CHAPTER 4

MAGNETIC PROPERTIES OF FERRITE WOOD

4.1  Magnetic Properties of Ni-Zn ferrite wood
4.1.1 Magnetic hysteresis of Ni-Zn ferrite wood

The experiment setup for magnetic hysteresis was described at section 2.9.
This purpose of this experiment is to determine either the woody shape of ferrite
wood will affect the magnetism or not. The specimens were prepared in cubical shape
in order to minimize or eliminated the error due to diamagnetism effect in multi-
directions.

As a results, Figure 4.1 — 4.3 shows the magnetic hysteresis for all three
direction for all specimens of NixZn;.x Fe;O4 (x = 0.1, 0.5 and 0.9). It seems that all
specimens exhibited the similar pattern of magnetic hysteresis, which are in parallel
direction (B dir) was show the higher magnetization in the lower coercive forces

(Saturated at lower coercivity) compared with A and C directions.
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Figure 4.1 Hysteresis loops for x = 0.1 in A, B and C directions
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Figure 4.2 Hysteresis loop for x = 0.5 in A, B and C directions
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Figure 4.3 Hysteresis loop for x=0.9 in A, B and C directions

The hysteresis curve shows that in parallel directions were easier to magnetize. The

hysteresis curves Ni-Zn ferrites are have a similar trend as film shape specimens. O.

F. Caltun (2005) [30] was prepared the NigsZngs Fe2O4 film by using pulsed laser

deposition technique was and mention about the typical in plane and out- of- plane

magnetization curve (figure 4.4), which is similar pattern in this study.

Magnetization (amulcm’)

Fig. 5. VSM magnetization loops of Ni-Zn ferrite film
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Fig. 6. VSM magnetization loops of Ni-Zn ferrite
film measured out-of-plane (perpendicular to the
film plane).

Figure 4.4 Magnetic hysteresis of ferrite film in plan and out-of plane. Adapted from

[30]

Meanwhile for bulk ferrite [28, 41, 25] and powder ferrite [17] (non- film)

most of the study only presented single hysteresis curve due to identical pattern for
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every directions. The microstructure of wood that consisted layered of sintered body
capable to affect the hysteresis similar pattern as film shape.
4.1.2 Characteristic of hysteresis curve of Ni-Zn ferrite wood

Two different hysteresis curves were obtained from Ni-Zn ferrite woods.
Figure 4.5 and Table 4.1 indicates the characteristic of hysteresis curves that
measured in perpendicular and parallel with the pores.

Table 4.1 The characteristic hysteresis curve of Ni-Zn ferrite wood

Parameter ~ Parallel with the pores Perpendicular with the pores Point
(Doted line) (Solid line) (figure)
Magnetic Saturation, Ms MS pal = MS per @
Coercivity, He He pal < He per ® &
Remanence, Mr Mr pal > Mr per ® @
Magnetization (MF pai< M pa< MS pa)) > Mr per<M pe<Ms per) @ @
Coercivity at Ms, H s (H ms) pat < (H ms) per O

Parallel with pores

Perpendicular with pores

Figure 4.5 the Characteristic hysteresis curve of Ni-Zn ferrite wood

In the next following sections will discuss more detail about thus properties.
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4.1.3 Coercive forces of Ni-Zn ferrite wood

Figure 4.6 show the coercive field, He as the function of the composition x.
The coercive field, Hc increased monotonously with the increasing of x (contain of
Ni*"), where the coercive force in the A and C directions (perpendicular) were larger
than that in the B direction (parallel to the thin wall). Therefore it is obvious that the
difference of Hc in the parallel and perpendicular directions was an effect due to the
anisotropic structure of wood templates. The effect also can be observed in the thin
film case [42], although the coercivities He of thin film were much higher. The reason
thin film have a higher coercivity because it have a smaller grain sizes that increase in
the number of low angle grain boundaries, which acts as pinning site for domain walls
[42]. Meanwhile C.Calle et al (2006) [43] were prepared the thin film by using RF
sputtering and reveal that the coercivity He of NigsZng sFe,O4 around =53 — =85 Oe

with the thickness =60 - ~240um.
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Figure 4.6 Coercivity as function of x in NiyZn;..Fe,O4 (a). Ferrite wood (b) Thin film
[42].

The obtained results (figure 4.7) by Muhammad Ajmal et al [6] show the similar

tendency of bulk ferrite prepared by solid state reaction technique are decreasing of
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coercivity, Hec by increasing of Zn concentrations. The ferrite wood that consist 2

different value of coercivity due to the direction that measured in plane and off plane.
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Figure 4.7 Plot of coercivity as a function of Zinc concentration in Ni;_Zn,Fe,Oy.
Adapted from [4]]

4.1.4 Saturation of magnetization of Ni-Zn ferrite wood

‘For each specimen of ferrite wood (figure 4.8) was saturated at same value.
Commonly, the saturation of magnetization is not directions dependent. According to
J.Gao et al. (2004) [21] for the non-film Ni.Zn;..Fe,O4 have a highest magnetization
saturation when x = 0.5. S.Deka et al (2006) reported that the magnetization was
increased by increasing of sintering temperature from 400°C to 800°C. At 800°C the
magnetization was saturated at = 70 emu/g. The value of saturation was higher

probably due to the small particle of powder (54 nm).
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Purushotham Yadoji at al (2003) [28], had prepared the bulk NixZn,.sFe,O4
by microwave and conventional method. They were found that the saturations of
magnetization are different for both processes. The results for conventional method
are similar with this study. Figure 4.9 shows the results of magnetic saturations via
conventional and microwave method [28]. They explain the reason the different occur
because more and more Zn®'occupying the tetrahedral sites by conventional
technique.

The distribution of the cation in tetrahedral and octahedral will influence the
magnetization in the rich Ni** region due to the net moment that produce by parallel
and anti- parallel fashion. It can be explained by the equation below [44].

pm = {[(1-5)x] -S1+(1x)-x]} = {n[1-2x]-10[1-x]} s

According to the equation above, the net moment that calculated theoretically
from the Outer-shell electron configuration and number or unpaired electrons (table
4.2) was different from the experimentally obtained at higher amount of Ni*, The

pattern of the normal spinel, mixed spinel and inverse spinel was increase constantly
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in straight line reaching 10u,. Mean while experimentally at 40%- 50% of the
contents of the Ni in the mixed spinel, the magnetization begins to drop. This is
because the antiparallelism between the diminishing number of Fey ions and the Feo
ions cannot be maintained against the increasing antiparallel interaction on the
octahedral sublattices [44]. This argument was corresponded with this study.

Table 4.2 Outer-shell electron configuration and number or unpaired electrons for
Ni?*, Zn?* and Fe**. [44]

Ton Electron configuration Number of Unpaired electrons
g p
NiZ¥ 3¢ 2
Zn* 34" 0
Fe* 3d° 5
70 —— T ———r——
i o 3 Conventional
60 ® Microwave
& P TN
E L
L 40+ e
s
= 30}
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Figure 4.9 Variation of saturation magnetization with Zn concentration of Ni;.
ZnxFe;04 (Adapted from [28])

Table 4.3 concludes the magnetic data of Ni-Zn ferrite wood.
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Table 4.3 Magnetic Data of Ni,Zn;.x Fe;O4 from wood templates

X Ms Hc (Oe)
Emu/g Emu/cc A dir Bdir Cdir
0.1 15.5 9.86 39.1 33.7 405
0.5 56 38.12 68.7 55.8 6838
0.9 49 44.35 89 71 88

4.1.5 Anisotropy constant of Ni-Zn ferrite wood

The anisotropy constants were calculated by brown’s relations [45]

o o[ 2K
M,

Here we can see that the coercivity, H, has a direct relation with the anisotropy

constants K. In this study the coercivities were increase by increasing of Zn®™" and
higher in perpendicular directions. For bulk spinel Ni ferrite and Mn ferrite have a K,

=-69 x 10~ and 40 x 10 erg/cm’ respectively [44] meanwhile for ferrite wood was

stated in table below.
led.4 nisotr on of Ni,Zn;..F i | ndicular dir.
direction to the pores Anisotropy constant erg/cm’

0.1 Parallel -3x 107
Perpendicular -26x103

0.5 Parallel -20.7x 107
Perpendicular -16.8x 107

0.9 Parallel : -31.1x 107
Perpendicular -249x 107

The anisotropy constants were higher in parallel directions for every specimen.
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4.1.6 Saturation magnetization ratio (Squareness) of Ni-Zn ferrite wood

For soft ferrite, higher the hysteresis slope, the higher the squareness. The
squareness of Ni,Z;..Fe»O4 wood in parallel and perpendicular are shown in figure
4.10.

The squareness was calculated in %. In parallel direction the squareness is
higher than that in perpendicular directions. It seem like all the specimens have a
different of the squareness at average 10% for both directions. The results also shows

the squreness are increasing monotonously by the content of Ni™.
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Figure 4.10 Saturation Magnetization ration (Squareness), Mr/Ms in function of X
4.1.7 Magnetic Permeability, p of Ni-Zn ferrite wood
Magnetic permeability is the measure of the ability of a material to support the
formation of a magnetic field within itself. In order to dealing with high frequency
magnetic field, the complex permeability is a useful tool. The complex permeability

can be explained by equation below.

w(h) = w () = ju ()



Which is p = complex permeability, p’ = real permeability and p”= imaginary

permeability. In the other word, the p is a resultant of u” and p” (figure).

and solving for p

p=V (W+E))
In permeability also can be determined from the magnetic hysteresis that measured by
magnetization, B vs coercive force, H.
n=B/H
The magnetic permeability, p is a slope of B-H curve. Which is the larger the
slope the higher the permeability. From the magnetic hysteresis of ferrite wood were .
reveals the shape anisotropy due to the layer of wall that parallel with the pores
(section 3.8.1). It was easier to magnetize if measured parallel with the pores (with
10% different of squareness). Means that it has a different slop of B-H curves that
show by equation below. |
w1 = (B/H) paraliel to the pores and
2 = (B/H) perpendicular to the pores
According to those equations, two permeabili{y might be obtained with 1
ferrite wood specimens. The next section will discuss about the dual permeability in

single ferrite wood.
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4.1.8 Experimental of dual permeability in single ferrite wood specimen.

Section 2.16 was discussed about the magnetic permeability measurement.
Most of the equipment for high frequency (>1MHz) magnetic permeability
measurement only measure the smaller size specimens that in film (max thickness
Imm) and toroidal shape. Ferrite wood was constructed by a multi- layer of wall in 1
directional pores with a size of pore approximately 10um. That means for 1 mm
thickness it consist approximately 100 layers of wall.

The value of magnetization and the Hy magnetic from hysteresis curve is
necessary for the permeability measurement. The results in figure 3.31 indicate the
anisotropy caused by the wall of ferrite wood also occurred in the 1mm thick
specimens. As results, the value of the Magnetization and the anisotropic magnetic
field strength Hk were different for each direction. The ferrite wood that sintered at

1200°C, 1250°C and 1300°C was measure (figure 4.11-4.13).

with pores
direction
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Figure 4.11 Magnetization and Hy, for Nij sZng sFe>O4 (sintered at 1200°C) thin shape
specimens 1.
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Figure 4.13 Magnetization and Hy, for Nig sZng sFeO; (sintered at 1300°C) thin shape
specimens 3.

Table 4.5 shows the input data that necessary for the permeability

measurement. Each set of data shows the similar trend which is in parallel with pores
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direction the value of magnetizations were higher and anisotropic magnetic field

strength Hk were lower.

Table 4.5 Results obtained from hysteresis curve of ferrite wood for magnetic
permeability measurement

Specimen size Directions _magnetization Hk
(mm°) 47Ms(kG) (kOe)
1 1x5x6 Parallel 4.4 0.333
(1200°C) Perpendicular ~ 4.35 0.461
2 1x5x6 Parallel 45 0.205
(1250°C) Perpendicular 4.0 0.350
3 1x5x6 Parallel 4.7 0.300
(1300°C) Perpendicular 4.3 0.340

The ferrite woods have porosity as high as 87% caused the magnetic

permeabilities were very low due to the equipment was include the air permeability of

the specimens during measurement. To consider the only the sintered body, the

obtained value of permeability was corrected by eliminated the pores effect.

The Permeability affected by density was eliminated by using formula

H=Hexp/(1-Vipi)

in order to examined the effect of microstructure [46, 47]. V; is the volume fraction

occupied by pores that can be achieved through various methods such as X-ray,

microscopic analysis or the density of material [46]. For this study, the density of

material method was used which is Vi = 1 - poui/Pheoretical, Where puuik and peeoretical 18

the bulk density and theoretical density of the specimen respectively.
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The results were shown in figure 4.14 — 4.16. The tendencies of the magnetic
permeability are similar, which is higher in parallel directions but the range of the
different in parallel and perpendicular were various due to the microstructure that in-
homogeneous. The imaginary permeability p” have a multiple peak due to the
inhomogeneous of the microstructure and porosity. In this study, No specific trend of
the sintered temperature causing the magnetic permeability.
The results agree with the equations p; = (B/H) paraliel to the pores and

t2 = (B/H) perpendicular to the pores that obtained via VSM measurement. This study had
revealed a dual magnetic permeability in single ferrite wood caused by it
microstructure.

Two main factors that contribute to the changes of the complex permeabilities
namely, compositions contain of x for (NiyZn;xFe.O4) figure 4.17 and the densities
change. But it was related with the high density specimens. The permeability was

shifted down and the peak was shifted to the higher frequency for the lower density
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specimens. The density was caused by the porosity. That means for porous Ni-Zn
ferrite material the peak was shifted to the higher frequency.

Figure 4.17 shows the complex permeability vs frequency with various sets of
density of bulk NigsZngsFe;Os. This results agreed with [16] that phenomenon
occurred at Ni-ferrite was also similar with bulk NigsZngsFe,O4. The results also
indicate for bulk NigsZngsFe;O4 at ~ 2GHz, the real permeability was showed the
diamagnetism behavior which is lower than that air permeability, < 1. The dispersion
frequency drops continuously with increasing density [16]. According to [16] this
phenomenon occurred because for low density and smaller grains specimens, only
domain rotations contribute to permeability and that in denser specimens a

contribution is also made by wall displacements.
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Figure 4.17 The permeability of the higher density of bulk NipsZng sFe-O4

4.1.9 High density vs low density NigsZngsFe;04at GHz frequency.
Before proceed with the results, let refresh back at the microstructure. Figure
4.18 shows the SEM images of the High Density, Low Density and ferrite wood that

sintered at 1200°C. All specimens subjected with similar grain sizes at same sintering
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temperature. The high density ferrite was prepared by using the calcined inﬁltrated‘
wood that crushed into powder and compressed and finally sintered at desired
temperature. Meanwhile for low density ferrite was prepared by the similar approach
only different with additional of organic powder that mixed in order to produce the

pores. As results of the preparations, all the specimens have a similar grain sizes

(figure 4.18).

Figure 4.18 SEM images of a. High density (3.80g/cc), b. low density (~0.67g/cc) and
c. ferrite wood (minimum ~0.66g/cc)

In previous section, discuss about the higher density ferrite that have
diamagnetism behaviors at 1~2 GHz. The very lower density NigpsZngsFe:O4 was
compared in this sections. The low density ferrite specimens (~0.6g/cc) were
produced. The comparison shows that for low density ferrite has a better permeability
at GHz frequency. It was agreed that the lower density NigsZny sFe;O4 have a lower
maximum permeability, but in the range 2 — 3 GHz the permeability performed

ferrimagnetism behavior (permeability higher than air permeability) (figure 4.19)
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Figure 4.20 The permeability of the NigsZng sFe,O4 wood and high porosity random
pores specimens (sintered at 1200°C)

Figure 4.20 shows the permeability curve of High density ferrite, low density
ferrite and ferrite wood. The low density ferrites have a similar density with ferrite
wood hath sintered at 1200°C. It seem like the woody shape specimens have a better
performance at GHz regions. At 3 GHz the ferrite wood have a relative real
permeability at 1.6 and 1.42 compared with non-wood that slightly higher than air
permeability 1.15. That means the wood microstructure capable to influence the better

permeability at high frequency. This is because the shape anisotropy able to increase
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the ferrimagnetic resonance frequency. as discussed earlier the high density have a
diamagnetism behavior which is gave the relative real permeability lower than 1.

The results were confirmed with the specimens with different sintering
temperatures. Figure 4.21 shows the specimens that sintered at 1250°C. In this case
the non-wood ferrite has a similar pattern with ferrite wood that in parallel directions.
Meanwhile ferrite wood that measured perpendicular with the pores have a better
relative real permeability at 3GHz. Ferrite wood that measured parallel with the pores
have a higher max permeability than that in perpendicular direction but after exceeded
100MHz the opposite phenomenon occurred. According to an expert, the
phenomenon was due to the inhomogenity of the microstructure. These are significant
due to the defected wood at higher sintering temperature. The similar pattern of curve

was revealed for higher ferrite wood that sintered at 1300°C (figure 4.42).
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Figure 4.21 The permeability of the NipsZny sFe,O4 wood and high porosity random
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pores specimens (sintered at 1300°C)

4.2  Magnetic properties of Mn-Zn ferrite wood
4.2.1 Magnetic hysteresis of Mn-Zn ferrite wood

The magnetic hystereses of cubical shape Mn-Zn ferrites wood were
measured. The experiments setup was discussed in sections. The results of magnetic
hysteresis of MnZn;sFe2O4 wood (x = 0.1, 0.5 and 0.9) are shown in figure 4.23 —

4.25.
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Figure 4.23 Hysteresis loop of Mn,Zn,_,Fe,O4 for x = 0.1 in A, B and C directions
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Figure 4.24 Hysteresis loop of Mn,Zn;.Fe,O4 for x = 0.5 in A, B and C directions
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Figure 4.25 Hysteresis loop of Mn,Zn,.\Fe,O4 for x=0.9 in A, B and C directions

Instead of Ni-Zn ferrite the same tendency was occurred in Mn-Zn ferrite.

The shape anisotropy was occurred at all concentrations of Mn>". The hysteresis curve

of Mn-Zn ferrite wood shows the same tendency film shape specimens as reported by

R.G. Welch et al (1996) (figure 4.26) that prepared Mn-Zn ferrite film by pulsed laser

depositions.
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Fig. 6. ¥SM magnelization loops of MnZn, ferrite films
measured in-plune and out-of-plane.

Figure 4.26 The hysteresis loop of film. Adapted from [36]
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4.2.2 Coercivity of ferrite wood in a function of X (Mn,Zn;_,Fe;04)

The Coercivities of Mn-Zn ferrite wood was obtained from the hysteresis
curve (figure 4.27). The coercivities were decreased by increased on Mn®". The
different of coercivity occurred in parallel and perpendicular direction which is higher
in perpendicular directions. The coercivities were lower compared with thin film but
similar tendency was reveal.

Sorescu et al (2005)[29] stated that the Comparison of bulk and film
magnetic properties shows that the magnetic properties of the films are in many
respects similar to those of the bulk, which makes the laser ablation deposited ferrite
films prime candidates for thin-film high-frequency microwave device applications.
In particular, the saturation magnetization is very similar to the bulk value, but the

coercivity values are slightly different.

Coercivity, Oe

]II!EIIJIllllIIII'IIII'I_IIIIIIIIII|III!III]

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X

Figure 4.27 The coercivity of Mn,Zn, . Fe,Os wood that measured parallel and
perpendicular to the pores directions.
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Figure 4.28 Variations of the coercivities (HC) of Zn;_\MnFe,O, ferrite film under
the parallel external field and the perpendicular external field. Adapted from [8]

4.2.3 Magnetic Saturations of Mn-Zn ferrite wood

Figure 4.29 shows the magnetic saturation of Mn-Zn ferrite wood. The
magnetic saturations were increased by amount of Mn>". The magnetic saturations are
6 emu/g, 21 emw/g and 25.5 emu/g for amount of Mn®*, x = 0.1, 0.5 and 0.9
respectively. The increments were corresponded with the net moment that calculated
theoretically from outer-shell electron configuration and number of unpaired electron.
The pattern of the normal spinel, mixed spinel and inverse spinel was increase
constantly in straight line. The results show the increment able to retain at Mn**

exceeded 50%.
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Figure 4.29 The magnetic saturations of Mn,Zn..Fe,O; wood
4.2.4 Saturation magnetization ratio (Squareness) of Mn-Zn ferrite wood
The squareness of Mn-Zn ferrite woods have a similar tendency with Ni-Zn
ferrite which is the squearness were increase by decreasing of Zn**. But the different
of parallel and perpendicular directions are smaller (average different 1%) (figure

4.30).

8.4 [ ]

Squearness Mr/Ms %

Figure 4.30 the squareness of Mn,Zn,.\Fe,O4 Wood
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4.2.5 Hysteresis curve of thinner MngsZnsFe;04 woods

Previously, the cubical shape specimens were measured and the anisotropy
occurred due to the woody shape. The questions are... thus anisotropy will occurred
in the different shape of specimens? Or it changes with the thickness of specimen? To

answer thus question, the thin specimens were measured (21mm). Three different

directions were examined by using VSM.

Figure 4.31 Mny sZng sFe;O4 wood in thin shape for VSM measurement

The figure 4.31 shows the magnetic hysteresis of the Mng sZng sFe-O4 wood
that measured in A, B and C directions. The saturation of magnetization for C
direction was lowers than A and B directions because of the demagnetizing effects
associated with the thin/ short specimen.

But after normalized the curve in M/Ms (figure 4.32) the A direction that
measured in parallel with the pores was easier to magnetize. Meanwhile for B and C
direction seem identical. It has a similar tendency as cubical shape specimens. The

magnetic saturations and the coercivity were similar with cubical shape specimens.
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Figure 4.32 the normalized the curve in M/Ms of MnZn ferrite wood
4.2.6 Magnetic permeability of Mn-Zn ferrite wood.
According to [40] the permeability of typical ferrite family it shows that the
Mn-Zn ferrite have a lowest effective frequency approximately 10 times lower than

Ni-Zn ferrite. Because of this, the permeability of Mn-Zn ferrite was lower than air in
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GHz frequency regions.
Figure 4.33 shows the magnetic permeability MnZn ferrite wood measured

from 100MHz to 1Ghz, that From the results, we can conclude that Mn-Zn ferrite

wood have a lower permeability at higher frequency regions.

I Air/ vacuum permeability, |----cceccaaaaoaaoooo

L (Relative permeability)

T T
3 4 5 6 7 8 9

-

Frequency, Hz

Figure 4.33 Permeability of Mng sZny s Ferrite at 100MHz — 1GHz

4.3 Magnetic properties of Ba-ferrite
4.3.1 Magnetic hysteresis of Ba- ferrite wood

In previous chapter described about the crystallization of Ba-ferrite and from
the XRD pattern it shows that the a-Fe,Oj still retained at 1400°C. Sintered at 1400°C
woody microstructure was completely deformed. And also single phase Ba-ferrite are
crystallized at 1450°C [15,52] but the woody shape unable to retained at such high
temperature due to the high shrinkages (figure 4.34).
At 1200°C the woody microstructure was only partially retained. The hysteresis loops
of ba-ferrite are show in figure 4.35. It didn’t indicate any specific trend affected by
the wood microstructure. This might be because the woody microstructure that

partially retained and the existing of a-Fe,Os.
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Figure 4.35 hysteresis loop of Ba-ferrite + hematite partially wood.
Compared with NiZn ferrite and MnZn ferrite that able to retain the woody
microstructure at single phase, the easy axis of the hysteresis loops was easy to be
identified. But for the Ba-ferrite wood + hematite the squareness are similar in all
directions. Only the coercivity in B directions was slightly small. Probably due to the

small number of the woody shape microstructure.

The partially Ba-ferrite woods didn’t perform the hysteresis loop as Ba-ferrite
film. This is because, the complete single phase Ba-ferrite can be obtained at high
temperature (1450°C onward). Meanwhile the wood microstructure can’t retain at

such temperature.

4.3.2 Permeability of Ba-ferrite wood

Figure 4.37 shows the Ba-ferrite wood that sintered at 1000°C — 1400°C. The
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result indicates the low bulk density Ba-ferrites have a small value of magnetic
permeability. The specimens sintered at 800°C and 1000°C have a low permeability

~1 because of the low bulk density.
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Figure 4.37 Permeability of Ba-ferrite wood sintered at various temperature (red)

800°C, (blue) 1000°C

4.4  Advantages of Ferrite wood

Ferrite woods have advantages due to the microstructures. The physical
characteristic of ferrite woods are the 1 directional pores. The function of the pores is
to separate the sintered body into thin layer that constructed by combinations of
grains. Thus characteristics capable to influence the magnetic ability due to the
arrangement of grains. |

Due to the micro-size of the pores and thickness of the wall of sintered body,
the woody shape can be retained as thin as 50um or less and almost similar thickness

as thick film.

112



Grain size ~ 1.5um

Figure 4.38 schematic of grain distribution (a) side view, (b) Front view

Film shape specimens have better magnetic properties because most of the
measurement equipments were considers the volume of the specimens instead of
mass.

Jianhua Gao et al. (2004)[42] that prepared results they prove that for thin
film of Nip4Zng¢Fe,O4 has a highest magnetic saturation (approximately 400emu/cc).
They also mention that for bulk ferrite, the maximum magnetic saturation is occurred
at 50% of Zn concentrations. The coercivity, Hc also increase monotonously by
increasing of Nickel contains. The inclinations of He vs X (x= contain of Nickel)
showed that in perpendicular direction of film have a higher coerciveity. The reason
Ni-Zn ferrite film have a higher coercivity compared with bulk was discussed.

Beside that, the film shape specimen was constructed by a layer that arranged
in the surface 'of the substrate. This geometry caused the existing of easy and hard axis
which is in easy axis was easier to magnetize. In the case of Ni-Zn ferrite film, it has a
higher squareness (ratio Mr/Ms) in easy axis [30] but have a higher coercivity at hard
axis [42]. Both parameters are important to be high. But most of the application was

limited to the in- plane directions (easy axis). Until now for mixed spinel ferrite, in-
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plan directions have only limited to one specific magnetic property for single
specimen (fig 4.38). I believe the potential usage of mixed spinel ferrite might be
increase if 1 plan of single specimen of ferrite consist more than one specific
magnetic property in 1 plane (figure 4.39). The additional advantages mixed spinel

ferrites was obtained by woody microstructure.

High curie temp.
Low losses Mixed spinel ferrite High resistivity
Ni-Zn ferrite |

Mn-Zn ferrite

- Dual properties in 1 N
N plane due to woody \
\ microstructure L

Permeability at
high frequency

Figure 4.39 The advantages of mixed spinel ferrite

H.M.El-Sayed (2009) [45] have improved the Squareness (Mr/Ms) and the
Hc due to the magnetic anisotropy of Co-ferrite (spinel ferrite) by inducing pressure
and external magnetic field at the powder.

The multilayer films have a good potential to obtain such phenomenon. But it
needs complicated and special equipment to produce it. We have found that the wood
is a good candidate because it contained of elongated tubular cells aligned with the
axis of the tree trunk [1]. The wall was separated by 1 directional pores. The
behaviors of ferrimagnetism exist at the compounds which have more complex
structure than element. For example, Ni-ZnFe;O4 and Mn-Zn Fe;O4 that only a
portion of the ion contributes to the magnetization of the materials. Theoretically both
Mn-Zn ferrite and Ni-Zn ferrite have a similar crystal structure (Mixed spinel ferrite).
Thus ferrite woods have a woody microstructure. In term of magnetic properties, It

have a anisotropy effect due the microstructure of wood if external field induced,
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which are higher squareness in parallel with the wall. Sintered at 1200°C the thickness
of wall was approximately 1-2um. The squareness are increase by decreasing of Zn**
contains.

The results was indicates the ferrite wood have a dual properties in 1 plane.
Figure 4.40 shows the different between ferrite wood and ferrite wood. For ferrite

film it have a similar properties at both directions, but ferrite wood it different.

easured
plane

Different
properties

properties

Ferrite film Ferrite wood

Figure 4.40 The different of ferrite film and ferrite wood

4.5  Comparison of NiZn-ferrite, MnZn-ferrite and Ba-ferrite wood.

Generally, NiZn-ferrite, MnZn-ferrite and Ba-ferrite are chemically different.
NiZn-ferrite, MnZn-ferrite has a similar crystal structure but different especially in
magnetic hysteresis due to the net moment of unpaired electron shell. The Magnetic
moment of NiZn-ferrite is higher than Mn-Zn ferrite and Ba-ferrite. Theoretically
solid Ba-ferrites have permeability ~10 at GHz region. But in the case of Ba-ferrite
wood that have a very low bulk density, caused the permeability was lower (~1).

Among these 3 ferrite wood, Ni-Zn ferrite wood have a highest permeability at
higher frequency. This is because,

- The NiZn ferrites have a high permeability at high frequency (max

peak at 10 — 100 MHz).
- At low bulk density, the permeability is better at high frequency

regions.
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- The effects of woody microstructure (multi layer film) enhance the
permeability at higher frequency region.

Meanwhile for MnZn ferrites, it has a low permeability at higher frequency because,

- The MnZn ferrites have a high permeability at low frequency (max
peak at 500 kHz — 1 MHz).

- At low bulk density, the permeability is better but, at 10 - IOOMﬁz the
permeability was drop lower than 1.

For Ba-ferrite

- The Ba- ferrites have a high permeability at high frequency (max peak
at 1 GHz).

- In high bulk density Ba-ferrite the permeability are low. That mean for
low bulk density ferrite the permeability are lower.

- Ba-ferrite wood can’t be produce in single phase. This is because the
complete single phase only can be produce at >1400°C. The woody
microstructure can’t retain such high temperature. |

Figure 4.41 shows the approximations permeability of solid ferrite and ferrite

wood. The higher permeability at higher frequency region is the main focus in this

study. NiZn ferrite wood is the best candidate among all.
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Figure 4.41 Approximations permeability of solid ferrite and ferrite wood
Because of this reason; the reflections loss of the NiZn ferrite was
investigated. Ni-Zn ferrite is widely used as electromagnetic wave absorber in the
VHF/UHF region. Many studies were carried out to investigate the microstructure of
chemistry dependence of magnetic permeability for producing a well-controlled
ferrite absorber [55-56]. The results revealed the different of the magnetic properties
caused by the microstructure. The return loss of Ni-Zn ferrite was change by the
volume fractions [57] composition [55, 58] and the thickness [55,59] of the
specimens. Instead of that the number of the layer [57, 59] was also influenced.
The return loss was determined by the S parameter measured by 1 port coaxial
cable. The equations of return loss or reflections loss (RL) are show below.

RL =20 lOg](}Su ...................................................... (41)
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Which is Sy; is the input port voltage reflection coefficient. The S-parameter for
a 1-port network is given by a simple 1 x 1 matrix of the form (S,,) where n is the
allocated port number. To comply with the S-parameter definition of linearity, this
would normally be a passive load of some type. The measured S parameter was in
Complex form that involving the real and imaginary parts that shown in equation
below.

S 112 = S Sl ettt ettt (4.2)

By substituting the equation (4.2) into (4.1) we get

Return loss, RL = 10 log;o (Snr2+ sz) ............................. 4.3)

4.6  Return loss / Reflections loss

Figure 4.42 shows the results of the returns / reflections loss of Nig sZng sFe;O4
in different microstructure. All the measured specimens were subjected with the
similar composition and bulk density. For each set of specimens, the obtained return
loss result slightly different due to the un-uniform of the pores sizes.

But the produce- able results for each set specimens were with in certain
frequency ranges. The results show that the vertical pore ferrite woods have the
highest frequency peak at 4 — 6 GHz. Meanwhile for horizontal pores ferrite wood
the peaks range was around 2 - 3 GHz. The non-wood microstructure specimen has a
lowest frequency range which is lower than 1 GHz. The results were corresponded
with the magnetic permeability of the specimens. In sections was discussed the
permeability of the specimens. The vertical j)ores ferrite wood specimens have a
highest permeability at the GHz region follow by the horizontal ferrite wood

specimens finally non- wood microstructure ferrite specimens.
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Figure 4.42 The return loss, RL (db) Vs frequency, GHz of the ferrite wood and low density Ni-Zn ferrite
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CHAPTER 5

CONCLUSIONS

=5 Conclusions

The aims of this study if to develop the mixed spinel ferrites (Ni-Zn ferrite and
Mn-Zn ferrite) and hexagonal ferrite (ba-ferrite) by using wood templates and determine
the magnetic properties of thus novel microstructure that different between bulk
conditions. This thesis is contribute to the new condition of microstructures that
consisted the systematic array of the pores that mimicking wood templates. In the other
hand, due to the condition of thus microstructure was contributing to the new
phenomena of magnetic properties that similar tendency as film shape.

The optimum preparation condition of Ni-Zn ferrite and Mn-Zn ferrite from
wood template was successfully obtained. The crystallizations of single phase ferrite
were determined by controlling the sintering temperatures, times and atmosphere. The
different preparation conditions were revealed between thus soft ferrites. As a results

thus ferrite wood was successfully prepared with a minimum defects.

- . H_ ————
Ry o fenmpnnaE= 10 mm 10 mm
Figure 5.1 Image of a. Infiltrated template b. Ferrite wood

The magnetic hysteresis (B-H curve) of ferrite wood in cubical shape was

presented. Normally for soft ferrite, in bulk conditions the hysteresis is isotropic in any
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direction that measured with the same thickness. But for ferrite wood even tough the
physical appearances look like bulk ferrite, but the magnetic hysteresis anisotropy was
revealed (easy axis and hard axis). This phenomenon similar with the film shape ferrite
because ferrite wood are reacting like multilayered ferrite film. Figure 5.2 indicated the
advantages of Spinel ferrite wood. The Dual magnetic property due to woody

microstructure was revealed.

High curie temp.
Mixed spinel ferrite High resistivity

Ni-Zn ferrite
Mn-Zn ferrite

Permeability at X
! properties via )

high frequency . microstructure .

-~ -

Figure 5.2 the advantages of ferrite wood

The microwave properties were studied. The magnetic permeability, p was
investigated. Due to the microstructure of ferrite that mimicking the wood, we had
revealed the permeability, p was higher when the layer of wall of ferrite wood measured
parallel with the magnetic field, B.

Among thus 3 ferrite woods, NiZn ferrite wood have better performance at
higher frequency region. Because of that reason, the Reflection Loss, RL of NiZn ferrite
wood was investigated. As results, the Reflection Loss of NiZn ferrite wood shows the
effective frequency range at GHZ regions. The specimens NiZn ferrite wood that the
pores that arrange vertically have zero reflections loss at frequency range around

4-6GHz. For the non- woody microstructure have the zero reflections loss frequency
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lower than 1GHz. The NiZn ferrite wood that constructed from multilayer wall able to
shifted the zero reflections loss to higher frequency regions.
5.2 Suggestions for future study

For the future study, I suggest investigating reflection loss due to relationship
between permittivity, € and the permeability p of this ferrite wood and related it with the
theory. Instead of that the absorptions loss of ferrite wood is also suggested for the

future study.
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