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ABSTRACT

Mass attenuation of 0.84 MeV gamma radiations from ethanol soluble
organic compound naphthalene studied for different concentrations, Mixture
rule for theoretical calculation of attenuation coefficient is developed for the
solution; owr study explores the validity of the expected exponential absorption
law for gamma ray radiations in solution and also provides an alternative
method for direct determination of liner and mass attenvation coefficient of
ethanol soluble organic compound naphthalene.
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Introduction:-

The photon attenuation coefficient is an important parameter for characterizing the
penetration of x-rays or gamma ray inmulti elemental materials [1,2]. In the shielding
calculations of structure of nuclear power plants and dosimetry, parameters like attermation
coefficients of constructive material become very usefill for the calculations of gamma ray
shielding design. Mudahar and Satota (1991) studied total and partial mass attenuation
coefficient of soil as a function of chemical composition [3). The measurement technique
of linear and mass aitenuation coefficients for organic materials and their solutions for
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In the experimental arrangement a cylindrical prefix container of internal
diameter 2.462 cm was placed blow the source atadistance of 1.2 cm and above the
detectorat 2.2 cm byusing efficient geometrical arrangement. The Nal (T1) crystal is
usedasadetectoroonnectedtomtﬂﬁchannelmalmAsdtablesizestandismadeby
for the source & absorbers (container) are kept along the axis of the detector in the
stand. 'Ihewholesystanisenclosedin&xelead(Pb)casﬂeasshowninﬁgl,
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Fig 1 Experimental set up for measurement of gamma absorption coefficient for solutions.
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Material:-
The densities oforganiccompoundsmobminedﬁ'omMmk Index Volume 11

and molecular weights are calculated including the impurities. These are needed for
calculating theoretical linear and mass attenuation coefficients by mixture rule using
Hubbell's table. These organic compounds are of AR grade and their minimum essay is
99.5%.Ethyl alcohol is the alcobol of wine, beer, whiskey, and similar beverages. It is
often referred to al simply 'alcobol'. Ethyl alcohol is also known as Grain Alcohol, since it
can be prepared from starchy grains. Naphthalene and ethanol used for the measurement
oflinear attenuation coefficients are obtained from Analytical Rasayan S.D, Fine Chem.
LTD, Boiser (A.R. Grade).

Preparation and Measurements:—

Pipette 20m! of ethanol & add to the prefix container. Then take Naphthalene
and weigh it to four digital balances for 0.2, 0.4, 0.6, and 0.8 in such a manner and add
to the different container in which 20 ml ethanol is already exist. Then shake well and
note down the concentration by using formula,

V= VNag:. + Ven.
Than, for concentration C.

C= ’:’;‘f"
Results and Analysis:-

The quantities measured in the experiment are the volumes of Naphthalene (VNP)
and Ethanol (Veth) added together to give total volume V'= VNP + Veth, beight (h) of
the solution for calculating its volume V. the measured quantities along with the counts are
shown in the various tables below. The second column shows the ratio of the volurme of
the Naphthalene (VNP) to the total volume Vof the solution. The third column showsthe
height () of the solution in the container which helps to calculate the volume of the
solution V &s to calculate the shrinkage in the volume of the naphthalene when added in
tbeethanol.Thefowthoohnnnshowsmeemmtspeseoondoftheintautedpeaks,Al,

A2. The fifth column shows the natural log of the A0 and fourth column, Thesixth &

seventh column is the linear attenuation coefficient dexp. 824 PuweThe last column is
the % error.
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Here we have given the linear attenuation coefficient of solutions and ethanol
MNmmsdmdﬁrmmﬂyﬂmmxsmwuuwmmonwemm
ﬁf&hﬁmbymeoncemﬁmﬁrmmmym from 0.84MeV. In this
table the first column shows the VNP/V* which is the concentration of the solution in
terms of the ratio of vohumes, mﬁxﬂlmhmdwwsﬂ:eexpaﬁnmtal?ecp.foraqlm
sohution which is obtained by using formula

1 ~do
l—lexp-—hln —

The seventh column shows theoretical ?theo. for aqueous solution obtained by
using Hubbell table data in the mixture rule. The eighth column shows the % error or
deviation of 7exp. from the ?theo, obtained by the formula

% Error— &-hﬁle"L %100
the

0.
We observe from dmemblsﬂmﬂ:e?qp. are within the acceptable limit showing
very good agreement
Table: -1. Linear attenuation coefficient of Naphthalene soluble in
Ethanol at Gamms ray energy 0.84 MeV

A0 =5.12(Sec-1)

Sr |C=VnN/V’ |hem [ A La Ao/A | pexpt. 1B the % Error
No. (Sec™) Co Cm™!

1. 10.008696 [4.24 [4.71 | 0.083467 | 0.019635 0.019666 | -0.09674 |
2. 10017241 [4.38 [4.69 |0.087722 | 0.020496 0.020203 [-1.45037 |
3. 10025641 (432 468 |0.089856 | 0.020800 0.020730 [-0.33373
4. 10.033898 [4.36 467 |0.091995 | 0.021100 0.021248 |0.,0697297 |
5. 10042017 1438 465 | 0.096287 | 0.021983 [0.031757 -1.0383 |
6. 10.050000 [4.44 [4.64 [0.098440 | 0.022171 0.022258 039201
7. 10057851 [4.48 [4.63 |0.100598 | 0.022455 0.022751 [ 1300435
8. 10.065574 [4.52 [4.61 |0.1049270.023214 0.023236 | 0.094234 |
9. [0.073171 [4.56 |46 0.107098 | 0.023486 | 0.023713 0.953251
10 10080645 [46 [4.59 |0.109274 [0.003755 [0.034155 (1762532 ]
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Naphthalene sre already weighed using four digit digital balances. Mass of cthanol (meth.)
is obtained at room temperature by multiplying density of ethanol to volume of ethanol.
The density of ethanol at room temperature is obtained from hand book of Chemistry
and Physics (fourteenth edition), The cross sectional ares of the container is measured.
mmmmmmﬁmawwum

T b rae®

Where m = mNP + meth. mass of the solution, AQ is the initial gross srea of the
interested peak of the observed spectrum when gamma rays are passed through the
empty container while A is the gross area obtained for the different concentrations of the
solution after passing gamma rays through them.
Table:-2. Mass attenuation coefficient of Naphthalene soluble in

Ethanol 2¢ Gamma ray energy 0.84MeV
Ao =5.12 (Sec-1)

SrNe. |C=Vy/V' | ¥m LaAo/A | (u/plexpi. | (/9 }the. | % Ervor
Cw'/gm |Cm'/gm |
1. 0.008656 | 2.643400 | 0.083467 | 0.024782 | 0.024797 _ 0.061339
2. 0.017241 | 2.629863 | 0.087722 [ 0.025724 | 0.025376 | -1.37107 |
3. 0.025641 | 2.616647 | 0.089856 | 0.026028 | 0.025940 | -0.3387
4, 0033898 | 2.603749 | 0.091995 | 0.026327 | 0.026491  0.621436
5. 0.042017 | 2.581955 | 0.096287 | 0.027227 | 0.027029 | -0.73123
3 0.050000 | 2.578864 | 0.098440 | 0.027508 | 0.027555 | 0.188114
7. 0.057851 | 2.566855 | 0.100598 | 0.027784 | 0.028063 | 1.009332
8. 0.065574 | 2.555123 | 0.104927 | 0.028647 | 0.028565 | -0.27281
9, 0.073171 | 2.543657 | 0.107098 | 0.028%07 | 0.029059 | 0.520713
10. 0.080645 | 2.532449 | 0.109274 [ 0.029163 | 0.029533 | 1266698

B mBmgaﬁxmnﬂehnmmm:ggmb%
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are calculated for naphthalene and ethanol at various gamma ray energies. ’lhemeasmed
vahmarefbmdnoagmewell wdﬂxtbeﬂmuicalvahmgivmbyﬂubbdl. The experimental
mdﬂwmeﬁealmmaﬁmmﬁonweﬁdmtvalwmgivmin the fifth and sixth column
of the tables 2. It is found to agree with the standard value,

The electron msssecﬁonﬁxdiﬂ'caugamamyenagiesiscalwlamdbyming
therelation
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Fig. 1. Graph of g, ©V, (4p) oy and (Wp) o, for 0.84 MeV
Gannnrays energy
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The graph of (1/p) ep a0 (1) e, versus conoentzation (C) = VeV’ of vasions gamms
gm;ﬂb;"? Eld;t);:om melamvninhel“igl The experimental poinis in
Conclusion;- I
We bave cxperimentally applied in details the mixture rule for non aqueous solution
of salt developed by us and measured the linear and mass attenuation coefficients of salt
mmmingwmﬁmformmamgiaﬁom&MMe\{ Herewe have
=‘I’GJ"-'ﬂﬂmi.llytim:tliedinde\‘ai]sthcetnixtt.n'erl.llefol'naphthalene soluble in ethanol with
varying concentration gamma rays energies from 0.84 MeV.,
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