used a sol-gel method to make ZZ@@-nanoparticles and found that smaller ZrO2-
ZnO nanoparticles could only be made after dopingomia with zinc oxidg18]. Rossignol et al. used sol-gel and co
precipitation methods to make ZrO2-CeO2 materi@lse structure and texture of the solids obtainesl said to be
dependent on the synthetic route and the precursed[31]. The catalytic activity of CeO2-ZrO2 mixed oxidatalysts
prepared using the sol-gel technique and testedCroxidation was investigated. Under the condg&iafi the study,
highly uniform nanosize solution particles of cexieconia have been reported. The addition of zinem to the catalysts
helped to stabilise them. The CO oxidation activfymixed oxides was discovered to be dependentherCe/Zr ratio,
which is related to reducibility. With a lower Ce/gatio, the catalytic activity of CO oxidation deaseqd39]. Abd El
Hakam et al. investigated the structural, photalgtit, and antibacterial activity of ZnO and ZrQiped ZnO
nanoparticles and found that undoped ZnO is mooggpbatalytically active than ZrO2 doped ZnO, wittD2 doped ZnO
having better antimicrobial activif@0]. ZrO2-CrO2[41], ZrO2-TiOJ42], and ZrO2-G(43] are examples of other sol-

gel synthesis.
Zro 2 Mixed Metal Oxide Nanoparticles Characterizaton

Transmission electron microscopy (TEM), X-ray difffion (XRD), and scanning electron microscopy wesed to
characterize the dimension, crystal structure, rmodphology of the synthesised zirconia mixed mesadle nanoparticles
(SEM). Different researchers have used differemttsgtic methods to synthesize and characterize ZrO202
nanoparticles. From the results of the SEM anaglyisl et al. synthesize zirconia-ceria by chemcatipitation to obtain
irregular spheroids uniformly coated by cubic fit®rof CeO2 nanoparticles. According to the TEM lgsia, the
dimensions of the mixed composites increased butahiom compared to pure ZrO2 nanoparticles. Assaltethe CeO2
shell was formed on the ZrO2 surface, with the Ritu® having a significant impact on coating tetragjgqphase ZrO2
nanoparticle$44]. Rossignol et al. synthesised ZrO2-CeO2 usingtiigel and co-precipitation methods, obtainingicub
and orthorhombic structures, respectively, forsbkgel and co-precipitation methods. Various ZIQG&92 systems with
various structures can be made using various ersr The nanoparticles' structure and texturedatermined by the
synthetic method and, as a result, the precursmi[88]. Table 1 shows some examples of various syntpeticesses and

their characterization techniques:
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Table 1: Some Examples of Various Synthetic Processand Their Characterization

Method Morphology (SEM) Size (TEM) Cryst?;(gtél;cture Reference
Machmudahet al.,

Hydrothermal Smooth surface 35,61, 31 nm Sphengesha 2015 [20]
Tetragonal, X. Wang,et al,2013

Hydrothermal Rough surface 300 nm Monoclinic [23]

Reversemicelle Not Investigated 3.7nm Cubic fluorite Tsai,et al, 2008 [29]

method structure

Chemical Increased by 5nm of .

precipitation Rough appearance the size of ZrO2 Irregular spheroids Howt al, 2015 [44]

Coprecipitation Rough appearance 5-8 nm Monoclinic, Glushkova, et al., 2004
Tetragonal [45].

Machmudah et al. used a hydrothermal method to n@&®2-ZrO2 nanoparticles. The diameter of the
nanoparticles at different temperatures was detexthusing a particle size analyzer that was shiked sphere with a
smooth surface morphology. Increasing the tempegaitu a hydrothermal process has a positive effectstructural
characteristics and can improve particle nucleagiod linear growth ratg20]. Arsent'ev et al. reported diameters of 10-
12 nm for ZrO2-CeO2 synthesized by chemical préatijpin, with the phase dependent on the percertaggposition of

each precursor present in the reac0].
CONCLUSIONS

The literatures cited in this review demonstratev fzirconia mixed metal oxide nanoparticles can l@@enusing various
synthetic methods. A variety of parameters, sucthasynthetic method, precursor, temperature th@dype of solvent
used, have regulated and controlled the sizeseshapd thus the desired applications of the sgigbeé nanomaterial. To
analyse the formed nanomaterial, various charaetiéon techniques were used, with TEM being usetthénmajority of
the literatures to define particle size. Althougincania has been synthesised with other metal exifte various
applications[27, 30, 32, 4Q]there have been few reports on the thermal acdating of zirconia mixed metal oxide
nanoparticles. As zirconia nanoparticles have methesised with other metal oxides, more work sdedbe done to

investigate the combination of zirconia with othegtal oxide to obtain improved thermal barrier oug.
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