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Abstract: This paper presents the studies on Mossbauer and magnetization properties of Lithium Zinc Ferrites
(LZF) and Lithium Manganese Ferrites (LMF). Mosshauer spectroscopy provides powerful probe to the
chemical and the magnetic state of all atoms. Lithium based ferrites are potential magnetic material for micro
wave applications. They possess a spinel (AB204) type crystal structure. For LZF, Isomer shift for A site (I1S,)
is less than that for B site (ISg) for all samples. The quadruple splitting for A site (dQ,) is greater than the
quadruple splitting for B site (dQg) except for the composition x=0.2. The hyperfine magnetic field for B site
(Hg) varies in between 514 KOe and 428 KOe and the hyperfine magnetic field for A site (H,) varies in between
479 KOe and 327 KOe. For LMF Isomer shift for A site (IS,) is less than that for B site (ISg) for all samples..
The quadrupole splitting for A-site varies in between 0.001 to 0.4263 and for B-site it varies in between 0.0276
to 0.3763 mm/s. The hyperfine field for B site (Hg) varies in between 510 KOe and 517 KOe and that for A site
(Ha) varies in between 449 KOe and 481 KOe. The magnetization for Zn samples reaches the saturation value
below field of 1.5 KOe and that for Mn samples is below a field of 2 KOe. For LZF there is also evidence that
the magnetic order for large X involves micto magnetic tendencies as well as canting, and for LMF net
magnetization increases and reaches maximum value for x=0.2 sample. Curie temperature decreases linearly
for LZF samples and non linearly for LMF samples with increase of concentration. Permeability increasers with
increase in temperature for LZF and linear increase of permeability with temperature for LMF.
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I.  Introduction

Ferrites are considered to be the best magnetic materials for high and very high frequency circuits.
Lithium based ferrite, as it promises to be a potential magnetic material for applications such as circulators,
phase shifters, isolators, memory core, antennas, power transformation in electronics, high speed digital tapes
etc. Spinel ferrite particle is an ideal small particle magnetic system as the crystal chemistry issue can be
controlled. The magnetic properties of spinel ferrites arise from the ability of the compound to distribute the
metal ions among the available A and B sites. Non magnetic substitutions in ferrites alter theinter and intra sub
lattice exchange interaction between the magnetic ions. This gives rise to a variety of magnetic properties in
ferrites.

This topic present the studies on the Mossbauer and magnetization properties of the Lithium Zinc
Ferrites(LZF) and Lithium Manganese Ferrites(LMF).

1.2 Mossbauer studies

Mossbauer spectroscopy provides excellent tool to understand the chemical state and the environment
of all atoms. With the advent of nanoscience, the scope of this branch increased. It gives unique information and
also complements result obtained using other techniques such as X-ray diffraction and magnetization
measurement. Information about the cation distribution can be obtained from the areas, magnetic field and line
width of spectra.

1.3 Experimental Details

The Mossbauer spectrum of LZF series and LMF series were taken with a Mossbauer spectrometer in
the constant acceleration mode in transmission geometry. All the samples were examined in the powder form.
20 mg of powder is sandwiched between two cello tapes covering an area of about one square cm. The quantity
of active material kept low to minimize the broadening of the spectral lines. A natural iron foil has used as the
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standard absorber for calibration. The data was collected for about 24 hours to ensure good absorption peaks and
the experiment was performed at room temperature 300k. The absorber was kept stationary and the source was
kept moving. The maximum velocity was limited to about 10 mm/s. The gamma rays were detected by argon-
methane proportional counter. Data analysis was done on folded spectra containing 256 channels. All the spectra
were taken without an applied magnetic field. The Mossbauer spectrum is fitted to Lorentzian lines by the
method of least squares. Using the calibration spectra of standard iron, the velocity per channel is calculated.

1.4 Result and Discussion
1.4.1 Li0'5Fe2.504

The Mossbauerspectra of lithium ferrite is shown in Fig (1.1). The dots in the figures represent the
experimental data and the continuous lines of the least square fitting. This pattern can be attributed the
distribution of iron at tetrahedral (A) and octahedral (B) sites. It gives the ferrimagnetic behaviour of the sample.
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Fig. (1.1) Mossbauer spectra of LigsFe;504

The Mossbauer parameters such as isomer shifts quadrupole splitting, and hyper fine magnetic field for
A and B sub spectra are given in table 1.1. The isomer shift is found positive. The value of isomer shift indicate
that the iron ions at both sites are ferric.

Isomer Shift for A site (1S,) is 0.2421 mm/s and Isomer Shift for B Site (ISg) is 0.3077 mm/s. The
quadrupole splitting corresponds to B site (dQg) is 0.077 mm/s and that of A site (dQ,) is 0.241 mm/s dQA is
greater than dQg.

The B-site has a hyperfine field (Hg) 514 KOe which is greater than metallic iron. (Ha) is 479 KOe.
Hg> Ha. The hyper fine field at octahedral B sites of inverse spinel is found to be near 550KOe, when the B-site
iron lon has only Fe3" neighbours at A site.

Table (1.1) Mossbaur parameters of Lithium Zinc Ferrites at 300K

Sample Is. Shift (mm/s) Q.S (mm/s) Hyperfine field (kOe)
A B A B A B

LiosFe2s04 0.2421 0.3077 0.241 0.0773 479 514
(x=0)

Lio.aZNo2Fe2404 0.3003 0.3109 0.062 0.1385 455 495
(x=0.2)

(x=0.3)

LiosZNo.4Fez304 0.1617 0.2571 0.3463 0.1754 395 479
(x=0.4)

Lio25ZNo.5F€22504 0.2572 0.2618 0.4298 0.2193 345 430
(x=0.4)

Li0.,ZnosFe2 04 0.2329 0.3841 1.152 0.1511 327 428
(x=0.5)
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1.4.2 Lithium Zinc Ferrites

The Mossbauer spectra of LZF series shown 1.2.a to 1.2.e. The Mossbhauer spectra exhibit two super
imposed asymmetric Zeeman sextets due to A-site and B-site Fe** ions.

The Mossbauer parameters are shown in the table 1.1. The value of the isomer shift relative to the
natural iron for all samples varies between 0.1617 mm/s and 0.3003 mm/s, for A sites and 0.2571 mm/s to
0.3841 mm/s for B sites. 1S, is less than ISg for all samples. Isomer shift of A site is lesser than B site can be

due to large bond separation in Fe** - O% for octahedral compared to that of tetrahedral ions. I1Sa< ISg, shows
that iron is in the Fe™ state.

i ’ ’ |

3.3x10° -

vl ' \ lv
1t “1\1
| I * raw |
{ \!‘ fitted

3.2x10° | |
= il “ |
= ‘ ] 1) [
£ n |
D 3.1x10°4 Il ‘.%
S
) .
3.0x10" 4
0 50 100 150 200 250
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Fig. 1.2.b Mossbauer spectra of Lig35ZngsFe;3504
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Fig. 1.2.e Mossbauer spectra of LigZng gFe,,04
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For all samples A-site isomer-shift are found to about 0.1mm/sec more negative than those for the B-site. The
isomer shift obtained from the present study vary as a function of zinc concentration.

The quadrupole splitting corresponds dQg varies between 0.0773 and 0.2193 mm/s and dQ, varies between
0.062 and 1.152mm/s. dQ, is greater than dQg except for the composition X=0.2.

The hyper fine field Hg varies in between 514 kOe and 428 kOe for B-site and Ha varies in between 479 kOe
and 327kOe for A site. The nuclear hyperfine field for A-site is lower than that of B-site. The variation of
hyperfine field at A and B sites as a function of Zn concentration are shown in Fig 1.3(a) and 1.3(b).

The hyper fine magnetic field at the A and B sites decreases with the increase in substitution of Zn®*. This
decrease in hyperfine field reflects the difference in the super exchange interaction Zn(A)-O-Fe(B) and Fe(A)-
O-Fe(B).
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Fig. 1.3.a. Hyperfine field at B site as a function of Zn concentration
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Fig. 1.3.b. Hyperfine field at A site as a function of Zn concentration

Mossbauer effect has revealed the presence of multiple hyperfine field at Fe** nuclei in B-sites. As the
2 and 5 lines are not disappeared in the spectra for all the samples, we can obtain information in the spin
arrangement. That is there exists a non collinear spin configuration which is helical spin structure. The existence
of canted spin structure can be obtained from the Mossbauer spectra of Lithium Zinc ferrites. The spectra having
composition x > 0.4 experience relaxation behaviour in both A and B sites. The relaxation behaviour is found to
increase with increases of x.

The well defined spectra in the case of x = 0 to 0.5 is to not seen in the case of x = 0.6. The six line
spectrum was blurred and a broad single line is observed at the centre. This is due to super paramagnetism.

The spectrum of the sample with x =0.6 shows super paramagnetic behaviour. A number of properties
of zinc substituted ferrites including the saturation magnetization have been explained by Gilleo as being due to
the presence of super paramagnetic clusters with the material.
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1.4.3 Lithium Manganese Ferrites

The Mossbauer spectra of LMF shown from 1.4(a) to 1.4(e). The dots represent the continuous lines of
the least square fitting.Well defined Zeeman patterns consisting for as separate sextets were observed for all
samples These patterns can be attributed to the distribution of iron at tetrahedral (A) and octahedral (B) sites. It
indicate the ferrimagnetic behaviour of sample

Table 1.2 Mosshauer parameters of Lithium Manganese ferrite at 300 K

Sample Is. Shift (mm/s) Q.S (mm/s) Hyperfine field (kOe)
A B A B A B
LigsFe2504 0.2421 0.3077 0.241 0.0773 479 514
(x=0)
Lio.4ZNo2F€2.404 0.3389 0.3403 0.001 0.0276 466 517
(x=0.2)
Lio35ZN03F€23504 0.2977 0.3056 0.1867 0.12 478 511
(x=0.3)
Lio.3Zno.4Fe2304 0.2195 0.3146 0.4263 0.1515 472 510
(x=0.4)
Lio.25ZNo5Fe22504 0.3203 0.4029 0.0135 0.1523 449 516
(x=0.5)
Li0.2Zno 6Fe2204 0.2860 0.3505 0.1099 0.3765 481 511
(x=0.6)
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Fig. 1.4.b Mossbauer spectra of Lig4Mng,Fe; 404
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Fig. 5.4.d. Mossbauer spectra of Lig sMngsFe; 2504
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Fig. 5.4.e. Mossbauer spectra of Liy,MnggFe; 20,

IS, varies in between 0.2195 mm/s and 0.3389 mm/s and |1Sg varies between 0.3056 mm/s and 0.4209
mm/s. This indicate the substitution of Mn influence the s-electron charge density of ferrite. 1Sa< ISg for all

samples.
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The quadrupole splitting for A sites varies in between 0.001 to 0.4263 and for B sites it varies in between 0.0276
to 0.3765 mm/s. From x = 0.2, quadruple splitting increases for B-site due to higher electric field asymmetry.

Hg varies in between 510 kOe and 517 KOe and Ha varies in between 449 KOe and 481 KOe. Variation of
hyper fine field with Mn concentration is as shown in Fig. 1.5.
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Fig.1.5 Hyperfine field at A & B site as a function of Mn

1.4.4 Recoilless fraction and Debye Temperature
These two are estimated using the following equations.
Recoilless fraction of the absorber
fa= Ta
Ps+te
Ta is the total effective absorption thickness te=0.578 cm?mg for Fe®’
The Debye temperature calculated using the equation.
f= BERT
Kghp2
Er is the recoil energy, 6p is the Debye temperature, Kg is Boltzmann constant

Table (1.3) Recoilless fraction and Debye Temperature of Lithium Zinc Ferrites

Sample Recoilless fraction (fa) Debye Temperature (K)
A B A B
LiosFe2504 0.101 0.191 134 158
(x=0)
Lio_4Zn0,2Fez,4O4 0.295 0.215 184 164
(x=0.2)
Lio35ZNo.3F€2350; 0.288 0.182 182 156
(x=0.3)
Li0_32n0_4F62_304 0247 0.087 172 130
(x=0.4)
Lio.stﬂo.sFEz.st;; 0.541 0.219 259 165
(x=0.5)
LiO.zZﬂo_eFEz.zOzl 0.276 0.207 179 162
(x=0.6)
Table (1.4) Recoilless fraction and Debye Temperature of
Lithium Manganese Ferrites
Sample Recoilless fraction (fa) Debye Temperature (K)
A B A B

LiosFes04 0.101 0.191 134 158
(x=0)
Lio_4Zn0_2Fe2_404 0.139 0.188 145 157
(x=0.2)
Li0_352n0_3F92_3504 0.021 0.109 103 136
(x=0.3)
Li0_3Zn0_4Fez_3O4 0.153 0.328 148 192
(x=0.4)
Lio_252n0_5F62_2504 0.159 0.448 150 227
(x=0.5)
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The recoilless fraction varies in between 0.101 and 0.541 for A site, 0.087 and 0.219 for B site for LZF

samples. The Debye temperature varies from 134K to 259K for A site and 130K and 165K for B site. The

maximum value of Debye temperature is obtained for the sample x = 0.5 for LZF.
For LMF samples the recoilless fraction varies in between 0.021 and 0.159 for A site, 0.093 and 0.448

for B site. The Debye temperature varies from 103k to 150k for A site and 132k and 227k for B site. The
maximum value of Debye temperature is obtained for the sample x =0.5 of LMF.

1.5 Magnetization Measurements
1.5.1 Experimental Details

A PAR model 155 vibrating sample magnetometer was used for the study of magnetization of the
material. A nickel sample was used as a standard to calibrate measured magnetic moment, the electromagnet
capable of producing a field up to 12kG. A sample of (.05 gm) taken in a glass ampoule of Imm 1D and placed
in the VSM. The magnetic moment measured at room temperature from 500 G to about 2KG.

1.5.2 Result and Discussion

Fig. 1.6 shows the magnetic moment of Lithium Zinc Ferrite sample plotted as a function of field at
room temperature. Also Fig. 1.7 shows the magnetic moment of LMF samples plotted as a function of field at
room temperature. Below a field of 1.5 kOe Zn samples reaches the saturation values and below the field of

2kOe Mn samples reaches the saturation value.
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Fig. 1.9.b. Hysteresis loop of Lig3sMngsFe; 350,

From 1.8.a to 1.8.c show the hysteresis loops of LZF samples having composition x = 0 to x= 0.3 are
shown and fig. 1.9.a and1.9.b shows hysteresis loop of LMF samples having compositions of 0.2 and 0.3.

The magnetization measurements on two ferrite system show by Table 1.5 and 1.6. We can seen that
LZF samples having X = 0.3 has maximum value of saturation magnetization and for LMF samples x = 0.2 has
maximum value of saturation magnetization.

Zinc substitutions in lithium ferrite are known to cause an increase in the magnetization for low levels
of substitution (below x =0.3-0.4) followed by a decrease in magnetization for larger amounts. Mossbauer
evidence for a non-collinear spin structure in high —X LiZn ferrite has been found. Large Zn substitutions lead to
a non collinear spin arrangement in Li-Zn ferrites.

The saturation magnetization (Ms) in spinel ferrites are expressed as Ms=|Mg-M,| with the substitution

of Zn?*, the decrease in value of M.
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Fig.1.10Experimental curves of magnetization, in Bohr magnetors per molecule for several zinc substituted

ferrites.

In ferrites of the present study zinc has strong preference for A site. Lithium ions populate tetrahedral
sites. Initially the Fe** ions in the B site replaced by lithium and Zn ions. For lithium Manganese ferrites,
Manganese has a strong preference for B site. The magnetic ions present in the B sites are Mn?* and Fe®*. Hence
variations of Mn®* replace the Fe**. This decrease the value of magnetic moment of B site. When x = 0.2, net
magnetization increases.

Table (1.5) Magnetization parameters of Lithium Zinc Ferrites at 300K

X Saturation Magnetization (Ms) Coercivity (Hc) Oe Remnant Magnetization (Mr)
emu/gm emu/gm
0 18.85 58 25
0.2 62.5 26 1.89
0.3 66.5 23 1.9
0.5 50 - -
0.6 16.67 - -

Table (1.6) Magnetization parameters of Lithium Manganese Ferrites at 300K

X Saturation Magnetization (Ms) Coercivity (Hc) Oe Remnant Magnetization (Mr)
emu/gm emu/gm
0 18.85 58 25
0.2 81.3 22 1.65
0.3 74.6 23 2.2
0.5 34.39 - -
0.6 31.56 - -

Large substitutions of non-magnetic ions in both A and B sites decrease the magnetization value and the curie
temperature.

The variation of coercivity is clear from table 1.2 and 1.3. It is well known that coercivity is dependent on
different parameters.

Mo = Molecular weight x saturation Magnetization

ove NX g

N is the Avogadro constant, ug Bohr magneton
Fig 1.7shows the variation of oug with Zn and Mn concentration
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Fig. 1.11 variation of cMg with Zn & Mn concentration

The magnetization increases first with increase in zinc content and reaches a maximum at x = 0.3 and
then decrease. The A-B interaction weaker due to increase in zinc concentration and this make B-B interaction
to dominate. In B site the ionic moments are not parallel to one another. This is called canting of spins and the
angles between them determine the moment of the B sublattice. This causes a reduction in B sublattice
moments.

The magnetization per formula unit in Bohr magneton for lithium manganese ferrites at first increases
and then decreases cMg is maximum for x = 0.2.

The variation of magnetic moment with temperature for the samples Lig 35sMng sFe, 350, at 100e and for
Lig3sZNng 3Fe» 3504 at 50 e shown in fig. 1.12 &1.13. The moment increase with increase of temperature.
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Fig. 1.12 M & T curve of Lig35Zng3F€5.3504
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The variation between M & H is also measured at 80K for the Zn composition at x = 0.3.
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Fig.1.14 Hysteresis loop of Lig35Zng 3F€5.350,4
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Table (1.7) Magnetization parameters at 80K for x=0.3
Sample Saturation Magnetization Coercivity (Hc) Oe Remnant Magnetization (Mr)
emu/gm

Li0,35Zno,3Fe2,35O4 36.275 2.35 0.28
Lio_gsMno_gFez_3504 29.2 1.6 0.28

Saturation magnetization for both ferrites is decreased as the temperature is decreased.The coercivity
values are also decreased for both the ferrites as the temperature is decreased. Both samples shown same
remnant magnetization 0.28 emu/gm at 80K.

1.6 Curie temperature measurements

Curie temperature is measured by Lauria technique. In this arrangement a strong electromagnetic bar
inserted in a tubular furnace kept vertically. The sample is attached to the electromagnet. The temperature of the
furnace is slowly increased. For a particular temperature, ferrite sample falls freely off from the electromagnet
and converted into paramagnetic state. This particular temperature is the curie temperature Tc.

Value, of curie temperature Tc obtained are tabulated in tables 1.8 and 1.9. it is found that Tc for LZF
samples decreases linearly and for LMF decreases non linearly with increases of concentrations

The variation of curie temperature with zinc content found to decrease with increase of the zinc level.
The curie temperature of the ferrites is determined by the overall strength of AB interaction, but sometimes AA

and BB may become important.

Table 1.8Curie temperature and Zn concentration

Zn composition (x) Curie Temperature (K)
0.1 >910
0.2 863
0.3 733
0.4 713
0.5 596
0.6 591

The non magnetic Zn ions reduces the density of the magnetic ions in the A-site, thus reducing the net moment
of the A sublattice and weakens the AB exchange interaction which is responsible for observed ferrimagnetism.
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Table 1.9Curie temperature and Mn concentration

Mn composition (x) Curie Temperature (K)
0.2 898
0.3 577
0.4 630
05 681
0.6 677

A different behaviour is been when Mn ions are used. Mn ions decrease the value of Mj, leading to
decrease the value of Ms. The effect of curie temperature is not as pronounced as in the case of substitution by
Zn?*. This is because of small decrease in the value of Mg due to Mn?* substitution

1.7 Permeability measurement

One of the most critical magnetic properties of for many ferrite application is the frequency
dependence of the complex permeability.

The permeability measurements were carried out on toroidly shaped samples with inner and outer
diameter of 0.8 and 1.3cm respectively and thickness of around 2.3 mm.The temperature dependence of the
perrpeability was measured at 1KHz using LCR meter. The temperature was varied from room temperature to
300°C.

Fig. (1.16) shows variation of permeability with temperature with temperature for lithium zinc ferrites.
The permeability increases with increasing temperature for all ferrite sample. For x=0.5 and 0.6 it forms a small
peak just before the curie temperature and falls beyond the curie temperature.
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Fig. 1.16 plots of variation of permeability with temperature of lithium zinc ferrites.

Curie temperature measured from Lauria technique and permeability studies for the two concentrations are
given in the table 1.10.

Table 1.10Curie temperature from permeability studies

Zn content X Lauria method K Permeability studies K
05 596 585
0.6 591 573

Fig. (1.17) sows the permeability Vs temperature curves for lithium manganese ferrite samples from room
temperature to 453K.
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Fig. 1.17 plots of variation of permeability with temperature of
lithium manganese ferrites.

The alignment of magnetic moment is disturbed due to thermal agitation and hence the saturation
magnetization and anisotropy constant usually decrease with increase of temperature.

1.8Conclusion

This topic studies the Mossbauer and magnetization properties of Lithium zinc ferrites and Lithium
Manganese ferrites. In Lithium zinc Ferrite IS4 is less than ISg for all samples. The quadrupole splitting dQ, is
greater than dQg except for the composition X = 0.2. The hyper fine magnetic field at the A and B sites
decreases with the increase in the substitution of Zn®*. The replacement of iron atom by zinc as a next nearest
neighbours reduces hyperfine field. For Lithium Manganese Ferrites I1Sp< ISg for all the samples. The
quadrupole splitting arise from the unbalanced 3d orbital population of Fe ions. The nuclear hyper fine field for
A site is lower than that of B-site. In Magnetization measurement, for Zn samples the magnetization reaches the
saturation value below a field of 1.5kOe and for the Mn Samples it reaches the saturation values below the field
is 2KOe. In curie temperature measurement, Tc for LZF samples decreases linearly and for LMF samples
decreases non linearly with increase of concentration. In permeability measurement, for lithium zinc ferrites the
permeability increases with increasing temperature for all the ferrite samples. For x =0.5 and 0.6 it forms a small
peak just before curie temperature and falls beyond the curie temperature, for lithium manganese ferrite, there is
a linear increase of permeability with temperature.
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