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PHASE TRANSITIONS IN THE ORDERED COMPOUND TiAl AND IN
ALLOYS HAVING IT AS A BASE

I.A. Zelenkov and E.N. Martynchuk
Kiev Institute of Civil Aviation Engineers, Kiev

The properties of the ordered intermetallic phase of TiAl were

By
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studied in [1, 2!. An effort was made in [ 3] to suppress the ordering
process by alloying. The effect of neutron bombardment on tne "order-

disorder" transitions in the compourd TiAl was studied in [4]. As a
result of these studies, 1t was concluded thot the compound TiAl does
not undergo any transformations, right up to the melting temperature,
and that there 1s little likelihood of significant ordering as a re-

sult of alloying and irradiation.

In this article, the combined effect of alloying und heat treat-
ment on the "order-disorder" transition in the compound TiAl of
stoichiometric composition, as well as 1in alloys in which niobium was
introduced 1nstead of titanium or aluminum atoms was studied. The

composition of the alloys 1s presented in the Table,.

a b C  Coctem cnaam.
-
::'.-’ Casee T.?'.- .&h., MI--”...:
"% at %y e,

' TiAl 50 — )

2 (49T 4 INb) Al 49 | )

3 | (48Ti2ND) Al 4 2 0

4 (45Ti5NB) A) 45 5 W

5 (40T 1OND) Al 40 10 1l

6 T1 (IND4SAD) 50 ] )

7 | Ti2ND4SAL 50 » 0

] T: (WINDASALD 50 5 4

9 T1/10ND4OAL) 50 10 40

Key: a. Alloy No. d. Titanium, atom %
b. Alloy e. Niobium, atom %

c. Alloy composition f. Aluminum, atom %

*Numbers 1n the margin 1ndicate pagination 1n the foreign text.
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The initial materials for preparation of the alloys were titanium
iodide, ABOOC aluminum and 99.8% pure niobium. The alloys were melted
in a vacuum arc furnace in an argon atmosphere. Annealing was carried
out in vacuum at 1100°C for 50 hours and cooling, at a rate of 2.5
degree/min. Thermal expansion was studied in a Shevenar system
dilatometer, Structural studies were conducted in a URS~501 dif- L}gg
fractometer in copper radiation. The lattice parameters were calculated
by the least squares method. Internal friction was measured in aon im=
proved VIMD-2 installation [57.
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Fig. 1. Temperature vs., thermal expansion co-
efficient of compound TiAl: 1. hardened from
1200°C; 2. annealed at 1100°C for 50 hours; 3.
hardened from 1300°C.

Fig. 1=4 show the temperature dependence of the thermal expansion
coefficient (KTR) of the annealed and hardened TiAl alloys (Ti, Nb)Al
and Ti(Nb, Al).

Study of the thermal expansion of the compound TiAl, as well as
alloys of the types (Ti, Nb)Al and Ti(Nb, Al) revealed a common regularity,
regardless of the type of alloy and niobium content. During heating,
uniform expansion takes place initially and, then, in the 400-500°C

temperature range, the thermal expansion coefficient decreases sharply.

Comparison of the anomalous effects at 400-550°C for the TiAl alloys
Ti(Nb, Al) and (Ti, Nb)Al with varied niobium content and different pre-
liminary heat treatment shows that the minimum effect appears in the
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compound TiAl. As a result of

Sqhe~

subsequent hardening from temper-
atures of 1000-1300°C, on the

1=f(t°) curves (see Fig. 1), a

tendency 1s observed towards some

increase in the effect. The intro-
duction of niobium into the com-
pound TiAl has a similar effect.

The higher the niobium content,

the more distinctly expressed is
’ - g A

A
S 300 500 790 290 1.T the effect for the annealed alloys

(see Fig. 2, 4 curve 3).

Fig. 2. Temperature vs. thermal

expansion coefficient: 1. harden-

ed from 1200°C; 2. hardened from The hardess of the annealed
1300°C; 3. from 1100°C for 50 hours;
7. (40 atom % Ti, 10 aotom % Nb)Al; )
b. (45 atom % Ti, 5 atom % Nb)Al. temperature shows that, in the

alloys of the (Ti, Nb)Al type vs.
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Fig. 3. Temperature vs. thermal expansion coefficient of
"Ti(1l atom % Nb, 49 atom % Al)|: 1. annealed at 1100°C for
50 hours; 2. hardened from 1100°C; 3. hardened from 1200°C;
4., hardened from 1300°C.

temperature interval in which a sharp change of the thermal expansion
coefficient is observed on the dilatometer curves, the hardness of the

alloys increases (Fig. 5).
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. 4. Temperature vs. thermal expansion coefficient of

10 atom % Nb, 40 atom % Al): 1. hardened from 1300°C;

. hardened from 1100°C; 3. annealed at 1100°C for 50 hours;
4. hardened from 1200°9C.
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The temperature dependence of i1internal friction and elasticity
modulus of the annealed alloys No. 6 and 8 (see table) 1s presented

in Fig. 6.

Studies of temperature vs. electrical resistance show that, 1n the
400-500°C 1nterval, some increase of resistance 1s observed, both i1n the

annealed and in the hardened alloys (Fig. 7).

Thus, 1t can be concluded that the anomalous behavior of the

coefficient of thermal expansion, hardness, i1nternal friction, modulus

= 5 O
of elasticity and vlectrical resistance, which appear in the 400-550°

range, 1ndicates that, ot some tempercture (T ), a TiAll T1AlIl transi-

cr

tion occurs in the compound TiAl and alloys having 1t as a base,

The X-ray phase analysis method we used did not bring out any




differences in the diffraction
pattern of specimens annealed and
hardened from T\Tcr. In both cases,
a Llo type superstructure was ob-
served. On thermograms of the
compound T1Al and alloys having it
as a base, there are no effects
connected with the absorption or
the release of heat at T=Tcr'
The lack of a thermal effect,

the abrupt change of the linear ex-

g pansion coefficient in the phase

L

A 4 A
op o : .
w. J0 so0 ™8 L transition interval and the im-

ossibllity of supercocling the high
Fig. 5. Temperature vs. hardness: P 4 P g g

1. TiAl; 2. (48 atom % Ti, 2 atom temperature | 111 phase in the
% Nb)Al; 3. (40 atom % Ti, 10 atom
% Nb)Al; 4. (45 atom % Ti, 5 atom
% Nb)Al. phase permit the TiAlI-+TiAlll transi-

region of existence of the TiAll
tion to be classified as o phase transition of the second kind 6 .

Hardening of the alloys from T*Tcr, in all cases, leads to an 1n-
creaose of the effect, compaored with the anneacled state (see F1g. 1-4)
and, for alloys No. 6-9 (see table) hardening from T=1300°C leads to a
decrease of the transition onset temperature to AOOOC (see Fig. 3 curve
4, Fig. 4 curve 1). In the T1i alloy (40 atom % Al, 10 atom % Nb), a
decrease of the transition onset temperature 1s observed after hardenang

from T=12000p.

A similar decrease of the onset temperature of the transition
TiAll TiAlll is connected with the fact that hardening takes place from
Q temperature above the "order-disorader" transition temperature, 1.e.,

from the partially disordered state.

The replacement of titanium or aluminum atoms 1in the compound T1Al

of equiatomic composition by nioblum atoms leads to an 1ncrease 1in the
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Fig. 6. Temperature vs. 1nterncl friction and square of
frequency for annealed alloys: 1., 1'. Ti(l atom % Nb,
46 atom % Al); 2, 2'. Ti(5 atom % Nb, 45 atom % Al).

Key: a. (f, Hz) 10

effect on the =f(t ), H=f(t ) curves.
The phase trcnsition onset temperature 1n this case 1s shifted
toward higher temperatures (for TiAl, 450° C, for alloys with 10

atom % Nb, DOOOC).

X-ray phase analysis of the "order-disorder" transition 1in the
compound T1Al and alloys having 1t as a base shows that the i1ntroduction
of niobium i1nto TiAl and an 1ncrease of 1ts content to 10 atom % leads
to partial concentration dJisorder (in this case, the alloy remaoins single
phase) : the degree of tetragonality changes from 0.989 for 50 atom % T1i,
50 atom % Al to 0.994 for the alloy (40 atom % Ti, 10 atom % Nb)Al. In

this case, just as for the alloy CuAu 6 , upon approaching the "order-

disorder" transition point, parameter a of the tetragonal lattice decreagses




while parameter ¢ increases.

’g The sharp increase of the thermal
y
09

', expansion coefficient of hardened
I ] alloys in the 650-800°C region (see
' //' Fig. 1-4) 1s connected with ordering
17! ’// of the partially disordered alloys.
‘.,""’:::::::/l//"f An 1ncrease in niobium content leads
l!' ¢”/::ff—‘ to an increase in the effect and a
=" //

decrease in the "order-disorder"

‘4)6/ transition temperature i1n Ti(Nb, Al).
type alloys.
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A comparison of the results of

Fig. 7. Temperature vs. study of the ordering process in
electrical resistance of alloys
hardened from 1000°C: 1. TiAl;
2. (49 atorn % Ti, 1 atom % Nb)Al; types ~eveals a stronger effect of
3. (48 atom % Ti, 2 atom % Nb)Al;
4. (45 atom % Ti, 5 atom % Nb(Al;
5. (40 atom % Ti,10 atom % Nb)Al. transition, in the case of substitu-

alloys of the (Ti, Nb)AlL and Ti(Nb, Al)
Nniobium in the "order-disorder"

tion of aluminum atoms by niobium. While, in (Ti, Nb)Al type alloys,
disordering begins in the 1200-1300°C interval (Fig. 2, curve 1), in

which an 1ncrease of niobium content from 1 atom % to 10 atom % does not
significantly affect disordering, in Ti(Nb, Al) type alloys, the introduc-
tion of even 1 atom % Nb leads to a decrease of the disordering onset
temperature to 1150°C and, in the Ti(10 atom % Nb, 40 atom % Al) alloy,

disordering begins at 1980°C.

This effect of niobium may be associated with the dimensional factor
(radius of the titanium 1on 1s 0.64 A, niobium 0.78 A, aluminum 0.57 A),

according to the data of 7 .

The decrease 1n “order-disorder" transition temperature i1in Ti(Nb, Al)
type alloys with increase 1n niobium content 1ndicates that, as follows

from 6 , the niobium atoms occupy the place of aluminum atoms 1in the

| tice nd energil . and., are close to each other,
dattice o 91¢s 15, No Al, Nb

~
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Conclusions

1. A phase transition is observed in the compound TiAl of equiatomic

composition, in the 450-550°C interval.

2. Hardening from T\T*r does not fix the high temperature phase, and
1t does not change the nature of the x:f(to), H=f(+°) curves, but an
increase of the hardering temperature and the introduction of niobium

into the compound T1iAl lead to some increase 1n the effect,

3. The introduction of niobium 1in place of titanium or aluminum
atoms 1in the ordered compound TiAl of stoichiometric composition leads to
partial disordering. A stronger effect of the niobium atoms on disorder-

ing of the clloys was found, in the event niobium was introduced in place

of aluminum atoms.
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