AHOTANIA

JIackoscoka M. P. “3eneHuil” cuHTe3, CTPYKTYPHI MMapaMeTpH Ta ajacopOIiiHo-
KaTaJITUYHI BJIACTUBOCTI KOOanbT-UMHKOBHX (eputiB. — Kpamidikaiiiina HaykoBa
mpats Ha TpaBax PyKOMHUCY.

Huceprtariss Ha 3700yTTs cTymeHs noktopa (imocodii B ramysi 3Hanp 10
[Ipupognuui Hayku 3a creuianpHicTio 102 Ximis. — Kapnarcbkuid HauioHaJIbHUIA
yHiBepcuTeT iMeHi Bacwis Credanuka, MiHICTEpCTBO OCBITH 1 Hayku YKpaiHu, M.
IBano-®pankiscek, 2025,

Pob6ora BukoHaHa Ha kadenpi ximii Ta Ha 06a31 HaBYAIHLHO-HAYKOBOTO IICHTPY
XIMIYHOT'O MaTepiajlo3HaBCTBA Ta HAHOTEXHOJOTiHM, KapmaTchkoro HalioHaJbHOTO
yHiBepcutery iMmeH1 Bacuns Credanuka.

HucepTartiiiHa po6oTa MPUCBSIYEHA JOCIIKEHHIO KOOATBT-IIMHKOBUX (PEPUTIB,
CHUHTE30BaHUX 13 BUKOPUCTAHHSIM MIAXOAY <3eNeHOI» XiMii. Y poOOTI JOCIIIKEHO
BIUIMB THITIB MPUPOIHUX pociuHHUX ekcTpakTiB ([inkro 6imodu (Ginkgo Biloba),
BUHOIpaay, (i3zanmicy) sSK BIAHOBHMKIB 1 CTa0ULII3aTOpIB Ha CTPYKTYpHI
XapaKTEPUCTUKHU, KATIOHHUM po3Moai, MOp(}Ooioriro MOBEpXHI, a TaKoX Ha
aZcopOIIiitHI BIACTUBOCTI Ta KATATITUYHY AKTHUBHICTh HAHOYACTHMHOK (epuTiB. Y
MOPIBHSIHHI 13 3BUYAHUMH XIMIYHUMU Ta (PI3UYHUMU METOJAMU, «3EJICHUI CHHTE3»
NPOIOHY€e Oarato mepeBar: MPOCTHM Ta JErKuid BUPOOHUYMU TIpOlleC, MIBUAKICTDH
CHUHTE3Y, CKOHOMIYHA BUT0J1a Ta MEHIIIC MIK1JTUBUX BiAXo/1B. [1i1i0pano HOB1 aIUBHI
areHTH POCIMHHOTO TOXO/)KEHHS Ta BHUXIJHI pPEareHTd, [JIsi MaKCUMalIbHO
€KOJIOTIYHOI0 CHHTE3Y MarHiTOKEpOBaHUX aJCOPOEHTIB Ta KaTali3aTOpiB Ha OCHOBI
KoOanbTOBOrO eputy. Bubip pocivH ajisi «3€I€HOTr0» CHUHTE3Y 3I1MCHIOBABCS Ha
OCHOBI aHaJi3y JITEPAaTypHUX JDKEpes, a TaKoXk 3 YypaxXyBaHHSM JOCTYIHOCTI
POCIIMHHOI CUPOBUHHM, NPOCTOTH KYyJIbTHBYBaHHS, €KOHOMIYHOi JOLIIBHOCTI Ta
MOTEHITIATY TIO/IaTBIIIOT0 BUKOPUCTAHHS CHHTE30BAaHUX MaTEepialliB.

Y nepwomy po3dini TMpencTaBICHO OIJIS JITEpaTypyd 3 OIMKUCOM METOMIIB

“3e7IEHOT0” CUHTE3Yy MIMiHETbHUX (EpUTIB, BIUIUB BUXIJHUX COJIEH MeETajiB Ta

POCIMHHUX BIJIHOBHUKIB Ha BJIACTHBOCTI IMiHENbHUX (peputiB. ONUCaHO YMHHUKH,



Kl MOXKYTh BIUIMHYTH Ha aJCOpOLiMHY 3AaTHICTh IIMiHENbHUX (epuTiB. OnucaHo
MeXaHI13MH, 10 BII0YBAaIOThCS Ha MOBEPXHI KaTali3aTOPIB IIIIHEIbHOI CTPYKTYPH, SIK1
CHpUSIIOTh  €(EKTUBHOMY BHJIAJICHHIO OpTaHIYHUX 3a0pyIHHUKIB 13 BOJHOTO
cepenoBuia. Benuka yBara TmpualIeHa KaTaTITHYHOMY pO3KJIaay TiAPOreH
MEepPOKCUIy, KU BimOyBaeThcs 3a DeHTOH-MOAIOHMM MexaHi3MoM. OCOOIMBICTIO,
IIbOTO MEXaHI3MYy € YTBOPEHHS aKTHUBHUX PATUKAIIB, SKI CHPHUSIOTH €PEKTUBHOMY
PO3KJIay IIKIIJIMBUX OPTaHIYHUX 3a0pyIHUKIB.

Y Opyeomy po30ini onucaHO METOAMKH NMPUTOTYBAHHS POCIMHHUX E€KCTPAKTIB

Ta CUHTE3y HIMiHeNbHUX (epuTiB. JleTaqpbHo OmMcaHO METOAM aHaNi3y CTPYKTYpHU Ta
Mop(osorii cHUHTE30BaHUX MaTepialiB, Taki sK X-poMeHeBuUd anamiz, [Y-
CHEKTPOCKOMis, crnekTpockomiss MeccOayepa, CkaHyroua €JIeKTPOHHAa MIKPOCKOITIS,
EHEPrOMCIIepCiiiHa  CIEKTPOCKOIMis,, aHali3 MUTOMOI  TOBEPXHI  METOIOM
aacopOmii/aecopOriii  azoty. TakoX AETaJbHO TPENCTABICHO OMHUC METOIUK
aZCOpOMITHMX Ta KaTAIITHYHUX MOCHKeHb. OCOONMBY yBary MNPUAUICHO OIMHCY
TPHUETEKTPOAHOI CUCTEMHU Ta 3aCTOCYBAHHIO XPOHOAMIIEPOMETPIi /it (ikcallli 3MiH
CTpYMY IIPH J0JIaBaHH] T'IPOT€H NEPOKCHUTY 3 METOIO OI[IHKH 3/IaTHOCT1 CHHTE30BAHUX
KaTaJl3aTopiB /10 T'eHepallli akTUBHUX paJuKalliB, BIAMOBIAAIBHUX 32 PYWHYBaHHS
MOJIEKYJ OapBHHKA.

YV mpemvomy po3dini onucaHo “‘3eI€HUN’ CHUHTE3 HAHOYACTUHOK (epury

K0OaJbTy 3 ABOX TUIIB KOOATBTBMICHUX COJIEH 3 BUKOPUCTAHHSIM ekcTpakTy Cydonia
oblonga Ta mocmiKeHO BIUIMB BUXIJHHX pPEAarcHTIB Ha CTPYKTYPY, KaTiOHHUH
po3nonii Ta MOp(OJIOTiF0 CHHTE30BaHMX 3pa3KiB. BcTaHOBIEHO, MmO po3MIp
KPUCTATITIB Juisi 000X 3pa3KiB ckianae mpudian3zHo 8 uM. [lokazano, Mo J0BKHUHA
TeTpaeIpuIHuX 3Bs3kiB M—O MeHIIa, HXK OKTaeIPUYHUX, TOMY 3HAYEHHS CHUJIOBUX
koHcTaHT Ky Oinbmii, HiK KoHCTaHT Kpo. CkaHyloua eNneKTpOHHA MIKPOCKOIIis
miaTBepAMiIa OUIBIIY TOPUCTICT (EPUTY, CHHTE30BAHOTO 13 BHUKOPHUCTAHHSIM

koOanbT(Il) anerary.

YV uemeepmomy po3idini ONMUCAHO CHUHTE3 KOOAIBT-IIMHKOBUX (hEPUTIB CKIIATY
ZnyCo; xFe;04 (0 < x < 1 3 kpokom 0,2) 3 BUKOPUCTAHHAM €KCTpakTy JiucTs GInkgo

Biloba. J[ochimkeHo Mop¢omorito, CTPYKTYpY, IOpPaxoBaHO KPHUCTAIOXIMivHi
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napaMeTpu, po3Mip KpUCTAIITIB Ta KaTIOHHUM PO3MOIiN, MOCTIIKEHO aJcopOIiiiHy
3IaTHICTh CMHTE30BAHMX 3pa3KiB Ha MPUKIIAJIl MOAEIBLHOrO 3a0pyIHUKa — OapBHUKA
Konro uepBonoro. BctaHoBieHo, 1110 po3Mip KPUCTAIITIB, aHIOHHUHN TTapaMeTp, 00’ eM
€JIEeMEHTApHOT KOMIPKHU 3pocTae 31 30unbiieHHsaM BmicTy 10HIB ZN(ID). [Tokazano, 1o
3pazok  CogeZnosFe,0,4 mpomeMoHCTpyBaB 3HAa4HE 3pPOCTaHHSA — aaCcoOpOIiHOT
AKTHUBHOCTI, 1110 3yMOBJICHO OCOOJIMBOCTSMH KaTIOHHOT'O PO3IOALTY B HOTO CTPYKTYPI.
3anponoHOBaHO MEXaHI3M aJcopOIlii HA aKTUBHHMX LEHTPAX, SKUM Y3TOIKYEThCS 3
Monemtro  DpeiHmTixa, IO CBIIYWTH MPO TETEPOTCHHHMM XapaKTep IOBEPXHIi
afcopOeHty. AncopOiiisi 6appHuka KoHro 4yepBOHOro BiOyBa€eThCs 3a JOHOPHO-
aKIIETITOPHUM MEXaHi3MOM Ha IMO3MTHBHO 3apsKEHUX aKTUBHUX IICHTpax — ioHaX

Fe3*, mokai3oBaHMX B TETPAaCAPMUHMX MO3UIIAX IITIHEILHOI CTPYKTYPH.

Y n’amomy po30ini nucepTanii ONMUCaHO CUHTE3 KOOAIbT-IIMHKOBUX (EPUTIB 3
BUKOPUCTAaHHSAM €KCTPAKTy BUHOTPATHUX MIKIPOK. JIOCTIIKEHO CTPYKTYPY, PO3IMOALT
KaTioOHIB, MOP(OJIOTIIO Ta 3apsi/ MOBEPXHI CHHTE30BaHMX 3pa3KiB. BcraHoBieHo, 1m0
31 30umbmenHsM BMicty Zn(Il) mokpamryerbcsi amcopOruiifHa 31aTHICTh aHIOHHUX
3a0pyIHUKIB, 110 TIOB’SA3aHO 31 3pOCTAHHAM 3apsAy MOBEPXHI NPH JIETyBaHHI 10HAMU
uHKy(II). JocnimkeHo KaTaliTUUYHy aKTUBHICTh CHHTE30BaHUX 3pa3KiB Ha MPHUKIIAII
KaTaJiTHYHOrO PO3KJAIy TiIpPOreH TEPOKCHIY 3 METOK pPYHHYBaHHS MOJICKYII
O6apsuuka Konro dyepBoHoro. /[y eneKTpOXiMIYHOTO BH3HAYEHHS KaTaTITUYHOL
aKTUBHOCTI B cepelloBHIll OapBHHMKA Oyi10 C(POPMOBAHO TPUEIEKTPOIHY CHUCTEMY.
BcTaHOBNEHO 3aKOHOMIPHICTH 30UIBIIEHHS aMIUIITYAM CTpUOKAa CTpymMy Mpu
MOCT1JOBHOMY MPOMYCKaHHI CTpyMY Ta (JIKCOBAHOMY J0J/IaBaHHI T'APOreH NEPOKCUTY
70 pO3UMHY OapBHUKA. BHSIBICHO KOPENAIiI0 MK BEITUYMHOI CTPUOKA CTPyMy Ta
KOHCTAHTOIO MIBUAKOCTI po3kiany HoO, i yac karamizy. JlocmipKeHo, 110 HAMBUIIY
aKTUBHICTH TMPOJIEMOHCTPYBAaB 3pa3oK 13 BMICTOM IMHKY Xx=0,4, sxuii 3a0e3neuye
NOBHUUM PO3KJIaJ TIAPOreH mepokcuay mnpotsroM 30 XB BiJ MOYATKY peakilii Ta

XapaKTEPU3y€eThCsl HAMBUIIIUM CTPUOKOM CTPYMY.

Y wocmomy po3dini ONMCAHO BIUIMB EKCTPakTy (di3ajicy Ha CTPYKTYpY,
Mop(}oIorito, KaTIOHHUHN po3Mo/ii, aAcopOLiiHY 31aTHICTh, KaTaJITUYHY aKTUBHICTh

Ta aMIIEPOMETPUYHI XApaKTEPUCTUKU KOoOaIbTOBOro (peputy. CHHTE30BaHO 3pa3Ku
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deputy K00aNbTy 3 BUKOPUCTAHHSAM EKCTPAKTIB PI3HUX YAacTHH (i3anicy — IUIOJIB,
JTYIIMUHHSA Ta X KoMOiHAaIii (TUI0/IIB Ta MYIIMUHHS). AHAII3 pO3MIpy KPUCTAIITIB 3a
dopmynoro Illeppepa Ta meromom Bimbsimcona-Xosura mokasye, M0 HaWMEHII
KpPUCTAJIITU yTBOpIOIOThCs y 3pa3ky CoFe,Os—F, cunresoBanomMy 3 BUKOpHCTaHHSAM
eKkcTpakTy 1wiomiB (dizamicy. lle cBigumTh Mpo Te, MO BUKOPUCTAHHS EKCTPAKTY
IUTOAIB, SK BITHOBHUKA, YIOBUIBHIOE PICT KPUCTAJITIB, 10 MPU3BOAUTH 10 MEHIIUX
po3MipiB  kpuctamitiB. [ HaBmaku, 3pa3ok CoFe,O,—H, cunTe3oBanmii 3
BUKOPUCTAHHSAM EKCTPaKTy JYUINUHHSA (i3aiicy, JEMOHCTPYE HAHOUIBIIMA pO3MIp
KPUCTAJIITIB, O KOPEITIOE 3 BUIIIOIO TEMIIEPATYPOIO CUHTE3Y, 3yMOBJICHOIO JII€F0 OLIBIIT
aKTUBHOrO BiJHOBHMKA. lle y CBOI uepry BIUIMBa€ Ha MAarHiTHI BJIacTHUBOCTI Ta
e(eKTUBHICTh TEPEHOCY EJIEKTPOHIB. 3a JaHUMU MeccOayepiBChbKOi CHEKTPOCKOIT
3pa3zok CoFe,O4—F nposiBnsie mapamarHiTHy HOBEIIHKY 3a KIMHATHOI TEMIIEPATypH, Ha
Bimminy Bim 3paskiB CoFe;O,—FH Ta CoFe;O,—H, ski XapakTepu3yroTbes
(epoMarHiTHUMHU BIIACTUBOCTSIMH. BUSBIEHO, 110 MPOMYCKAHHA CTPYMY KOPEIIOE 3
KOHCTAHTOIO IBUAKOCT1 PO3KJIATY TIAPOTreH MEPOKCUIY ITiJT 4ac KaTali3y Ta 3pOCTac B
takii nociigosHocTl: CoFe,O4—F < CoFe,O4—FH < CoFe,O4—H. Bcranosineno, 1o
IiJ] Yac 30Jb-Teldb CHUHTE3Yy MOBEpXHA (PepUTiB (YHKIIOHATIZYETHCS 3aTUIIKAMU
POCIMHHUX €KCTPAKTIB, 0 POOUTH 3pa3Ku OI0CYMICHUMHU 1 BIJKPUBAE MEPCIEKTUBU

iX MOAJIBIIIOr0 3aCTOCYBAHHS B MEIMIIMHI Ta O10XiMii.

VY cvbomomy po3dini HaBENEHO Yy3arajibHeHy 1HGOpMAII0 100 BIUIMBY
POCIMHHOIO €KCTPAKTY Ta KaTIOHHOI'O 3aMillleHHs] Ha MOP(OJIOTivHI, CTPYKTYpHI Ta
a7copOLITHO-KaTaIITHYHI BJACTUBOCTI CUHTE30BaHUX 3pa3KiB. 3pa3Ku, CAHTE30BaHI 3
BUKOPUCTAHHSAM PI3HHX €KCTPaKTiB, MOKa3yioTh yTBopeHHs CoFe;Os 3 pizamM
PO3MOJILTIOM KaTiOHIB. BcTaHOBIEHO, 10 PO3MOILT 10HIB IMHKY MiX T€TpaeApUIHUMU
Ta OKTACIAPUYHUMH TO3MIISIMU 3aJIeKUTh B BHUKOPUCTAHOTO POCIHMHHOTO
BITHOBHUKA. TakoX 3’sSCOBAHO, IO CTYIIHb PO3KJIAAy TIAPOreH MEPOKCUIY MPSMO
KOPEJTIOE 3 PO3MIPOM KPHUCTAJIITIB Ta 0OEPHEHO — 3 PO3MIPOM arjioMeparTiB. Y BUMAAKY
XK  anacopOIiifHOT 3/IaTHOCTI CIOCTEPIraeThbCcsl 3BOPOTHIM  pe3ysbTaT: Kpally
a7IcOpOLiifHy 3JaTHICTh MarOTh 3pa3Kd 3 MEHIIUM pPO3MIPOM KpPHUCTAIITIB Ta

npucytHicTio 10HIB Co(Il) B A-no3umisx.
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Liaskovska M. R. “Green” synthesis, structural parameters and adsorption-
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Dissertation for the degree of Doctor of Philosophy in the field of knowledge 10
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National University, Ministry of Education and Science of Ukraine, lvano-Frankivsk,
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The work was performed at the Department of Chemistry and on the basis of the
Educational and Scientific Center of Materials Science and Nanotechnologies, Vasyl
Stefanyk Carpathian National University.

The dissertation is devoted to the study of cobalt-zinc ferrites synthesized using
a “green chemistry” approach. The work investigates the influence of types of natural
plant extracts (Ginkgo Biloba, grape, physalis) as reducing agents and stabilizers on
the structural characteristics, cation distribution, surface morphology, as well as on the
adsorption properties and catalytic activity of ferrite nanoparticles.

Compared to traditional chemical and physical methods, "green synthesis"
provides many benefits: a simple and easy production process, faster synthesis, cost
savings, and less harmful waste. New plant-based fuel agents and precursors were
chosen for the environmentally-friendly synthesis of magnetically controlled
adsorbents and catalysts based on cobalt ferrite. The selection of plants for "green"
synthesis was based on an analysis of scientific literature, as well as considerations of
raw material availability, ease of cultivation, cost-effectiveness, and the potential for

future use of the synthesized materials.



The first section presents a literature review describing methods for the “green”

synthesis of spinel ferrites, the influence of starting metal salts and plant reducing
agents on the properties of spinel ferrites. Factors that can affect the adsorption capacity
of spinel ferrites were described. Mechanisms occurring on the spinel surface and
contributing to the effective removal of organic pollutants from the aqueous
environment were described. Special attention was paid to the catalytic decomposition
of hydrogen peroxide, which occurs according to the Fenton-like mechanism. A feature
of this mechanism is the formation of radicals, which contribute to the effective

decomposition of harmful organic pollutants.

The second section describes the methods of plant extract preparation and the
synthesis of spinel ferrites. Methods of structure and morphology analysis are
described in detail, such as X-ray analysis, IR spectroscopy, Mossbauer spectroscopy,
scanning electron microscopy, energy-dispersive spectroscopy, and analysis of specific
surface area by the nitrogen adsorption/desorption method. The description of
adsorption and catalytic experiments is presented in detail. Particular attention was paid
to describing the three-electrode system and using chronoamperometry to record
current changes upon the addition of hydrogen peroxide, to assess the ability of the
synthesized catalysts to generate radicals responsible for the degradation of dye
molecules.

The third section describes the “green” synthesis of cobalt ferrite nanoparticles

using two types of cobalt-containing salts and Cydonia oblonga extract. The influence
of the starting reagents on the structure, cation distribution, and morphology of the
synthesized samples was investigated. It was found that the crystallite size for both
samples is approximately 8 nm. It is shown that the lengths of tetrahedral M—O bonds
are shorter than those of octahedral bonds. Therefore, the force constants K+ are larger
than Ko. SEM confirmed the higher porosity of ferrite synthesized using cobalt (1)

acetate.

The fourth section describes the synthesis of cobalt-zinc ferrites of the
composition ZnkCoy «xFe;04 (0 < x < 1 with a step of 0.2) using the extract of Ginkgo

Biloba leaf. The morphology and structure were studied, and crystallochemical
7



parameters, crystallite size, and cation distribution were calculated. The adsorption
capacity of the synthesized samples was studied using the example of a model pollutant
— Congo red dye. It was found that the crystallite size, anionic parameter, and unit cell
volume increase with increasing Zn(l1l) ion content. It is shown that the CoyZno.4Fe;04
sample demonstrates a significant increase in adsorption capacity, which is due to the
peculiarities of the cation distribution in its structure. An adsorption mechanism has
been proposed, which is consistent with the Freundlich model, indicating the
heterogeneous nature of the adsorbent surface. The adsorption of Congo red dye occurs
by a donor-acceptor mechanism on positively charged active centers of Fe3* ions,
localized in tetrahedral positions of the spinel structure.

The fifth chapter of the dissertation describes the synthesis of cobalt-zinc ferrites

using grape skin extract. The structure, cation distribution, morphology, and surface
charge of the synthesized samples have been studied. It was found that with increasing
Zn content, the adsorption capacity of anionic pollutants improves, which is associated
with an increase in the surface charge upon doping with zinc (I1) ions. The catalytic
activity of the synthesized samples was evaluated through the decomposition of
hydrogen peroxide, used to generate reactive species responsible for the degradation
of Congo red dye molecules. For the electrochemical evaluation of catalytic activity in
the dye solution, a three-electrode system was employed. A consistent increase in the
current jump amplitude was observed upon sequential current application and
controlled addition of hydrogen peroxide to the dye solution. A correlation was found
between the magnitude of the current jump and the rate constant of H,0,
decomposition during catalysis. It was determined that the highest activity was
exhibited by the sample with a zinc content of x=0.4, which ensured complete
decomposition of hydrogen peroxide within 30 minutes from the start of the reaction
and was characterized by the largest current jump.

The sixth section describes the effect of physalis extract on the structure,

morphology, cation distribution, adsorption capacity, and catalytic activity of cobalt
ferrite. Cobalt ferrite samples were synthesized using extracts of different parts of

physalis — fruits, husk, and their combination (fruits and husk). Analysis of crystallite
8



size using the Scherrer formula and the Williamson-Hall method shows that the
smallest crystallites are formed in the CoFe,O,—F sample synthesized using the extract
of physalis fruits. This indicates that the use of the fruit extract as a reducing agent
slows down the growth of crystallites, which leads to smaller crystallite sizes.
Conversely, the CoFe,O,—H sample, synthesized using the extract of physalis husk,
exhibits the largest crystallite size, which correlates with the higher synthesis
temperature due to the action of a more active reducing agent. Crystallite size analysis
by both the Scherrer formula and the Williamson-Hall method shows that the smallest
crystallites formed in the CoFe,O,—F sample, synthesized using physalis fruit extract.
This indicates that the use of the fruit extract as a reducing agent slows down the
crystallite growth, resulting in smaller crystallite sizes. Conversely, the CoFe,0,—H
sample, synthesized using physalis husk extract, exhibits the largest crystallite size,
which correlates with the higher synthesis temperature due to the more active reducing
agent. This, in turn, affects the magnetic properties and electron transfer efficiency.
According to Massbauer spectroscopy, the CoFe,O,—F sample is paramagnetic at room
temperature, unlike the CoFe,0,—FH and CoFe,O,—H samples, which are characterized
by ferromagnetic properties. It was found that the current transmission correlates with
the rate constant of hydrogen peroxide decomposition during catalysis and increases in
the following sequence: CoFe,O,—F < CoFe,O,—FH < CoFe,O,—H. It has been
established that, during sol-gel synthesis, the surface of ferrites is functionalized with
residues of plant extracts, which makes the samples biocompatible and allows their
application in medicine and biochemistry in the future.

The seventh section provides generalized information on the influence of plant

extract and cation substitution on the morphological, structural, and adsorption-
catalytic properties of the synthesized samples. Samples synthesized using different
extracts show the formation of CoFe,O,4 with different cation distributions. It was found
that the distribution of zinc ions between tetrahedral and octahedral positions depends
on the used plant reducing agent. It was also found that the degree of hydrogen peroxide
decomposition directly correlates with the size of crystallites and inversely with the

size of agglomerates. In the case of adsorption capacity, the opposite result is observed:
9



samples with a smaller crystallite size and the presence of Co(ll) ions in the A-sites
demonstrate the best adsorption capacity.

Keywords: green synthesis, spinel, adsorption, catalyst, hydrogen peroxide,
oxidative degradation, nanoparticles, cobalt ferrite, ferrite formation, cobalt-zinc
ferrite, Mossbauer spectroscopy, X-ray analysis, IR spectroscopy, water purification,
Congo Red dye.
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