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Abstract. Pure magnesium ferrite sample was prepared by standard ceramic technique
and characterized by X-ray diﬀraction method. XRD pattern revealed that the sample
possess single-phase cubic spinel structure. The linear attenuation coeﬃcient (μ), mass attenuation coeﬃcient (μ/ρ), total atomic cross-section (σtot ), total electronic cross-section
(σele ) and the eﬀective atomic number (Zeﬀ ) were calculated for pure magnesium ferrite
(MgFe2 O4 ). The values of γ-ray mass attenuation coeﬃcient were obtained using a NaI
energy selective scintillation counter with radioactive γ-ray sources having energy 0.36,
0.511, 0.662, 1.17 and 1.28 MeV. The experimentally obtained values of μ/ρ and Zeﬀ
agreed fairly well with those obtained theoretically.
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1.

Introduction

Mass attenuation and energy absorption coeﬃcients are widely used in the study of
interaction of γ-rays with matter. The photoelectric eﬀect, Compton scattering and
pair production processes are the predominant interactions between the photons
and atoms apart from other types over a wide range of energies. By irradiating the
material with γ-rays, ionization of the material takes place and the stored energy
of the material increases [1].
Extensive studies have been carried out to determine γ-ray attenuation coeﬃcients for various elements and photon energy [2–4]. Recently, many workers [5–7]
have used the mixture rule in order to provide mass attenuation coeﬃcients for
multi-element materials. There are reports in the literature, which show eﬀect of
gamma radiation on the physical properties of spinel ferrites [1,8].
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Ferrites forming a group of semiconducting materials are of great technological
importance because of their twin property as a magnetic conductor and an electrical insulator. They can be used in memory cores, high frequency transformers,
antenna, recording heads and radar absorbing paints [9]. Extensive work has been
carried out on pure and substituted magnesium ferrites with a view to study the
electrical, magnetic and micro-structural properties and tailor-make them for suitable applications [10–15], but to our knowledge, no reports are available in the
literature on the measurement of mass attenuation coeﬃcient in magnesium ferrite.
The knowledge of photon attenuation coeﬃcient provides an important parameter for characterizing the penetration and diﬀusion of photon in multi-element
materials. The data on attenuation coeﬃcient are useful in various ﬁelds such as
nuclear science, technology and medical applications. Apart from this, the need of
shield to protect against harmful radiation has lead to the studies on attenuation
coeﬃcient measurement in diﬀerent multi-element materials.
Keeping these points in view, attempts have been made to measure the total mass
attenuation coeﬃcient, total atomic cross-section, total electronic cross-section and
total eﬀective atomic number of magnesium ferrite for samples of diﬀerent thicknesses in the energy range from 0.360 MeV to 1.28 MeV. The measurement of
photon attenuation is performed in a narrow beam geometry conﬁguration. The
present paper reports results on mass attenuation coeﬃcient and related parameters
of MgFe2 O4 .
2. Experimental
The samples of magnesium ferrite have been prepared by standard ceramic technology, using AR grade (99.9% pure) MgO and Fe2 O3 . The details of experimental
procedure for the preparation of magnesium ferrite have been described elsewhere
[16]. The measurements of γ-ray mass attenuation coeﬃcients were carried out on
bulk sample, which was in the form of circular pellets of varying thicknesses, using
multichannel analyzer (MCA) in the energy range 0.360 MeV to 1.28 MeV.
Four radioactive sources, namely, 137 Cs, 133 Ba, 60 Co, 22 Na are used to ﬁnd out
the values of mass absorption coeﬃcient of γ radiations in magnesium ferrite.
All these radioactive sources are obtained from Bhaba Atomic Research Center
(BARC), Mumbai, India. The energy range of all the four sources is between 0.360
MeV and 1.28 MeV.
The absorber is taken in the form of a right circular cylinder with a diameter
of 15 cm and the thickness is approximately 0.27 to 2.53 cm. The density of the
absorber is determined from the dimensions and masses of various pellets.

3. Results and discussion
The room temperature X-ray diﬀraction patterns were recorded on a Philips X-ray
diﬀractometer (Model PW 3710) using Cu-Kα radiation and is shown in ﬁgure 1.
X-ray diﬀraction pattern reﬂects (2 2 0), (3 1 1), (2 2 2), (4 0 0), (4 2 2), (3 3 3)
and (4 4 0) planes belonging to cubic spinel structure. The XRD pattern shows
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Figure 1. X-ray diﬀraction pattern of magnesium ferrite.
Table 1. The values of linear attenuation coeﬃcient (μ) and mass attenuation
coeﬃcient (μ/ρ) of gamma radiations in MgFe2 O4 in the energy range 0.36
MeV to 1.28 MeV.
Energy
(MeV)
0.360
0.511
0.662
1.170
1.280

μ/ρ (cm2 /g)
μ (cm−1 )

Theor.

Exp.

Percentage error

0.3248
0.2562
0.2429
0.1736
0.1629

0.0981
0.0821
0.0745
0.0546
0.0531

0.0998
0.0773
0.0729
0.0524
0.0520

1.715
5.780
2.123
4.029
2.041

sharp Bragg peaks. The analysis of XRD pattern reveals that the sample possesses
single-phase cubic spinel structure.
From the mass and volume of the absorber (i.e. MgFe2 O4 ), density for each pellet
was calculated. Using the values of density (ρ) and linear attenuation coeﬃcient
(μ), the values of mass attenuation coeﬃcient (μ/ρ) for diﬀerent energies were
calculated. The values of linear attenuation coeﬃcient (μ) and mass attenuation
coeﬃcient (μ/ρ) are listed in table 1.
For materials composed of multi-elements, the total mass attenuation coeﬃcient
(μ/ρ) is related to the μ/ρ values of each constituent element by the following
mixture rule [17]:

μ/ρ =
wi (μ/ρ)i ,
(1)
where wi is the fraction by weight of the ith atomic constituent. The (μ/ρ)i values
of each constituent of MgFe2 O4 are taken from Hubble’s table for elemental media.
The observed and theoretical values are reported in table 1. It can be seen from
table 1 that the observed and theoretical values of μ/ρ agree fairly well with each
other.
Pramana – J. Phys., Vol. 68, No. 5, May 2007
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Table 2. The values of total atomic cross-section (σtot ), the total electronic
cross-section (σele ) and the eﬀective atomic number (Zeﬀ ) for magnesium ferrite.
σele

σtot (b/atom)

Zeﬀ

Energy
(MeV)

Expt

Theor.

Expt

Theor.

Expt

Theor.

0.360
0.511
0.662
1.170
1.280

4.734
3.667
3.458
2.486
2.467

4.654
3.895
3.534
2.590
2.519

0.346
0.268
0.252
0.180
0.181

0.340
0.284
0.258
0.189
0.184

13.70
13.70
13.70
13.70
13.70

13.70
13.70
13.70
13.70
13.70

From the measured values of mass attenuation coeﬃcient (μ/ρ), the total atomic
cross-section (σtot ) for magnesium ferrite has been obtained using the following
relation [18]:
σtot =

1024 (μ/ρ)A
(b/atom),
NA

(2)

where A is the atomic mass and NA is the Avogadro’s number.
The values of σtot are given in table 2. The theoretical values of σtot were also
calculated by taking the theoretical values of μ/ρ and are given in table 2. The
experimental and theoretical values of σtot are compared and it is found that they
are in good agreement with each other.
The total electronic cross-section (σele ) for the individual element was calculated
using the following formula [19]:
σele =

1  fi Ai
(μ/ρ),
NA
Zi

(3)

where fi denotes the fractional abundance of the element i with respect to the
number of atoms such that f1 + f2 + f3 + · · · + fi = 1, Zi is the atomic number
of ith element. The total atomic cross-section and the electronic cross-section are
related to the eﬀective atomic number (Zeﬀ ) of the compound through the following
relation [20,21]:
Zeﬀ =

σtot
.
σele

(4)

The experimental values of σtot , σele and Zeﬀ were calculated using equations (2),
(3) and (4) respectively and are presented in table 2. The theoretical values for σtot ,
σele and Zeﬀ were also obtained and are listed in table 2. A comparison is made
between experimental and theoretical values of σtot , σele and Zeﬀ and it can be
concluded that the theoretical and experimental values are in good agreement with
each other within the experimental errors. The plots of theoretical and experimental
values of σtot are shown in ﬁgure 2.
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Figure 2. Variation of experimental and theoretical values of total atomic
cross-section (σtot ) for magnesium ferrite.

4. Conclusions
Analysis of XRD pattern revealed the formation of single-phase cubic spinel structure. Hubbel’s mixture rule is applicable to ﬁnd the mass absorption coeﬃcient
and related parameters for MgFe2 O4 .
The data on mass attenuation coeﬃcient and related parameters of MgFe2 O4
should be helpful in dosimetry and technological applications. However, it would
be desirable to measure mass attenuation coeﬃcient for still higher energies but
due to non-availability of higher energy sources to us data has not been taken.
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