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ABSTRACT

The ultrasonic properties like ultrasonic sound velocity in the hexagonal
structured intermetallic nanostructure SrGa, compound has been studied
along unique axis at room temperature. The second- and third order elastic
constants (SOEC & TOEC) have been calculated for this compound using
Lennard-Jones potential. The velocity V, and V, increaseswiththeangle
fromuniqueaxis, whileV_ and V ; have maximawith 45° with unique axis of
the crystal. The inconsistent behaviour of angle dependent velocities is
associated to the action of second order €l astic constants. Debye average
sound velocities of SrGa, are increasing with the angle and has maximum
at 45° with unique axis at room temperature. Hence when a sound wave
travels at 45° with unique axis of SrGa,compound, then the average sound
velocity isfound to be maximum. The mechanical properties of SrGa,are
better than other intermetallic compounds BaGa, and CaGa, at room
temperature, because it has high ultrasonic velocity and low ultrasonic
attenuation. The comparison of calculated ultrasonic parameters with
available theoretical/experimental physical parameters givesinformation
about classification of this compound.
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INTRODUCTION

Ultrasonic offer the possibility to detect and char-
acterizemicrostructral propertiesaswell asflawsin
nanomaterias, controlling materid sbehaviour based on
physical mechanism to predict future performance of
the nanomaterias. Variousinvestigators have shown
considerableinterest on ultrasonic propertiesof differ-
ent materid's. Wave propagation velocity iskey param-
eter in ultrasonic characterization and can providein-
formation about crystal ographictexture. Theultrasonic

velocity isdirectly related to the el astic constants by the
relationship V=V(C/p), where Cistherdevant elastic
congtantsand p isthedensity of that particular material.
Also ultrasonic attenuation isvery important physical
parameter to characterizethe materia, whichiswell
related to severa physical quantitieslikethermal con-
ductivity, specifichegt, therma energy density and higher
order elastic constantd*?. Theelastic constants pro-
videva uableinformation about thebonding character-
istic between adjacent atomic planes and the ani sotro-
pic character of thebonding and structural stability®4.
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Acoustic phonon dispersion curves have been de-
termined by indlastic neutron scattering intheinterme-
tallic nanostructurecompound S'Ga,.. Theintermetallic
compound SrGa, hasahexagona structure®. Theelec-
tronic structureand chemical bonding are experimen-
tally cal culated by F.Haarmann et.d®. Therearethree
typesof acoustic mode | atticevibration: onelongitudi-
nal acoustic and two transverse acoustical for hexago-
nal and cubic structured materia §78. Hence, thereare
threetypesof acoustic wave velocitiesfor each direc-
tion of propagation of wave, which arewell related to
second order e astic constants. But e astic constants of
SrGa, and al thethreetype of orientation dependent
acoustic waveve ocity of thiscompoundisnot reported
inliterature.

Therefore, inthiswork we predict the ultrasonic
propertiesof hexagonal structured SrGa, at room tem-
perature. Thehigher order elastic constantsand ultra-
sonic wavevelocitiesfor SrGa, for each direction of
propagation of wave are calcul ated at room tempera-
ture. Theca culated ultrasonic parametersarediscussed
with related thermophysical propertiesfor the charac-
terization of the chosen materids. The obtained results
areanayzed in comparison to other hexagonal struc-
tured materids.

THEORY

Inthe present investigation, thetheory isdivided
into two parts:

Second and third order elastic cnstants

Thesecond (C ) and third (C , ) order elastic con-
gantsof material aredefined by following expressions.

o°u
- : | J=1,... 6
Y be, e, > ’
3
0°U lorJorK =1,...... 6 )

K= 0Oe, 0e;0ey

where, U iselastic energy density, 6=€, (iorj=x,y,z
I=1, ...6) is component of strain tensor. Equations (1)
and (2) leadssix second and ten third order e astic con-
stants (SOEC and TOEC) for the hexagonal close
packed structure material §9.
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C, =24.1p"C’ C,, =5.918p*C’

Cys = 1.925p°C Ca3 = 3.464p5C’ 3a)
Cgy = 2.309p°C’ Cgs = 9.851p“C’

Cyy; =126.9p°B+8.853p?C’  Cyy, =19.168p%B - 1.61p*C’
Cy3=1.924p*B+1.1550°C"  C,,3 =1.617p*B—1.155p°C’

Cy33 = 3.695p°B C,g5 =1.539p"B

Cous = 2.309p°B Cay = 3.464p°B (3b)

C oy, =101.039p°B + 9.007p*C"  Cy, = 5.196p°B

wherep=c/a axid ratio;c’' =y a/p°;B=y a®/p°;
x = (1/8)[{nby (n—m)}{a™*}] y = —y {6a%(M +n+6)};
m, n=integer quantity; b =L ennard Jonesparameter.

Acoustic wave velocity in hexagonal structured
crystal

The anisotropic behaviour of thematerial can be
understood with theknowledge of ultrasonic velocity
becausetheveocity isrdated to thesecond order elagtic
constants'®. Onthebasisof modeof atomic vibration,
therearethreetypesof velocities(longitudinal, quas
shear and shear) in acoustical region*. Theseveloci-
tiesvary with thedirection of propagation of wavefrom
theunique axisof hexagona structured crystal*3. The
ultrasonic velocitiesasafunction of angle between di-
rection of propagation and unique axisfor hexagona
structured materialsare*¥:

VZ ={C4,C0s’0+C;Sin?0+C,, +
{[C4;Sin 0— C33C0529 + C44(C0529 —-Sin%0))?

+4C0s?0Sin%0 (Cy5+Cyy)?}2 Y2 )

{[C1,Sin?0 — C4,C0s%0 + C ,, (Cos’0 — Sin 20)]?

+4C0s20Sin20 (Cqy3 +Cuy)2}2}12p (5)
V&, ={CC0s°0+Cy:Sin0}/ p 6
whereV ,V  and V, arelongitudinal, quasi shear
and pure shear wave ultrasonic velocities. Variables p
and g represent the density of thematerial and angle
with the unique axis of the crystal respectively. The
Debyetemperature (T ) isanimportant physical pa-
rameter for the characterization of materias, whichis
well related to the Debye averagevelocity (V).

nVp (6m2 ny)Y3
TD= D K a (7)
B
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where 3 isquantum of action and isequal to Planck’s
constant divided by 2r; K, isBoltzmann Constant; n,
isatom concentration.

RESULTSAND DISCUSSION

Higher order eastic constants

Theunit cell parameters “a’ (basal plane param-
eter) and “p’ (axial ratio) for SrGa, are4.34A and 1.089
respectively®®®, The value of m and n for chosen
nanomateridsare6and 7. Thevalueof b, is2.2x10%
ergcm’ for SrGa,. The SOEC and TOEC have been
calculated for SrGa, using equation. (3) and are pre-
sentedinTABLE 1.

Thedastic constantsareimportant sincethey are
related to hardness and are used for the determination
of the ultrasonic velocity. ItisobviousfromTABLE 1
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that, thereis good agreement between the present and
reported theoretical/experimenta second order elastic
constants of SrGa,/*. Thus our theoretical approach
for the calculation of second order el astic constantsfor
hexagonal structured intermetallic nanostructure com-
pound at room temperatureiswell justified. However,
third order elastic constants are not compared dueto
lack of dataintheliterature but the negativethird order
elastic constantsarefound in previous papersfor hex-
agonal structure material g4, Hence applied theory
for the evaluation of higher order elastic constants at
room temperaureisjustified. Thebulk modulus(B) for
thismaterial can be calculated with the formula B=
2(C,+C_+2C +C_/2)/9. Theevaluated B for this
intermetallic nanomaterid ispresentedin TABLE 1.

Ultrasonicvelocity and allied parameters

The computed orientation dependent ultrasonic
wavevel ocitiesand Debyeaveragevel ocitiesat 300 K
areshowninFigures1-2. Figures 1-2 show that the
Thevelocity V|, andV, increaseswiththeanglefrom

TABLE 1: Second and third order elastic constants (SOEC and TOEC) & bulk modulus(B) in theunit of 10°Nmof SrGa,

at roomtemperature.

Cu Cp Cus

C33 C44 Cee B

12.78
12.62

4.14
514

S'Ga, 121

Refl®

5.014 2.35
3.76

7.58
7.29

1.453
281

C111 C112 C113 C123

C133

C344 C144 C155 C222 C333

SrGa, -208.51 -33.06 -3.11 -3.95

-8.73

-8.19 -4.60 -3.07 -164.98 -14.56

uniqueaxis, whileV_ and vV have maximawith 45°
withuniqueaxisof thecrystal. Theincond stent behaviour
of angledependent vel ocitiesisassociated totheaction
of second order el astic constants. The combined effect
of SOEC and density isreason for abnorma behaviour
of angledependent velocities.

Thenature of the angle dependent velocity curves
inthe present work isfound similar asthat for hexago-
na structured titanium diboriedsand other nanostructure
materias. The chosen nanomaterial hasshown similar
propertieswith their crystal structure. Thustheangle
dependency of thevel ocitiesin thisintermetalic com-
poundisjudtified.

Since ultrasonic attenuation (A) isdirectly corre-
lated with velocity (V) asA o V-3 and vel ocity of
SrGa, islarger than other intermetallic compounds
BaGa, and CaGa/!¥, thus the attenuation of SrGa,
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Figurel:V, andVvsanglewith uniqueaxisof crysal
should besmalest and materid should be most ductile.
Theminimum ultrasonic attenuation justifiesitsquite
stable hexagona structurestate. Also SrGa, has maxi-
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Figure2:V_,V vsanglewith uniqueaxisof crystal

mum dagtic constantsand bulk modulusamong others.
Hence SrGa, ismoreductile, stable and contain few
defectsinthecrystal structurein comparison to other
intermetdlic compounds.

CONCLUSIONS

Onthebasisof abovediscussion, weconcludefol-
lowing points:

e Ourtheory of higher order elastic constantsisjus-
tified for the hexagonal structured intermetallic
nanomaerias.

o All dasticconstantsaremainly theaffecting factor
for anomal ous behaviour of acoustical velocity in
reported intermetallic compound.

o Theaveragesound velocity isadirect consequence
of Debye temperature, specific heat and thermal
energy density of these compounds.

e Themechanicd properties(yied strength, ductility,
eladtic propertiesetc.) of STGa, arebetter than other
intermetallic compounds BaGa, and CaGa, a room
temperature, becauseit hashigh ultrasonic velocity
and low ultrasonic attenuation.

Thus obtained resultsin the present work can be
used for further investigations, generd andindustria ap-
plications. Our theoretical approachisvalidfor ultra-
soni ¢ characterization of thesecompoundsat roomtem-
perature. Theacoustic behavior inthesenanomaterias
asdiscussed above showsimportant microstructura
characterigtic festure, which arewel| connected to ther-
moel ectric propertiesof thematerias.
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