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ABSTRACT

Nanomaterials have been the subject of enormoesesit since last few years due to extremely sreatlfe size
and have the potential for wide-ranging industrislpmedical, and electronic applications In the geet research
work the high pressure behaviour of nanomateridds 67 nm and 37 nmAl,Oz, 3C-SiC, nanocrystalline Ni, nano
¢-Fe are studied using potential free equationstafes(EOS). The calculated values of mechanicapgres such
as compression, bulk modulus for the nanomateraisie out to be in reasonable good agreement wigh th
available experimental data. It has been observest fTait's EOS is suitable for predicting the memical
properties of nanomaterials successfully.
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INTRODUCTION

Recently, nanomaterials in the field of physicgrostry, and engineering with dimensions less tha® nm have
attracted much attentiorl[ 2, 3. Nanomaterials have large surface to volume rasocompared to their bulk
counterpart and surface effects have significalg i enhancement of properties of nanomateridi® quantum
phenomenon play important role at nano level. Tiopgrties like hardness, sintering ability, meltiegnperature,
and electronic structure dependent upon size ofptrécle B-5. The barrier height between two phases of a
material has been found to depend on the sizeeh#nocrystals6]. Due to novel and enhanced compared to
traditional materials, nanomaterials open up pdggis for new technological applications.

There are many theoretical and experimental worknanocrystalline iron (n-Fe).Researchers have tigated
different properties magnetic, mechanical, thernwéctrical properties, surface passivation, andhaeical
properties ofe-Fe [7- 11].

The wide applications of nanocrystallipeAl ,Oslike catalyst, catalyst carrier, absorbent, coatanyd soft abrasive
have attracted much attention. A lot of synthepigr@aches like microwave sintering, plasma-assisit@ering, and
high-pressure sintering have been used , to expiopeoduce highly denseAl ,O; without excessive grain growth
[12-14. Fully dense nanocrystalline alumina can be olg@iusing high-pressure sinteririd].

In recent years, nanocrystalline nickel (n-Ni), anocrystalline metal, has been studied widely usixygerimental

and theoretical approache&6j17. The properties like diffusion coefficient andbxational modes,magnetic,
mechanical, and electrical behavior of n-Ni haverbeidely studied6]. Transmission electron microscopy, X-ray
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diffraction, and small-angle neutron scattering enéeen used to understand the physical propertiesNd, the
internal strain and grain boundary structure ofirfj44).

Nanocrystalline 3C-SiC sample considered in thesgme study was synthesized by laser induced vapbase
reactions 18], and was characterized as nearly spherical pestiwith mean grain size about 30 nm. In the prtesen
work compressibility of 30 nm 3C-SiC nanocrystalseported.

In the present investigation, we have analyzesl piressure dependence of compressional behaviouryof
Al,03,3C-SiC,n-Ni and re-Fe .For this purpose, we have used usual Taitsittan of State to predict the change in
unit cell volume as a function of pressure. Thelltesachieved from usual Tait's Equation of Stagsfaund in good
agreement with the available experimental data.

2. Mathematical Formulation

The Usual Tait equationis mostuseful non-lineaatieh of compression and pressure for differens<laf solids
and liquids 19]. Kumar [20] presented the derivation of this equation takimg product of the thermal coefficient
of volume thermal expansion)(and bulk modulus (K to remain constant under the effect of press2ite? i.e.

aK = constant ..(D)

Differentiation of equation (1) with respect to wole at constant temperature gives

a(%j +K[Ej =0 ..(2)
dv ), \dv),
Which yields

V(da V(dK
Or=—|—| === ..(3)
a\dv), KldV),

Wheredt is Anderson-Gruneisen parameter.at constant textyrer

dK dv
- =-§5. - ...(4
K Ty @

Integrating equation (4) with K=K when V=\4. Assuming tha8 is independent of V, we get

-6
K :( \4 J ...(5)
KO VO

dp
K= —V[—j Then equation (5) becomes
dv ),

\% (de: v ) .(6)
K, ldv vV,
Or
dv 1
= dP .(7)

Vot K Ve

The integration of equation (7) gives us the follogwelation
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K Vv
P=—9 exp:{-K.,In—}-1
K p{ oy } (8)

0 0

Equation (8) is the same relation as given by Mghaa R4] in 1944 in a slightly different way, assuming thalk
modulus depends linearly on pressure.

Due to simplicity of equation (8), it had been widased in the literaturelp, 23. it noted that the Murnaghan
approximation and the approximation thé&t is independent of V are equivalent to each othecabse

dpP

parametebr is related taj=V/V, (Where \4 is the initial volume) as given belo€].

dK .
o 2(— = K,. However, the more recent studies in high-pressesearch demonstrate that the Anderson
-

o, +1
u =A ..(9)
1

Where A is a constant for a given solid. Thus eguat3) takes the following form

K [ A 1]y (10)
K vV, V

Integrating above equation we get
K .V expA |1 - v -.(11)
K 0 V 0 V 0

dP
SinceK = =V| — | equation (11) may be rewritten as
dv J;

\Y

expA [1 - }dv = —-dP ...(12)

0 0

On integration equation (12) gives

K \Y
P="YlexpA |1-—|-1
e [1-L)

0

Here Ky is the zero pressure bulk modulus and the const@tietermined from the initial conditions, viz\&=V,
A=07+1

Equation (13) is the Usual Tait’s Equation (UTE}aincan be written as follows

v 1- ,1 In<1+ Ko+l P ..(14)
V, K, +1 K,

Using usual Tait's equation (UTE) the expressianigothermal bulk modulus K(P) is written 28]
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oo+
K:KOL 1+ Ko*lp 15
V, K, ...(15)
From equation (14)
K, +1 \' ,
1+ —2—P=expq|l1-—|IK, +1 ...(16
K, P ( v, j( 0 ) (16)
Putting equation (16) in equation (15) we get
K(P)=K,  expi (K, +1]1- .(17)
Vo Vo

This is the equation for isothermal bulk modulus.

Using the well-established thermo dynamic approtiomathat is R1,22,23 under the effect of pressure the product
of a (P) and K(P) remains constant. i.e.

aK; =a,K, ...(18)

Whereog and K are the value af and K at zero pressure. We have another approximfrr Anderson- Gruneisen
parametef28]

5 :_L[%) _dK (19)
" akldr), dP

at P=0, we havesg = KL). So the equation (15) with the help of equatid®) dan be written as

-1 0 -1
@ l 1 +6T—+1p ...(20)
ClO VO KO

Using equation (17) we get

-1
a(P):ao(Vlj exp _(K6+1{1_Vlj .(22)

0 0

Equation (20) and equation (21) are useful relafiiwmpredicting the pressure dependence afong isotherm.
RESULTS AND DISCUSSION

Equation 14,17 and 21 have been used for the edilonl of compression, isothermal bulk modulus agldtive
isothermal expansion coefficient, respectivelylfiee 67 nm and 37 nm-Al O, 3C-SiC, nanocrystalline Ni, nano
e-Fe.The input parameters which are required arengim Table 1.We have plotted the variation of cospion
(VIV,) , isothermal bulk modulus ¢ and relative isothermal expansion coefficiefP)/o,) with pressure for
nanocrystalline/-Al ,05 with an average particle sizes 67 nm and 37 nmocergstalline Ni (mean particle size 20
nm), 30 nm 3C-SiC and-Fe in figures 1-15. It may be noted from figures417, 10 and 13 that the values of
relative compression calculated from usual Taijisation of state represent excellent agreement théghavailable
experimental data. It is found in the present stidy the 37 nm nanocrystallineAl ,0; is more compressible at
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high pressure as compare to the 67nm nanocrystaHi ,O; (figures 1 and 4). It is clear that the variatiais
relative isothermal expansion coefficien(R)/) and compression with pressure decreases and/dniation of
isothermal bulk moduluskg) increases with pressure for these nanomatettatsay thus be concluded that the
usual Tait's Equation of state explains the congiwesl behaviour of nanomaterials satisfactorillye Variation of
isothermal bulk modulus and the variation of refatisothermal expansion coefficient with pressweld not be
compared with the experimental values since theemx@ntal data on these physical properties of meterials

under study are not available so far.

Tablel: Input parameters

Materials Ko(GPa) K'o
67 nm ALO; | 248[29] | 3.2[29]
37 nm ALO; | 151[29] | 5.7[29]
3C-SiC 220.6[30]] 4[30]
Nanoe¢-Fe 179[31] | 3.6[31]
Nano Ni 185.4[32]]  4[32]
——Exp.
1.02 - —s=—_Cal.
1 -4
o 0.98 A
§ 0.96 A
<
S 0.94 A
(%]
g 0.92 -
a
g 0.9 -
o
O 0.88 -
0.86 A
0.84 T T \
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P[GPa]

Figure 1: VIV, Vs pressure for 67 nm nanocrystalling-Al ,0s.Exp. Ref.[29]
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Figure 2: Kt vs pressure for 67 nm ny-Al,O3
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Figure 3:Relative isothermal expansion coefficientvith pressure for 67 nm nanocrystalliney-Al,O3
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Figure 4:V/VO vs pressure for 37 nm nanocrystalthe y-Al,Oz. Exp. Ref.[29]
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Figure 5: Kt vs pressure for 37 nm ng-Al,03
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Figure 6: Relative isothermal expansion coefficienwith pressure for 37 nm nanocrystalliney-Al .03
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Figure 7: VIVo vs pressure for 20 nm nanocrystalfie Ni. Exp. Ref. [32]
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Figure 8: Krvs pressure for 20 nm n- Ni
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Figure 9: Relative isothermal expansion coefficidrvs pressure for 20 nm n- Ni
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Figure 10: V/Vo vs pressure for 30 nm nanocrystihe 3C-SiC.Exp. Ref.[30]
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Figure 11: Ky vs pressure for 30 nm 3C-SiC
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Figure 12: Relative isothermal expan5|(on cogfﬁcm with pressure for 30 nm nano 3C-SiC
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Figure 13: V/V,vs pressure ng-Fe.Exp. Ref.[31]
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Figure 14: Ky vs pressure for ne-Fe
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Figure 15: Relative isothermal expansion coefficigrvs pressure for ne-Fe
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