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Researches on manganese—zinc ferrite Mn,¢Zn, ,Fe,O, got popular due to
its good magnetic properties as a soft magnetic material. Studies on
Mn, ¢Zn, ,Fe,0, magnetic properties, especially before and after the sinter-
ing process, are required to see its magnetic material characterisation.
Therefore, this research focused on manganese—zinc ferrite Mn, ¢Zn, ,Fe,O,
characterisations using co-precipitation method with sintering time varia-
tions of 3, 4, and 5 hours at 1100°C. Base materials used in this research
were manganese oxide (MnO), zinc oxide (ZnO), and iron oxide (Fe,Os).
XRD, SEM-EDX, and VSM tests were used to characterise phase, mor-
phology, and magnetic properties. Mn,¢Zn, ,Fe, 0, with 3, 4, and 5 hours
holding time sintering process resulted in crystallite size changed into
70.4194 nm, 52.91546 nm, and 26.45 nm. During the holding time of sin-
tering process, the single Mn, 4Zn, ,Fe,0, phase was formed, the materials
were in one lattice, and it has cubic shape structures. Sintering process
affects particle bulk size; a higher sintering temperature increases parti-
cle bulk size. Materials with holding time sintered that formed a single
Mn, gZn, ,Fe, O, phase had higher magnetic retentivity compared to mate-
rials before sintering. This is evident by magnetic saturation (M,) and
magnetic remanence (M,) values that are higher than for materials with-
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out sintering. In 3 hours holding time sintering, the sample has a mag-
netic saturation (M,) of 54.05 emu/g and a magnetic remanence (M,)
14.38 emu/g, higher than other variants.

HocrmimxenHsA MaHTaH-NIUMHKOBOro Gepury Mng g Zn,.Fe,0, cranu nomynsap-
HUMHU B3aBAAKM HOTO TAapHMM MAarHeTHUM BJACTUBOCTAM Yy SKOCTI MarHe-
TOM’ SIKOr0 MaTepisny. BuBueHHA MarHeTHuX BiaacTuBocTeil MnggZn,,Fe,Oy,
0COOJIMBO 10 Ta IIiCJA MIPOoIecy CIiKaHHA, HeoOXiAHi AMA BU3HAUEHHS Xapa-
KTEepPUCTUK ¥MOro marHeTHoro marepisay. Tomy mame mociimsxeHHs OyJo 30-
cepe/’KeHO Ha XapaKTepPHCTHKAaX MaHI'aH-IUHKOBOIo ¢epury Mn,Zn, Fe,0,
3 BUKOPHUCTAHHSAM METOJM CIIiBOCAJ:KeHHs 3 BapidlisaMu yacy COiKaHHS y 3,
4 ta 5 rogur mpu 1100°C. OcHOBHMMU MAaTepifjiaMu, BUKOPHUCTAHUMHU B
miM mociimskenHi, o0yau oxkcun maurany (MnO), okcun muHKY (Zn0) i okcun
saiisa (Fe,0;). PenTreniBcbka audpakriiis, ckaHyBaJbHa €JEeKTPOHHA MiK-
POCKOIIisI pa3oM 3 eHeproAuCIIepCiiHOI0 PEHTI'€HiBChKOIO CIIEKTPOCKOIIIEI0 Ta
TECTH Ha MarHeToMeTpi 3 BiOpyoumM 3paskoM OyJiuM BUKOPHUCTAHI IJA Xa-
paxkTepuctuxku  ¢asu, mopdosorii  Ta  MArHeTHHUX  BJIACTHBOCTEI.
Mn, gZn, ,Fe,0, i3 npomecom cuikaHHA nporaroMm 3, 4 i 5 roguH MaB fAK pe-
3yJIbTAT PO3Mip KpucTaxitiB, smimenuit mo 70,4194 mum, 52,91546 um i
26,45 um. 3a yac BUTPUMKM IIpPOIlecy CIiKaHHSA yTBopuJaacsa emaumHa dasa
Mn, gZn, ,Fe,0,, MaTepianu mepebyBanu B OLHiMl I'paTHUIIL Ta MalHu CTPYK-
Typu KyOiuHoi ¢dopmu. Ilpomec cmikaHHA BImBae Ha 00’€M YaCTHUHOK;
OiJBIII BHCOKA TeMIlepaTypa CIIiKaHHaA 30iJbIlye po3Mip dacTmHOK. Matepi-
AJMM 3 BUTPUMAHUM dYacoM CII€UeHi, aAKi yTBopooBanm e€guHy Gasy
Mn, gZn, ,Fe,0,, Manu 6inblI BUCOKY 3aJIMIIKOBY HaMarHeTOBAaHICThL y IODi-
BHAHHI 3 MaTepidAsaMu mepe] cuikaHHAM. Ile BUAHO 3a 3HaUEHHAMU MarHe-
THOTO Hacuty (M,) i 3anumkoBoi marmerHol imgykmii (M,), aki Bue, HiX
IS MaTepisaniB 0e3 cHiKaHHs. 3a Yac BUTPUMYBAHHS IIPOTATOM 3 TOAUH
3pa30K Mae MarHeTHui Hacut (M,) y 54,05 e.M.0./T i 3aJIUIIKOBY MarHETHY
imgykiioo (M,) v 14,38 e.m.0./T, 1110 BuUIlle, Hi’K B iHIIIUX BapidHTax.

HccnemoBanusa Maprasen-HuHKOBOro (eppura MnggZn,,Fe,O, cranu momy-
JSAPHBIMU GJarofaps ero XOPOIITMM MArHWTHBIM CBOMCTBAM B KadecTBe MAar-
HUTOMATKOTO MaTepuasna. VsyueHusa MarHuTHBIX cBoiicTB MnggZn,,Fe,O,,
0CO0EHHO MO M TOCJe IIpoliecca CIeKaHWsa, HeOOXOAMMBI AJIA OIpeeJeHua
XapaKkTepUCTUK €ro MarHuTHOTO MaTrepuaja. IlosTomMy mamHOE MCCJeJOBa-
HUe OBLIO COCPEeNOTOYEHO Ha XapaKTepPUCTUKAX MapraHIieBO-IIMHKOBOTO
teppura Mn, gZn, ,Fe,O, c ncnonszoBanreM MeTO[a COOCAKJEHHUA C Bapua-
MUAMHU BpeMeHU cnexkaHus 3, 4 u 5 yaco mpu 1100°C. OcHOBHBEIMHU MaTe-
puajiaMu, UCHOJH30BAHHLIMU B 3TOM MCCJIEIOBAHUU, OBLIN OKCHUJA MapraHiia
(MnO), okcmp nmukKa (Zn0O) u oxcupn xenesa (Fe,0;). Penrrenosckasa mu-
dpakmusa, CKAaHUPYOIIAA 3JIEKTPOHHAS MUKPOCKOIIMS COBMECTHO C 9HEPIo-
OUCIIEPCUOHHON PEHTTeHOBCKOM CIIEKTPOCKOIIMEN M TeCThl B MAarHUTOMETPE C
BUOPHUPYIOMINM 00pPas3oM OBLIM MCIIOJb30BAHBI IJIs XapaKTepHUCTUKU (asbl,
Mopdoornu U MarHUTHBIX cBoiicTB. Mn,sZn, ,Fe,0, ¢ mpomeccom cnexkaHus
B TeueHune 3, 4 u 5 4acoB mMeJ Pe3yJabTATOM pas3Mep KPHUCTAJIINTOB, M3Me-
HéHHBIN n0 70,4194 um, 52,91546 um um 26,45 mmM. 3a BpeMs BBIAEPIKKU
Impoliecca clieKaHuA obpasoBasiach eguHad dasa Mn,gZn, Fe,0,, MaTepuans
HaXOQWJIVCh B OJHOM PEIIETKe W MMENU CTPYKTYPhl KyOMduecKoir (pOpMBI.
IIpomecc crnekaHus BAUsSET Ha 00bEM yacTuIll; 6oJjiee BhICOKAs TeMIlepaTypa
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CIIEKaHUs yBeJIUYUBaeT pasMep uvacTui. Marepuanbl ¢ BbIAEDKAHHBIM Bpe-
MeHeM CIeYéHHBIe, KOTOpble OOpas3oBHIBAJIM  eAUHCTBEHHYIO  (dasy
Mn, gZn, ,Fe,0,, umenu 0Gojiee BBHICOKYIO OCTATOYHYIO HAMArHMYEHHOCTBL IIO
CPaBHEHHWIO C MaTepuajaMH Iepel] ClleKaHWeM. JTO BUAHO II0 3HAYEHUAM
MarsHuTHOTO HachkimeHua (M,) m ocraTouHON MarHuUTHOM uHAyKIuu (M,),
KOTOpBIEe BBIIIE, UeM [AJIs MaTepUaJoB 0e3 CIeKaHUs. 3a BPeMs BBIIEPIKU-
BaHUA B TeueHUe 3 4acOB oOpasell mMeeT MarHUTHoe Hachiienue (M,) 54,05
3.M.e./T W OCTATOYHYI0O MArHUTHYyI0 wHAyKmuioo (M,) 14,38 s.m.e./r, UTO
BBIIIIE, YEM y JPYTUX BapUAHTOB.

Key words: magnetic properties, manganese—zinc ferrite, co-precipitation,
holding time.
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1. INTRODUCTION

The rapid development in nanotechnology gained a lot of attention
from researchers and scientists. Generally, nanotechnology defined
as science and engineering in the creation of material, functional
structure, as well as devices on a scale of 1-100 nanometers [1, 2].
The positive impact of the rapid development in nanotechnology
helps to provide conveniences to humankind. Research results in
nanotechnology can be applied to the various field of life, e.g., bio-
technology, biomedicine, electronics, industries, and optics [3—9].

One type of magnetic nanoparticles that widely researched is
manganese—zinc (Mn—Zn) ferrite nanoparticle. Mn—Zn ferrite has
spinel crystal structures with MFe,O, formula where M is divalent
cation of 3d transition elements such as Zn?*", Co?*, Fe?*", Ni*", Cu*
or Mn*. MFe,O, nanoparticle study is interesting due to not only
its unique magnetic and electrical properties, but also its stability
towards temperature and chemical substances [10]. Between spinel
ferrites such as NiFe,0,, CoFe,O,, MnFe,0,, ZnFe,O,, and other,
MnFe,O, and ZnFe,0, have their advantages. The ZnFe,O, nanopar-
ticle has advantages, e.g., high sensitivity in temperature, and su-
perparamagnetic properties at temperatures of 20—-80°C in 5-10 nm
sizes [11]. The advantages of manganese ferrites (MnFe,O,) are hav-
ing an inverse spinel structure and superparamagnetic properties in
9 nm crystal size at room temperature [12].

Manganese—zinc ferrite (MnZnFe,O,) is a zinc-ferrite-based
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nanoparticle with formula (M,Zn)Fe,O, with M = Mn. A combination
between Fe,0, and MnFe,O, containing 0.8 mol Mn?*" and 0.2 mol
Zn*" compositions formed Mn, Zn, Fe,0,. Mn,sZn, ,Fe,0, has a
mixed spinel structure. Mn—Zn-ferrite nanoparticle is a part of soft
magnetic and low losses material with high permeability. Mn—Zn
ferrite is known because of its low Curie temperature, low anisot-
ropy crystalline magnetic constant value, and low remaining mag-
netisation [13, 14]. MnZn ferrite has spinel structures with Fe ion
in tetrahedral position (position A) and octahedral position (position
B), while Mn and Zn ions are on tetrahedral positions (position A)
[15]. Based on the above advantages, Mn, ;Zn, ;Fe,O, has a high po-
tential for high-frequency applications (inductor and transformer),
data saving, and magnetic amplifier [16]. These were the base on
choosing Mn, ;Zn, ;Fe,O, with the purpose of finding more optimised
magnetic properties.

Mn—Zn ferrite nanoparticle can be synthesized by several means,
e.g., co-precipitation, thermal decomposition, hydrothermal, sol—gel,
milling, etc. [9, 17, 18]. Each synthesis method has advantages and
disadvantages. This research used the co-precipitation method,
which is widely chosen because of its simplicity in the process and
the lower cost usage compared to other methods. Co-precipitation
method is also widely used to create magnetic nanoparticle to in-
crease homogeneity, purity, and reactivity [19, 20].

In the co-precipitation method, synthesis parameters such as pH,
temperature, and sintering-process holding time have crucial roles
in controlling the particle size [17], [20]. Mn,Zn,Fe,O, particle
size increases along with the increase in sintering temperature that
resulted in the rise of magnetisation. The correlation shows that
magnetic properties depended on particle size [21].

Sintering with holding time variations also play a role in manga-
nese—zinc ferrite with material. Therefore, the particle size is one
of the important parameters to determine ferrite alloy magnetic
properties.

2. RESEARCH METHOD

This research is experimental laboratory-type research carried out
in the form of description. To obtain descriptive results on phase
characterisation, morphology, and gauging manganese—zinc ferrite
(MnZnFe,0,) powder magnetic properties; this research used co-
precipitation method with molar ratio Mn,¢Zn,,Fe,O,. The compo-
nent materials were manganese oxide (MnO), zinc oxide (ZnQO), and
iron oxide (Fe,0;). All materials were mixed and added ethylene
glycol as a solvent, then added 5 M concentration of sodium hy-
droxide at pH 12. The independent variables were the sintering
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process with holding time of 3, 4, and 5 hours variations at tem-
perature of 1100°C. Characterisation tests used XRD (X-Ray Dif-
fraction) to determine formed phase, SEM—EDX (Scanning Electron
Microscopy) to determine the material bulk size, and VSM (Vibrat-
ing Sample Magnetometer) to determine magnetic retentivity.

3. RESULTS AND DISCUSSION

In Figure 1, there is an increase in the highest peak between man-
ganese—zinc ferrite (Mn,g¢Zn,,Fe,0,) according to the XRD results.
Unsintering process in manganese—zinc ferrite (Mn,¢Zn, ,Fe,O,) ma-
terial did not form single MnZnFe,O, phase and not in one lattice
because crystal phase was not formed due to hematite (Fe,O;) phase
domination in the peaks. In 3, 4, and 5 hours holding time sintered
at 1100°C, hematite (Fe,0;) phase was declining, shown by the de-
creasing peaks and single MnZnFe,O, phase in the peak. In sintering
3, 4, and 5 hours holding-time variations at temperature of 1100°C,
materials formed a single MnZnFe,O, phase that meant material was
in one lattice with cubic shape crystal. Manganese—zinc ferrite ma-
terial at 1000°C only showed MnZnFe,O, phase [18]. Unsintering
process did not form single MnZnFe,O, phase nanoparticle, how-
ever, holding-time variations in 3, 4, and 5 hours formed single
MnZnFe,O, phase nanoparticle as an effect of the sintering tem-
perature that made hematite (Fe,O;) phase decreased.

From Table 1 can be observed that unsintering manganese—zinc
ferrite (Mng 3Zn, ,Fe,0,) crystal has 70.1496 nm in size that formed
hematite (Fe,O;) phase at the peaks, while sintered 3, 4, and 5
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Fig. 1. XRD results of unsintered and sintered 3, 4, and 5 hours holding
time.
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hours holding-time variations have crystal size of 52.91546 nm,
26.45 nm, and 26.45014 nm, respectively, that formed single
MnZnFe,0, phase at the peaks. In other words, the smallest particle
size is found in sintered 4 hours holding time with crystal size of
26.45 nm. At temperature of 1100°C, crystallite size results became
smaller until sintered 4 hours holding time.

Scanning electron microscopy (SEM) test aimed to analyse and
compare the morphology and particle size of manganese—zinc ferrite

TABLE 1. Position value, FWHM, D-spacing, and crystallite size on man-
ganese—zinc ferrite (Mn,¢Zn, ,Fe,0,).

Variations Pos. [°2Th] Height [cts] FWHM Crystallite size, nm

unsintering 32.9617 45.55 0.1181 70.1496
3 jam 34.9596 47.26 0.1574 52.91546
4 jam 34.9689 31.02 0.3149 26.45
5 jam 34.9708 29.75 0.3149 26.45014

Fig. 2. Morphology of manganese—zinc ferrite (Mn,¢Zn,  Fe,0,) unsintered
and 3, 4, and 5 hours holding time sintered in x20 000 magnifications.
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(Mng gZn, ,Fe,0,) material. In Figure 2, identification results from
manganese—zinc ferrite (Mny3Zn,,Fe,0,) are that unsintering proc-
ess has a particle size below 150 nm, while sintering process with 3,
4, and 5 hours holding time has an average particle size above 250
nm that homogenous with intergranular fracture and particle ag-
glomeration. Result from 5 hours holding time sintered with stan-
dard deviation value 125.4187 nm shows that this variation has
better homogeneity level than other sintered holding time varia-
tions. Sintering temperature affects the particle size of the material
because sintering causes the particles to react and bind. A rise in
sintering temperature is resulting in the increasing size of the par-
ticle in manganese—zinc ferrite material [22, 23], whereas stated in
[16], the manganese—zinc ferrite material with annealing treatment
at 400°C, 600°C and 1200°C shows bigger particle size along with
higher sintering temperature.

VSM test for manganese—zinc ferrite (Mn,g¢Zn,,Fe,0,) with sin-
tering holding-time variations can be found in Fig. 3. During
unsintering process, the magnetic saturation (M,) of 3.4 emu/g,
magnetic remanence (M,) of 0.87 emu/g, and coercive-field strength
(H,) of 0.0323 T were found. Magnetic properties in unsintered ma-
terials are quite low as evident by a low or almost flat curve. In 3
hours holding time sintered, magnetic saturation (M,) of 54.05
emu/g, magnetic remanence (M,) of 14.83 emu/g, and coercive field
(H,) of 0.0199 T were found. This variation shows better magnetic
properties than unsintered material, and the curve shows a rise in
M, value. In 4 hours holding time sintered, magnetic saturation
(M,) of 51.7 emu/g, magnetic remanence (M,) of 12.95 emu/g, and
coercive field (H,) of 0.0191 T were found. This variation shows a
decline in magnetic properties compared to 3 hours variation as
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Fig. 3. VSM test results on manganese—zinc ferrite (Mn, ¢Zn, ,Fe,0,) unsin-
tered and 3, 4, and 5 hours holding time sintered graphic.
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Table 2. Values of M,, M,, and H, for the manganese—zinc ferrite
(Mn, ¢Zn, ,Fe,0,) material.

Variations M,, emu/g M,, emu/g H,T Crystallite size, nm

Unsintering 3.4 0.87 0.0323 70.1496
3 Jam 54.05 14.83 0.0199 52.91546
4 Jam 51.7 12.95 0.0191 26.45
5 Jam 47.11 12.7 0.0195 26.45014

evident in the M, curve drop. In 5 hours holding time sintered,
magnetic saturation (M,) of 47.11 emu/g, magnetic remanence (M,)
of 12.7 emu/g, and coercive field (H,) of 0.0195 T were found. This
variation shows a decline in magnetic properties compared to 4
hours variation as seen in the drop in M, curve.

Table 2 shows that manganese—zinc ferrite (Mn,3Zn,,Fe,0,) ma-
terials unsintered and sintered have superparamagnetic properties.
Variation with 3 hours holding time had a more optimised magnetic
properties than unsintered and 4 and 5 hours sintered variations. It
has magnetic saturation (M,) of 54.05 emu/g and magnetic rema-
nence (M,) of 14.83 emu/g with crystallite size of 52.91546 nm due
to the higher M, and M,. It has cubic crystal structures. The crystal
size becomes smaller along with the additional sintering duration.
Duration also affects the M, and M, values because the smaller
crystallite induces a lower electromagnetic field to alter the spin
direction of an electron in the sample orbital magnetic moment, as
long as there was a single MnZnFe,O, phase in the peak phase as an
indication of the material crystallisation and one lattice. Magnetic
saturation (M, is also affected by the amount of Mn in
Mngy,Zny,Fe, 0O, and Mn,¢Zn,.Fe,0, [22]. Magnetic saturation (M,)
and magnetic remanence (M,) increased along with sintering tem-
perature [24]. Materials at 1100°C and 2 hours holding time sin-
tered showed the highest magnetic saturation (M,) of 73.64 emu/g
and magnetic remanence (M,) of 2.20 emu/g compared to other sin-
tering temperatures (800°C, 900°C, 1000°C). In conclusion, addi-
tional holding time in the sintering process results in the smaller
crystallite size that made magnetic saturation (M,) and magnetic
remanence (M,) dropped.

4. CONCLUSION

Manganese—zinc ferrite (Mngg¢Zn,,Fe,0,) material using co-
precipitation method with sintering holding-time variations has cu-
bic crystal structures. Its hematite (Fe,O;) phase drops as seen in
the declination peaks and shows single MnZnFe,O, phase in the peak
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phase. Sintering with 4 hours holding time, material has the small-
est crystallite size of 26.45 nm compared to 52.915 nm from 3
hours holding time sintered and 26.45014 nm from 5 hours holding
time sintered.

Morphology results of unsintering manganese—zinc ferrite
(Mn, ¢Zn, ,Fe,0,) have a particle size below 150 nm, whereas the sin-
tering with 3, 4, and 5 hours holding time gives an average size of
above 350 nm and homogenous with intergranular fracture and par-
ticles’ agglomeration. In 5 hours holding time sintered, it is stan-
dard deviation of 125.4187 nm indicating a better homogeneity
level than other sintered variations. The increase in sintering tem-
perature affects the material-particle size, and the increase in sin-
tering temperature results in the greater manganese—zinc ferrite
particle [22].

Manganese—zinc ferrite (Mn,gZn,,Fe,0,) with 8 hours holding
time has an optimised magnetic properties compared to unsintered
and 4 and 5 hours holding time sintered variations. Its magnetic
saturation (M,) is of 54.05 emu/g, the magnetic remanence (M,) is
of 14.83 emu/g, and the crystallite size is of 52.91546 nm. The re-
sulting manganese—zinc ferrite (Mn,¢Zn,,Fe,0,) material has cubic
crystal structures. Crystallite size becomes smaller along with
longer sintering process that affects its magnetic saturation (M)
and magnetic remanence (M,). The smaller crystallite in sintering
holding time variations requires the low electromagnetic field to
alter the spin direction of an electron in the orbital magnetic mo-
ment. It is important to note that single MnZnFe,O, phase was
formed as peak phase, indicating crystallised material and one lattice.
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