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[ Abstract] The site occupations of the alloying elements of O phase in Ti,AINb-based intermetallics are clarified. The
ordering behaviours of the O phase in TryAFzNb(y 225%, mole fraction) orthorhombic alloys are also investigated

with a Bragg- Williams model. In the temperature range where the O phases exist, the order parameters change with the

alloy composition and temperature continuously, and the first-order transition character is very “weak”.
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1 INTRODUCTION

The orthorhombic alloys are of great tech- nolog-
ical interest in high temperature applications since
they have a good balance among strength-to-density
ratio, ductility, fracture toughness and creep resistiv-
ity. The new alloy family based on TiAINb has re-

[1~ 5]

ceived considerable attention during the past

decade since Banerjee et al® identified the or
thorhombic O phase in 1988. The O phase is a com-
plex ternary ordering intermetallic phase and there
exists an order <isorder transition between 02 and
01 phase!”’. As we know, long-range ordering be-
haviour in alloy will increase the elastic modulus and
flow stress, and decrease the mobility of the atoms

[8] 5o it is essential to understand the

and creep rate
ordering behaviour of the O phase. However, the lit-
erature concerning the order <disorder transition of
the O phase is rare except a paper published by Mu-
raleedharan et all”' in Journal of Intermetallics in
1995. We noted some obvious mathematical deficien-
cy by examining the deducing procedure:

1) The original equation “P}'= 1.33C~ 0.33s
(B6)” should be “ PY’= 1.33C- 0.33s (B6)”;

2) The original equation “ © = N Zilnxi
(B11)” should be“ln o= N Dy;Inx; (B11)7;
EETETRp

(1= 1.33C+ 0.335)°
(1- 1.33C+ 0.67s)*

3) The original equation

* KTNInZ,

where 7 =

(1.33C+ 0.675)%,
(1.33C- 0.33s)>

contains some mathematical mis-

(T AS) _
83 T,C
(1- 1.33C-

takes. The correct form should be “

- 0.167 KTNInZ,

0.336)%(1.33C+ 0. 675) %,
0.67s)*(1.33C- 0.33s)>

In this paper, the site occupations of the alloying

where 7 =

elements and order <disorder transition of TryAkF
zNb(y >25) ( mole fraction, %) orthorhombic al-
loys are investigated. The relationship among the
long-range order parameter ( s), temperature ( T),
and the composition of the orthorhombic phase ( y,
z) is established so as to obtain a rational result.

2 SITE OCCUPATION AND THE ORDERING
BEHAVIOR OF O PHASE

2.1 Site occupation of alloying element

Banerjee et all®” identified the O phase is an
orthorhombic phase with Cmem symmetry. We con-
sider the three sublattices for O phase as a (8g), B
(4c2) and Y(4cl) (the multiplicity Wyckoff nota
tions are given in the brackets). Of the total number
of sites, 50% belongs to the a sublattices, 25% be-
longs to the B sublattices, and the rest 25% belongs
to V sublattices. Mozer et al'”! studied the site occu-
pations of the O phase based on the TiAINb stor
chiometry by neutron diffractometry ( ND) and the
results showed that Al atoms occupy all the Y sites.
In completely ordered 02 phase with TiAINb stoi
chiometry, the a sites contain only Ti atoms, the B
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sites contain only Nb atoms and the Y sites contain
only Al atoms. Fig. 1 shows the projection of the
completely ordered and completely disordered or
thorhombic lattices in [ 001] direction respectively.
And the structure report of the completely order 02
phase is showed in Table 1.

(a) (b)
4cl 4c2 4cl 4cl 42 4cl

4cl 4c2 4cl
0—Al o—Ti —Nb

Fig. 1 Projection of orthorhombic lattice with
TiAINb stoichiometry in [ 001] direction

(a) —Completely disordered O1 phase;
(b) —Completely ordered 02 phase

Table 1 Structure report of completely ordered
02 phase with TiAIND stoichiometry
(Orthorhombic, Cmem, a= 6.09 A b= 9.57 A
c= 4.67 A a= B= v= 90°)

Wyckoff  Point Co ordinates of equivalent position
m

Ato

notation symmetry x y z
0.231 - 0.0959 0.25
~0.231 -0.0959 0.25
~0.231  0.0959 0.75
0.231  0.0959 0.75
Ti a(8g) m 0.731  0.4041  0.25
0.269 0.4041  0.25
0.731  0.5959  0.75
0.269 0.5959  0.75
0 0.1633  0.25
0 -0.1633 0.75
Al ¥(4cl)  mm 0.5 0.6633  0.25
0.5 0.3367 0.75
0 —0.3643 0.25
0 0.3643  0.75
Nb  B(4c2)  mm 0.5 0.1357  0.25
0.5 0. 86473 0.75

For the nonstoichiometric O phase with Al con-
tent higher than 25%, Al atoms not only occupy all
the Y sites, but also occupy some of the a and B
sites. From the atom location channeling enhanced
microanalysis (ALCHEMI) results of T+27. 5AFzNb
(z= 17.5~ 25) orthorhombic alloys by Muraleed
haran et all”’, the Al atoms which are in excess of
stoichiometry will occupy some of the a and B sites
with equal probability. For the nonstoichiometric 02
phase which Al content is less than 25%, some of the
Tiand Nb atoms will occupy the rest ¥ sites, but the
detail is very complicated. In completely disordered
O 1 phase, the Al atoms occupy their sites regularly,
while the Ti and Nb atoms will occupy the a, B and
the rest Y sites randomly. For the convenience of un-

derstanding, we only investigated the ordering behav-
iors of the TryAFzNb (y 225) orthorhombic alloy
and did not consider the case of y< 25 in the present
study.

2.2 Ordering behaviour of orthorhombic phase
Considering the site occupations of the alloying
elements, we have
P+ PP+ PY'= 1, PE+ PR+ PY=1 (1)
where P1"8"* is the probability of finding Ti, Nb or
Al atoms at the aor Bsites. Because Al atoms occupy
their sites regularly, we have

Pil= pi! (2)
From Eqns. (1) and (2), we get

P-Ph= PR-p{ (3)
So we define an order parameter, s, as

s= Py~ Pi= PR>-PY (4)

Since Bragg and Williams first produced a rigor-
ous theory of order <eisorder transitions, the theory
has been improved. The Bragg-Williams theory is
based on the model which involves the following as-
sumptions: 1) the atoms are at rest on the lattice
sites; 2) only the first nearest neighbor interactions
are taken into account.

For convenience of analysis, we suppose the total
number of atoms is 100, so the numbers of the a
sites, B sites and ¥ sites are 50, 25 and 25, respec
tively.

According to the ALCHEMT results'”, the Al
atoms in excess of the stoichiometry will occupy the a
and B sites with equal probability, therefore we have

PY'= P¥= (y-25)175 (5)
The mass balance equation of Ti atoms is
50P 4+ 25PhF= 100- y- z (6)
Similarly for Nb atoms:

50PNP+ 25PKP= - (7)
From Eqns. (4), (6) and (5), we get

Phi= (100- y— z+ 25s5)/75 (8
Ph= (100- y- z- 50s)/75 (9

PY= (z- 255)/75 (10

PY'= (z+ 50s)/75 (11

For a certain temperature and composition, we
now consider the stability of the thermodynamics
when O phase order from the completely disordered
01 phase (s= 0) to a certain ordering state. The
change of total Gibbs energy is

AG= AH - T AS (12)

When the order <disorder transition reach its
phase equilibrium, the total Gibbs energy change
must present an extremum, so

| GIONAT I | AnH)
Os Os g,
0
S

oy, z

=0  (13)

T,y,z2
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So when the AH and AS are described with s,
T, y and z, we can get a relationship among the s,
T, y and z according to Eqn. ( 13).

AH corresponds to the interatomic bonds. From
the structure report of the completely ordered 02
phase, we know that each a site has 4a, 4B and 4 v
first nearest neighbours. Similarly B site has 8a and
4 Y first nearest neighbours, and Y site has 8a and
4 Bfirst nearest neighbours. So we can get that the to-
tal number of Ti—Nb bonds among the first nearest
neighbour sites is

Nri—xp= 200 PEPYY+ PUPE+ PYPE) (14)

Similarly the total number of Ti—Al bonds a
mong the first nearest neighbour sites is

Nri—ai= 200( Py P+ Py P+ PYPH+

P+ 100PF (15)

And the total number of Nb —Al bonds among
the first nearest neighbour sites is

Nxp—ai= 200( PR PY'+ PR PY+ PR PR+

P+ 100PR (16)

When O phase order from the completely disor
dered O1 phase (s= 0) to a certain ordering state,
the change of the number of Ti—Nb, Ti—Al and
Nb —Al bonds is

aN=nNl-nNl_, (17)

So we get that

AN 1i—xp= 66. 675>, AN 1i—p1= 0,

AN Np—a1= 0 (18)

The change of the total interatomic bonds is

AH = AN ti—Np(= Vrenp) + AN 1i—a1®

(= Vrea)+ ANNp—a1( = Vian)

= ANT1i—np*(— Vrinn) (19)
Hay 2+ Hy 3
V=Ha—p- 5 (20)

where V is the A-B interchange energy, and H , —,
H s — and H g —p are the energies of A —B, A —A and
B —B bonds, respectively. According to Faraks et
all' by embedded atom method (EAM), the values
of H1i—np, H ri—ri and H np, —np are 6. 215 e€V/ atom,
4. 850 eV/atom and 7. 470 eV/atom, respectively.
So we get, Vrinp= 0.055 €V/atom.

Q(_Ab'_)_l = — 133.34s* Vrinp, (21)

M

On the other hand, the change of configuration
entropy in the system is

AS: Sls_ Sl.s‘:() (22)

S=- K D2N:* P+ InP (23)

So we get

T [, (00
3s T 16. 667K | In (100—

v—z+4 25s) (z+ 50s)
y— z— 50s)(z- 255s)

(24)

From Eqn. (13), we obtain a relationship among

the long-range order parameter ( s),
(T), and the composition of the orthorhombic phase

(v, z)
T:

temperature

8s Vi
(100-y— z+ 25s) (z+ 50s)
(100- y— z- 50s) (z- 25s)
Since the Boltzmann constant K is 8. 6194 x 10°
eV/(atom*K), we have V/ K = 638. 1K. Therefore
5104, 8s

(25)

Kln

I'= | l (100 y— -+ 250 (z+ 500)] (20
M (100- y— z- 50s) (z - 25s)
Hence, when the compositions of the or

thorhombic alloy are given, we obtain the value of the
order parameter s at different temperature T by solv-
ing Eqn. (26) numerically.

2.3 Results and discussion

Fig. 2 is Bragg-Williams plot of the order param-
eter of the 02 phase based on Tr25AF25Nb. The
experimental data from Mozer et al by ND is superim-
posed. Fig.3 is Bragg-Williams plot of the order pa-
rameter of the O2 phase based on Tr27. SAF25Nb.
The experimental data from Muraleedharan et al by
ALCHEMI are superimposed and can be seen to be
very dispersive. Fig. 4 is Bragg-Williams plot of the
order parameter of the 02 phase based on Tr
25AFzNb.
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Fig. 2 Bragg Williams plot of order parameter
of 02 phase based on Tr25AF25Nb with

experimental data superimposed

The above plots show that in the temperature
range where the O phases exists, the order parame-
ters change with the alloy composition and tempera
ture continuously, and the first-order transition char
acter is very “weak” on the curve of order parameter
(s) vs temperature ( T') of which the order parameter
changes with the temperature abruptly at T .( order —
disorder transition temperature). The comparison of
the order parameters from present theoretical predic
tion and available experimental data illustrates the
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Fig. 3 Bragg-Williams plot of order parameter
of 02 phase based on Tr27. 5AF25Nb with

experimental data superimposed
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Fig. 4 Bragg Williams plot of order parameter
of 02 phase based on Tr25AFzNb

kinetic difficulty in attaining its equilibrium order in
the O phase at lower temperatures.

3 CONCLUSION

In the temperature range where the O phase ex-
ists, the order parameters change with the alloy com-

position and temperature continuously, and the first-
order transition character is very “weak”.
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