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ABSTRACT Semrtempirical formability criteria of the intermetallic compounds in binary alloy systems con-

taining one or two transition elements have been proposed, based on a modified M iedema model and the results

of computation by pattern recognition method. The regularities of compound formability between the nomnr

transition elements whose ¢ < 3.8 with transition elements can be adequately described by A® and An

1/3,

ws o2

when & > 3.8 the effects of spd hybridization on compound formability are enhanced. The regularities of the

compound formability between two latter transition elements can be described by A% and AnY? only. While

the systems containing one or two early transition elements exhibit higher chemical affinity due to spd hy-

bridization. These criteria may also be useful for the formability study of ternary intermetallic compounds.
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1 INTRODUCTION

Many intermetallic compounds exhibit out-
standing mechanical or physical properties.
Therefore, the prediction of new intermetallic
compounds is meaningful for new materials ex-
ploration. Some achievements have heen report-
ed in this field " 2.

diagram plotted by using A® and An.y.’ as coor

Miedema proposed to use a

dinates to predict the formability of binary inter
metallic compounds'> *!. Here A9  denotes the
electronegativity difference and An) denotes

the difference between n\. parameters (function
describing valence electron density of elements) .
For binary systems without transition elements,
a criteria N= | AnY3 1= 0.321 A 1< Ois in
deed rather effective for the formability predic
tion. But the distinction of compound-forming
systems from the systems without compound for-
mation would become confused if binary system
containing transition elements are included.
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Miedema considered that the spd hybridization
between the d orbitals of transition elements and
the p orbitals of nontransition elements is the o-
rigin of this confusion, he even proposed an algo-
rithm to estimate the influence of this effect in
which each element was assigned a different pa
rameter, but it is too complicated. Besides, the
discrepancy of the application of Any. —A® di
agram to the binary systems with two transition
elements remains unexplained.

The purpose of this work is to find definite
criteria of the formability of the binary inter
metallic compounds containing one or two transr
tion elements, i. e., the compounds between er
ther one transition element and one normrtransr
tion element, or two transition elements.

2 MODEL AND METHOD OF COMPUTA-
TION

According to basic concept of Miedema s
model of alloy phases, the charge transfer be-



* 136 -

Trans. Nonferrous Met. Soc. China

Sep. 1997

tween different kinds of atoms ( denoted by
A® ) is the driving force of intermetallic com-
pound formation. For the alloy system between
one transition element and one nomtransition el
ement, extra chemical affinity comes from the
spd hybridization effect. These concepts, how-
ever, cannot explain the difference of the alloy-
ing behaviors between the binary system consist-
ing of two transition elements and that consisting
of two norrtransition elements.

In order to further understand the bonding
behaviors between the atoms of different transr
tion elements, quantum chemical calculation was
It has been
found that the occupancy of various orbitals of

erformed for TiNi “ molecule”.
p

Ti, Niatoms and TiNi “molecule” is as follows:
Ni Ni Ti Ti
(“molecule”) (atom) (“molecule”) (atom)
3d 8.49 8. 00 2.356 2.00
4s 1.47 2.00 0.297 2.00
4p [.10 0 0.272 0
It can be seen that significant electron
transfer takes place from Ti atoms( with lower
¢ ) to Ni atoms(with higher ¢ ), which a
grees with the charge transfer concept in
Miedema s model. But the quantum chemical
calculation results also indicate that the spd hy-
bridization occurs hetween the 3d, 4s, 4p or
bitals of T1 and Ni. For example, some molecu-
lar orbitals in TiNi “ molecule” are the linear
combination of these atomic orbitals:

Wo= 0.968 by a5+ 0.055by;4, +
0. 184y 302+ 0. 073y 4,
Wy= — 0.046%, 30+ 0.696 by, —
0. 6399130~ 0.054 14,
Wiy = 0.735%4, + 0.780¢r 5,
Wiy = 0022302+ 0.015¢r 4, -
0. 810Pp, 4, — 0.254y; 4,

So it is reasonable to consider the spd hy-
bridization between atoms of different transition
elements as the origin of the discrepancy in the
application of A® —Anyy diagram to the alloy
systems consisting two transition elements.

of AINi

“molecule” indicates that both charge transfer

Quantum chemical calculation

[4

and spd hybridization take place . This is in a

ereement with the concept of Miedema’ s model.

In order to describe the factors affecting the
formability of transition element-containing in-
termetallic compounds, it is reasonable to select
the following set of atomic parameters:

(1) Miedema s original parameters: A®
and An\l\/f;

(2) number of d electrons of the atoms of
transition elements A and B: D and Dg;

(3) number of p electrons of the atoms of
nomrtransition elements: P;

(4) ¢ of atoms of transition and norrtran-
sition elements ( describing the energy levels of
metallic elements, which is important to the hy-
bridization effect between different atoms).

We will use these atomic parameters or their
functions to span certain multrdimensional space
and to find the formability regularities by pattern
recognition in this space.

Linear mapping and back-mapping method
of pattern recognition are used for computation
on 586-type microcomputer.

3 COMPOUND FORMABILITY CRITERION
FOR SYSTEMS BETWEEN ONE TRANSI-
TION ELEMENT AND ONE NON-TRAN-
SITION ELEMENT

Fig. 1 illustrates the AP —An\l\/s3 diagram
for the formability of binary intermetallic com-
pounds containing one transition element and one
nomtransition element. It can be seen the dis-
crepancy between these systems is not clear-out
in the region with lower AP and An\l\/j.

By pattern recognition method, it has been
found that the separation of the compound-form-
ing systems from the systems without compound
formation is very good in a three dimensional
space spanned by f 1, f2andf 3, wheref is the
¢ of non-transition elements, [, = | An\l\/s3 | —
0.321 AY |, f3= P+ D. The analysis of the
distribution in this /1 — f2— f3 space indicates
that this space can be conveniently divided into
subspace by the plane f 1= 3. 8.

Fig. 2 shows the linear mapping of the sub-
space in which f1< 3.8 and f1> 3. 8, respec
tively. The direction of mapping is onto f2— f3
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Fig. | A% —Anl diagram for compound

formability in binary systems between
transition elements and nonr

transition elements
| —compound-forming systems;

O—systems without compound formation

plane. Both regularities in Fig. 2(a) and Fig. 2
(b) are very good. It can be concluded that the
regularity of the compound formability between
norrtransition elements whose ¢ < 3. 8 with
transition elements can be adequately described
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by A® and Anl.? only (just the same as the
regularity of the compound formability between
two norrtransition elements). This implies that
in those cases the ¢ values of nomr transition el
ements are too low to induce spd hybridization
with the d orbitals of transition elements.

When the ¢

ments are larger than 3. 8, the chemical affinity

values of nomrtransition ele

of nomrtransition elements toward transition ele
ments is greatly increased, as shown in Fig. 2
(b). A reasonable explanation is that in these
cases the ® values of nomtransition elements
and those of transition elements are close to each
other, so the spd hybridization and compound
formation are enhanced.

Fig. 2 provides the formability criteria of
the intermetallic compound hetween one nonr
transition element and one transition element.

4 COMPOUND FORMABILITY CRITERION
FOR SYSTEMS BETWEEN TWO TRANSI-
TION ELEMENTS

Fig. 3 illustrates the AP — An}/j diagram
for the formability of intermetallic compounds
consisting of two transition elements. It can be

seen that the regularity is not very clear in the

. G 1/3
region of lower A® and An,. .
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Fig. 2 Intermetallic compound formability of transition elements
with nomr transition elements

(a) —linear mapping from the subspace @ >3.8; (b) —linear mapping from the subspace ¢ < 3.8;

| —compound-forming; O —without compound formation
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Fig. 3 A¢Y —Ank diagram for compound
formability in binary systems between

transition elements
| —compound-forming systems;

® —ystems without compound formation

By pattern recognition, it has been found
that the regularity in a multrdimensional space
spanned by Dy, Dp, | AnY31-0.321 Ad |
and Dy + Dy is very good. And the following
subspaces can give very good linear mappings for
clear-out separation:

(1) subspace whose D 5 25 and Dg< 5, or
Dp 25 and D < 5;

(2) subspace whose D, 25 and Dy 25;

(3) subspace whose D < 5 and Dg< 5.

T ake the subspace (2) as an example, Fig.
4 illustrates the linear mappings of the three sub-
spaces. The directions of the linear mappings are

all onto the place with D+ Dy and | AnY3| -

0.321 AY | as coordinates.

[t is interesting to note that the compound
formability between two latter transition ele
ments can be described by A®  and An\S only.
[t means that in those cases the influence of spd
hybridization is not significant, while the sys
tems containing one or two early transition ele-
ments exhibit higher chemical affinity due to spd
hybridization.

Fig. 4 provide effective criterion for the in-

Fig. 4 Intermetallic compound formability
of systems with two transition elements
{ Linear mapping of subspace
D, 25, Dy 25)
| —compound-forming systems;

O —=ystems without compound formation

5 PROSPECT

The formability of ternary intermetallic
compound is an important but difficult research
topic for ternary alloy phase diagram prediction.
The criteria of formability for binary intermetal
lic compounds can be used as a starting point of
this research. It is interesting to discuss the rela
tionship between the formability of ternary inter-
metallic compound A,B,C. and the criteria of
compound formability of A-B, A-C and B-C sys-
tems. A preliminary statistical study indicates
that all known ternary intermetallic compounds
A, B,C; correspond to at least two binary sys-

tems with compound formation.
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