Available online WWW.| OCPr.com

Journal of Chemical and Pharmaceutical Research

d Ph
\and Flay,
.\g’b "79%

2,

nal of

oo Ch, o,

£, ~
“easay &%

J. Chem. Pharm. Res., 2011, 3(5):267-273

.

o

I SSN No: 0975-7384
CODEN(USA): JCPRC5

Mass Attenuation Coefficientsof Cr, Ni, Cu, and Ag elements (24 <z< 47) by
Using Gamma Energy at 279.30 keV

* Pravina P. Pawar and G. K. Bichile

Department of Physics Dr.Babasaheb Ambedkar Marathwada University, Aurangabad, India

ABSTRACT

Mass attenuation coefficient for yray photons of energy 0.279MeV in Cr, Ni, Cu, and Ag have
been determined experimentally through photon-transmission measurements performed under
narrow-beam counting geometry with HP (Ge) as a photon detector. The mass attenuation
coefficient values reported in this work are found to be in good agreement with the values
computed theoretically.

Keywords. Mass attenuation coefficient, HP (Ge) photon detector, Narrow-beam counting
geometry.

INTRODUCTION

Mass attenuation and energy absorption coefficients are widely used in the study of interaction of
y-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 materia with y-rays, ionization of the material takes
place and the stored energy of the material increases [1]. Extensive studies have been carried out
to determine y-ray attenuation coefficients for various elements and photon energy [2-4].

Accurate values of photoelectric cross sections for photon radiation in several materials are
needed in solving various problems in radiation physics and radiation dosimetry.It is important to
note that much of the data is based on theoretical work and only few experimental results are
available for comparison. Such comparison is hecessary to ensure that the theoretically predicted
values do indeed agree with experimental results [5].Although a number of experimental
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measurements are reported in the literature [6-7], the work therein actually carried out is limited
to a few energy points and materials. Further, the experimental techniques used by different
workers are not identical and hence it is difficult to intercompare the experimenta results. It is,
therefore, necessary to carry out accurate measurements of photon attenuation data. Therefore, in
the present work accurate photon transmission measurements have been carried out under a
narrow beam counting geometry employing high resolution HP (Ge) as a photon detector. The
attenuation data has been used to obtain the photoelectric cross sections. Photoelectric cross
sections are determined either by counting the photoelectrons emitted during photoelectric
absorption or by detecting those photons which have not undergone any interaction within the
material [8-9]. In the earlier work, the photoel ectrons were detected by organic scintillators and
total-absorption-proportional counters. The accuracy of the final results was limited by the poor
efficiency of either of these detectors. A good photon detector with high-energy-resolution
characteristics as used in the present measurements is an essential requirement for higher
accuracy. Solid-state detectors have the high-energy resolution characteristics necessary for such
measurements to be performed accurately. In view of these facts, it was considered worthwhile
to carry out accurate and systematic measurement of total photon cross sections, which form the
basic input data for the calculation of photoelectric cross sections. Hence, in the present
investigation, systematic measurements on the total photon cross sections at the energy point
279.30keV, using a high resolution photon detector is made and results are employed to extract
photoel ectric cross sections.

EXPERIMENTAL SECTION

In the present work the photoelectric-cross-section values for 279.30 keV photons are
determined in four elemental solids of atomic numbers ranging from 24 to 47 through photon-
transmisson measurements. The monoenergetic photon radiation required for these
measurements was derived from 2*Hg radionuclide .The source was procured as a sealed source
from BARC, Trombay, Mumbai. The photon transmission measurements were done under a
narrow beam counting geometry employing high resolution HP Ge solid state detector. The
HPGe detector utilized in the present work is of 30.3 cc active volume and was obtained from
EG2G, ORTEC USA. The detector was operated at liquid nitrogen temperature and had a good
stability of the order of 0.01 % over the entire range of photon energy. The energy resolution of
the detector at 279.30 keV from **Hg was about 3.3% with full width at half maxima (FWHM)
being 180 eV.

The experimental set up used in the present work as shown in figurel. The experimental system
consists mainly of two aluminum collimators of about 12 cm long, having interna and external
diameters of 10 and 60 mm, respectively. These collimators were internally lined with 4 mm-
thick perspex so as to provide a scatter-free collimated photon beam 2mm in diameter. With the
present experimental system, it was established from the photon spectrum that the energy of
transmitted photons did not change appreciably due to scatter or fluorescent radiation from the
collimators. A provision was made midway between the collimators to introduce absorbers
which were in the form of thin foils. The entire system was arranged vertically over the HP (Ge)
detector, ensuring that the central axis of the collimators coincided with the centra axis of the
detector.
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Radioactive source of *>*Hg had thin beryllium windows for the exit of photon radiations. The
source was kept in alead container which was provided with an aperture for the exit of photons.
The source container assembly was then kept over the collimator so as to alow a narrow, well-
collimated photon beam from the collimator incident normally on the absorbers. The source and
the detector were well aligned with the collimators. The incident energy of photon radiations
from the source was known accurately from the photon spectrum. The chosen absorbers include
thin and uniform foils of high purity of chromium, nickel, copper, and silver. These foils were
weighed accurately using a digital balance, and from their measured area the thickness
proportional to the areal density in g cm™was determined. The absorbers had varying thicknesses
of afew mg cmand higher thicknesses were obtained by stacking the foils together.

The presently used absorbers are uniform sheets of Cr, Ni, Cu, and Ag. These sheets/foils were
weight accurately and from their measured area, the thickness (t) in gm/cm? was determined in
each case. The absorbers had varying thicknesses of a few mg/cm® The higher values of
thickness were obtained by stacking required number of foils together. The absorbers used were
of nuclear grade of specified purity of the order of 99.95%. No further attempts were made to
ascertain the purity of these absorbers.

The schematic experimental set-up is as shown in Figure 1.
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Figure. 1 Block diagram of photon counting system.
Counts recorded for various thicknesses (gm/cm?) at 0.279 MeV as shown in Tablel.

Number of particles of radiation counted without absorber (1g) = 3943.
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Tablel. Counts per 100 second for Chromium foil

Sro Thickness Tnal I Tral II Tnal III Mean (I} Ip1
om’em?
1 0.03 4052 4036 3004 4027 097906
2 0.1 4002 4057 4117 4058 007150
3 013 4043 4033 019 4031 097800
4 02 I0ED ERT 3013 3019 100393
3 23 3063 3008 30e7 07e  0.89170
] 03 30gd 3010 3834 3006 1.00947
7 033 3742 3000 3811 3817 103283
2 04 R 3833 IE10 3820 1.05210
Cr fail
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= 17 Intercept on Y-ais=0,9505

0.23 * Slope =0.13075

0.95 *

0.97

0.9 T T T T T

0 0.1 0.2 0.3 0.4 0s
Thickness {gm-'{:nﬂ

Figure 2.Thethicknessvs.ly/I for the Chromium fail

Table2. Countsper 100 second for Nickel foil

SrMNo  Thickness Tnal I Tral II Tnal III Mean(I) Iy1
om/cm?
1 003 3033 4013 3808 3048 Q00873
2 0.10 3003 306l 3738 3004 1.00998
3 013 3E33 3Te9 3900 3837 1.02762
4 020 3821 3033 3E6T 3873 101807
3 23 3030 3RE2 3011 3010 1.00843
] 0350 3E03 373R 363E 373 1.05436
7 (133 3T0e ieT4 3674 IBE3 1.07001
2 040 ighd 3707 ELRA 3g03 106711
] 043 Ig00 3636 3671 3663 107583
10 0.50 3730 ELEE) ELER IBT0 1.07438
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Figure 3.Thethicknessvs.ly/I for the Nickd foil

Table3. Counts per 100 second for Copper fail

SrINo Thickness Tnal I Tnal IT Tmal III Mean(In Iy1
Gmcm?
1 (13396 3006 3813 3976 FEQE 1.01154
2 0.7192 3803 4009 3836 388z 101534
3 1.0788 37RO 3777 3386 3714 1.06163
4 14384 3613 3623 IG26 3621 1.08892
5 17980 3575 ERES| 3387 3514 1.12208
6 2.1576 3550 3513 3388 3484 113174
7 25172 3367 3261 3221 3283 120103
2 28768 3234 3226 013 3137 124897
9 32364 3033 3014 2014 21087 132003
10 33960 3062 2899 - 2080 132315
Cu fail
1.3 1
1.3 4
1.25 4
1.2 4
= 113 1 s Intercept on Y-axis=0.9452
= 1 Slope= 0.113
1.06 1
1_
0.9 A
0a T T T T T T T T

0 04 1 1.5 2 25 3 35 4
Thi ckness{mr’cnﬁ

Figure4.Thethicknessvs.l /I for the Copper fail
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Table 4. Counts per 100 second for Silver fail

SrNo Thickneszs Tnall Tral II Trial 111 Mean(lh IyT
g cm’
1 0.03 3073 4013 4003 3008 008624
2 0.1 3006 4036 - 4016 DOE182
3 0.13 3082 4003 4002 3006 DDEET3
4 02 4023 3017 3007 3970 050083
3 023 4078 3036 3913 3082 090020
] 0.3 4002 3030 3034 3062 090320
7 04 3827 3827 - 3827 1.03031
&g fail

1.04

1.05 - +

1.02 +

1.0

la/l

1 <

0.99 * *
0.5 * Mtercept on Yosis =0.97413
’ Slope =0.1965
0.97 . . :
0 04 0.2 0.3 0.4

Thickness {gm-'cmz}

Figure5.Thethicknessvs.ly/I for the Silver foil

RESULT AND DISCUSSION

The linear and mass attenuation coefficients were calculated for various elements (24 < z < 47)
by using gamma transmission measurements. It was observed that the experimental values of
number of particles of radiation counted without absorber (Io) per number of particles of
radiation counted with absorber (1) were linearly increased with increasing thickness. Also it is
observed that as density increases mass attenuation coefficients values also increases.

CONCLUSION

From the results of the present study, it is observed that the errors quoted are due to mainly
counting statistics, since the sample impurity corrections are negligible. The agreement seems to
be good within experimental error. The mass attenuation coefficients p/p of various elements (24
< z < 47) have been studied by using gamma radiation at energy 279.30 keV.The results have
been presented in a graphical form from Figure 2-6.
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The increasing linear nature of graphs of number of particles of radiation counted without
absorber (lp) per number of particles of radiation counted with absorber (I) vs. the thickness of
absorber are fitted by the least square method. The slope of these graphs gives the value of the
mass attenuation coefficients. Then linear attenuation coefficient u can be calculated by using
density of that element. Theresults are in good agreement [10-11].
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