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Abstract

This doctoral dissertation focused on obtaining different compositions eEhigbpy oxides
with spinel structurejquimolar compositions with the general formuldy(M2,M3é )304.5, wherel
denotes oxygen vacanciesand aluminate compositions with the general formula
(M1,M2,M3€ )AI>04, whereM represents different metals (Co, Cr, Fe, Mn, Ni, Mg, Zn, Cu).
Nanopowderf high-entropy oxides with spinel structure were attined usiveg®If-propagating
room temperature synthesis followed by calcinationyMnere sintered using spark plasma sintering.
The structural, morphological, mechanical, thermal, and electrical properties of the obtained
nanomaterials were investigated.

Thirteen different compositions were synthesized, 8 of which were spigleed. The
samples were amorphous at room temperature, while thermal treatment (1000 °C) enabled their
crystallization andheformation of cubic spinel structure (space gréapm) with crystallites in the
nanometer range. In all singblhase samples, albf the cations preserduring the synthesis were
successfully incorporated into the spinel lattice, confirming thatseelsynthesis methodan be
used toobtain highentropy oxidesvith spinel structure.

In order b achieve high relative densities 4 %), careful optimization othe sintering
parameters was necessary. The required temperature wad1000C for equimolar compositions,
while aluminates required higher temperatuiasthe range of 1250500 °C.All samples were
densified in vacuum, using pressure of B0 MPa and holding time of 10 minutes. Analysis of the
sintering process showed that all samples went through multiple stadessification In someof
thecompo#ions, an additional ddensification stage was observed, which is a consequence of CO
entrapment within pores due to their rapid closure. The concentration of rediglmahtalcarbon
was significantly higher ithe samples that underwent-densificaton ©,7 0,9wt. %) compared to
those that did notO(2 0,5 wt. %), indicating that differences in behavior during sintering are a
consequence of different pore closure rat@®ngindividual compositions.

It wasdemonstratethat Mg* and Zr#* stabilize nomal spinel structure, At stabilizes the
octahedral sublattice, while €wcauses disorder due to the Jdmeller effect. The presence of €u
also affects the oxidation statesnednganesand reduces the concentration of oxygen vacancies.

Mechanical poperties were directly related to microstructure, relative density, and the
presence of specific cations. Aluminate compositions had higher hardness values comihered to
equimolar ones due to the presence of" AThe highest hardness2(5 GPa) was recorded for
(Co,Mn,Ni,Mg)Al,04 which had high relative density {81 %), while the lowest§,9 GPa) was
measured for (Mg,Cr,Fe,Mn,NQ4s which had lower density @8 %) and coarsegrained
microstructure. Due to its fingrained microstrucre and high relative density,
(Mn,Zn,Fe,Ni,Cr}Os4.i had the highest flexural strength (171 MH2gspiteits high relative density,
the lowest valuef flexural strengttwas measured fqMg,Co,Fe,Cr,MngO4.5, which had a coarse
grained structure, indidag that grain size control ssimportant as high density. Young's modulus
demonstratedexceptional variability. The markedly low modulu8,§ GPa) of composition
(Co,Mn,Ni,Zn,Cu)AbOs4 is a consequence of the presence of*Quhich reduces lattice coties
energy, increasesonfigurationalentropy, and causes Jahaller distortions.The highest fracture

toughness was recorded for samig,Cr,Fe,Mn,Ni3Oa.a (1,5 MPall ), while the lowest values



of fracture toughness(l,1 MPa Wi ) were measured for(Co,Cr,Fe,Mn,NiOss and
(Co,Mn,zZn,Fe,CrO4..

Thermal diffusivity was low andhowed a continuus reductianth increasing temperature.
Aluminate compositions had somewhat higher thermal diffusivity compared to equimolar ones due
to larger grains, as Wes due to the presence ofAlwhich leads to increased thermal diffusivity of
high-entropy oxides with spinel structure.

Assessment of electrical properties showed that electrical resistivity of the samples reduced
exponentially with an increase imt@erature, which is characteristic of NTC thermistors. Aluminate
samples had higher activation energies arabBstant values, when compared to equimolar ones.

The obtainedmaterials show potential for application as microwave absorbers, gas and

temperature sensors. (Co,Mn,Ni,Zn,Cuf@4 has potential for use as a thermal barrier coating
to the combination of high hardness, low Young's modulus, and low thermal diffusivi

Keywords: nanomaterials, higlentropy oxides, spinel structure, spibpagating synthesis, spark
plasma sintering

Scientific field: Chemical Sciences

Scientific subfield: Inorganic chemistry
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ft MmisjfjdalztOd &ajfips jdif didge j ez LS §OG O § Blsg 6z dzthOls d &3
tcOBOdzMC ] MY jCltesME22 d  j (56 dzOo? j

5 OB 4RO j dyddzj  Sd&MCHT ©OHd MO  Sd@ SC? kyj ded o
. _ msd&Zhs d ®OHd &
{udcde C ol H  [CkOjhoOt

mts o

CtssteH d dz BCtohky | sgtelz“c‘“t‘sj@ otcj H
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4 OfMlsOo ¢ 16 ks Oz | a(h)
(Co,Mn,Ni,Zn,Cu)AbO4 31,4(3) 8,1075(2)
(Co,Mn,Ni,Zn)ALO4 16,5(4) 8,1202(2)
(Co,Mn,Ni,Mg)Al04 10,4(5) 8,1119(2)
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o jdzdyddsj StedMmMlsOdzdlsO® Bddzj ftedmizlsdej SCtsH WOLO &
“JHddedydedr <jdzd° © 9 0OtdteOdzd Mk k& L OsadMmdesfmisd tsH
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U 0B j4kd j &zd yddaj StdmsOdzdlsO dd §OwOdjlsted * jHddzad yc
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(Co,Cu,Fe,Mn,NBOa-q
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c=11,0772(7A
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