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ABSTRAC T 

Aluminum is very important and extremely useful engineering 
material with very good plhysical properties. Arhough pure alu 
minum has low strength, it can be alloyed to gain high strengths,so 
that it fhnds many applications in modern technology. The knowl 
edge of temperature dependence of density and thermal expansion 
is very important for understanding their physical properties 
like thermal conductivity., specific heats, diffusion coefficients. 
thermo elastic constants and their applications in various fields. 
Thermo physical properties can be investigated through a vari 
ety of techniques like dilatometric method, pycnometric method, 
electronnagnetic levitation method, method of maximal pressure 
in gas bubble, high temperature electrostatic levitation, method of 
sessile drop, method of hydrostatic weighing and gamma ray atten 
uation nnethod. The gamma radiation attenuation technique for the 
determination oftherno physical properties in the condensed state 
offers several advantages over other methods at high temperatures. 
This is because the gamma ray is not in any kind of thermal contact 

E-mal oddresses kethireddynyaho0.com (K. Narender). 
ngopikr1shnal 3Dyahoo.com (N.G. Kr1shna). 

The temperature dependence of linear attenuat1on coeficient, dens1ty and thermal expansion of 6061, 

2219 and 2014 aluminum alloys have been studied by gamma ray attenuation technique in the temper 
ature range 298-773 K The gama ray attenuation stud1es have been carried out using a gamma ray 
densitoneter fabricated in our laboratory. The linear attenuation coefficients (p) for the alloys as a func 
tion of temperature and the coefic1entis of temperature dependence of density have been reported. The 
variation of dens1ty and thermal expansion of these alloys have been represented by linear equations. 
Volume thermal expansion coeficients have been reported. 

this condition elinminates sample and probe compatibility problem. 
Using this technique Drotning (1] measured thermal expansion of 
isotropic solid materials at high temperatures. He studied thermal 

0040-603 |/S - see front matter O 2013 Elsevier B.V., All rights reserved. 
hp /dx doi org/ t0 10 16/44ca2013 07.003 

CrosstMark 

2. Experimental 

o 2013 Elsevier B.V. All rights reserved. 

expansion of Aluminum and cype 303 stainless steel at high tem 
peratures and such studies have been extended by him to study 
the thermal expansion of metals and glasses in the condensed 
state (2,3). A number of other techniques have been used to mea 
sure the temperature dependence of density of metals [4-7]. and 
alloys (8-15] at high temperatures. Recently the behavior of ther 
mal expansion of carbon fiber reinforced 6061 aluminum alloy has 

been reported [16] and mechanical properties of alloy 2219 have 
also been reported (17]. It is desirable to study the thermophy 
sical properties of new materials at high temperatures for their 
practical applications. No reports on temperature variation of ther 
mophysical properties of 6061. 2219 and 2014 aluminum alloys 
were found and hence in the present communication, we report 
the results of systematic study on the density and thermal expan 
sion of these alloys in the temperature range 298-773 K determined 
using gamma ray attenuation technique. 

ln uude lu Lauy vut this work, wc havc tabricatcd a gamma 
ray densitometer based on the design proposed by Drotning [1] 
and a programmable temperature controlled furnace (PTC) which 
can reach up to a temperature of 1300K in our laboratory. Cross 
sectional view of gamma ray densitometer is shown in Fig. 1. 
The gamma radiation detector used in our study is a sodium 
iodide-thallium activated detector. The 0.0762 m diameter and 
0.0762 m thick crystal is integrally coupled to a 0.0762 m diame 
ter photo multiplier tube (PMT). The PMT has a 14 pin base and can 
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y-Ray Attenuation Studies on Nal 

ray tenuaton sades for the frst bme 

AS Madhusuthan Rao', K Narender 

AbstractTerpeare dependenty- ray a�euaon studes have been canad at by ay rzy dectmee faes as bo 
Ihe anea aton cooffoents (v) Na sa ncton o termperature n the range 300K-900K hae teen detemned sng de 
neys o rdoam nz. Am (0 0595MeV). co(1 173Mev & 1 3324e) The coetoerdterçerre dependence d derst hs been 
reatat The vanan of densty and thema espanscon o Na in the temperare range hare been sused andconpared te ss 
vabie in the erature The tenperature dependene of inea atenuation coefoert densty nd hena pason hs ben 

represented by second degree polynomias Vtmetrc thema epanson coefioert aa rind tamperte hs teen epoted by t 

1 INTRODUC TION 

bdex Termsnea atenuaban coefoent densty. therma eparsan, 

THE Study of lenperature dependence of fundamental 
thermophysical properties such as density and thermal 

expansion of solids is very important for understandng tem-
perature variation of other properties like dzstic constants, 
refractive indices, dickectric constants, thermal conductivity. 
diffusion coefficients and other heat transfer d1mensionless 
numbers. Thermal expansion of solids is of techrical im 
portane as it determunes the thermal stablity and thermal 
shock resistance of the material In general the thermal epan 
sion characteristis decide the hoice of material in high ten 
perature applicatons in science and technologv. Number of 
methods have evolved for thc determination of dersity and 
thermal expansion of sobds at high temperature Thermal ex 
parsion studies on alkal1 hal1des have been repotted by sever 
al workers using \-ray diffraction [13] dilatometry (4. Sj Fa-

brey - Perot interterence method [6] and by other theoretical 
models [(7-14] Usng yray attenuation tectrique W.D Drot-
ring (15] measured thermal expansion of sotropx sol1d mate-
rials at high temperatures. He studied thermal exparsion of 
Aluminum at high temperatures and such studies have been 
extended by him to study the thernul expansion of other ma 
terials such as metas and glasses in the condensed state [l6] 
Authors emploved yrad1ation attenuation technique for the 
determunation of thermo physscal properties of alkal1 halides 
by using y-beam of energy Cs (0 661e) (17] They- radiztion 
attenuation techrique for the determinaton of thermo physi-
cal properties in the condensed state offers several advantages 
over other methods at hugh temperaturs Ths is possable be 
cause the y-ray is not in any knd of physacal or thermal con 
tact with the maternal and hence the therma! losses are also 
reduced and in addition eliminates sample and probe compat 
ibdity problem 

" AS Mdamhur Rae Dezertt of Pysax Verahs Reèig Cailg 
Engunee rung hacengal Anars Prski Inda S06002 Pi-869RS256E 

mad madlmrhga 

K Narendr Dpertmnt Papa Kaiatre U renga A 
drse Pradet tnda S0601 P4-9366'34 Eme ktkredr 

Present work focuses the stucies on ternperatuR dependexe 
of yray attenuation, dersity and thermal eparsioa of Na in 
the trmperature range UKOK using diferent enegs f y- beam viz, Am (055MeV) 0 LI73MeV & 13321MeV) 
for the first tine We also conpare with he data avalatle in 
literature in the tenperature range 3OK- g00K. The pesen 
study has been carried out using a yray desitoneer abri 
catd in our laboratory which iniudes a programable em 
perature controlled fumace PTC 

(9ni 

2 THEORY 
The thuiqe of Frayatennabon method is basai on the 

fundamental equatgn 

where I. the internsity of y- ray before passing through the 
sample, L the intensity of y- ay fter pasing through he 
sample. 4 the mas tenuation oefficGent of the sampk p. 
the density of the sampe and 4, the thicknes of the sampe it 
is cdear from Equation (1) that any change in the tenperature 
of the solid is xompanied by change in it's density causing a 
change in the measured intersity. The dersity and thermal 
expansion of the materials studied in the present work have 
been determined following the method sugested by Drotring 
[15) The rlation between coefficient of vokmetri therma! 
expansion (a,) and coeffcient of hnear thernal expanson (a;) 
is given by 

a, =-3 a{l -2 aAT) 2) 
where a, and a are mean values ov¡ a kmpature itev al 
AT= T: -I, such that a={-)/{4T and 

where 

47 

3) 

(4) 

Rewriting Equacon (s 

where z is defne by 

SER C 4 

,=(p-p) /(ADpr 

(ATFa: a, = 2-(01)a;-(4) a 

z = in {I (THe (T:) / iqT:lo(Ti! /pld 
P:li) 

Substitut1ng tor a, from Equaton (2) gves 
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lemperature dependent density and thermal ex 
pansion of 5088 wrought aluminum alloy by Gam 
ma Ray Attenuation Technique 
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Department of Physics, Kakatiya University, Waranga-506009, India 

Varadha Reddy College of Engg. Waranga-506009, India 
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Abstract-- The density and thermal expansion of wrought aluminum alloy 5088 has been measured from 300K -850K by measuring 
atenuation of gamma beam of different energies viz, Cs(661.16 KeV), Am (59.54 Kev) Co (1173 Kev& 1332 Kev), The temperature 
dependence of linear attenuation coefcient () of gamma photons of different energies in the temperature range 300 � 850 K for the alloy 
has been repoted. The gamma ray attenuation studies have been carried out by using a gamma ray densitometer. the variation of density 
and thermal expansion of the alloy has been represented by linear equations. The coefcients of temperature dependence of density, 
volume thermal expansion and mass attenuation coefficients have been reported for the alloy. 

Index Terms Cray attenuation, linear attenuation coefficient, density, thermal expansion. 

1 INTRODUCTION 

HIS document Density and therm al expansion are the 
basic param eters in discussing nature and behsvior of 
metals and alloys. Density values are necessary. to the pro 
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measure the temperature dependence of density of metals [17 
20], alloys (21-28] at high temperatures. Recently the behavior 
of ther mal expansi on of carbon iber rein forced 6061 alumi 

cess of computer simulation, the calculabhon of other pbysical num alloy bas been veported .29] and mechanical properties of properties and extracting quantitative str uctural information 
Írom diffraction spectra. The knowle dg e of tennper atuye de 
pendence of their density and thermal expansion is very im 
portant for understanding their physical properties like ther -
mal conductivity, specific heats, diffusion coefficients, thermo 
elastic constants and their applications in various 
fields.Thermo physical properties can be investigated through 
a variety of techniques. which have evolved for the determ ina 
tion of density and thermal expansion of solids at high tem 
perature. Some of the techniques are Archim edean method, 
Pycnometry, dilatometry, electromagnetic levitation, Method 
of maximal pressure in a gas bubble, method of sessile drop, 
hydrostatic weighing, high temperature electrostatic levitation 
and gamma ray densitometry. Thermal expansion studies on 
isotropic solids have been reported by several workers using 
X-rav diffraction [1-3%, dilatometry [4,5], Fabrey-Perot interfer-

ence method [6] and bv other theoretical m odels [7-13]. The 
gam ma radiation attenuation technique for the determ ination 
of thermo physical properties in the condensed state offers 
several advantages over other methods at high temperatures. 

This is possible becau se the gam ma ray is not in any kind of 
phvsical or thermal contact with the material and hence the 

thermal losses are also reduced and this condition eliminates 
sample and probe compatibility problem. Using this technique 
Droining [14) measured thermal expansion of isotrop ic solid 
materials at high temperatures. He studied therm al expansion 
of Alumn inum and type 303 stainless steel at high temperatures 
and such studies have been extended by him to study the 
thermal expansion of metals and glasses in the condensed 
state [)5 161 A number of other techniques have been used to 

alloy 22 19 have also been reported [30]. The thermal expan 
Sion of Zi W208 Polyimide hybrid films was determ ined 

(31]) In th1s communrcahon wereport the density and thermal 
espansion of alum1mnm allov 5088 in the temperature range 
300 K to 850 K determ ined from gamma ray attenuation tech 
nique, as wrought aluminum alloys have wide range of appli 

cations in science and engineering. 

2 EXPERIMENTAL 

The gam ma ray densitometer and a program mable tempera 
ture controlled furnace (PTC) was designed and fabricated 
follow ing the design proposed by Drotning [14]. The furnace 
can reach up to l300K.To detect the penetrating gamma radia 
tion a sodium iodide - thallium activated detector was used. 
The 7.62X10-2m diameter and 7.62X10-2m thick cry stal is inte 
grally coupled to a 7.62X10-2m diameter photo multipljer tu be 
(PMT). The PMT has a 14 pin base and can be m ounted on two 
types of PMT preamplifier units. The one used in our study is 
a coaxial in-line pre-am plifier. The detector has a energy reso 
lution of 8.5% for 137Cs. The alloy studied in the present work 
was prepared by ingot metallurgy route. The alloy was melted 
in the air, in the induction furnace and cast iron moulds were 
used to obtain ingot. The ingot was subsequently homoge 
nized about 813 K and hot rolled to obtain 12mm - 15m m 
thick plates. 
The chem ical composition of 5088 alloy is given in Table 1. 
The X-ray diffraction (XRD) pattern of the alloy is shown in 
Fig.I. The XRD pattern confirms that the alloy jis the fcc 
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phase. The alov sample was machined into a cuboid with all 



INTERNATIONAL JoURNAL OF RESEARCH CULTURE SoCIETY UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal 

Determination of effective atomic numbers and mass attenuation coeficients 
of wrought aluminium alloys 2014 and 2219 with multi energetic photons 

ISSN: 2456-6683 
Impact Factor: 3.449 

Dr.K.Narender, Dr.Ch.Snehalatha Reddy. 
Department of Physics, Government Degree college Narsampet. Warangal-s06009, India 

'Govt.Degree College Peddapally Karimnaga. India 

1. INTRODUCTION: 

Volume 2 lssue-4 Ap - 2018 
Publication Date 3042018 

Abstract: The total mass attenuation coefficients (u) for rought aluninun allovs 2014 and 2219 were 

measured at 59.5, 661.16. l173. 1332keV photon energies. The samples were enosed 10 Cs. Co andAm 

radioacive point sources using narrow beam iransmission arrangement. Tht gamma-ravs were coed by a 

Nal(Tl) detector with resolution of 8% of photon energv. Toral atomic cross-setions and electronic crOSS 

sections ). etfective atomic number (Z) .eftective electron densin (NJ and photon mem tree paths hve 

been determined using the values of um for 2014.and 2219 aluminum allovs. The cperimental values have ben 

compared with theoretical values estimated from miure rule and NC O3! and the agreemen: is found to be god 

Keywords: mass attenuation coefficient, efective atomic number. efiective clectron number. toal atomic. 

electronic cross sections 

2. EXPERIMENTAL: 

In view of the extensive use of the radioactive sources in medicine. agricultur. industry etc.. the study of 

photon atom interaction different materials has gained importance in recent years. Since these interactions involve 

various compounds with different compositions, the effective atomic number of a material composed of several 

elements cannot be expressed by a single number. The (Z-) becomes an energv dependent parameter due to the 

different partial photon interaction processes with matter for which the various atomic numbers in the material have to 

be weighted differently. The effective atomic number (Z.t) for the total and partial gamma ray interactions in alloys 

are equally important. In all materials, the absorption and scattering of gamma-ras are related to value of Zet Ot 

materials and the energy of photons. There is energy transfer from photon to matter in these interactions. Although the 

dependence on the photon energy is dominant in interaction with low energies, it can be negligible at high energies. A 

number of investigations on effective atomic number for total and partial photon interactions have been reported in the 

literature. Theoretical |1-10] and experimental [1 1-25] studies have been reported in a wide range of energies from a 

few keV up to several GeV. There was a study on few compounds in which the effective atomic number has been 

determined using the ratio of elastic-to-inelastic scattering [26. 27]. While the eNtensive and accurate data sets are 

available for elements [3-7] Similar studies have been carried out on various types of mixtures like alloys compounds 

and other composite materials including biological tissues, polymers and cements. In the present work. wrought 

aluminum alloys 2014 and 2219 have been subjected to attenuation studies at 59.5. 661.6. 1173, 1332keV photon 

energies to estimate the corresponding effective atomic number values for total photon interactions. Two �ifferent 

Transmission experiments with the narrOW beam (good-geometry) setup were used for measuring the incident 

and transmitted intensities to determine the attenuation coefficient. In the present work the total attenuation coefficient 

was measured at 59.5, 661.6, 1173, 1332keV photon energies using Cs, "Co and*Am sources. The allovs studied 

in the present work were prepared by ingot metallurgy route. The alloys were melted in the air. in the induction 

furnace and cast iron moulds were used to obtain ingots. These ingots were subsequently homogenized at about 813K 

and hot rolled to obtain 12mm - 15mm thick plates. These alloy plates were precipitation strengthened by heat 

treatment (aging). 

Available online on - WwW.IJRCS.ORG 

The alloy 6061 has been heat treated at 813K for solutionizing. It has been soaked at that temperature for 24 

hours. For precipitation strengthening it has been water quenched. For aging. the alloy has been heat treated at 433K 

for 18 hours, and at 448K for 8 hourS. Annealing has been done at 685K for 3 hourS and has been allowed to cool 

naturally. The alloy 2219 has been heat treated at 805K for solutionizing and it was followed by cold water quenching. 

The alloy has been aged at 463K for 36 hours followed by cooling in air. Annealing has been done at 68SK for 3 hours 

and has been allowed to cool naturally. For alloy 2014 solution heat treatment has been done at 807K followed by cold 

water quenching. Annealing has been done at 685K for 3 hours followed by cooling at the rate of 1OK per hour down 

to 533K and then allowed to natural cooling. 
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theoretical techniques, semi empirical approach and XCOM programme have been used for obtaining the calculated 

values. 
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Study on Temperalure Variation of Densities of Antimony and 

Bismuth Using Gamma Ray Attenuation Technique 
By K. Gopal Kishan Rao, K.Narendar, A.S. Madhusudhan Rao, 

N. Gopi Krishna & K. Ashoka Reddy 

4ls The densitometer was designed and fabricated with the underlying principle of gamma 
() ray attenuation produced on passing a collimated beam of monochromatic gamma radiation 
through any material. After standardization, the gamma ray attenuation coefficient (u) was 
calculated to determine changes in densities as a function of temperature of Sb and Bi in solid 
phase. The density of Sb and Bi at room temperature are 6.697x10° Kgm and 9.79x10 Kgm. 
and their melting points are 903.78 K and 544.7 K respectively. The measurements were conducted below melting point. The experimental results are in reasonable agreement with published data and may be used as reference data on variation of densities at various temperatures of solids. 
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INTRODUCTION 
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Abstrac-The tcmperature dependence of lincar attcnuation cvellicient, density and thermal expansion of nubidum halides (RbCI, RbBr and Rbl) and lithium halides (LiCI, LiBr and Lif) has been studied by y-ray altenuation tcchnique. The y-ray attenuation studies have been carried out using a y-ray densitometer. The mass attcnuation cocflicients (4) of rubidium and lithium halides have been determined using y-beam of dif ferent encggies viz. (0.0595, 0.662, I173 and| 332 Me) respectively. Thc variatiou vf density and coeffi cicnts of temperature dependence of density have been measured using Cs (0.662 MeV) sourcc. Tie values of density al ditlcrent temperatures have been used to estimate the values of lincar attenuation coeficients (4) of the alkali halides studicd in the present work for other y-energies. The variation of thermal expansion of alkali halides studicd in the present work has been compared with the results obtaincd from other methods. The variation in thesc thermophysical properties have been reprcsented by linear equations. Volume thermal Cxpansion cocficients and mass attenuation coefficients (u) of these compounds for the different energies have been reported and compared with data calculated by empirical and experimental nethod. DOI: 10. 134/S001815|X14020023 

fvingan lins., 

The interaction of high energy photons with matter is important in radiation, medicine and biology, nuclear engineeringand space technology. The knowl edge of physical paramcters such as mass attenuation cocfficients, linear attenuation coefficients, atomic and electronic crosssections plays an important role in understanding the physical properties of composite materials like inorganic compounds. They are invalu able in many applied fields, such as nuclcar diagnos tics, radiation protcction, nuckear medicine and radi ation dosimetry. The mass attenuation coefficient is a measurement of how strongly a chemical specie or substance absorbs or scatters radiation at a given wave length, per unit mass. Mass attenuation coefficient is a fundamental tool to derive many other photon inter action parameters. The linear attenuation coefficient (uL) describes the Iraction of a beam of X-rays or Y-rays that is absorbed or Scattered per unit thickness of the absorber. The researchers have focused on the studying of photon interaction parameters with matter [1-31. 
The study of thcmophysical pioperties such as density and thcrmal cxpansiun ofsoids and their tem perature dependence is very important for under standing variation of other properties like elastic con stants, refractive indices, and dielectric constants, 

The article is publ1shed in the original. 
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thermal conductivity, diffusion coefficients and other heat transfer dimensionless numbers as a function of temperature. Temperaturc dependent thermal expan sion of solids is of technical importance as it deter mines the thermal stability and thermal shock resis tance of the material. In general the thermal expan sion characteristics decide the choice of material for high temperature applications in science and technol ogy. The density and thermal expansion of solids at high temperature can be determined by number of methods like Archimedean method, pycnometry, I dilatometry, and electromagnetic levitation, Method of maximal pressure in gas bubble, method of sessile drop, hydrostatic weighing, high temperature electro static levitation [4] and gamma ray densitometry (5-9]. Thermal expansion studies on alkali halides have been reported by several workers using X-ray difraction [10, 11], dilatometry [12, 13], Fabrey-Perot interfer ence method [14| and by other theoretical models [15-22). Such studies on alkali halides by y-ray atten uation technique are lacking. Using Y-ray attenuation technique, Drotning [23| measured thermal expan sion of solid materials at high temperatures. He stud ied thermal expansion of several solids at high tenger alures and such studies have been extended by him to Sstudy the thermal expansion of metals of low density and glasses in the condensed state [24). The gamma ray attenuation technique is a method utilizing the gamma beam only as a probe, which is neither in phys ical nor in thermal contact with the sampk. The 
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roduction 

Mass attenuation cocficients (H.) for alkali halides (RbCI, RbBr and Rb) were determincd experimentally usíng naTOW 
collmated beam transnission nethod. The samples were irradiated with radioactive point source of different y-energies viz. 

(s (0662 MeV), Am (0,059SMeV), Co (1.173MeV and L332Me V). The transmited y- photons were detected and recorded 

ty a Nal(T) scinillation detector with resolution of 8.5% for 0.662MeV of "Cs. Theoretical mass atenuation coeticients 
were estimated using mixture ule. The experimental values reported for all the alkali halides in the present work are 
compared with the calculated values and the values obtained (rom X-COM. Linear atenuation coefficient (!), total atomic 

rOSs section (o). electrunic cruss-section (o,). efective atomic number (Zen), electron density (Nen) and pholon mean free 
jath (2) were deter1nined with semiempirical relations using mass attenuation coefficients obiained experimentally and 
theorelncally Experimental values of parameters reporned (or all alkali halides invesigated in the present work using 
ditterent y-cnergiCs are compared with the estimated thecoretical data. 
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Keywords: Mass attenuation coefficient, lincar attenuation coefficient, effective atomic number, effective electron density. 

nteraclion of high cieIgy pliutois with Mailer is important 
Wiation, medicinc and biology, nuclcar engincering and 
e lechnology. The knowledge of paramelers such as mass 

.auation coefficient (u). lincar attenuation cocfficient (H). 
I atomic cross-scction (o,), electronic eruss-secion (o.), 
tive atonic number (Zen), elecron density (Ne). mean 
path () plays an important role in understanding he 
Ical propcrtics of composite maternals. They are invaluable 
nany applicd ficlds, such as nuclcar diagnostics, radiation 

iion, nuclcar medicine and radiation dosimeiry. The 
uties can be cvaluated thcoretically and cxperimentally. 

attenuation coefficient is a measurement of how strongly a 
mcal spccie or substance absorbs or scatters radiation at a 
n wavelength, per unit nass. Mass attenuation coefficient is 
cful parumeter to derive many other physical parameters. 
r attenuaion coefficient (u) describes the fraction of a 
of X-ays or y- rays that is absorbed or scattered per unit 

Cess of (he absorber. Researchers have focused on the 
studying of photon interaction parameterS with matter. 

There have been a great number ot experinental and theoretical 
investigations to delemine (u,) values in various elements and 
compounds/1mixtures. Hubhel' reported (um) values for 40 
lements and 4S mixtures and compounds over the energy range 
rom lkeV to 20MeV. Tiese tables were replaced with Hubbel 
nd Seltzer tabulation for all elements (Z=1-92) and 48 

.Jd1tional substances of dosimeric interest Berger and 

International Science Congress Association 

Hubbel developed the theoretical tables and computer program 
(XCOM) for calculating attenuation coefficients for elements. 
compounds and mixtures for photon energies from lkeV to 
100GeV". This program was transfomed to the Windows 
platform by Gerward ct al. and the Windows version is being 
called WinXcom. 

Scattering and absorption of X-ray and y-radiation are related to 
thc density and atomic numbers of an clement. In composite 
materials, it is related to the effective atomic number (Ze) and 
the electron density (Ne). In composite material, a single 
number cannot represent the atomic number uniquely across the 
entire energy range, as the partial interaction cross-section have 
different atomic number, Z, dependence. This number is called 
the effective atomic number, (7e), which is very useful 
parameter for many fields. Effective atomic number is a 
convenient parameter for representing the attenuation of X-rays 
and y- rays in a composite medium and particularly for the 
calculation of dose in radiation therapy°. This number is very 
useful in choosing a substitute composite material in place of an 
element for a given energy depending on the requirement. 
Several invessigaors" hAv� made exiensive (Zard sMhes in 
variety of composite materials such as biologically important 
materials, semiconductors, alloys, dosimetrie compounds and 
glasses. In literature, there are almost no reports on the study of 
(Ze) of Alkali Halides. This prompted us to carry out this work. 
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The gam1ma quanta attenuation studies have been carried out to determine mass attenuation coefficients of 7041, 7075 
and 7095 wrought aluminum alloys. The temperature dependence of linear attenuation coefficient, density and thermal 
expansion of these wrought aluminum alloys the temperature range 300 K - 850 K have been reported. The meas 

urements were done by using a gamma ray densitometer designed and fabricated in our laboratory. The data on varia 
tion of density and linear thermal expansion with temperature have been represented by linear equations. Volume her 
mal expansion coefficients have been reported. 

Keywords: Density: Thermal Expansion; Linear Attenuation Coefficient; Mass Attenuation Coefficient 

Scientific 
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Number of methods [1-13] have evolved for the determi 
nation of density and thermal expansion of solids at high 
temperature like Archimedean method, pycnometry, dila 
tometry, electromagnetic levitation, Method of maximal 
pressure in a gas bubble, method of sessile drop, hydro 
static weighing, high temperature electrostatic levitation 
and gamma ray densitometry. Thermal expansion studies 
on isotropic solids have been reported by several workers 
using X-ray diffraction [1.2]. dilatometry (3,4], Fabrey 
Perot interference nmethod {6] and by other theoretical 
models [6-13]. Density and Thermal expansion are fun 
damental thermo physical properties of solids. The study 
of temperature dependence of these properties is very im 

portant in understanding the temperature variation of 
other properties like elastic constants, refractive indices, 
dielectric constants, thermal conductivity, diffusion coef 
ficients and othcr hcat transfer �imensionless nunbers. 
Thermal expansion of solids is of technical importance as 
it determines the thermal stability and thermal shock re 
sistance of the material. In general the thermal expansion 
characteristics decide the choice of material for the con 
struction of metroBogical instruments and in the choice of 
container material in nuclear fuel technology. 

Aluminum alloys are very important and extremely 

useful engineering materials with very good physical 
properties and finds many applications in modern tech 
nology. 7041, 7075 and 7095 aluminum alloys have wide 
range of applications in aerospace, military and nuckear 
industry. The gamma radiation attenuation technique for 
the determination of thermo physical properties in the 
condensed state offers several advantages over other me 
thods at high temperatures. This is possible because the 
gamma ray is not in any kind of physical or thermal coa 
tact with the material and hence the thermal losses are 
also reduced and this condition eliminates sample and 
probe compatibility problem. Using this technique Drot 
ning [14] measured thermal expansion of isotropic solid 

materials at high temperatures. He studied thernal ex 
pansion of Aluminum and type 303 stainless steel at high 
temperatures and such studies have been extended by 
him to study the thermal expansion of metals and glasses 
in the condensed state (14,15}. Recently thec gamma r 
diation attenuation technique has been used to mcasure 
the temperature dependence of density of metals [16-19), 
alloys [20-27] at high temperatures. It is desirable to 
study the thermophysical properties of new materials at 
high temperatures for their use in practical applications. 
There is no study on the temperature variation of thermo 
physical properties of 704|, 7075 and 7095 aluminum 
alloys and as such, in the present article, we report the 
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The temperature dependence of linear attenuation coefficient, density and thermal expansion of KCI, KBr, 
KF and KI has been studied by y-fay attenuation technique in the temperature range 300 K-1000 K. The 

ray attenuation studies have been carried out using a y-ray denstometer. The linear attenuation coefcients 
(u) of KCI, KBr, KF and KI as a function of temperature have been determined using Cs (0.66 MeV). Am 
(0.595 MeV), CO (1.173 MeV and 1.332 MeV) diffèrent energies of y-beam. The variation of density and 
coefficients of temperature dependence of density have been reported. The variation of thermal expansion 
of these akali halides studied in the present work has been compared with the results obtained from other 
methods. The variation in these thermophysical properties have been represented by linear equations. olume 
thermal expansion coefficients and mass attenuation coefficients (u) of these compounds for the different 
energies have been reported and compared with data calculated by other method. 

KEYWORDS: Linear Attenuation Coefficient, Density, Thermal Expansion, y-Ray Densitometer, Programmable 
Temperature Furnace. 

1. INTRODUCTION 

The study of thernophysical properties such as density and 
thermal expansion of solids and their temperature depen 
dence is very important for understanding variation of 
other properties like elastic constants, refractive indices. 
and diccctric constants, thermal conductivity, diffusion 
coefficicnts and other heat transfer dimensionless num 
bers as a fuction of temperature. Thermal expansion of 
solids is of technical importance as it determines the ther 
mal stability and thermal shock resistance of the mateial. 
In general the thermal expansion characteristics decide the 
choice of material for high temperature applications in sci 
ence and technology. The density and thermal expansion of 
solids at high temperature can be determined by number of 
methods like Archimedean method. pycnometry. dilatom 
etry. and electromagnetic levitation, Method of maximal 
pressure in gas bubble, method of sessile drop. hydro 
siatic weighing, high kemperature electrostatic evitation 
and gamma ray densitometry. Recently Thermal Expan 
sion of ZrW,0,/Polyimide Hybrid Films was detenined.' Thernnal expansiun studies on akai halides have been 
reported by several workers using X-ray diffraction. 
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dilatometry,6 Fabrey-Perot interference method' and by 
other theoretical models. &S Such studies on alkali halides 
by y-ray attenuation technique are lacking. Using y-ray 
attenuation technique Drotning measured themal expan 
sion of isotropic solid matcrials at high temperatures. He studied themal expansion of Aluminum and type 303 stainkess steel at high temperatures and such stud 
ies have been extended by him to study the thermal 
expansion of metals and glasses in the condensed state" 
The y-radiation attenuation technique for the detemina tion of thermo physical properties in the condensed state has several advantages over other methods at high tem 
peratures. This is possible because the y-ray is not in any kind of physical or thermal contact with the mate rial and hence the themal losses are also reded and 
in addition climinales sample and probe compatibility problem. 

The y-ray attenuation technique has been used io carry 
out the studies on temperature dependence of y-ray attenu ation, density and hermal expansion of KC1, KBr, KF and 
KI. In this communication, we port the lincar atlcnuation coefhcient of y-radiation of diflerent energies, density and thermal expansion of KCI, KBr, KF and KI as a funcion 
of temperature in the temperature range 300 K-1000 K. A y-ray densitometer and a programmabke temperalure controlled fumace (PTC) which can reach high temper (ure has been designed in our laboratory to carry out the work. The data on temperature dependence of coeficicnt of 
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Hindawi 

Ihe study on temperature dependent y-ray attenuation and thermophysical properties of Ca0 and MgO has been carried oot 
in the teperature range 300K-1250 K usung different eneries of y beam, narnely. Am (0 0595 MeV). Cs (0.66 MeV). ard Co 
(173 MeV and LR2 Mel) on yray densitomcter fabrcated in our laboratory The lincar attenuation coeffiients (4,) fox the 
pellets of Ca) and MgO as a functon of temperature have been determined usingy beam o difletent energies The coefhe lents of 
temperature dependence ot density have been reported lhe vartation of density and linear thermal expansion of Ca0 and MgO n 
the temperature range of 300 K-1230K has been studied and conpared with the results available n the lterature The temper ature dependence of lunear atienuation cocflcicnts. density, and therinal expansion has been represented by second degree polynomal Volume themal expansson coethcients have been reported. 

1. Introduction 

Density and thermal expansion are fundamental thermo 
physical poperties of sol1ds The study of temperature depen 
dence of these properties is very unportant in understanding 
the temerature vartation of other poperties like elastic 
constants, refractive indices, dielectric constants, thermal 

conductivity, d1ffuston coethcients, and other heat transfer 
dumensonless numbers Thermal expansion of solids is of 
technical mportance as it determines the thermal stability and themal shock resistance ot the material In general the thermal expansion character1stics decide the choce of Inatcrial tor the construction ot netrologial iusti uuicuts aid the choice of container materal in nuclear fuel technology A number of methods have evolved for the deternination of density and thermal expansion of sol1ds at high temper ature hke Archimedean method {1-3]. pycnometry (4-8) dilatometry (9-12], clectromagnetic levitation [3). method ot maxmal ressure in gas bubble [i4-18), method of sessile drop [19. hydrostatic weighing (20, 21]. high temperature clectrostatc levtaion (22]. and ganmma ray densitometry [23-34] Usng yray attenuation techanque Drotning (23) 

measured thermal expansion of soid materials at h1gh term 
peratures. He stud1ed thermal expansion of aluminum and type 303 stainless steel at high temperatures and suh studies have been extended by him to study the thermal expansion of metals and glasses in the condensed state (24) The y 
radiation attenuation technique tor the determ1nation of 
thermophysical properties in the condensed state has several advantages over other methods at high temperatures This is possible because the y-ray is not in any kund of physica! or thermal contact with the material and hence the thermal losses are also reduced and in add1tion eiminate sample and probe compatibil1ty problem 

We extended. for the hrst tne, the y-ray atteuation technique, to carry out the stud1es on temperature depen dence of y ray atternuation and thermophysical properties ot Ca0 and MgO In the present communication, we report the temperature dependence of linear attenuation coeficient for ditlerent energies of y beam ( Am (0059% MeV). Cs (0.66 MeV), Co (173 MeV and I 332 MeV}). densaty. and thermal expansaon of Ca0 and Mg) in the temper ature range 300 K-250 K In order to carry out this work, we have latbricated n our laboratory a yray densitoeter and 
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1.Introduction 

The gamma ray densitometer was des1gned and fabricated to carry out gamma ray attenuation studes and determine changes 
in linear attenuation coefficients (u) of Sb. Bi and Sn as a function of temperature in the range 298K-873K The varnation 
of density with temperature of Sn in solid phase in the temperature range 298K- 448K has been reported. The temperalure 
dependence of density of Sn has been represented by linear equation and it's coefficient of volume thermal expansion has 
been determined The expenmental results on variation of density with temperature in solid phase of Sn have been 
extrapolated into liquid phase for companison 

Metals and alloys constitute basic engineering materials for 
innumerable applications in day to day life. It is very interest 
ing to investigate the variation of gamma attenuation coef 
ficients of engineering malerials as a function of temperature 
and this study can be used for determination of thermo-phys 
ical properties of materials which are useful in a variety of 
scientific and technological applications 

ISSN - 2250-1991 

The gamma radiation attenuation technique has been widely 
used to study the variation of density as a function of tem 
perature for several materials [1-4). This technique also been 
extended for the measurement of thermal expansion of iso 
tropic solids at very high temperalures (5]. In this technique 
the gamma beam is used as a probe which is not in thermal 
or physical contact with the sample under investigation, This 
non contacting feature makes this technique a very advan 
tageous one for high temperalure studies, since the thermal 
losses are minimized and probe sample compatibility problem 
does not arise. We have undertaken y-ray attenuation studies 
on the pellets of Sb, Bi, and Sn. The variation of density of Sb, 
Bi with temperature by using y-ray attenualion lechnique was 
reported [6]. In present communication, the variation of linear 
attenyaivn vueffcients (p) of the metaBs with temperature by 
using mono energetic gamma photon with energy 0.662 MeV 
has been reported and the densityy variation of Sn with tem 
perature has been studied. 

2. Experimental Details 

Engineering 

The samples studied in the present work were in the form of 
pellets. In all the cases, the pellets were prepared under dif 
ferent pressures out of the same quantity of powder to obtain 
pell�ts of different thicknesses. These pellets were subjected 
to attenuation studies and it was observed that the den 
sity remained the same for all the pellets involving the same quantity of powder irrespective of thickness of the pellet. Such 
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The pellets were prepared using a carborundum steel die set. 
A hydraulic press was used for compressing the powder sam 
ples. 

For preparing the pellet, fine metal powder was put into cyl 
inder of the die set above the pin, with its polished surface 
facing the metal powder and then the piston was introd uced 
into the cylinder of the die set over the powder sample. The 
die set was placed in position under the hydraulic press pis 
ton and locked. The lever of the hydraulic press was slowdy 
operated increasing the pressure on the piston. The applied 
pressure on the sample can be read from a pressure gauge 
mounted on the oil sump of the hydraulic press. After reaching 
the required pressure, the die set was unlocked and the metal 
pellet formed was taken out from the cylinder. The thickness 
and weight of the pellets were measured carefully. The clin 
der and piston of the die set were cleaned properly every time 
for its use to prepare pellets of other samples. In this fashion 
metal pellets were prepared in all the cases with a diameter 
of 20mm with varying thicknesses. 

The surface of the metal pellets was cleaned before mountng 
it on the sample holder. The pellet was then mounted on the 
COund sample holder made of flat stainless steel strin whose lwn 
ends are fixed fimly in a stainless stccf tube. The sample lem 
perature was measured using a thermocouple sensor whose tipo 
was mounted on the sample holder ensuring a perfect physical 
contact with the sample for recording precise sample tempera ture. The sample holder and the tube along with the metal pelle 
and the thermocouple was then slid through a cork into an atr 
tight quartz tube and was fixed firmly. A diffusion pump was then connected to the quartz tube for evacuation and then argon gas 
was introduced into the quartz ube for inert atmosphere. Then 
the quartz tube assembly along with the sample was introduced 
into the PTC(Programmable Temperature Controlled) fumace 
and fixed at the appropriate position marked earlier for ensuring 
a perfect alignment of collimation on either sides. 

Madhusudhan Rao Kethireddy Narender 
**** Nallacheruvu Gopi Krishna *** K:Ashoka. Reddy 

trials were conducted for all the metals in the present work. 
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The density and thermal expans1on of 5070, 5083 and 5483 wrought alurninum alloys have been reported from 
300 K-800 K by measuring attenuation in gamma beam of energy 662 keV The gamma ray attenuation studies 
have been carried out using a qamma ray densitometer. The temperature dependence of linear attenuation 
coefficient (u) in the temperalure range 300 K-800 K for the alloys has been calculated. The variation of 
density and thermal expansion of these alloys as a function of temperature have been represented by linear 
equations. The coefficients of temperature dependence of density. Volume thermal expansion coefficients have 
been reported and experimental values of mass attenuation coefficients determined in the present work are 
compared with X-COM values for the alloys. 

KEYWORDs: y-Ray Attenuation. Linear Attenuation Coefficient, Density, Thermal Expansion. 

1. INTRODUCTION 
The kncowledee of teyeaturc decndence of densly and 

thennal crp.ston of nctals and alloys is ery impr 
lant for undr:dng ther theinopthysical pruperlies like 
thermal conciil, pec1fic hcats, diffusion cocfficiens. 
thermo clast:c Constan and ther applications in various 
ields. Denst nd the mal expanson are the basic param 
ciers in diseusung nalute and hch4vior of any matcrials 
Density valucs n`sAry to the prOcess of coniputer 
simulatOn, the alulaon of other physical properties and 
cxiractung quantitaiil e Mructutal nformation fron diffrac 

tion spcCra. 
Temperalu: adnce ol density and ihernal 

Cxpansoa Cat ic eigalcd by cmploying dilerent Iech 
niques, whh I: ofved tor the delerminauon of den 
sity aud therma! xranon of solids at hgh teinperature. 
Some ot the cHDIHue are Archimedean method. pyc 
nomeiry, d1l.uUS lectronagncic levitalioH, Method 
of maxunal pCssU: 
sile drop, hycista1: 
IroStaie leva ) nd 
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Fabrey-Perot interference method and by other theoretical 
models.- The gamma rad1ation attenuation technique (or 

the study of thermo physical pruperties in the condensed 
state has several advantages over other methods at high 
temperatures. This is possible because the gamma ray is 
not in any kind of physical or thermal contact with the 
material and hence the thcrmal losses are also reduced 
and this condition eliminates sample and probe compat1 
hility pruhlem. Drotning" mcasured thermal expansion of 
Isotropic solid materials at high temperatures by this tech 
nique He studied thermal expansion of Aluminum and type 
303 staunlcss stcel at high lemperalures and such studics 
have been extended by him to study the thermal expansIon of metals and glasses in the condensed state. A numbcr of other (uchniques have been used by various researchers 
to measure the temperature dependence of density of metals,7-3 alloys?1-23 at high temperatures. Recently the behavior of thermal expansion of cartbon iber reinforced 6061 aluminum alloy has been reported and mechanical properties of alloy 2219 have also been reported The 
thermal cxpunsion ot ZrW,OPulyimide Hybrid Filas was determ1ned." The authors recently reported the tem perature dependence of density and thermal expansion of the Potassium halides from y-ray attenuation siudies? In 
the present communication we report the densities and 
chermal expansion of Al-Mg alloys S070, 5083 and 5483 in the temperature range 300 K lo 800 K deter mincd irom 
gamma ray attenuation technique, as these SxXX series 
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Thermophysical Properties of NaCI, NaBr and NaF by 
y-Ray Attenuation Technique 

ABSTRACT 
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Received November 14, 2012, revised December l6, 2012; accepted December 27, 2012 

The -ray densitometer has been designed and fabricated in our laboratory and carried out studies on temperature de pendent -ray attenuation and thermo physical properties of NaC1, NaBr and NaF. The linear attenuation coefficients (ul) for the pellets of NaCl, NaBr and NaF as a function of tenmperature have been determined. The coefficients of tempera ture dependence of density have been reported. The variation of density and thermal expansion of NaCI, NaBr and NaF in the temperature range of 300 K - I000 K have been studied and compared with results available in the literature. The temperature dependence of density and thermal expansion has been represented by linear equations. Volume thermal expansion coefficients have been reported. 

Keywords: Linear Altenuation Coefficient; Density: Thermal Expansion; y-Ray Densitometer 
1. Introduction 

Scientific 
Research 

Density and Thermal expansion are fundamental thermo physical properties of solids. The study of temperature dependence of these properties very important in un derstanding the temperature variation of other properties like elastic constants, refractive indices, dielectric con stants, thermal conductivity, diffusion coefficients and other heat transfer dimensionless numbers. Thermal ex pansion of solids is of technical importance as it deter mines the thermal stability and thermal shock resistance of the material. In general the thermal expansion charac teristics decide the choice of material for the construction of metrological instruments and in the choice of con tainer material in nuclear fuel technology. Number of methods have evolved for the determination of density and thermal expansion of solids at high temperature like Archimedean method. pycnometry, dilatometry, electro magnetic levitation, Method of maximal pressure in gas bubble, method of sessile drop, hydrostatic high temperature electrostatic levitation and gamma ray 
weighing. 

densitometry. Thermal expansion studies on alkali hal ides have been reported by several workers using X-ray diffraction [1-3], dilatometry (4,5], Fabrey-Perot inter ference method [6] and by other theoretical models [7 14). Using y-ray attenuation technique W. D. Drotning [15] measured thermal expansion of isotropic solid mate rials at high temperatures. He studied thermal expansion 
Copyright 2013 SciRes. 

of Aluminum and type 303 stainless steel at high tem peratures and such studies have been extended by him to study the thermal expansion of metals and glasses in the condensed state [l6]. The y-radiation attenuation tech nique for the determination of thermo physical properties in the condensed state offers several advantages over other methods at high temperatures. This is possible be cause the y-ray is not in any kind of physical or thermal contact with the material and hence the thermal losses are also reduced and in addition eliminates sample and probe compatibility problem. 
As NaCI, NaBr and Naf are isotropic solids; we ex tended, for the first time, the y-ray attenuation technique, to carry out the studies on temperature variation of y-ray attenuation and thermo physical properties of NaCI, NaBr and Naf. In this communication, we report the temperature dependence of linear attenuation coefficient of y-radiation, density and thermal expansion of NaCl, NaBr and NaF in the temperature range 300 K - 1000 K. In order to carry out this work, we have designed and fabricated a y-ray densitometer and a programmable tem perature controlled furnace (PTC) which can reach up to a temperature of 1300 K in our laboratory. The data ob tained in the present work for coefficient of linear ther mal expansion of NaCi, NaBr and Naf as a function of temperature have been compared with experimental and theoretical data available in literature. 
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Abstract 

The temperature dependence of linear attenuation coefficient, 

density and thermal expansion of 2419 and 2124 aluminum alloys have 

been studied by gamma ray attenuation technique in the temperature 

range of 300 K -850 K. The gamma ray attenuation studies have been 

carried out using a gamma ray densitometer designed and fabricated in 

our laboratory. The linear attenuation (4) for the alloys as a function of 

temperature is determined; the coefficients of temperature dependence of 

density have been reported. The variation of density and thermal 

expansion of these alloys have been represented by linear equations. 

Volume thermal expansion coefficient has been reported. 

Introduction 

Density and Thermal expansion are very important thermo physical 
properties of solids. The study of temperature dependence of these 

properties is very useful in a variety of scientific and technological 

applications. The aim of this paper is to report the temperature dependence 
af density and thermai xpansion of 2419 and Ii34 ahminm aioy 
determined from gamma ray attenuation technique. Earlier several workers 
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Introduction 
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The total mass atenualion cocfficients B for wrouglht aluninum alloy 5070 were measured at 59 5, (51 16, I170, 03 2key photon energies. The sample was exposed with'Cs, "Co and ""Am radioacive point oures wsing now hean transmission arrangement. The ganma-ays were counted by a Nal (T) detector withh resolution of '% of photon enegy Total atomic and electronic cross-sectons (o, and o,), effective atomic nunber (Z), electron density (N) and photon nean 

Keywords: Mass attenualion coeflicient, eflective atomic nunber, effective electron number, total atomIC electromIC C 
section. 

ISSN Z32) 4 74, 

In view of the extensive use of the radlioactive sources in 
medicine, agriculure, industry etc., the study of photon atom 
interaction in different matenals has gancd npotance in recent 
years. Since these interactions involve varnous compounds with 
different compositions, that the effective atomic nunber of a 
material composed of seveal clements cannot be expressed by a 
single number, it can be concluded that it is an energy 
dependent parameter due to the different partial photon 
interaction processes with matter lor which the various atomic 
numbers in the material have to be weighted dilfercntly. Thc 
effective atomic number Z¢tt for the total and partial gam1ma ray 
interactions in alloys are cqually important. A number of 
investigations on effective alomic numbers for total and partial 
photon interactions have been reported in the literature. 
Including both heoretical0 and expenmental" studies 
covering a wide range of energies (rom a few keV up to several 
GeVs. There was a study on few compounds in which the 
effective atomic number has been determincd using the ratio of 
clastic-to-inclastic scattering 26 27 Similar studies bave been 
carried out on various types of mixtures like metallic alloys, 
compounds; other composite materials includ1ng biological 
tissues, polymers, cemcnts ctc. In the present work, wrought 
aluminum alloy 5070 is subjected to attenuation studies at 59.5, 
d0l.ð, 173, 1332keV photon cnergles o esdmaue the 
corresponding cffective atomic number values for total photon 
interactions. Two different theoretical techniques, semm 
empirical approach, XCOM programme have been used for 
obtaining the values and these are in good agreement with 
cxperimental values. 
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Material and Methods 

Transmission experiments with the narow heam (good 
geometry) sctup were used for mneasuring the incident a 

transmitted intensities, to detenine the attenuat1on oeffcie1t 
Further calculations of he cross sections (atonc ard 
electronic), effective atoic numbers and eledron densties 
were performed. Threc garnma sources were used n the present 
work so that the above parameters were studied at fur different 
energies. The alloy studied in the present work was prepared by 
ingot mctallurgy route. The alloy was melted in the air, in the 
induction furnace and cast iron moulds were used to obais 
ingots. These ingots were subsequently honogenized at about 
813 K and hot rolled to obtain 12rnm I5un thck plate 
These alloy plates were precipitation strengthened by heat 
treat1ment (aging) The chemical composition of 5070 is AI 
92.55% Cu 0.25% Mg 4.5 Si 0.25% Fe 0 4% Mn 9 8% Cr ) 3%, 
Zn 0,8% Ti 0.15% The sample material was shaped in o a 
cuboid, for measuring the attenuation, this cuboid siice is 
stacked on the detector, the intensitics of the transsnitted 
plhotons were determined by choosing the counting time as 3) 
minutes, counts were recorded under the photo peaks, 2s 
statistical uncertainty was to be kept as low as possible. The 
dimensions of the samples were mcasured with a screw gauge 

The experinent was perfomed at the Radiatiuon Applicatíon 
Laboratory at Central Instruncntation Ccntre at Kakatiya 
University. Warangal, India. The expennental setup in the 
present work is shown in figure-1 The gana rays are wet 
collimated using collimators of cylindrical shape and a circular 
aperture of bmn diameter between the soUrce and the detector 

free path (4) have been determined using he obtained U values for 5070 aluminum alloy The expennenal values have been compared with theoretical values estimated trom mixture ule and XCOM, und the agreement is found to be yond 

with the tolerance of +001nm 
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