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[ Abstract] The embedded atom potentials for binary T V were developed and used to predict the mechanical properties

of binary Tt V solid solutions with hcp and bec structures including lattice parameters, elastic constants and fracture

toughness for Mode- I fracture under plane strain. The calculation results show that with the incre ment of V-content, the

lattice parameters and elastic constants decrease but the fracture toughness increases for hcp solid solutions , the lattice pa-

rameters decrease but the elastic constants and fracture toughness increase for bee solid solutions . The calculation results a-

gree well with the available experiment values .
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1 INTRODUCTION

As an important gstabilizer ele ment, vanadium
can improve the ductility and the hot deformability of
Tralloys . However, the limitation of the knowledge
about the properties of Tt V binary alloy hinders the
development of V-contained titanium alloys .

Recent develop ment of many-body potentials e m-
bedded atom method ( EAM)[!! has been used quite
successfully in predicting numerous properties of in-
termetallic compounds and solid solutions! 2. The
purpose of the present work is to develop an e mbed-
ded atom potential for the T V binary solid solutions
with hcp and bee structures in order to perform atom-
istic simulation for obtaining the basic physical and
mechanical properties including lattice parameters,
elastic constants and the fracture toughness for Mode-
[ fracture under plane strain. The predicted results
agree well with the available experiment values .

2 EMBEDDED ATOM POTENTIAL OF Tt VSYS
TEM

Within the framework of the EAM theory[l],
the total internal energy E, of any atomic structure
is described as the sum of two terms, an e mbedded
atom term F which depends on the local electron den-
sity o, and a pairpotential term ¢ which depends
purely on interatomic distances 7:

Ei = ZF(Q)+IEZ¢(Vi,~)(f0ri¢j) (1)

By combining the density functional with the
traditional pair potentials, the EAM potential makes
the atomic simulation more reliable since it eli minates

two well-known proble ms associated with pair poten-
tials!*!: the Cauchy discrepancy and the cohesive en-

ergy vacancy formation energy dilemma .

2.1 EAM potentials for pure components

The EAM potential for a system is generally set
up on the basis of that for its constituent ele ments .
Different functions of p, #and F have been proposed
for various ele ments according to their structures and
properties. The function proposed by Pasianot and
Savino'*! is selected to describe EAM potential of Ti
with the hcp structure , since it takes the contribution
of internal relaxation to the elastic constants, which
are termed inner elastic constants , into account , and
there is the possibility of internal relaxation due to the
existence of two kinds atom per primitive lattice cell
in the hcp structurel !,
posed by Johnson and Oh'®] is selected for V with the
bee structure because of the explicit functions for yo
#and F which can simplify the calculation .

The potential function pro-

The electronic density for the perfect lattice of
vanadium was normalized to the same value as that of
titanium, as was done for the binary Tr Al by
Farkas!”!.

2.2 EAM potentials for binary Tt V

The mixed pair potential calculation method pro-
posed by Johnson!®!
of the individual ¢Ti( r) and #'( r) functions , is used
to describe the Ti- V interactions . It is in the follow-

, which takes weighted averages

ing form:
" _LM Ti Jﬂ_”l v
(1 = Sl iy T Gy PO

(2)
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where fTi( r) and fv( r) are the electronic func
tions of pure Ti and V, A r) and #Y( r) are the
pair potentials of pure Tiand V respectively, ris the
distance between two atoms .

The EAM potentials for the Tt V binary disorder
solid solutions can be approximated by the equivalent

atom method ®!

. It can simplify the calculation based
on a linear combination of the corresponding functions
for the constitute elements. This simplification is
valid since Ti and V differ very slightly in atom mass
(47 .90 for Tiand 50 .94 for V)['%) electronegativity
(1.4 for Ti and 1.9 for V)['°! and atomic radius
(0.145nm for Tiand 0.131 nm for V)['"'1. Thus the
EAM functions for every equivalent atom of Ti- V sol-

id solutions are written as

- — 1
Ei= x5 F'(p + xyFV(p + EY A rij)

jrj#i
(3)
p= Z¢I_[ xr fRCr) + xy V()] (4)
A r,-j]>]= W )+ 2xgxy () +
xy (1)) (5)
where “ - 7 denotes the properties of an equivalent

atom of the alloy, xp;and xvyare the mole fraction of
atoms of Ti and V, pls the average electron density
at the location of the equivalent atom, FTi(To) and
FV(TQ are the energy toembed atoms Ti and V sepa-
rately into the electron density To, A r,-j) is the pair
potential between equivalent atoms i and j with the
distance tij -
3 PREDICTION OF PROPERTIES FOR BINARY
T+ V

3.1 Prediction of lattice parameters
The lattice parameters can be obtained by
searching for the minimum of the total energy E,, us-
ing the simplex method 121,
The predicted lattice parameters of Tt V hcp sol-
id solution and Tt V bcc solid solution are presented
and compared with the experi mental datal '3/

and Fig.2.

in Fig .1
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From Fig.l and Fig.2, it can be seen that the
lattice parameters of Ti- V hcp and bec solid solutions
decrease with the mole fraction of vanadium increas-
ing. The calculation results agree well with the ex-
perimental values .

3.2 Prediction of elastic constants

According to the elasticity theory, the elastic
constants C,-j and bulk modulus B can be obtained by
applying second derivative of the total energy to the
displace ment .

The calculated results of elastic constants C,-j and
bulk modulus B of the Tt V binary hcp and bece solid
solutions are presented in Fig.3 and Fig .4 respective-
ly and compared with the available experimental da-

tal'*"31 " The calculated results agree well with the

available experi mental values!'**'%1 measured by pulse
superposition and pulse-echo-overlap methods . It can
be seen that all the elastic constants C,-j and bulk
modulus K decrease with the raise of V-content in
the hcp solid solution, whereas the elastic constants
Ci1, Gand bulk modulus K increase evidently and
Cy4 keeps unchanged with the addition of V in the
bee solid solution .

From Fig .4, it also can be seen that the elastic
constant C;; increase more sharply than that of others
with the addition of V in the bece solid solution,
which agree well with Fisher’s conclusion''®!. Fisher
has shown that transition metal additions to single
crystal bee Ti alloys raise the modulus in [ 100 ] direc
tion faster than that of others, and that this effect is
due to increasing the number of electrons in the d¢
band. So the elastic constant C;; increases faster than
that of others with the addition of V in the bcc Tr V
solid solution .

3.3 Prediction of fracture toughness

Fracture toughness K% represents the resistance
to crack tip propagation of a material . According to
Griffith criterion and linear elasticity theory[”’lg],
the critical stress intensity factor, i.e. fracture
Kf for Mode I

strain can be expressed as

toughness fracture under plane
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K& = 29/ A (6)
where  vis the surface energy, which is the energy

difference of the system before and after surface for-

mation and can be obtained by EAM calculation''®7 .

[17.18]
}1/2

(7

For an orthotropic crack syste m
1/2

by VP 2by + buy

by, 2 by,

b22 b33

A =
2

where i
the indices 2, 3, and 4 refer to the directions of crack

b,-j are functions of compliance constants s;

propagation, normal to the crack plane and parallel to
the crack front respectively. The crack system is
illustrated in Fig .5, where direction 1 is equivalent to
direction 4 . This figure also presents the [ 100 J(001)
crack tip in orthotropic system or the [ 21 10 J(0001)
crack tip in hexagonal system .

kY

(1001{001) crack
Fig .5 Sketch drawing of crack-tip of Mode I

For cubic structure

_ _ 2
by, = bz = 811 - 12/ syy

_ 2
bys = 812 - 1o/ 814 (8)
bas = 844

For hexagonal close- packed structure :
_ 2
by, = 811 - 1o/ sqy

byy =513 - s12813/ sy (9
b3z =533 - 5%3/ S11
bas = s44

ij can be obtained
from the elastic constants C,-j since the matrix of Sij

where, the compliance constants s

and that of C,-j are mutually inverted .

The K& of the [ 100 ]( 001) crack tip for bec
structure and [ 2110 ](0001) crack tip for hep struc
ture of the Ti- V system are studied with EAM calcu-
lation. The influences of V-content on KIGC for the
hcp and bee solid solutions of Tr V system are pre-
sented in Fig .6 and Fig.7 .

From Fig.6 and Fig.7, it can be seen that for
the same composition the Kfi of bee solution is
greater than that of hep solution and the K% of both
hcp and bece solid solutions increases with the raise of
V-content . Thus the improvement of the ductility
and hot deformability of Tiralloys with the addition of
V can be explained by two reasons : 1) V can stabilize
bee phase, of which the K< is higher than that of
hcp phase ; 2) the increments of V-content in both
bee and hep phases of Tialloys are favorable for in-

creasing KIGC .
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