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Abstract. Zn;.xMnFe;,0O4(x=0, 0.15, 0.25, 0.35, 0.45, 0.55, 0.75, 0.85) ferrites were synthesized by
sol-gel combustion method with citric acid as complexing agent, and mole ratio of metal ions and
citric acid is 1:1. All samples were sintered by 550°C. The structural and magnetic properties of
MnZn ferrites were studied. The XRD analysis shows that the structure of samples are cubic spinel
ferrite. The SEM analysis shows the samples particles are sphere and agglomeration. The
Mossbauer Spectrum analysis shows that the paramagnetic double lines spctra gradually change
Zeeman SiX lines spectra.

Introduction

At present, Mn-Zn ferites are one of functiona materials having relatively active area of
research, because Mn-Zn ferrites crucial soft magnetic materials for used storage devices,
transformer core, switching devices, electric inductance core[1-4] and so on. However, the
microstructural and magnetic properties of Mn-Zn ferrites were influenced by difference of synthesis
methods, ions ratio, pH value, complexing agent and calcination temperature[5-8]. R. Gimenes etc
[6]studied the microstructure and magnetic properties of Mn-Zn ferrites by citrate precursor method,
that it was showed that mean crystallite size and saturation magnetization increased gradualy with
with the continuous increasing of Mn?" ions concentration. Jun Wang etc [7] reported the structure
and magnetic properties of MnZn;.xFe;0O4 nanoparticles, whose research results showed that
saturation magnetization increased gradually with with the continuous increasing of Mn®* ions
concentration. The composites with the ferrite composition x=0.2 are found to show higher reflection
loss compared with the composites with other compositions. M. M. Hessien etc[9] synthesized Mn-
Zn ferrites by solid reaction process, that their research results showed that ferrites were single spinel
ferrite structure by 1200-1300°C sinered, particles size increased with sinered temperature.
S.A.Seyyed Ebrahimi etc[10] reported effects of pH and citric acid content on the structure and
magnetic properties of Mn-Zn ferrites, whose research results showed that that the single phase Mn-
Zn ferrite could be achieved directly without any post-calcination using pH of 7 and CA/MN molar
ratio of 0.5, MnZn ferrite nanoparticles prepared by pH=7 and CA/MN=0.5 with the crystalite size
of 39 nm exhibited saturation magnetization of 20.9 emu/g and coercivity of 44 Oe. A.C.F.M.Costa
etc[11] effect of urea and glycine as complexing agent synthesis of Mn-Zn ferrites, and results
showed the saturation magnetization was larger with glycine as complexing agent.

In this paper Zny.xMnFe,04(x=0, 0.15, 0.25, 0.35, 0.45, 0.55, 0.75, 0.85) ferrites were
synthesized by sol-gel combustion method using citric acid as complexing agent.The aim of this
study is to investigate the structural and magnetic properties of ferrite powders by doping small
amounts.

Experimental

Sample preparation

The desired proportions of high-purity (AR grade) iron, zine, manganese nitrates and citric acid
were weighed and dissolved in distilled water of 80ml. Mole ratio of metal ions and citric acid is 1:1.
Ammonia was dropped to control the pH=7 of the mixed solution.The solution was stirred
continuously with motor stirrer to form a homogeneous solution at 80°C until the water evaporated to
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abtain wet gel . Wet gel were dried at 120°C in a drying oven at 12 hours to form dried gel, being
ignited in air at room temperature ,the dried gel burnt in a self-propagating combustion way to form
loose powders. All samples were sintered by 550°C to obtain nanosize particles.
Characterizations

The thermal decomposition behavior of gel was analyzed by thermal analysis instrument (SDT
Q600, America). The crystalline structure of sample was performed using X-ray diffraction (D8
Advance, Germany) with Cu Ko radiation (A=0.15405nm). The microstructure of particles was
observed by scanning electron microscope (SU8020, Japan). The M ssbauer spectra were performed
using conventional Mossbauer spectrometer (Fast Com Tec PC-mossll) at room temperature, in
constant accel eration modeat. The y-ray was provided by a*'Co source in arhodium matrix.

Results and discussion

XRD analysis

At room temperature(300k), all datum of the samples were fitted by JADE 5. As shown in
Figure 1, the structure of samples are cubic spinel ferrite, main diffractions peak of (220), (311),
(222), (400), (422), (511), (440) were observed. The samples were single cubic spinel ferrite, and no
impurity phase was detected for x=0, 0.15, 0.25, 0.35, 0.45, 0.55. However, for x=0.75, 0.85, the
samples impurities phases was detected, and impurities were phases of Fe,O3; and Mn,Os, because
sintering in aerobic environment the number of phases of Fe,O3 increased continuously with with the
continuous increasing of Mn®* ions concentration[6], as well as it is possible that the decomposition
reaction of ferrites happened[12] as follow: MnFe,O4+[O]— Fe,03 + Mn,Os.The grain size was
calculated by Scherrer's formula[13]: D =(0.91 )/(bcosy) Where D is average grain size, X is the

wavelength of copper (0.15405nm), and f is full width at half maximum(FWHM) of the main (311)
peak, and 0 is Bragg diffraction angle. All the XRD datum listed in table 1. With the continuous
increasing of Mn?* ions concentration, the grain size increased, and is about 8.3nm to 14.8nm.

A Zn__ Mn Fe O
X:0.85 1x X 2 4

x=0.75

Intensity

2T4flcta(dcgresg)
Figure 1. The XRD patterns of samples

The lattice constant is obtained by the following formula: a=d,, vh?+k?+1? .Where (hkl) is
Miller index, d is crystal plane spacing. With the continuous increasing of Mn?* ions concentration,
the lattice constant gradually increased, and this result is consistent with the previous mentioned| 14-
16], because the ionic radius of Mn?* (0.91A) are larger than the ionic radii of Zn?* (0.82A). The
figure 2 shown, a obvious displacement of the peak position to smaller angles is observed for the
(311) reflection peak, indicating a decrease in the lattice parameter.

The density of X-Ray decreased with the continuous increasing of Mn?* ions concentration. The
density of X-Ray depends on the lattice constants and the molar mass of the sample[15]. It can be
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determined by the following formula:, -8 Where M and N is the molar mass of sample and
* Na®

Avogadro constant, respectively, and a is the lattice constant. Because the molar mass of sample

decreased, and the lattice constant increased, the density of X-Ray decreased.
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Figure 2. The (311) peak of samplesenlarge figure

Table 1. The XRD datum of Zn;.\Mn,Fe,O, samples
Average Lattice Densit

S:r(?(g)l crys@al lit  parameter y
esize (A) (g-cm

0 148 8.432 5.33
0.15 110 8.432 5.27
0.25 92 8.439 5.25
0.35 101 8.442 5.22
0.45 94 8.449 5.20
0.55 90 8.408 5.26
0.75 83 8.415 5.19
0.85 83 8.404 5.17

SEM analysis

At room temperature(300k), the SEM pictures of ZnggsMngisFe;04 and Zng4sMngssFe,04
ferritesas shown in figure 3. It can be seen the particles were spherical, and serious agglomerated,
because the samples are magnetic powders particles. Figure 4 shows the grain size distribution of
ZnogsMng1sFe,04 and  ZnggsMngssFe,0O4  ferrites  powders. The average grain size  of
ZNnp gsMng 15sFe,04 and Zng 45sM ng ssFe,04 ferrites were obtained by a statistical method is about 30.96
nm and 29.53 nm, respectively. The statistical average grain size of SEM picture is larger than
crystaline size of XRD. This shows that the samples are polycrystalline ferrites.
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Figure 4. The grain size distribution of Zng gsMng 15F€,04 and Zng 45M ng ssFe,04 ferrites
Moéssbauer spectrum analysis

At room temperature(300k) , figure 5 shows the Mossbauer Spectrometer of Zn; xMnyFe,O,

ferrites are fitted by Mosswinn 3.0, and all the datum listed in table 2. The spectra of the samples for
x =0.0 and 0.1 were fitted by a set of paramagnetic double line.For x=0.25, 0.35, 0.45 and 0.55 ,the
spectra of the samples were fitted by a set of zeeman six line and a set of paramagnetic double line.
For x=0.75 ,the spectra of the samples were fitted by two sets of zeeman six line and a set of
paramagnetic double line. For x=0.85,the spectra of the samples were fitted by two sets of zeeman
six line. The paramagnetic double lines spectra gradually change zeeman six lines spectra, and this

shows that with Mn*" ions concentration increasing the paramagnetic phase gradually transformed
into aferromagnetic phase.
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Figure 5. Mossbauer Spectrometer of Zn;xMnyFe,O, ferrites
Table 2. The Mossbauer spectraof Zn; Mn,Fe,O4

QS r
Sample IS Ao
) (mm/s) (m;n/s (m;n/s (%)

0 0.23 037 033 100
0.15 0.23 037 036 100
0.23 036 042 634

0.25
0.23 001 061 366
0.23 036 044 634
0.35
0.24 001 075 366
0.24 039 036 392
0.45
021 -001 0.69 ©60.8
0.26 042 023 32
0.55

021 -001 032 96.8
0.21 0 135 149
0.75 014 -003 061 386
0.24 015 0.69 465
0.12 003 049 340

026 -017 064 66.0

The paramagnetic phase exists because the surrounding of the part of irons ions have the nearest
disordered spin magnetic moment, and the existence of Zeeman six line magnetic pattern due to the
surperexchange interaction between the magnetic ions at A- and B- sublattices. As we all known that
change of isomer shift is connected with s-electron charge density of Fe** ions, it depends on the
change of the electronic density of shielding effect of the s,p and d orbita electron. For two sets of
zeeman six line-spectrum, the two sextets corresponding to Fe** on A-sites and B-sites respectively
in the spinel lattice.

Generally speaking, it is known that isomer shift value for octahedral sites is more than that for
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tetrahedral sites, because the bond separation Fe**- O% is larger for B-site than A-site as the
overlapping of orbital of Fe** ions is large at A-site in cubic spinel ferrites[17,18].Being known
according to the literature[ 18], the isomer shift is 0.1~0.5 mm/s relative to Fe metal, which indicates
that both Fe ions are in Fe** state. the isomer shift is 0.6~1.7 mm/s relative to Fe metal, which
indicates that both Fe ions are in Fe**state. As seen in table 2, the isomer shift distributed in the 0.14
mm/s to 0.26 mm/s, which indicates that both Fe ions are in Fe** state. The isomer shift has
significant change with Mn?* ions concentration increasing, which shows substitution of Mn®* ions
makes little change in the electron density distribution of the s-shell of the iron ion. The quadrupole
splitting QS indicates the symmetry of irons’ surrounding[19,20]. The quadrupole splitting QS of all
samples are both small, which indicates the charge distribution of the nucleus has no slightly change,
and keeps symmetry. Line width increases at first and then decreases with Mn?* ions concentration
increasing[21].Because substitution of Mn?* ions can increase the amount of Mn**-Fe** and Fe®*'-
Fe**ion pairs leading to change of net magnetic field, Line width changes. In addition, the existence
of relaxation effect leads to change of Line width[21].

Conclusions

The samples were single cubic spinel ferrites. With the continuous increasing of Mn?* ions
concentration, the grain size increased, and is about 8.3 nm to 14.8 nm.The average grain size of
Zno.gsM g 15Fe,04 and Zng 45sMng ssFe,04 ferrites were obtained by a statistical method is about 30.96
nm and 29.53 nm, respectively. The statistical average grain size of SEM picture is larger than
crystaline size of XRD. This shows that the samples are polycrystalline ferrites. the isomer shift
distributed in the 0.14 mmy/s to 0.26 mmV/s, which indicates that both Fe ions are in Fe** state. The
quadrupole splitting QS of all samples are both small, which indicates the charge distribution of the
nucleus has no slightly change, and kegps symmetry.
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