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ABSTRACT: The compositional dependence of the electromagnetic wave
absorption properties of barium ferrite (BaFe12 O19) in which Ti and Mn were
substituted for Fe, was investigated .Single phase M-type structure was obtained
for BaFe12-x(Ti0.5Mn0.5)xO19 sintered samples with composition 0≤x≤4.5 . The
frequency dependence of reflection loss (R.L) obtained a minimum value of -21dB
for the x-band frequency range (8-12GHz), and give a band width greater than
1GHz in the same frequency range . The grain size of the prepared powder were
between ( 7.05-12.06 µm) .Barium ferrite-resin composites with 30,40,and 50
mass% ferrite exhipted a wide band width with R.L<-21 dB .The composite
samples with composition x=3.5 and x= 4.5 had wide bandwidth of 2.5 and 1.7
GHz respectively and a R.L of-12.5 and -16 dB respectively it may be concluded
that Barium M-type ferrite with substitution by Ti and Mn is a good candidate in
the x-band frequency range.
Key Words: Ba-ferrites, Substitutions, Titanium, Manganese, Electromagnetic wave
absorber, reflection loss, bandwidth

INTRODUCTION
The
Principle
of
an
electromagnetic wave absorber is to
utilize the reflection by impedance
matching in which the normalized
input impedance is calculated with
respect to the impedance in free space
-[l]. It has been well known that
electromagnetic wave propagation in
magnetized media can lead to
nonreciprocal effect .The biggest
contribution of
ferrites to the
microwave technology is due to their

gyro magnetic properties that
enabled reciprocal devices such as
the isolators and circulators [2,3].
Interest in barium ferrite as a
magnetic material for microwave
devices is due to its large the
development of compact passive non
anisotropy field at room temperature
(-17 kOe),which can be readily varied
by suitable cat ion substitutions [1,45].
Barium
ferrites
with
a
magnetoplumbite structure M-type
(Ba Fe12O19) exhibit a uniaxial
magnetic an isotropy and so have
been used as permanent magnets.
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The magnetic loss (µr") of these
ferrites increased at the natural
resonance frequency [5,6].
The hexagonal ferrite Ba Fe12O19
and its substituted derivatives have
been considered as candidates with
the most potential because of their
chemical stability and suitable
magnetic characteristics [7]. The
issue concerning the substitution of
Ba 2+ and / or Fe3+ ions with
mixtures of paramagnetic and
diamagnetic
ions
in
the
magnetoplumbite structure is to
reduce the high magneto crystalline
anisotropy of the material [8-11].
The electromagnetic microwave
absorption properties of barium Mtype ferrite
in which Fe3+ was
substituted by M( Ti,Mn,Zn,Sn...)
were investigated in the GHz
frequency range [1,4-6,8-9]. They
found that the
anisotropy field (Ha) of barium .Mcontent which enables the natural
frequency (fr) to be controlled .
In this paper Mn-Ti substituted
barium ferrite was fabricated using
solid solution method (ceramic
method) with and without PVC
polymer then studied the structure
of the prepared samples and the
absorption
of
electromagnetic
microwave band (X-band) in the
range 8-12GHz.
EXPERIMENTAL PROCEDURE
Ba M-type ferrites with composition
Ba Fe12-xMnxO19 ,Ba Fe12-xTixO19 and
Ba Fe12-x (Mn0.5Ti0.5)xO19 (x =0-4.5) were
prepared by solid solution method
(ceramic method). The starting
materials of BaO,Fe2O3, MnO and
TiO2 powder (purity >99%), were
mixed in a planetary ball mill and in
to cylindrical shaped sample .There
compacts were crushed into powders

of size less than 300µm after the
primary sintering at 1000-1100 C° for
8-12 hours and then
the powder divided in to three
portions for different studies . Each
type of the powder was compacted in
to a cylindrical shape under pressure
of 1-3 tun/cm2 and then sintered at
1100-1200C0 for 1-5 hrs. in air or in
nitrogen gas. The fine sintered
powder were mixed with polymer
risen (PVC).
The phases present in the
prepared
powder
were
characterized by x-ray diffraction,
using a Siemens diffractometer with
Cu kα radiation. In order to obtain
the morphology of a sample surface, a
set of micrographs were taken by an
optical microscope type Olomps of
500X
The
electromagnetic
wave
absorption properties were measured
using a Hewlett -Packard Hp 8150C
network analyzer in the X-band
range.
RESULTS AND DISCUSSION
1. Structure and Morphology
The XRD patterns of particle
samples of standard Ba Fe12O19 and
Mn-Ti substitution of the Ba Fe12-x
(Mn0.5 Ti0.5)xO19 ferrite at 0 ≤ x ≤4.5 are
shown in fig. 1. As can be seen the
only crystalline phase that can be
detected by XRD is an M-type
hexaferrite for all particle samples,
no others phases were apparently
detectable. With the increase of a
mount substitution (x)it can be
noted that the peaks height
decreased as x increased , which
means that the crystallinity is
decreased [4]. This means that Mn- Ti
substitutions
increased
the
temperature formation of the Ba -M
phase. Also from fig.1 the patterns
which related to the Ba-ferrite
substituted by Mn only are different
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from that at Ti only. The first one
gives a smaller central peak and a
wider it, which means that Mn
substituted give a bad crystallinity
and a lower ferrite structure.
The surface morphology of Ba Fe12-x
(Mn0.5 Ti0.5)xO19 particles are obtained
in the optical microscope picture as
shown in fig.2.From this figures we
show that the grain size increased
with increasing the amount of
substitution (x) which its value
between 7.05-7.95 µm when x = 2.5
and 7.57-8.45 µm when x =3.5 as
shown in fig.(2.a)and the porosity was
decreased with increasing x. When
Ba-ferrite substituted by Mn only at
x= 2.5 give a larger grain size (13.6)
µm fig 2-a.3 which agree with the
XRD pattern .While fig. 2-a.4 which
is for Ba-ferrite substituted by Ti
only at x= 2.5 give a similar shape of
fig. (2-a.l and 2-a.2 ) but a larger
grain size of it (8.06 - 12.06) µm .
Fig.2-b shows the effect of particles
fabricating temperature and time on
the surface morphology of the
prepared samples, which obtain that
the increased sintering time give a
larger grain size fig(2-b,2) and lower
in the porosity
The density of the prepared samples
were calculated from the measuring
of the cylindrical size sample volume
and from the mass of it. Table 1
obtained the effect of Ba- ferrite
substitution
and
preparation
weathering on the density samples.
From this table the density of the
sample decreased with increasing the
substitution of BaF12O19 by Ti and
Mn because of the differences of the
masses of Fe, Ti and Mn. The
density decreased when used a
nitrogen gas instead of air in the
sintering which was may be related
to decreasing the oxygen in the
sintering process and then in the Baferrite structure .The density of the

samples decreased with increasing
an addition sintering time as in table
1. This may be related to be
complete the interaction of the
mixtures and then complete the
substitution, when the Ba- ferrite
substituted by Ti only it give a higher
density than that substituted by Mn
only , which related to the difference
between mass and size of Ti
& Mn .
2. Electromagnetic
wave
absorption properties
The reflection loss (R.L) and the
absorption of the prepared samples
were measured in the X-band
frequency range (8-12 GHz). The R.L
must be greater than 8dB or the
absorptivity greater than 84% and
the bandwidth must be greater or
equal to 1 GHz to become the samples
are succeeded for use as microwave
absorption materials [6]. Fig. 3 shows
the frequency dependence of the R.L
and absorptivity in the X-band range
at different values of x (2.5, 3.5 and 4.5
). The minimum R.L for all samples
were less than 15 dB . Therefore it can
be said that these samples were acting
as electromagnetic microwave absorber
, in the range 8-12 GHz . The
minimum R.L decreased with
increasing the substituted Ti0.5Mn0.5
contents (x). The bandwidths increased
with increasing x, and the value of it for
all samples were greater than1 GHz.
Fig. 4 shows the frequency
dependence of R.L and absorptivity
of
BaFe9.5Ti2.5O19
(4-a)
and
BaFe9.5Mn2.5O19 (4-b) , which obtain that
the R.L value and the bandwidth of
the barium ferrite substituted by Ti
greater than that substituted by Mn
, were these values are -28dB and
3.2GHz for Ti, while -14.5dB and
1GHz for Mn . This means that Ti give
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better properties for use as
microwave absorption materials,
which is good agreement with the
results of Sugimoto etal. [1].
Fig.5 obtain the effect of sintering
gas on the R.L and absorptivity of Ba
Fe12-x (Mn0.5 Ti0.5)xO19 . From Fig.5 we
show that the values of bandwidth and
the R.L were decreased when used N2
instead of air and these values are
changed from 2.8 to 2GHz for
bandwidth and from-25 to -16 dB for
R.L . Also when x increased to 3.5
with N2 Fig.(5-c) the values of
bandwidth and R.L are decreased to
1.6 GHz and -13.8dB respectively.
This behavior may be related to
decreased the oxygen ions in the
interaction when used N2 and the
interaction of Fe3+-O2--Fe3+ in the
sintering processes give a good ferrite
magnetic properties [11] . So the
decreased of O2 give a smaller
bandwidth and a lower R.L .
Fig.6 shows the frequency
dependence of R.L and absorptivity
of Ba Fe9.5 (Mn0.5 Ti0.5)2.5O19 with
polymer resin (PVC) . We obtain that at
increasing the ratio of polymer from
30mass%,40mass% to 60mass%, the
minimum value of R.L decreased from 21,-16 to -14 dB respectively, while the
values of bandwidth are 2.6,2 and 1.8
dB for each ratio , so the best ratio
which give good properties is 30
mass%
Fig.7, obtain the frequency
dependence of R.L and absorptivity of
Ba Fe12-x (Mn0.5 Ti0.5)xO19 with polymer
ratio 30mass% . From Fig.7 the value of
bandwidth for the barium ferrite of
x=3.5 and 4.5 equal to 2.5 and 1.7 GHz
respectively , while the R.L values are
equal to -12.5 and -16 dB for each
amount of x. The frequency range of
R.L >-16 dB shifted to lower frequency

with increasing Ti0.5Mn0.5 content
which due to the decrease of the natural
resonance frequency [6].

CONCLUSION
Ti-Mn substitutions barium Mtype ferrite led to material with good
candidate
for
use
as
an
electromagnetic
microwave
absorber in the X-band frequency
range (8-12 GHz) and have a single
phase hexagonal structure .The grain
size of the prepared powder were
between (7.05-12.06µm) .The reflection
loss of the electromagnetic properties
give a minimum value which equal to 21dB and wide bandwidth of 3.2 GHz
in the X-band range .The substitution
with Ti give better properties than
with Mn. The composite mixture with
polymer resin give a minimum R.L
depends on the polymer ratio and on
the ferrite composition.

REFERENCES
[1] Sugimoto S ., Maeda Y.,
Okayama K., Maeda T., Ota H.,
Kimura M., Book D., Nakamura
H.,Kagotain T.and Homma
M.,(1999)."
Compositional
Dependence
of
the
Electromagnetic Wave Absorption
Properties of BaFe12-x-y Tix Mny O19
in the GHz Frequency Range”.
Mat. Trans., JIM, Vol.40, No.9
pp 887-890.
[2] Bruchnnay N., and Colombo U.,
(1994)."Microwave Ferrite and
Applications".
Electronic
Materials chap. 17 p 451.
[3]

Chantrell R.W.and Grady
O.,(1992)."MagneticCharacteriza
tion of Recording Media ".
J.Appl. Phys.Vol .25 PP 1-23.

J. of al-anbar university for pure science : Vol.1 : No.2 : 2007

[4]
Mendoza-Suarez G., RivasVazquez.L.R.,Fuentes
A.F.,Escalante - Garcia J.I.,AyalaValenzuela O.E., and Valdez
E.,(2002)."Preparation
and
Magnetic Properties of Zn-Ti
substituted Ba-Ferrite Powders".
Mat. Lett.Vol. 57. PP.868-872.
[5] Lima R.C.,Pinho M.S., Gregori
M.L.,Nunes R.C.R.and Ogaswara
T., (2004). Effect of Double
Substituted M-Barium Hexaferrite
on
Microwave
Absorption
Properties
".
Mat.
Sci.
Poland,Vol.22, No.3,PP.245-252.
[6] Sugimoto S.,Okayma K.,Kondo
S.,Ota H .,Kimura M.,Yoshida Y.,
Nakamura H., Book D., Kagotani
T.,
and
Homma
M.,
(1998)."Barium M. type Ferrite as
an Electromagnetic Microwave
Absorber in the GHz range", Mat.
Trans. JIM, Vol.39,No.10,PP.10801083.
[7]
Matutes-Aquino J., DiazCastanon S., Mirabal-Garcia M.,
and
Palomares-Sanchez
SA.,(2000).
Synthesis
by
Copreciptation and Study of
Barium Hexaferrite Powders".
Scripta Mater Vol.42, PP.295-299.
[8] Wang C., Li L., Zhou. JL, Qi X.,
Yue Z., and Wang X., (2003) .
"Microstructures
and
HighFrequency Magnetic Properties of

Low -Temperature Sintered Co-Ti
Substituted Barium Ferrites" . J.
Magnetism
and
Magnetic
Material, Vol. 257 pp. 100-106.
[9] Mendoza-Suarez G., Johal K.K.,
Maucha-Molinar H., EscalanteGarcia J.I. and Cisneros-Guerreo
M.M.,
(2001).
"Magnetic
Properties of Zn-Sn substituted
Ba-Ferrite Powders Prepared by
Ball Milling" Mat.Res.Bull. Vol.36
pp.2597-2603.
[10] Nowosielski R., Rabilas R.,
Dercz G. and Pajak L., (2006).
"Microstructure of Composite
Material with Powder of
Barium Ferrite" J. Achiev.
Manuf. Engin. Vol. 17 No. 1-2
pp. 117-120.
[11] AL-Jumaili H. S. , Abdullatef S.
and Mohammed A. (2005),
“Preparation and Studying the
Structure and Magnetic Properties
of Barium Ferrite Substituted by
Ti and Zn” . J. Science and
Engineering of AL-Anbar Univ.
Iraq. Vol.3 pp. 103-125.
[12] Calton O.F., AL-Stancu L. S. and
Zhow W. (2002)." Study of The
Microstructure and of The
Permeability Spectra of Ni-ZnCu Ferrites " J. Magnetism and
Magn. Mater. Vol.242, No.245
pp. 160-162.

J. of al-anbar university for pure science : Vol.1 : No.2 : 2007

Table 1. The effect of barium ferrite substitution on the density of the prepared
samples.
Sample No.

X and another conditions

ρ (gm/cm3)

1

2.5

3.787

2

3.5

3.412

3

4.5

3.110

4

2.5 +N2

3.506

5

3.5+N2

3.205

6

2.5 + added sint. 5hr.

3.384

7

3.5 + added sint. 5hr.

3.153

8

4.5 + added sint. 5hr.

2.969

9

2.5 Ti only

3.842

10

2.5 Mn only

3.370
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2θ
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Fig.2 Optical micrograph of BaFe12-x (Ti0.5Mn0.5) xO19 samples (a) with different x (1)
x=2.5 (2) x=3 (3) with x=2.5 Mn (4) with x=2.5 Ti (b) with different sintering
time (1) 1100 C° for 5h (2) 1100 C° for 6h.
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Fig. 3 The frequency dependence of reflection loss (dB) and absorptivity of
BaFe12-x (Ti0.5Mn0.5)x O19
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Fig.4 The frequency dependence of reflection loss (dB) and absorptivity of (a) BaFe9.5Ti2.5O19
(b) BaFe9.5Mn2 .5O19.
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Fig. 5 The frequency dependence of reflection loss (dB) and absorptivity of
BaFe12-x (Ti0.5Mn0.5)x O19 (a) x= 2.5 with air (b) x= 2.5 with N2 and (c) x= 3.5 with N2
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Fig.6 The frequency dependence of reflection loss (dB) and absorptivity of BaFe9.5 (Tio.5Mno.5)2.5Oi9
With (a) 30 mass % (b) 40mass% (c) 50 mass % polymer.

Fig.7 The frequency dependence of reflection loss (dB) and absorptivity of
BaFe12-x(Tio.5Mno.5)xO19with 30 mass % polymer.
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ﺗﺄﺛﻴﺮ إﺳﺘﺒﺪال اﻟﻤﻨﻐﻨﻴﺰ واﻟﺘﻴﺘﺎﻧﻴﻮم ﻟﻔﺮاﻳﺖ اﻟﺒﺎرﻳﻮم ﻋﻠﻰ اﻣﺘﺼﺎص اﻟﻤﻮﺟﺎت
اﻟﻜﻬﺮوﻣﻐﻨﺎﻃﻴﺴﻴﺔ اﻟﺪﻗﻴﻘﺔ ﺿﻤﻦ ﻣﺪى اﻟﺤﺰﻣﺔ اﻟﺴﻴﻨﻴﺔ.
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اﻟﺨﻼﺹﺔ :
ﺘـﻡ ﺩﺭﺍﺴـﺔ ﺨﺼﺎﺌﺹ ﺍﻤﺘﺼﺎﺹ ﺍﻟﻤﻭﺠﺎﺕ ﺍﻟﻜﻬﺭﻭﻤﻐﻨﺎﻁﻴﺴﻴﺔ ﺒﺎﻻﻋﺘﻤﺎﺩ ﻋﻠﻰ ﻤﻜﻭﻨﺎﺕ ﺍﻟﺒﺎﺭﻴﻭﻡ ﻓﺭﺍﻴﺕ ﻟﻠﻨﻤﺎﺫﺝ ﺍﻟﻤﻠﺒﺩﺓ  ،ﺤﻴﺙ
 BaFe12-x(Tio.5Mno.5)x O19ﺍﺴـﺘﺒﺩل ﻓـﻴﻪ ﺍﻟﺤﺩﻴـﺩ ﺒﺎﻟﺘﻴﺘﺎﻨﻴﻭﻡ ﻭﺍﻟﻤﻨﻐﻨﻴﺯ  .ﻟﻘﺩ ﺤﺼل ﻋﻠﻰ ﺘﺭﻜﻴﺏ ﺍﺤﺎﺩﻱ ﺍﻟﻁﻭﺭ ﻟﻠﺒﺎﺭﻴﻭﻡ ﻓﺭﺍﻴﺕ
ﻀـﻤﻥ ﻤـﺩﻯ ﺘﺭﺩﺩ ﺍﻟﺤﺯﻤﺔ  -21dBﺒﻴﻥ  0ﻭ. 4.5ﺇﻥ ﺍﻋﺘﻤﺎﺩﻴﺔ ﺍﻟﺘﺭﺩﺩ ﻟﺨﺴﺎﺭﺓ ﺍﻻﻨﻌﻜﺎﺱ ) ﺍﻟﺘﻭﻫﻴﻥ( ﺍﻅﻬﺭﺕ ﺍﻗل ﻗﻴﻤﻪ ﻭﻫﻲ X

ﺘﺭﺍﻭﺤﺕ ﻗﻴﻡ ﺒﻨﻔﺱ ﻤﺩﻯ ﺍﻟﺘﺭﺩﺩ .ﺍﻟﺤﺠﻡ ﺍﻟﺤﺒﻴﺒﻲ ﻟﻠﻤﺴﺤﻭﻕ ﺍﻟﻤﺤﻀﺭ ﺘﺭﺍﻭﺡ ﺒﻴﻥ  1GHzﻭﺍﻋﻁﺕ ﻋﺭﺽ ﺤﺯﻤﺔ ﺍﻜﺒﺭ ﻤﻥ (8-12

 GHzﺍﻟﺴﻴﻨﻴﺔ ) ﻗﺩ ﺍﻋﻁﻰ  30,40and50 mass%ﺒﻨﺴﺏ ﺨﻠﻁ . PVCﺍﻤﺎ ﻤﺭﻜﺏ ﻤﺴﺤﻭﻕ ﺍﻟﺒﺎﺭﻴﻭﻡ ﻓﺭﺍﻴﺕ ﺍﻟﻤﺨﻠﻭﻁ ﻤﻊ

ﺍﻟﺒﻭﻟﻴﻤـﺭ) (7.05-12.06 µmﺍﻋﻁﺕ) (3.5and4.5ﻓﻴﻬﺎ ﺘﺴﺎﻭﻱ . Xﺍﻟﻨﻤﺎﺫﺝ ﺍﻟﻤﺨﻠﻭﻁﻪ ﻤﻊ ﺍﻟﺒﻭﻟﻴﻤﺭ ﻭﺍﻟﺘﻲ ﻜﺎﻨﺕ ﻗﻴﻡ -21dB
ﻋـﺭﺽ ﺤـﺯﻤﺔ ﺍﻭﺴـﻊ ﻤﻊ ﻓﻘﺩ ﺍﻨﻌﻜﺎﺱ ﺍﻗل ﻤﻥ

ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ ﺍﻴﻀﺎ -16dB.ﻭ  -12dBﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ ﻭﺍﻋﻁﺕ ﺘﻭﻫﻴﻥ ﻤﻘﺩﺍﺭﻩ

 1.7GHzﻭ 2.5GHzﻋﺭﺽ ﺤﺯﻤﻪ ﻤﻘﺩﺍﺭﻩ ﻟﻘﺩ ﺍﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺒﺎﻥ ﺍﻟﺒﺎﺭﻴﻭﻡ ﻓﺭﺍﻴﺕ ﺍﻟﻤﺴﺘﺒﺩل ﺒﺎﻟﺘﻴﺘﺎﻨﻴﻭﻡ ﻭﺍﻟﻤﻨﻐﻨﻴﺯ ﻴﻌﻁﻲ ﻗﻴﻡ

ﺍﻤﺘﺼﺎﺹ ﺠﻴﺩﺓ ﻀﻤﻥ ﻤﺩﻯ ﺘﺭﺩﺩ ﺍﻟﺤﺯﻤﺔ ﺍﻟﺴﻴﻨﻴﺔ.

