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Abstract: 

Hard hexagonal barium ferrite BaFe12O19 was prepared by solid state reaction 

method using a precursor (BaO- 6 Fe2O3( mixture at calcinations temperature 1100 C 

for 2 hr. The XRD patterns of the calcined samples show the formation of BaFe12O19 

at this temperature .In this work, some of the samples were irradiated by fast neutron 

(241Am-Be ) in average energy 5 MeV with flux ( 1.5 ×106 n/cm2.s ). The fast neutron 

irradiation did not affect  the magnetic properties of prepared samples obviously, but 

it affected the electrical resistivity in direct relation in which the increasing of 

irradiation dosages lead to increasing of electrical resistivity obviously . 
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 ملخص البحث:
 BaOبطريقة التفاعل الصلب عن طريق خلط المرربيين   19O12BaFeتم تحضير مادة الباريوم فرايت 

. بعررا اارررال عمليرراط الرلررط الرطررب والتق يررل تررم  ررر  الرلرريط  )3O26 Fe -BaO(الموليررة  ةبالنسررب 3O2Feو
ولمراة اراعتين . باارتراام تقنيرة الحيرود لالرعة السرينية ترم الحصروذ علرح ومرو   الحيرود  C 1100باراة  ررارة 

المحضررر وفررق ال رررو. فعرراا. فررل تررتا العمررل تررم ت رر ي  بعرر    19O12BaFeالسررينل لطررور البرراريوم فرايررت  
 )1.5 وب رري  ويرروتروول  ررارا  ) MeV 5( وبمعرراذ طررافل  ررارا Be-Am241النمررا   بالنيوتروورراط السررريعة )

 .s2n/cm 610×    وتراج  الت ر ي  فرتررط فل الت ر ي  النيروتروول وفرق ال ررو. اعراا لرم يرخور علرح الرروا  
يوم فرايت ب كل واضح , فل  ين فورط ب كل بيير علح المقاومية الكترباجيرة للمرادة ,  يرن فل المغناطيسية للبار 

 المقاومية الكترباجية تزداد بزيادة القرعة الإلعاعية .      
 

Introduction 
Barium 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 barium ferrite having the chemical formula of 

BaFe12O19 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 
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chemical stability and corrosion resistivity .Ferrite magnets are still widely used 

although they have less magnetic strength than rare earth magnets  . Comparing ferrite 

magnets and rare earth magnets could be concluded by determination of the ratio of 

remanence (Br) which is about 1:3,the ratio of coercive force (HC) which also 1:3 [1] 

.Nikkhah et al prepared barium ferrite and studied the effect of neutron and He3 

Irradiation on the magnetic properties of perm alloy thin film[2 ].Pullar   et al, 

prepared barium ferrite by sol-gel method and studied the characterization of barium 

ferrite fibres [3 ]. Lisfi and Lodder studied the effect of ZnO on micro structural and 

magnetic properties of barium ferrite thin films ,it was found that a ZnO promotes the 

perpendicular orientation of the c-axis to the film [ 4 ]. Much another papers studied 

the magnetic, structural properties of barium ferrite such as Ping et al [5 ] . Srivastava 

et al [6 ] .Waldemar, et al [7 ] .Cao  and et al [8].Kohn and Eckart [9].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 [10].If a 

perfect crystal placed in front of neutron radiation source ,crystal defect will appear 

and the crystal became 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 [11].   

This paper report the results of magnetic properties of BaFe12O19 powder 

synthesized from BaO and Fe2O3 and the effect of neutron radiation on the magnetic, 

dielectrical properties of BaFe12O19 . 

 

Experimental Section 
1- Sample Preparation 

Powders of BaO (BDH company with purity  98 % ) and Fe2O3 ( BDH  

Company with purity 97 % ) in the molar ratio  (BaO- 6 Fe2O3 ) depending on the 

phase diagram of Fe2O3-BaO system [1] Then ,the mixture ground in agate mortar for 

90 min at room temperature before wet mixed for 48 hr. The prepared mixture was 

dried at 60 C for 3 hr ,followed by precalcination at 500 C for 1 hr and calcinations at 

1100 C for 2 hr. After that, the powder of BaFe12O19 was ground to get a powder in 

good homogenizing, small grain size. Then the powder was pressed to samples in 2 

cm  diameter and 0.5 cm thickness ( with addition vinyl- alcohol  as a binding 

material) using electric press. The disks were sintered at 1250 C for 3 hr.  

 
2- Irradiation of samples 

Some of BaFe12O19 disks irradiated by fast neutrons in different doses and 
energy range ( 2-10 MeV) [13]. using the ( Am – Be241 ) as a neutron source in 
neutron yield ( 107 n/s ) with flux ( 1.5 ×10 n/cm.s ) and different integrated flux as 
shown in table (1).  

 
3- Characterization  

Powder x-ray diffraction (XRD) was recorded on an XRD Philips PW1316/90 
single open recorder/ CuKα target. 

Magnetic properties were obtained on the Magnet-Physik device (Russian 
origin) connected with computer to drawing the hysteresis loop at room temperature.  

The electrical resistance of samples was obtained by using Ohm-meter at room 
temperature. The electrical resistivity ( ρ)was calculated by using the equation : 
                                          ( ρ = R A /d ) 

.,  d : thickness in cm 2rface area of sample in cmWere, A: su 
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Result and discussion 
In this work, I chose the solid state reaction method because it produces 

adequate amounts of the required material in relatively short time, as well as it needs 

oxides as raw materials which are available in contrast to other methods that needs to 

solutions, acetate compounds which are not available within the country .  
Figure( 1) shows the x-ray diffraction pattern of synthesized barium ferrite 

powder .this pattern exhibit typical peaks that can be indexed to the standard pattern 

of  BaFe12O19 crystals [13]. Also there are shifts in typical intensity peaks by ( -1.2 

theta) when it is compared with standard card of BaFe12O19 phase , this is because the 

effect of thermal vibration of the atoms on a powder pattern in which lead to 

decreasing the intensity of diffraction lines,2 Ө [14].The peaks marked in 1 ,2  

represent Fe2O3 compound and peaks 3,4 represent BaO compound ,while peaks 

marked by (*) represent the impurities in raw materials  

 

  

 
 

Fig.1:The XRD pattern of BaFe12O19 phase prepared at 1100 C for 2 hr. 

 
Figures (2-6) and table 1 shows the results of magnetic factors which it 

coercive force and remanence magnetic flux for neutron irradiated ,un irradiated 

samples in different dosages at room temperature. These figures and table (1) shows 

that there is a small change in magnetic parameters especially sample number (4), but 

this change is lower than the background level that exists in the calibration process of 

the testing device. Therefore , I conclude that the neutron radiation in used dosages in 

this work does not affect seriously on the magnetic parameters , and these results 

coinciding to the results of Gordon [15].    
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Table (1) 

Values 0f the magnetic factors and rate of the used irradiation dosages. 

BHmax 

MGoe 
Br(KG) HC(KOe) Dosage 

n/cm.s 
Sample 

No. 

0.55 1.71 2.48 0 1 

0.51 1.64 2.51 3×1010 2 

0.53 1.64 2.61 6.4×1010 3 

0.50 1.61 2.49 1.3×1011 4 

0.53 1.66 2.63 3.6×1011 5 

 

Table (2) shows the results of electrical resistivity of irradiated, un irradiated 

samples. It is obvious that there is strong correlation between the electrical resistivity 

and radiation, in which the electrical resistivity increased with  increasing of radiation 

dosages .This behavior is because the increasing of radiation dosages gives rise to 

increasing the deformation in crystal lattice  which leads to increasing the point 

defects which obstructs the motion of electrons in the crystal structure of samples 

which causes an increase in the electrical resistance [10] . Mousa et al ,reported that 

the electrical resistivity of cobalt ferrite increasing with increasing of gamma radiation 

dosages  [16].    

  

Table(2) 

The effect of the irradiation dosages on the electrical resistivity of samples. 

Electrical resistivity 

(Ohm.cm)×105 

Integrated dosage 

(n/cm.s)×1010 

Sample 

No 

1.2 0 1 

1.79 1.5 2 

1.95 4.0 3 

2.46  13.0 4 

3.44 26.0 5 

 
Conclusion  

Fine particles of barium ferrite BaFe12O19 have been prepared at temperatures 

as low as 1100 C, by calcination of a precursor , BaO and Fe2O3 mixture . The 

magnetic parameters such as coercive force (Hc) and remanence magnetic flux (Br) 

not seriously affected by neutron radiation in dosages used in this work .The 
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irradiation by fast neutron increasing the electrical resistivity obviously with different 

ratios depending on the dosages of radiation.    
 

 

 
 

Fig.2 

The hysteresis loop of BaFe12O19 sample ( No.1) 

 

 
 

Fig.3  

The hysteresis loop of BaFe12O19 sample ( No.2) 
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Fig.4 

The hysteresis loop of BaFe12O19 sample ( No.3) 

 

 
 

Fig.5 

The hysteresis loop of BaFe12O19 sample ( No.4) 
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Fig.6 

The hysteresis loop of BaFe12O19 sample ( No.5) 
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