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Abstract: The morphology of discontinuous coarsening in Ti48AF2Cr( mole fraclion, %) was investigaled. Three

Lypes of morphology were observed in TiAl specimens heal- Lrealed al Lemperalures ranging {rom 950 C 10 1250 C. Type

[ has straight coarsened secondary lamellae nearly parallel Lo the colony boundary, and it forms along the colony bound

aries nearly normal Lo the primary lamellae. Type 11 has straight coarsened secondary lamellae nearly normal to the colony

boundary. Type Illconsists of curved secondary lamellae that have no distincl orientation with the colony boundary and

the primary lamellae. Al the same Lime, the effect of Lemperature and the orientation belween Lthe lamellae and the colony

boundaries on the morphology was analyzed.
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1 INTRODUCTION

The fully lamellar TiAl based alloy has been
known to be one of the most promising candidates for
high temperature structural applications for its high

iy

fracture toughness and creep resistance It shows

limited room temperature ductility, but some im-
proved room temperature ductility has been obtained
by lamellar colony refinement through thermome-
chanical treatments and alloying'>™ *!. Because of the
low energy semicoherent ( 0001) @ / {111}y inter
faces in the lamellar structure, the thermal stability of
But the edges of a

and Y plates near lamellar colony boundaries may

the lamellae is basically good''.

cause the discontinuous coarsening of the TiAl based
alloy'®1

So the high temperature properties may be de-
creased by the thermal microstructure instability.
Numerous experimental studies were focused on the
discontinuous coarsening in the TiAl based alloy, but
most of the studies were dedicated to the kinetic and
driving force of the discontinuous coarsening process.
Although the major driving force for the discontinu-
ous coarsening reaction is considered to be the reduc
tion of the surface free energy'’', the residual chemi-
cal free energy'® and the elastic stain energy in the
surface layer'*! may also be the contributing factors.
However a limited number of investigates were con-
cerned with the morphology of the discontinuously
coarsened lamellae' '

In the present study, the morphology of the dis-
continuously coarsened lamellae was studied. At the
same time, the effect of temperature and the orienta
tion between the lamellae and the colony boundaries
on the morphology was analyzed.

2 EXPERIMENTAL

The alloys used were Tr48AF2Cr ( mole frac
tion, %), which were prepared by consumable elec-
trode arc melting under argon atmosphere by using
high purity Ti(99. 9%) and AI(99.99% ). The in-
gots were remelted for three times to get homogenous
composition. The ingots were cut into specimens of
ISmm X I5mm X 15mm. Heat-treatments were con-
ducted at 850 C, 950 C, 1050 C, 1 150 C and
1250 Cfor 1 h, 10h and 60 h respectively followed
by air cooling to room temperature. Nephot- Il opti-
cal microscope was used to observe microstructures.

The etchant used was 1.5 HF and 2. SHNO3( both in

volume fraction, %) in distilled water.

3 RESULTS

The ascast Tr48AF2Cr alloy consists of fully
lamellar colonies and the colony size was about 800
Hm. When the specimens were heat-treated at
850 C, the microstructures did not change. Heat-
treatment at 950 'C for 1 h also did not change the
microstructures significantly. Heat-treating at 950 'C
for 10h resulted in the discontinuous coarsening along
the lamellar colony boundaries. Fig. 1 shows the mor-
phology of this type of discontinuous coarsening
w hose reaction takes place in the places that the pri-
mary lamellae on each side of the colony boundary are
normal or nearly normal to the colony boundary, and
it has coarse straight secondary lamellae that are par
allel or nearly parallel to the colony boundary. This
type of discontinuous coarsening is named as type | .
Extending the heat-treating time resulted in the ex-
pansion of the area of this type of discontinuous coars-
ening.
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Fig. 1 Optical microstructures of TiAl
heat-treated at 950 C for 10h

Fig. 2 shows the microstructures of the specr
mens heat-treated at 1050 C. Compared with Fig. 1,
Fig. 2 shows more significant discontinuous coarsen-
ing and the morphology changes. As seen in Fig. 2
(a), besides type I discontinuous coarsening in zone
A, in zone B there is another type of discontinuous
coarsening with coarsened straight secondary lamellae
that are nearly normal to colony boundary, and
formed in the zones that the primary lamellae on one
side of the colony boundary are normal to the colony
boundary while those on the other side of the colony
boundary are nearly parallel to the colony boundary.
This type of discontinuous coarsening was named as
type Il. From Fig.2(b), it is also found that type
I discontinuous coarsening develops faster than type
I does. Fig. 3 shows the microstructures of the spec-
imens heat-treated at 1 150 C. As seen in Fig. 3,
there is type Il discontinuous coarsening coexisting
with type [ and type Il discontinuous coarsening in
the specimens. This type of discontinuous coarsening
consists of curved secondary lamellae that have no dis-
tinct orientation with the colony boundary and the
primary lamellae on each side of the boundary. At the

same time, the spacing of the secondary lamellar of
type Illis far thicker than that of type | and type
II. With extending heat treating time, type | and
type Ul discontinuous coarsening develop faster, but
type- Il grows slower.

Heat-treating at 1250 C for 1 h resulted in the
significant discontinuous coarsening. Fig. 4(a) shows
optical microstructures of the alloys that were heat-
treated at 1250 C for 10h. As seen from this figure,
most of the discontinuous coarsening is type Il And
there is only a little type- [ and no type Il. Extend-
ing heat-treating time resulted in fast growth of the
discontinuous coarsening, but type Il developed
faster than type [ (Fig.4(b)). From Fig. 4(b), it
is also found that most of the discontinuous coarsening
develop along the colony boundaries.

4 DISCUSSION

Three types of morphology of the discontinuous
coarsening in the TiAl based alloy are schematically
drawn in Fig. 5. When the specimens were heat
treated at 950 C, only type | discontinuous coars-
ening was observed; but when heat-treated at higher
temperatures, most of the discontinuous coarsening
were type [l and there was a little type [ . It was
difficult for type- Il discontinuous coarsening to form,
however when the specimens were heat-treated at
1050 C and 1150 C, this type of discontinuous
coarsening still could be observed.

Now let us, through analyzing the formation
condition of the discontinuous coarsening, discuss
three types of discontinuous coarsening in terms of
their dependence on the temperature and the orienta
tion relationship between the lamellae and the colony
boundaries. In general, the free energy terms that
give rise to the driving force for the discontinuous
coarsening process can be stated as

AF= AF+ AF 4+ AFg+ AF, (1

where

Fig. 2 Optical microstructures of TiAl heat-treated at 1050 C for (a) 10h and (b) 60h
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Fig. 3 Optical microstructures of TiAl
heat-treated at 1150 C for 10h

chemical free energy, AFg is the strain free energy
and AF, is the phase transformation free energy. De
pending on the system and the experimental condi-
tions, all of these energy terms may be operative.
The strain free energy exists on the surface layer of
the specimens, so it exerts little influence on the dis-

. . 9
contlnuous (:oarqemng process[ I If a and Y are stor

chiometric compounds, the chemical free energy may
be neglected. When the specimens are heat-treated at
temperatures under 7., there is no effect of the phase
transformation energy on the discontinuous coarsening
reaction, so the surface energy could be the principal
influence on the discontinuous coarsening process.

When only the surface free energy term is con-
sidered, the force exerted on the colony boundary by
the lamellae can be given as

F=2vsint/ A (2)
where Y is the interface free energy, 0 is the angle
between the lamellae and the colony boundary and A
is the spacing of the lamellae. The orientation of the
force is along the lamellae. Fig. 6 shows the schemat-
ic draw ing of the force whose normal component is

Fy= 2vsin? 0/ A (3)
The parallel component of the force is
Fp= 2 ¥sinOcos®/ A= ¥sin20/ A (4)

Fy is the driving force of the colony boundary migra-
tion and Fp causes the colony boundary to be elasti-
cally deformed. When Fy is larger than the limiting

value for the formation of the discontinuous coarsen-
ing’ [ FN]a
may take place.

the discontinuous coarsening reaction
From the formation condition of
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Fig. 5 Schematic drawing of three types of discontinuous coarsening morphology
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the discontinuous coarsening discussed above, we can
discover that increasing the interface {ree energy and
the angle between the primary lamellae and the colony
boundary and decreasing the spacing of the primary
lamellae may be beneficial to the formation of the dis-
continuous coarsening. Because all the specimens
were cooled i air, the spacing of the primary lamel-
lae can be thought as constant. The effect of the
spacing on the discontinuous coarsening may be ne-
glected. Increasing heat-treatment temperature leads
to the increase of the interface free energy, so it bene-
fits to the formation of the discontinuous coarsening.
When the primary lamellae is normal or nearly normal
to the colony boundary and the secondary lamellae are
parallel or nearly parallel to the colony boundary, it is
easy for the colony boundary to migrate.

az Y
Fr )
Fy

A
Fp

Fig. 6 Schematic drawing of force acting on
grain boundary

When the specimens are heat-treated at 850 C,
owing to the low interface free energy, it is impossi-
ble for the colony boundary to migrate even when the
primary lamellae are normal to the colony boundary.
When the specimens are heat-treated at 950 C, the
larger interface free energy can result in the colony
boundary migrating in the zones that the primary
lamellae are normal to the colony boundary, but the
coarsened secondary lamellae are parallel to the colony
boundary. When the specimens are heat-treated at
1050 C, it is easy for the colony boundary to migrate
and the coarsened secondary lamellae may be not par
allel to the colony boundary. But it is easier for the
secondary lamellae that are parallel to the colony
boundary to develop. When the specimens are heat
treated at 1150 C and 1250 C, besides the interface
free energy, the phase transformation free energy
may exert great influence on the discontinuous coars
ening process. Under the common roles of the surface
free energy and the phase transformation free energy,
the discontinuous coarsening may be easy to take
place and the discontinuous coarsening process may
develop very fast. T herefore, the coarsened secondary
lamellae of type Ill discontinuous coarsening are far
thicker than that of type I and type Il. When the
colony boundary is curved, the forces exerted on the
colony boundary by the lamellae may be different in

different places because the angle between the lamel-
lae and the colony boundary is different in different
places. The difference including magnitude and orien-
tation may cause the colony boundary to deflect. T he
phase interface of the coarsened secondary lamellae
may deflect with the deflecting of the colony bound-
aries because the discontinuous coarsening lamellae are
beneficial to form along the orientation that is parallel
to the colony boundaries thus.

5 CONCLUSIONS

1} Three types of morphology of discontinuous
coarsening were observed in TiAl. Type | has
straight coarsened secondary lamellae that are nearly
parallel to the colony boundary. Type Il has straight
coarsened secondary lamellae that are nearly normal to

the colony boundary. Type Ill consists of curved
lamellae that have no distinct orientation with the
colony boundary and the primary lamellae.

2) The discontinuous coarsening reaction Is easy
to take place in the places that the primary lamellae
are normal to the colony boundary.

3} Increasing temperature promotes the discon-

tinuous coarsening process.
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