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AN EMBEDDED ATOM POTENTTAL FOR BCC TRON

-
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We nave used the ambedded atom method (EAM)' 4 to construct inter

atamic potentlals for use with BCC 1ron. Our original motivation for
this work was to model the grain boundaries 1n u‘ons. The version of
the CAM we have used 1s essentlially the same as that described ir refer-
ences 3 and 4, where the total energy was given as the sum of two body
terms summad ovor pairs of atoms {,3, together with an enbedding term
given by the sum of embedding functions whose arguments are the total
electronic cnhaige density at the sites 1. A Morse potential
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with the three paramtara Vir Yy and Vyr 18 used to represent the two-
Jody terms. The total electronic charge densities at each individual
site which are the argumencs of the embedding functiona, are abtained
from the linear superpouition of atomic 4s Slaer function ~harge
densities of form

6
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The fifrh parameter Ve is takon as ~he cutoff distance for the atomic
charge Jdensities and for phl(r”). which are adjusted for smoothness at
cutoff. Tho emtedding funciion :rself 13 Jdetermined by the fi: of rhre
colweive energy of bec 1rcen as a function of interatomic distance o ==

"universal” cohesive ey f.nction jescribed by Rose et ai. 6'8. -



ensrqgy function 1s matched r5 tne experimer.-al conesive energy, -he -ulx
modulus B, and equilibrium lactice constant, aj, hut introaducing ro
additional explicit matching parameters. The parameters vq r.nr:uqn g
are selected by fitting ‘using a simplex optimization procedure ; to
solected experimenzal properties of iron that we shall now 4escribe.
The first are the remaining elastic constants, either €11 °F %12 (since

B = 11 + 2c12) and ¢ We next try to match the observed vacancy

fcrmation energy. ‘nu:‘xs known somewhat less precisely thar are the
elastic corstants, but 1t is important for matching purposes since t-e
deviation from this value 1s a measure of the mportance of mary body
forces due to the fact that the unrelarxed vacancy energy would be equal

to the cohesive energy 1f only pair forces operated.

for a magnetic material such as i-on there 18 a contribution to the
vacancy energy arising from the altered magnetism on the neighboring
atass to the vacancy. There are also important contributions erising
from magnetic effects in the energy difference beiwesen ferromagneti: bcc
and nonmagnstic fcc and hcp 1ron. Our EAM calculation takes no explicit
accaunt of spin polarization effects, whereas quantum computarions
including these otfocnm indi{cate that they are crucial in providing
phase stability of the bce phase. Howsver just as the adjustment of
fitting paramsters tO vacancy energy may account for scaus of the meg-
netic energy in an empirical way, we try to mske this fit also provide
phase stability. Therefore we have made 1t & reQuiremant that the
mininum enexgies of the fcc or hcp phases should alweys be higher than
that of the bcee phase of iron. This requiremsnt was desswd essantial in
order to be able to utilize the resultinc potentisl for the computation
of defect configurations by energy minimization techniques. It Lummed
out that this consrrainz on ensuring the stability of the bcc phase is
Quite restrictive and prevented us from finding a choice of parameciers
which exactly fiv the elestic conatants and vacancy energy. We mignt
have gotton some additional freedom ir fitting 1f we had chosen a two
body potentisl wvith additional parameters. However we hesitated to ‘o
80 since we wanted to avoid unrealistic structure in the potential which

might arise from too such freedon in curve fitting.

In TABLE 1 we show some results with computed EAM potentlals. e
list the expr “imsntal and calculaced values of elastic constants and
vacancy enorgy for the bec phtase, and the calculated cohesive energies
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We also tabulate the values of the fitting parameters ror tre di1iZerent

potentials.

The column marked FCA -.s for the potential published 1n reference >
wnere we tabulated interplanar spacings near the surface as well as
surface and grain boundary enorgles obtained with 1tS use. Theung and
Ylp“ also uased this potential in prelimnary computations studying
tnermal 1nstabllity by means of molecular dvnamics technicues.They fcund
that a density discontinulty occurred for a 4x4x4 periodic cell >f il8
atams maintained at zero preasure using the Parinello-Rahman boundary
condxuonslz, at about 1750 K. This i{s somewhat lower than the melting
temperature of 1ron (1809 K), while one might expect an instability
temperature to be higher than mslting. An additional molecular 3dvnamics
"experiment” was done on the unisxial 4deformation of iron with this
potential, in an attempt to simulate the martensitic Bain transformation
to the fcc phaan. A phase trangformation to the hcp phase occurred
rather than to the expected fcc phase. This result may be due to the
fact that the hcp phase for this potential 1s only 0.909 ev ahove the
boc ground stats, while the fcc phase 18 0.02 ev above becc. This close-
ness of anoither phase mignt even have contributed to the lower than
expected instabillity temporature. We therelove tried to compute other
potentials which would show grester separation from the ground atate and
possibly reverse the order of the fcc and hcp phases. As the results
listed {n the other colusns show we have increassd the ssparation of the
ensrglies of the hcp and focc phases from that of the bee phase, although
we have not besn able to reverse the order. There (s also a somewhat
better fit to the slastic constanta. For the potentiasls PEC and FLD,
the energies of the hep and foc are {denticgl, & conssquence of the fact
that the cutoff distance is betweyn second and third neighbors; any
potential with this property will give this result since the distances
and mmsbers of first and second neighbors zre the same for hcp and fcc.
It is suggestive that perhaps a short range sany body potential coupled
with a two body potantial having a longer range and additional structure

might give an optimel description.

We might conclude this presentation of EAM potentials with the
remark that as empirical potentials their test must bYe “heir rcbustness
1N dewcribing various types of dynamical as well as static structucal
phencrena. We have not tried to review nther related work, but we mus:
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already been subjected to various testalé.

TABLE 1

PITTING PARAMETERS FOR EAM FUTENTIALS FOR BCC IRON

Lattice constant a, : 2.670 A Cohesive energy : 4.28 ev
Bulk modulus 1 1.73 x 102 dyn/am?®  EXACTLY FIT BY ALL FOTENTIALS
Elastic congtants Experi- FEA FEB FBC FED
(1012 dyn/cnz) mental (previous) (short range)
cl1 2.432 1.93 2.131 2.178 2.299
c12 1.381 1.63 1.534 1.507 1.447
Cea 1.219 1.08 1.16% 1.179% 1.179
vacancy energy
unre laxed 1.9) 2.823 1.95%3 2.207
velaxed 1.79 1.64 2.181 1.792 Je32
Parameters:
v x10"2Rartrees 2.32299  2.849 2.634  2.1M
vy angatroms 2.09238 2.721 2.690 2.8%2
vy 1/(argestrome) 1.34321  0.746 1.22% 1.293
va 1/(angstroms) 6.2619% 8.%08 6.%80 6.42)
vg (cutoff distance, A.) 4.52432 ¢.509¢ ] 62% 3.623

Phase separation:
‘::w - %e (evi 0.02 0.0%7 0.074 0.108
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