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 In this study, irradiation for samples from hexagonal ferrite (Ba2Zn2Fe12O22 ) by using 
fast neutrons from ( BeAm −241

95
 )neutrons source with energy average (5MeV ) 

and neutron flux (ɸ = 6Χ107 n.cm-2 .s-1 ) , these samples are prepared by solid state 
reaction method using mixed ( Fe2O3,ZnO,BaCO3 ), with dimension (21x9x9 mm3) to 
agree with guide for grid analyzer instrument, and all samples put under 
temperatures(1150,1200 and 1250 Ċ )  . As a result we studies for optical properties 
(Absorbance, Attenuation Coefficient and Impedance) of microwaves in (X-band)   for 
range frequency (8-12 GHz)  in  (Network Analyzer) Instrument. Also, all samples 
irradiation by using neutron flux, as a result, the optical properties such as absorbance 
where increasing more than before irradiation, but the attenuation coefficient 
decreasing while impedance electrical increasing more than first state. 

 
INTRODUCTION 

 
Hexagonal Ferrites are well known hard magnetic materials, which are based on iron oxide. They are also 

called as ferrite magnets and could not be easily replaced by any other magnets. Hexagonal ferrite having the 
chemical formula of Ba2Zn2Fe12O22 are widely used in magnetic recording media, microwave devices and 
electromagnetic shielding fields (Ü. Özgüri et al, 2009).  

They are also called as ferrite magnets and could not be easily replaced by any other magnets. Hexagonal 
ferrite (y-type) having the chemical formula of Ba2Zn2Fe12O22 are widely used in magnetic recording media, 
microwave devices and electromagnetic shielding fields. Barium ferrite possesses relatively high curie 
temperature, coercive force and magnetic anisotropy field ,as well as its excellent chemical stability and 
corrosion resistivity (Nowosielski et al,2007), Nikkhah et al prepared barium ferrite and studied the effect of 
neutron and He3 Irradiation on the magnetic properties of perm alloy thin film(Schindler et al1964). Pullar et al, 
prepared barium ferrite by sol-gel method and studied the characterization of barium ferrite fibres (Pullar et 
al1997). The reaction between the different radiations and the crystals lead to the production of many types of 
defects, the neutrons radiation is the most significance between them because it is neutral particles; therefore it 
can penetrate in the materials in more effectiveness without a lack in its energy as a result of coulomb reaction 
with electrons Lewis.T. 1065). If a perfect crystal places in front of neutron radiation source, crystal defect will 
appear and the crystal become imperfect, in which this defects to be left over until after the irradiation process 
this is called radiation damage. During this process, many physical properties are being modified; this is called 
radiation effect (Encyclopedic dictionary of physics, 1969).  
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MATERIALS AND METHOD 
 

1. Materials: 
Hexagonal Ferrite (Ba2Zn2Fe12O22) was perared by solid state reaction method using mixed 

(Fe2O3,ZnO,BaCO3). We  prepare four templates with dimensions (21x9x9 mm3 ) to agree with guide for grid 
analyzer instrument for the same dimensions above. Figures (1) explain the picture for sample template in this 
study. 

 

 
 

Fig. 1: The sample template in this study  
 
2. Neutron Source: 

A plane 
BeAm −241

95  manufactured by USA, and of recent 38 mCi activity is provided and used in the 
present work. It is one of alpha initiated radioisotopic sealed neutron source and most widely used. The alpha 
particles from Americium have sufficient energy to react with beryllium, causes emission of neutrons according 
to the following reaction (Glenn F. Knoll 2000) : 
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4
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Where: Q is the kinetic energy released in the reaction. Figure (2) explain neutron source used to irradiation 

for sample templates, the dimension of the neutron source shielding from paraffin wax. 
 

 
Fig. 2: The dimension of the neutron source shielding From paraffin wax. 

 
3. Sample Irradiation: 

Plane BeAm /241
 neutron source is having a nominal output of 1.406x109ns-1 at a mean energy of 5 MeV 

ɸ = 6x107 n.cm-2.s-1 provides the fast neutron for slowing down. Four samples of Ba2Zn2Fe12O22 were placed 
into an irradiation port for 48 hr. The main advantages of using this kind of Source are: physically small size, 
flux stability, and long useful life – time (dies off with the half – life emitter). 
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4. The Network Analyzer: 
Network analyzers are widely used to measure the four elements in a scattering matrix: S11, S12, S21, and 

S22. Consider a generalized two-port linear network. A network analyzer ma inly consists of a source, signal 
separation devices, and detectors. Basically, a network analyzer can measure the four waves independently: two 
forward travelling wave's a1 and a2; and two reverse traveling wave's b1 and b2 (Chen et al 2004).  

As shown in Fig.(3), the responses of a network to external circuits can also be described by the input and 
output microwave waves. The input waves at port 1 and port 2 are denoted as a1 and a2, respectively, and the 
output waves from port 1 and port 2 are denoted as b1 and b2, respectively. These parameters (a1,a2 ,b1 , and b2) 
may be voltage or current, and in most cases, we do not distinguish whether they are voltage or current. The 
relationships between the input wave and output wave are described by scattering parameters (S) (H. Bayrakdar 
2012). 

 
                                             

Fig. 3: A two port network (H. Bayrakdar 2012). 
 
S-parameters or scattering parameters are generally measured instead. These parameters relate to familiar 

measurements such as gain, loss, reflection/transmission coefficient, and impedance/admittance. The number of 
S-parameters for a given device is equal to the square of the number of ports. For example, a two-port device 
has four S-parameters. The numbering convention for S-parameters is that the first number following the S is 
the port at which energy emerges, and the second number is the port at which energy enters (R. Dosoudil ,2012). 

The S-parameters are defined by the following equations (Bayrakdar,2011) (A. Paula et al 3011), 

 2221212

2121111

aSaSb

aSaSb

+=
+=

 
 
The Figures (3) and (4) explain Network Analyzer Instrument, where use to study the optical properties of 

samples. 

 
Fig. 4: explain Network Analyzer Instrument 

 
5. Microwave Absorber measurements:   

The following decibel (dB) law is very useful for calculations which equivalent to (L. Algie Lance ,1964),  
(Zeyad Tareq Ismael AL-Abbosi 2014) : 

( )1              log10 RdB =  
Where, R  The reflection coefficient, for example 

0.451508R

dB   5572.311

=
−=S

  
and the calculations for the attenuation coefficient or loss on reflection we use the following law in ( dB ) 

unit (S. M. Ali 2001) : 

 
( )2              log20Coeff. atten.loss .Re Rf ==
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To calculate the reflectivity (
2R ) by squares reflection coefficient and the same equation (1) evaluate 

transmission coefficient,  for example 

0.769155T

dB   13986.121

=
−=S

  

and transmittance (
2T ) by taking the second power, then we can find absorbability (

2A ) through the 
following law (Lewis.T. ,1965). 

( )3              1222 =++ ATR   
 

RESULT AND DISCUSSION 
 
Optical measurements contain three parts from measurements, the first measure represents the absorbance, 

second measure of attenuation coefficient and the third measure represents the impedance for all samples. 
The optical tests to achieve by using network analyzer instrument for all samples before irradiation and 

after. These samples are prepared by solid state reaction method, such as hexagonal ferrite (Ba2Zn2Fe12O22), and 
all samples put under temperatures (1150, 1200, and 1250) . 

We studies the effect microwave in X-band for range (8-12 GHz)   in network analyzer instrument; as a 
result, we choose the parameters, as follow: the thickness for all samples is constant and the absorbance curves, 
attenuation coefficient, impedance as a relationship with range frequency (8-12 GHz) in three temperatures. 

The Figures (5-18) explain decreasing for attenuation coefficient values when the impedance increasing, 
that means impedance increasing thus the absorbance increasing already, in others words, the relationship 
between the impedance best results when attenuation coefficient in minimum value. From the results of 
electrical impedance for all samples irradiation before and after, achieve exist relationship very strong between 
electrical impedance and radiation, this behavior causes increasing radiation dose, lead to distortion in lattice 
crystal and as a result the points defects lead to hinder of electrons moves in lattice system for samples and 
causes increasing in electrical resistance (J. Yaseen ,2011) . 

The absorbance and attenuation coefficient results for Hexagonal ferrite (Ba2Zn2Fe12O22) at temperature 
(1250) C° best from all samples with the same Hexagonal ferrite but when temperature (1150, 1200) C°, but 
when increasing temperature more than (1250) C° , as a result the transmission and absorbance 90 to high value 
and low value respectively, because the ferrite passing in multi-phases, thus absorption for microwaves 
radiation. Also, when temperature is more than (1250) lead to ferrite for mation is complete when resonance 
frequency outside X-band region as a result, the reflection and transmission high value but the absorption low 
value (H. Yusr, 2007). 

The results analysis above, we can conclude, the temperature is very important of ferrite formation, when 
the increasing lead to remove all secondary phases. The irradiation by use fast neutrons result in to increasing in 
electrical impedance, in the other words, the best results in irradiation samples when (T=1250 C°) by fast 
neutrons. 
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Fig. 5: listed the absorbance curves as a function of frequency for samples at T=1150 



423                                                                    Hayder S. Hussain et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(12) July 2016, Pages: 419-430 

 

 

 

 
 

Fig. 6: listed the attenuation coefficient curves as a function of frequency for samples at T=1150 
0C   
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Fig. 7: listed the absorbance curves as a function of frequency for samples at T=1200 
0C  
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Fig. 8: listed the attenuation coefficient curves as a function of frequency for samples at T=1200 
0C   

 

 

Fig. 9: listed the absorbance curves as a function of frequency for samples at T=1250 
0C  
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Fig. 10: listed the attenuation coefficient curves as a function of frequency for samples at T=1250 
0C   

 
 

 
 

Fig. 11: listed the absorbance curves as a function of frequency for samples at all Temp. 
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Fig. 12: listed the attenuation coefficient curves as a function of frequency for samples at at all Temp. 
 

 

Fig. 13: the impedance a of samples Ba2 Zn2 Fe12 O22  at T=1150 
0C  (not Irradiation) 
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Fig. 14: the impedance a of samples Ba2 Zn2 Fe12 O22 at T=1150 
0C  (Irradiation) 

 

 
 

Fig. 15: the impedance a of samples Ba2 Zn2 Fe12 O22 at T=1200 C° (Not Irradiation) 
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Fig. 16: the impedance a of samples Ba2 Zn2 Fe12 O22 at T=1200 C° (Irradiation) 
 

 

Fig. 17: the impedance a of samples Ba2 Zn2 Fe12 O22  at T=1250 
0C  (Not Irradiation) 
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Fig. 18: the impedance a of samples Ba2 Zn2 Fe12 O22s   at T=1250 
0C  (Irradiation) 

 
Conclusions: 

After analyzing the results, the sentence bellow can conclude: 
1. The best value of absorption and attenuation coefficient was at sintering temperature. 
2. The best results were found with irradiate samples by fast neutrons and at sintering temperature of   
        1250 Ċ.                                                                                        . 
3. Irradiation samples by fast neutrons will increase the electrical impedance conspicuously. 
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