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Abstract- Numerical computations of strength and stability of Aluminum in case of (100) loading are carried out by taking
new analytic Embedded Atom Method (EAM). Computed value of theoretical strength of Aluminum is 9.216 GPa in
tension and -38.657 GPa in compression which is same order in magnitude of the results of other investigators. Second

phase is not found in compression.

Keywords- Strength, stability, EAM, stress, stability criteria.

I. INTRODUCTION

In recent years, calculations of theoretical strength of
cubic metals have been active field in research. Many
workers [1-17] have been calculated theoretical strength
of cubic metals in various modes of deformations by
taking various types of interaction between atoms. As we
know the ideal (theoretical) strength was originally
defined as stress or strain at which perfect crystal lattice
became mechanically unstable with respect to arbitrary
homogeneous infinitesimal deformation. Many
applications of this problem are present in literature.
Cerney and coworkers [18-24] studied mechanical
stability of cubic metals (Ni, Ir, Fe, Cr) in hydrostatic
loading and uniaxial loading using simulation technique.
Based on Born- Hill- Milstein elastic stability theory Ho
et al [25] investigated the effect of transverse loading on
ideal tensile strength of six fcc materials using molecular
statics and density function theory simulation. Recently
Singh [26] have calculated strength of Cu using simple
two body potential. Ogata et al [27] give review article on
this topic. Zou et al [28] showed that a nano crystalline
alloy retains an extra ordinary high yield strength over 5
GPa up to 600°C. Ho et al [29] have investigated ideal
strength of some fcc nano structures using MS simulation.
Yang et al [30] have investigated ideal strength of various
MC (M = Ti, Zr, Hf) systems using first principal
calculations.

By taking Embedded atom method, recently many
workers [1-5] have estimated theoretical strength and
stability of cubic metal in various loading conditions. In
most of cases, the number of unknown potential
parameters is very high in these EAM. In this paper we
calculated strength of Al in (100) loading mode of
deformation by taking EAM, which is developed by Singh
et al [17]. This EAM contains three adjustable parameters
and four unknown parameters which are calculated by
taking experimental values of lattice constant and second
order elastic constants. In this study, section | gives
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present status of the work, section Il gives brief idea of
EAM, section Il gives stability conditions in case of
EAM, section 1V gives results and discussion of the work,
section V gives conclusions of the work and section VI
gives references of the work.

Il. EMBEDDED ATOM METHOD (EAM)

The original method was subsequently expended by
Baskes [31] to treat solids with highly directional
distributions of valance electron densities that is, covalent
bonding, allowing for much more wider scope of
applications. The fundamentals of the method have been
discussed in the literature in detail (see for example
review [32]), so only some important aspects necessary
for discussion of the present work will be given here. In
the EAM format, [33-35] the cohesive energy per atom E,
of a homogeneous monatomic crystal can be written as

1
E,=F(p) + 52 $(ri))
With

p= Zf(rij)

Where F(p) is the embedded function, p is the total
electron density at the reference atomic site, f(ry) is the
electron density function , ¢(rj) is the pair potential
function, and ry is the distance between atoms i and j.
From review of literature we conclude that many type of
functions have been used for ¢(r), f(r) and F(p). Singh et
al [17] are used generalized Morse potential function for
pair interaction,

() =

D expl—qalr - )
@=D lexp{—qa(r — 1)

F(p) = —Gp®

—q exp{—a(r — )}l

for embedded energy and
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flp) = % for density function.

In these functions g, e, and s are adjustable parameters
and D, a, r,, and G are unknown potential parameters,
which have been calculated by taking the experimental
values of lattice constant ag and second order elastic
constants Cy1, Cqp, and Cyy.

By taking different values of adjustable parameters g, e
and s, we can found deeper long range potential and
shallower short range potential. Recently potential
parameters D, a, o, and G of Cu have been calculated by
Singh et al [17], by taking experimental values of lattice
constant and second order elastic constants. By using the
same procedure we have calculated potential parameters
of Al which are shown in table 1.

Table 1 Calculated potential parameters of Al for different
values of adjustable parameters g, s and e.

':;drja lﬁgglri Unknown parameters

gl s | e |a(10"cm?)|D(10™ erg)| ry(10® cm) G (erg)

2| 2 |1/30| 3.819 2.6834 5.6098 | 9.8391x10™
2| 2 |15 3916 2.3008 5.7801 |3.4238 x10™*
2|15 | 1/5| 4.6975 5.7048 44607 |1.7937 x10°%®
6|15 | 1/5| 21605 | 7.8955 | 4.39038 |1.7937 x10°*®

I11. STABILITY CRITERIA

Stability condition in EAM framework (as mentioned by
Cifti et al [2])

Bss > 0

By, >0

By, >0

B,z >0

(BZZZ - 3223) > 0

By,(By; — By3) — 2B2, >0

Where
0°E

B:: =
6ai6aj

ij

For the brevity of notation (B2, — BZ;) and B,,(By, —
B,3) — 2B, be supposed as ab3 and ab2 respectively.
Taking same analytic EAM, recently Singh et al [17] have
calculated theoretical strength of Cu in (100) loading.
Detailed mathematical equations and procedure of (100)
loading mode of deformation are present in literature (for
example see reference [17]).

V. RESULTS AND DISCUSSION
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Figure 1 Variation of energy per unit cell with respect to lattice
constant a (A) for different values of adjustable parameters g, s & e.
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Figure 2 Variation of energy per unit cell with respect to lattice
constant a (A) for different values of adjustable parameters g, s & e.
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Figure 3 Variation of energy per unit cell with respect to lattice
constant a (A) for different values of adjustable parameters g, s & e.
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Figure 4 Variation of Bj; with respect to a; (&) for =2, s=15 and
e=1/5.
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From figure 4 to 7, stability condition B4,>0 is violated at
a,=4.6863 (A) with stress 6, = 9.216 GPa in tension and
stability condition ab2 > 0 is violated at a,= 2.55014 (A)
with stress o; = - 38.657 GPa in compression. These
values of stress and strain give the theoretical strength and
stability of aluminum. These results show that theoretical
strength is 9.216 GPa in tension and - 38.657 GPa in
compression and similarly the range of stability is 15.74%
in tension and 37.02% in compression. Table 2 shows the
breaking stress for different values of adjustable
parameters ¢, s and e. It is very interesting that no second
phase is found in compression which was found in case of
generalized Morse type of interaction between atoms [36].
As per our knowledge, Milstein et al [35] and Ciftci et al
[2] have calculated theoretical strength of Al and found
11.1 GPa and 3.138GPa respectively by using EAM
which are approximately same order in magnitude as our
results.

Table 2 Strength of Al for different values of adjustable
parameters g, s and e.
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Figure 6 Variation of 61 and energy per unit cell (E) with respect to
a1 (A) for g=2, s=15 and e=1/5.
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Figure 7 Variation of a, (A) with respect to a; (A) for g=2, s=15 and
e=1/5.

Figure from 1 to 3 show the variation of energy per unit

cell (E) with respect to lattice constant a (A) for different

values of adjustable parameters g, s and e.

Figure from 4 to 7 show the variation of Bj;, its functions
(i.e. ab3 and ab?2), stress (c1), energy per unit cell (E) and
lattice constant (a,) with respect to a; (A) for fixed values
of adjustable parameters q=2, s=15 and e=1/5.
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Adjustable . . . Failure in

Failure in tension .
parameters compression
gls |e |aA) |ouGpa) a(A) | cuGpa)
212 |1/5 |85702 | 38.35 1.9082 | -34.486
2115 1/5 | 4.6863 | 9.216 2.55014 | -38.657
6|15 | 1/5 | 4.72605 | 10.365 | 2.4654 | -38.06
212 |1/30 | 8.7593 | 46.22 1.7508 |-35.5415

\Y CONCLUSION

Due to presence of dislocation and imperfection in the
experimental specimen, experimental results (2.254GPa)
of Gane [37] are not close with our calculated results. Our
results are same order in magnitude of results of other
workers. It is very interesting that second phase during
compression is absent which is found when we used
Morse type of interaction between atoms.
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