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ABSTRACT

Linear attenuation of 0.36 MeV gamma radiations from methanol by solution of oxalic
acidstudied for different concentrations. Mixture rule for theoretical calculation of
attenuation coefficient is developed for the solution. Our study explores the validity of
the expected exponential absorption law for y-rays radiations in solution and also
provides an alternative method for direct determination of linear attenuation coefficients
of soluble compound in water.

Keywords:- linear attenuation coefficients, Gamma-rays, Nal(Tl) activated Scintillation Detector
with 8k multichannel analyzer,oxalic acid as solute and methanol as solvent.

INTRODUCTION

Linear attenuation coefficient for gamma rays for different materials and solutions
plays an important role radiation dosimetry. There are different measurement techniques to
measure them. As technology is developed day by day, the gamma rays are used in many fields,
like Radiation exposure to cancer, food grains and onion preservation,, Radiation Shielding and
with their measurement techniques are developed but we find these measurements can be
made with still simpler method. Teli et aland Dongarge S.M. et al has developed the
mixture rule and we have used the rule with simpler approach and are considered for our
research work.

This method is developed from single element mass attenuation coefficient of gamma
rays to mixtures (solute and solvent). Dongarge S.M.(2010-15) extended for the mixture of
liguid and liquid materials also. There are various reports on the measurement of these
guantities (1-6). Hubbell (3) has developed the rule for calculation of gamma absorption
coefficient for mixtures and gave tables of theoretical values for various elements and their
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mixtures. Teli et al (1994) have measured the attenuation coefficient of 123 KeV gamma
radiations by dilute solution of sodium chloride. Dongarge et al (2010) reported the linear
attenuation coefficient for measurement of linear attenuation coefficients of gamma rays for
Ammonium Sulfate by agueous solution method 0.511 MeV gamma energy.

So for the study of both types of absorption coefficient for gamma rays has been done for
liquids by using various techniques as reported above and the observations are compared with
the theoretical values as calculated from Hubbell’s mixture rule and his table.

We give here measurements of the attenuation of 0.36 MeV gamma radiations in ethanol
soluble oxalic acid for different concentrations.

MATERIALS (liquid) AND METHODS

Experimental arrangement:-

The experimental arrangement is as shown in fig. (1) cylindrical prefix container of internal
diameter 2.46 cm wasplaced below the source at a distance 1.2 cm and above the
detector at 2.2 cm by using efficient geometrical arrangement. The Nal (Tl) crystal is used as
the detector connected to multichannel analyzer. The stand is made up of prefix sheet with
suitable size the source and absorber are placed along the axis of the stand the whole system is
enclosed in a lead castal.
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Fig 1 - Expertmental Arrangrmemt

Fig 1: Experimental set up for meavorement of gamma absorption coefficient for solotion.

Method of observations:-

First the gamma rays are passed through empty container reaching the detector. The
spectrum is obtained for 1800 sec. using MCA which gives plot of channel number Vs counts.
We select the interested peak which is smoothed for avoiding the random nature and obtain
the peak gross area Ao (The sum of the spread counts which are coming under the peak) this is
obtained because in MCA the counts get spread over some energy range around the photo
peak. This increases the accuracy of measured solution kept in the container and gamma
are passed through it. The concentration varied by adding oxalic acid to fixed volume of
methanol. The gamma rays are passed through such solutions and interested peak gross
area measuredas A1,A 2, ......... A 10. The other quantities measured in the experiment
are the volume of oxalic acidand ethanol added together to give total volume . The actual
volume V of the solution is calculated by measuring it's height in the container and by
multiplying it by the cross-sectional inner area of the container ( m r?). This procedure is
repeated for all the concentrations we prepared.
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Theoretical development for the experiment

The graph of In (A 0 /A) versus height of liquid column h (cm) is measured. The observed
points are seen to be closely distributed around the line having positive slopes. These lines are
obtained by fitting the experimental data by the least square method. Their slope gives the
linear coefficient and thus the linearity of the curves with positive slopes suggests the relation.

This indicates the validity of the standard exponential absorption law of gamma rays when they
pass through liquid substances.

A=Age™ e (2)

We know Hubbell’s mixture rule (1982). The mass attenuation coefficient of gamma rays in
chemical or any other mixtures of compound is assumed to depend upon the sum of the cross
section presented by all the atoms in the mixture because the bonds are only of the order
of few electron volts; there have no significant effects on the Compton, photo or pair
interaction.

Mass attenuation coefficient for solution is given by.

p
Where p is the density and which is made up on solution of elements. W; is the fraction by
weight.

The effect of shrinkage on the linear attenuation coefficient of a solution is given by Bragg
mixture rule which we assume without approximation for oxalic acidnamely,

(ﬁ] — (ﬁ} +M on + (ﬁJ FWyry e (4)
P )l P Jon P J

When the oxalic acidis dissolved in methanolthen the homogeneous solution forms. If the
solution is homogeneous then one can neglect the density from both sides. If we use this
formula for the proposed work in the following way then it will be

M solution = K methanol W methanol + HoaWoa — ———-——---- (5)

Table 1 gives the values using equation (5) for various concentration and theoretical values of
(i ethanol ) and (u oxalic acid )
are calculated by multiplying their densities to (i/p) which is calculated by Hubble mixture rule.
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Is used to calculate theoretical u (theoretical) given in the table-1

Solution technique for calculation of linear attenuation coefficient of Ammonium Sulfate
Using the data the experimental linear attenuation coefficient of the oxalic acid with
ethanolsolution ( u exp. ) is obtained

from,

1, (A, .
(”“")zﬁlntﬁj (7)

Where h is the height of the solution.

The mixture rule for aqueous solution is obtained from equation (5). The equation

(5) is used to obtain theoretical ( p ) and experimental ( W exp ) is obtained by equation (7).

exp K values are given in the table 1 in 5th column and ( th p) values are given in 6th column
and the percent error is obtained by the following equation (8) and is given in 7th column of
table 1.

I’I‘ g - U‘l;xl
U error The e 100 — (8)

thl.'

! p for methanol and oxalic acidis obtained from Hubbell table by multiplying its density we
get theoretical p (th) for ethanol and oxalicacid then by using eqn.(5) the u is obtained, the
results calculated are tabulated in table 1 oxalic acid solution. Eqn (5) is the equation of
straight line between W exp and concentration in which methanol volume is fixed. The
intercept is the attenuation coefficient for the methanol and its slope is the attenuation
coefficient difference of both.

If we plot the graph the slope is 0.177341 cm™ and intercept is 0.077311 cm™ which is the
linear attenuation coefficient for theAmmonium Sulfate ((NH4),SO4) and water. If we multiply
them by fraction by weight. We observe from these tables that, the u exp are within the

acceptable limit showing very good agreement. The graph of exp p (cm-1) versus
concentration Vg/V at 0.84 MeV gamma ray energy for Ammonium Sulfate ((NHz),;SO4).

Table: -1. Linear absorption coefficient of InOxalic Acid and Methonol at Gamma

ray energy 0.36 MeV

Ao = 8.9561 (Sec™)
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SNrO. C=V, /V’ hcm A Ln Ao/A M expt. cm™ | K ¢he % Error
(Sec™) cmt
1. 0.05 2.96 6.689 0.291870 | 0.098604891 | 0.093331375 | -5.650314
2. 0.0952381 3.16 6.414 0.33353999 | 0.105550631 | 0.098040367 | -7.660379
3. 0.136363 3.27 | 6.3241 | 0.347967132 | 0.106411967 | 0.102321202 | -3.997964
4. 0.173913 3.38 | 6.2145 0.365449593 | 0.108121181 | 0.106229913 | -1.780354
5. 0.208333 3.49 | 6.1425 | 0.3771030339 | 0.108052447 | 0.109812811 1.603359
6. 0.24 3.58 | 6.0125 | 0.398494229 | 0.111311237 | 0.11310414 1.589529
7. 0.2692308 3.68 | 5.9841 0.40328913 | 0.109573074 | 0.116151876 5.663965
8. 0.2962963 3.79 | 5.8845| 0.420013089 | 0.110821396 | 0.118969219 6.848681
9. 0.3214286 3.88 | 5.6241 | 0.465273929 | 0.119915961 | 0.121585328 1.373000
10. 0.3448276 3.98 5.514 | 0.485008281 | 0.121861377 | 0.124021012 1.741345
CONCLUSION

linear attenuation coefficient of methanol soluble
oxalic Acid for different concentrations and estimated from them the attenuation
coefficient for pure oxalic acid by using the mixture rule developed by Teli (1998)
established the validity and utility of the solution technique. This method is simple and avoids
the separate statistical procedure for experiment there by saving time and expenditure. The
use of multichannel analyzer has also improved the results as we could replace the counts at
the photo peak by the area under it. Further the variation of concentration of solution is made
easy by adding methanol to solution without changing the oxalic acid amount in it. This saves
the solute quantity and thus further economizes the experiment.

Our experimental measurement of
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