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Synthesis and characterization of a new magnetic composite MnFe,O,/clay
based on a natural clay obtained from Turkestan deposit

The work is devoted to the development of a new method for the synthesis of magnetic composites based on
manganese ferrite on a natural clay, coupling with their physico-chemical characterization. In the study, a
natural clay of Kazakhstan obtained from the Turkestan deposit was used for the preparation of magnetic
composites. The formation of materials with magnetic properties is an urgent task of our time, due to the
needs of various applications of magnetically controlled materials for biomedical systems, electronic devices,
catalytic and adsorption processes. The advantage of such materials is the ability to control them using a
magnetic field for shaking, recovery, induction heating, among others. In this work, samples were prepared
by co-precipitation of manganese and iron salts with 5 mol L™ NaOH over the Turkestan clay (TC). Materials
were characterized by various analyses, such as Fourier-Transform infrared spectroscopy (FTIR), X-ray
diffractometric analysis (XRD), and elemental analysis. According to the results of physical and chemical
studies of the XRD and thermal analysis, kaolinite is the main mineral in the composition of TC. Magnetic
adsorbents MnFe,O,/clay with perfect magnetic separation characteristics were successfully obtained by
chemical co-precipitation.

Keywords: natural clays, magnetic material, manganese ferrite, adsorbent, modified composite, metal ions,
chemical co-deposition, adsorption.

Introduction

Natural clays are inexpensive and readily available materials that work as excellent cation exchangers.
The adsorption capacity of clays is due to the relatively high surface area and the net negative charge in their
structure, which attracts and holds cations such as heavy metals [1-4]. Natural clays can also be modified to
produce materials with enhanced properties, such as metallic pillared clays with improved textural character-
istics [5]. Main applications include the action as catalytic materials (taking advantage of the catalytic prop-
erties of the incorporated metals) in advanced oxidation processes, such as catalytic wet peroxide oxidation,
as well as for removing organic pollutants from contaminated waters [6—8]. The application of metallic parti-
cles with magnetic characteristics dispersed on the surface of clays is interesting for the development of
magnetic materials that can be magnetically controlled for diverse applications, such as biomedical systems,
electronic devices, catalytic and adsorption processes. Magnetic materials can be separated from the medium
by a simple magnetic process in catalytic and adsorption processes. Therefore, there is a growing interest in
low-cost materials with a high surface area, such as clays, due to their unique applications, including
adsorption and catalysis [9].

There are several methods for the preparation such magnetic materials, as magnetite (Fe3O,4) nanoparti-
cles [10]. These are impregnation, sol-gel, solution combustion synthesis and co-precipitation. Among these
methods, chemical co-precipitation is the most promising since it is simple and does not require special
chemicals and procedures [11-13].

In this paper, we propose to study a sample of clay from the Turkestan fields. The clays were modified
and the physical and chemical characteristics of the natural and modified clay were studied.

Experimental

Materials and reagents

The clays studied were obtained from the Turkestan deposit in Kazakhstan. Sodium hydroxide (NaOH,
purity >0.97), iron(III) sulfate nonahydrate (Fe(SO,)3:9H,0, purity > 0.98), manganese chloride tetrahydrate
(MnCl,-4H,0, purity > 0.99), nickel sulfate heptahydrate (NiSO4 7H,0, purity > 0.99) were used. Initial
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solutions (50 mg L™) containing Ni(Il) ions were obtained by dissolving pre-determined amounts of nickel
sulfate heptahydrate in distilled water. It is worth noting that all the chemicals in this study were used
without further purification.

Magnetic materials synthesis

Natural Turkestan clay (TC) was ground into powder in a mill and sorted through a sieve Ne 0.063,
followed by storage in anti-wet bottles at room temperature. To prepare the magnetic composite
MnFe,O4/TC, an aqueous solution containing manganese(ll) chloride and iron (I11) sulphate in a molar ratio
of 1:2 was prepared. Then, 5 g of the sieved TC were added to the Mn(I)-Fe(l1l) solution, followed by
mixing. Afterwards, the co-precipitation of Mn(l1)-Fe(l11) was conducted by the addition of NaOH solution
(5 mol L™) until pH 10 was obtained. The resulting solution was stirred for 30 min on a magnetic stirrer at
room temperature. Then, the suspension was heated to 95-100 °C. After cooling, the prepared magnetic
composite was repeatedly washed with distilled water at 50 °C for 2 h. Using a simple magnetic procedure,
the resulting materials were separated from the water and dried in an oven at 105 °C for 2 h, to be completely
dehydrated and ready for use [14].

Characterization

To characterize the materials, various analyses were conducted. FTIR spectra of the natural and mag-
netic modified clay were obtained with a FTIR instrument (Infraspec, Model FSM 2202, Russia, St-
Petersburg) with a resolution of 1 cm™" and a scan range of 5000 to 500 cm ™' using a sample based on 1 % of
clay with KBr. X-ray diffractometric analysis was carried out on an automated DRON-3 diffractometer with
Cug,-radiation, and a B-filter. Conditions for shooting diffractograms: U = 35 kV; | = 20 mA; shooting 6-26;
detector 2 deg/min. The results of the elemental composition of natural clays were obtained by using EMP
analysis.

Semi-quantitative X-ray diffractomeric analysis was performed applying diffractograms of powder
samples by the method of equal attachments and artificial mixtures. The quantitative ratios of the crystal
phases have been determined. Interpretation of the diffractograms was carried out using data from the Inter-
national Centre for Diffraction Data (ICDD) card file; these were the PDF2 Powder diffraction database
(Powder Diffraction File) and diffractograms of minerals free of impurities. Shooting conditions: DRON
diffractometer — 3.0; accelerating voltage — 35 kV; anode current — 20mA.

Results and Discussion

The results of the elemental composition of natural and modified clay were obtained using an electron
microprobe (EMP) of the brand Superprobe 733 from JEOL coupled to a spectrometer Inca Energy from Ox-
ford instruments (Figure 1). Table 1 shows the contents of elements in the natural and modified clay. As can
be observed, the clay obtained in Turkestan has mainly aluminium (7.12 %), calcium (10.69 %), and silicium
(18.97 %) metals (Table 1). Comparing this natural clay with others reported in the literature [15, 16], it is
highlighted as positive features the high contents on iron, paramount for catalytic purposes, and on calcium,
which allows the preparation of catalytic advanced materials such as pillared clays. The modified clay by co-
precipitation also presents high concentration of those metals: aluminium (3.94 %), calcium (7.35 %), and
silicium (10.40 %). However, the concentration of all of them decreased after the modification of TC by co-
precipitation, whereas the content in iron and manganese strongly increased when compared to the concen-
tration of TC, as expected. Specifically, the composition of the modified clay is rich in iron (22.37 %). In the
natural TC, the quantity of Mn is 0.14 %, whereas in MnFe,O4/TC is 9.23 %. The results also show that the
content of Fe increases in MnFe,O,/TC in comparison with the natural clay.

The magnetic characteristics of the developed material were confirmed using a magnet. Figure 2 is
demonstrates an illustrative photo where the magnetic characteristics of MnFe,O,/TC are placed in evidence
upon reaction to a magnetic field.

Table 1
Elemental composition
. Weight of the element (%)
Materials o Na | Mg | Al Si s K | ca | Ti | Mn | Fe
TC 5340 | 051 | 2.20 7.12 18.97 0.06 241 | 1069 | 031 | 0.14 4.18
MnFe,O,/ TC| 4355 | 032 | 1.24 3.94 10.40 0.17 1.26 7.35 0.19 | 9.23 | 22.37
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Figure 1. Elemental analysis

Figure 2. The magnetic characteristics of MnFe,O4/TC placed in evidence upon reaction to a magnetic field

To determine the quantitative ratio of the crystalline phases of the clay, the samples were submitted to
X-ray diffractometric analysis. Possible impurities, the identification of which cannot be unambiguous due to
the small contents and the presence of only 1-2 diffraction reflexes, the lack of chemical composition data, or
poor crystallization, are indicated in Table 2.

Diffractograms of the sample of natural clay and MnFe,O4/TC were carried out on an automated
diffractometer DRON-3, B-filter. Terms and Conditions caring.com not responsible for diffractograms:
U =35 kV; | = 20 mA,; shooting 6-20; detector 2 degree/minutes (Fig. 3).

The result of the analysis established that the sample of the studied Turkestan clay belongs to the group
of layered silicates-kaolinite Al,(Si,Os)(OH)4, with a low amount of chlorite (Mg, Fe)sAl(SizAl)O10(OH)s,
admixtures of muscovite KAI,(AlSiz010)(OH), and albite Na(AlSi3Og).

In the modified MnFe,O,/TC sample, the concentration of minerals increases, but the calcite concentra-
tion decreased from 29.9 to 21.4. It is worth noting that the modified vehicle does not contain the mineral
kaolinite Al,(Si,Os)(OH),, however, the analysis showed the presence of the mineral dolomite CaMg(COs),
(Table 2). The characteristic peaks of MnFe,O, were also identified, confirming the magnetic characteristics
of the developed materials.
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Figure 3. (a) Diffractogram of the TC and, (b) Diffractogram of MnFe,0,/TC

Table 2
Results of semi-quantitative X-ray diffractometric analysis of TC and MnFe,O,/TC
Mineral Formula Concentration, %
TC MnFe,0,/TC
Calcite Ca(COy) 29.9 21.4
Quartz SiO, 29.9 35.9
Kaolinite Al,y(Si,05)(OH), 23.7

Dolomite CaMg(COs), 9.5
Chlorite (Mg, Fe)sAl(SisAO14(OH)g 8.2 12.3
Mica KAI(AISiz040)(0OH), 5.7 7.3
Feldspars (albite) Na(AlSiz;Og) 3.4 13.6

The natural clay of the Turkestan deposit was studied by FTIR spectroscopy. Changes in the absorption
bands on the spectra of these clays after modification of Mn(ll) and Fe(lll) were analyzed (Figure 4). The
FTIR spectra of all compounds were recorded in solid form in KBr tablets.
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Figure 4. FTIR spectra

The analysis of the above FTIR spectrum illustrates that the main bands in natural clay relate to the va-
lence bonds of silicon with oxygen and hydrogen with oxygen. The absorption band at ca. 1613 and 3637
cm™ corresponding to the deformation vibrations of OH™ groups at the vertices of silicon-oxygen tetrahedra,
is a distinctive feature of kaolinites (Fig. 4).

Having characterized the absorption bands on the FTIR spectrum of a sample of clay from the Turke-
stan deposit, it is possible to implement a similar assignment of the absorption bands on the spectrum of nat-
ural clay. The absorption bands at 1433, 2029, and 2517 cm™ allow the identification of calcite (CaCQs) in
the clay, which is confirmed by X-ray diffractometric analysis. The FTIR spectrum of albite contains an in-
tense band in the frequency range of 1757-1036 cm™ with a maximum in the region of 1433 cm™ (Fig. 4a).

Muscovite mica is an aqueous KAI,(AlSisO10)(OH),. The absorption bands of the SiOSi, SiOAl,
Al(OH), and H(OH) groups are usually observed in their spectra. In the clay samples, absorption bands of
457, 794, 1035, and 3695 cm™ are observed, which according to the database corresponds to the mineral
muscavite (Fig. 4).

Oxygen atoms can be bound to two silicon atoms by Si—O-Si bridging bonds, or to one by Si—O non-
bridging bonds. In particular, the bands 1022 and 1009 cm™ are attributed to the valence vibrations of Si—O—
Si(Al) bridging bonds in the crystal lattice. When silicon is partially replaced in the lattice, most of the va-
lence bands of layered minerals (1000-900 cm™) move in the direction of low frequencies. The appearance
of absorption bands in the region of 1000-900 cm™ can be associated with valence vibrations of non-bridge
Si—O bonds in various silicate and aluminosilicate groups, as well as in simple ortho-and diorthosilicate ani-
ons in the amorphous phase. Aluminum is found in aluminosilicates in either tetrahedral coordination or oc-
tahedral coordination. The very weak bands at 794 and 547 cm™ in the samples can be explained by Si—O-Si
(Al) bonds in distorted tetrahedral and octahedral layers. In particular, the band in the region of 547cm™ re-
fers to the Si—O-Si strain vibrations involving bridged oxygen, and the band of 794 cm™ refers to the Si-O—
Si valence symmetric vibrations characteristic of silicon in the SiO, tetrahedron.

Figure 4b shows the FTIR spectrum of the modified MnFe,O,/Turkestan sample. Two strong absorption
peaks of 1442 cm™ in the sample indicate the presence of ferrites. The stretching between 400 and 700 cm™
is an oscillation (Fe-O) that indicates the formation of the spinel ferrite structure. In ferrites, metal ions
occupy two different interstitial sites in the lattice. One is in a tetrahedral location, and the other is in an
octahedral location. From the FTIR spectra, it was found that the high-frequency bands at 875 cm™ are
associated with the tetrahedral region, while the low—frequency bands at 629 cm™ are associated with the
octahedral region. The sharpness of these bands correlates with the high degree of crystallinity of MnFe,O,4
structures. The wide band of vibrations at 3449 and 3421 cm™ is associated with the stretching vibrations of
O-H adsorbed water molecules, indicating a higher amount of surface OH [17].

The absorption bands in the modified clay at 547 and 457 cm™ become more diffuse with a slight
change in the position in the spectrum. The 457 cm™ band indicates the presence of Fe—O oscillations, the
absence of a band at 621 cm™ (characteristic of the y-Fe,O phase), and, at the same time, the appearance of a
band at 520 cm™ may indicate a phase transformation of y-Fe,0; — a-Fe,0s [18].
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Conclusions

A method for synthesizing clay composites based on a natural clay of Turkestan (TC) with manganese
ferrite has been developed and physico-chemical properties determined. Magnetic adsorbents MnFe,O,/TC
with perfect magnetic separation characteristics were successfully obtained by chemical co-deposition. The
clay of the Turkestan deposit in Southern Kazakhstan was studied by physico-chemical methods of analysis:
the elemental composition of natural clay and the chemical composition of the modified MnFe,O,/TC com-
posite and the quantitative ratios of the crystal phases were determined. The study of the FTIR spectra of
natural and modified clay deposits of Turkestan allowed us to establish their distinctive features, which con-
sist in the imperfection of their crystal structures. It is expected that the resulting magnetic composite
MnFe,O4/TC can be used as potential catalysts and adsorbents for diverse applications.
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TypkicTaH KeH OPHBIHAH AJbIHFAH Ta0UFH ca30aJIIBbIK Heri3iHae xKaHa
MnFe,O,/ca36aamblKk MATHUTTIK KOMIIO3UTTIH CHHTE3i KOHE CHIIATTAMAaChI

Makara MarHUTTIK KOMIO3UTTEPiH (HU3UKA-XUMISUIBIK CHITATTaMachIMEH OaiIaHBICKaH TaOUFH ca30alIIbIK-
THI Maprasel] (eppuTi HeTi3iHAe MarHUTTIK KOMITO3UTTEPAl CHHTE3NCYMiH *aHA OMICiH jKacayFa apHallFaH.
3eprTeye MarHUTTIK KOMIIO3WUTTep aimy ymriH TypkicTaH keH OpHBIHAH anblHFaH Ka3akcTaHHBIH TaOHFH
ca30aIIbIFEl aliaaHbUIIB. MarHuTTik KacueTTepi 6ap MaTepuaiiapAbl KUIBINTACTEIPY OHOMEIUINHAIBIK,
XKy#Henep, SNeKTPOHIbl KYPBUIFBIIAP, KAaTAJMTHKAJBIK JKOHE aJCOpOLMSIBIK MpoLecTep YLIH MarHHUTTi
0acKapbUIaThIH MaTepHAIAapIsl SPTYPJIi KOJNJaHY KaKETTUTIKTEepiHe OaiaaHbICThl Oi3MiH 3aMaHBIMBI3IbIH
o3ekTi Maceneci. MyHJall MarepuainapAblH apTHIKIIBUIBIFEL OJIAPABI apajacThIpy, KaJIblHA KenTipy,
MHIYKIUSIIBIK KBI3IBIPY XKOHE T.0. YIIIH MarHUT epiciHiH KeMeriMeH 0ackapy MYMKIHIIr OOJbII TaObUIaabL.
Yirinep 5 moms/mt NaOH wmapranen men Temip Ty3mapbi Typkicran casGammusirsiasie (TC) Herizimme
TYHIBIPY apKbUIbl anblHAbl. Matepuannap Pypoe-undpaxeeun crekrpockonus (FTIR-cnekrpockomus),
peHTreHmik audpakToMeTprsuiblK Tangay (XRD) jxoHe »IMEMEHTTIK Tanmay CHSAKTBI OpPTYpPIl Tanmay
onicrepimeH cunattangbl. P/IT ¢pu3nka-XxuMHsUIBIK 3epTTEYNIEPIHiH JKoHE TePMHSUIIBIK TaJay IbIH HOTIDKeIepi
6otiprama TC KypaMbIHOarsl HETi3ri MHHEpaJl KaoJMMHHUT OoNbIn Tabbutagsl. MarHUTTIK Kacuertepi Oap
MnFe,O,/TypkicTan MarHuTTiK ancopOSHTTEPi XUMUSUIBIK TYHABIPY dAici OOMBIHIIA COTTI aTbIHABL.

Kinm ces0ep: Taburu ca3zmap, MarHMTTIK MaTepual, MapraHen (eppuTi, aacopOeHT, MOANHIMPICHIeH
KOMIIO3UT, METaJl1 HOHIAPbI, XUMHUSIIBIK KOCBUIBICTAP, aICOPOLHSL.

K.A. baitmypartoBa, M.C. Kanmaxanosa, b.K. Macanumosa,
A.A. Hypnoibaesa, A.C. Kynaxanosa, X.JI. /lua3 ne Tyecra, X.T. ['omec

CHHTe3 M XapaKTepPUCTHKA HOBOT0 MArHUTHOr0 kommno3uta MnFe,O,/rinuna
HAa OCHOBE MPUPOJHBIX I'VIHH, MOJY4eHHbIX U3 TypKecTaHCKOro MecTOpPOXK/ACHUS

Crathst MOCBSIIIIEHa Pa3pab0TKe HOBOTO METOJA CHHTE3a MAarHUTHBIX KOMIIO3UTOB Ha OCHOBE (eppHTa Map-
TaHIa Ha IPUPOJHON INIMHE C YUETOM HX (PM3UKO-XMMHYECKON XapaKTepUCTHKH. B ncenenoBanmm s noiry-
YEeHUs] MAaTHUTHBIX KOMIIO3UTOB HCIIOIB30BaTach MpUpoaHas riauHa Kazaxcrana, nomydenHas u3 Typkecran-
CKOro MecTropoxjaeHus. GopMHUpoBaHUE MAaTEPUAIOB C MAarHUTHBIMU CBOIICTBaAMHM SIBIISETCS aKTyaJbHOU 3a-
Jadell Hallero BPEMEHH, B CBSI3H C IOTPEOHOCTSAMH Pa3IMYHBIX NMPUMEHEHHH MarHUTOYNPABISEMbIX MaTe-
puajioB Ojid 61/IOMBJII/ILLI/IHCKI/IX CHUCTEM, JJICKTPOHHBIX yCTpOﬁCTB, KaTAJIUTUYCCKUX H a}ICOp6LIPIOHHbIX npo-
IIECCOB. npeI/IMyLLleCTBOM TAaKUX MAaTE€PUAJIOB ABJIACTCA BO3SMOXKHOCTL YIIPABJICHUS UMU C ITIOMOIIBIO MarHuT-
HOI'0O IOJIA JUIA BCTPAXUBAHUSA, BOCCTAHOBJICHUS, UHAYKIIMUOHHOTO Harpesa v 1p. O6p33ul>l 6])IJ'[I/I OJTyYCHBI
aBTOpaMH IyTEM COBMECTHOI'O OCa)/ICHUS COJIEH Maprasua M xenesa c 5 mons/1" NaOH ¢ TypPKECTaHCKOM
rmHON (TT'). Matepuansl XapakTepH30BAINCh PA3TUYHBIME METOJZAMH aHalu3a, TakKuMU Kak Dypbe-
nH(ppaKkpacHasi CHEKTPOCKOIHS, PeHTTCHOBCKUH AN(PPaKTOMETPUIECKUH aHAIN3 W JIeMEHTHBIN aHamm3. [1o
pe3yibTaTaM (U3NKO-XHUMHUYECKUX HccienoBannii PJIA ¥ TepMHYeCKOTo aHaIH3a OCHOBHBIM MHHEPAJIIOM B
cocraBe TI' sBistercs xaonuHUT. MarautHble ancop6entsl MnFe,0,/Typkectan ¢ coBeplIEHHBIMHI XapakTe-
PHUCTHKAaMM MarHUTHOH ceTlapaniy ObUIN YCIICITHO MOTyYeHBl XUMHUUECKAM COOCAXKICHUEM.

Kniouesvie cnosa: TIpUpOIHBIC TIHHBI, MATHUTHBIA MaTepuat, GeppuT MapraHia, aacopoeHT, MOAU(HUIIHPO-
BaHHBIA KOMITO3UT, HOHBI METAJIOB, XUMUYECKOE COOCAKICHHUE, aICOPOITHSL.
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