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Abstract : By vacuum arc melting , lanthanum ( La) was added in the range from 0.05 % to 0.3 % ( mole
fraction) to binary Ti-44 % Al alloy to refine its fully lamellar ( FL) colonies for high ductility . Effects of La on

structures and grain sizes of the alloy were determined. It was observed that La greatly promoted growth of

columnar grains in as-cast structures of the ingots and reduced their diameters. The ingots were subsequently

heat treated to obtain well- defined fully lamellar structures . The material without La displayed large average

size of equiaxed lamellar colonies over 1 400 pm ( resulted from five measure ment positions in a sample) , and

the material with 0.1 % addition of La consisted of the finest average lamellar colonies as 381 pm, the finest

grain size was 337 pm at top position. When La addition was over 0.1 % , La stabilized the columnar structure

and it was difficult to refine the columnar grains in heat treatment , therefore , grains were coarser.
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1 INTRODUCTION

TiAl based intermetallic alloys have been
expected as a new kind of aircraft and aerospace
material to substitute for Ni; Al and Fe; Al alloys
owing to their high toughness at elevated te m-

IOA great number

perature and low density[1
of results from other researchers show that mi-
crostructure is the major factor affecting mechan-
ical properties of the a110y[4~10] . It is stated that
fine FL structure grains perform an outstanding
balance between fracture toughness and creep re-
sistance at elevated te mperature and ductility and
strength at room te mperature. In recent years,
an untired effort to refine the FL structure grains
has being carried out. For example, the colony
sizes after isothermal forging would still be at
least 500 ~1 000 pm!”) and the colony sizes after
reciprocating hot- mechanical process were as fine
as 20 ~ 30L1m[11 I The alloying process to refine
FL structure colonies for improving ductility at
room te mperature was recently another main re-

(12~

search topic . 4] The grain sizes were reduced

to 100 um by adding 0.8 % boron into the al-
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10y[15].

Rare earth elements ( RE) have been used
for many years to purify and refine the mi-
crostructures of such materials as steels, cast
irons, aluminium alloys, titanium alloys and
magnesium a110ys[1(”17]

earth element, Er, could change the behavior of
[18]

. It is reported that rare
solidification of TiAl alloy and La could im-
prove the ductility of TiAl alloy at room te mper-

ature[ 197 .

However, the use of REs in refining
TiAl based alloys and their effects on mechanical
properties have not been seriously investigated .
In the present study RE element La was added
to Ti-44 %Al alloys to refine the lamellar colonies
in the fully lamellar structured materials. The
effects of La on the macroand micro structures
and the grain sizes in casting ingots of the alloys

are presented here .

2 EXPERI MENTAL MATERIALS AND
PROCEDURES

2.1 Preparation of samples
The raw materials of pure titanium, alu-
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minum and lanthanum total weighted to 30 g
were melt in a vacuum arc melting furnace and
cast into an ingot with 23 mm in length, 19 mm
in width and 19 mm in height. The purities of
the metals used were as follows : 99 .9 % for Ti,
99.99 % for Al, and 99.5 % for La. The
amounts of La addition were 0.05%, 0.1 %,
0.2%,and 0.3 % . The results of che mical anal-
ysis for Tr44 AF0 .2La alloy were 56 .41 % for
Ti, 43.40 % for Al and 0.19 % for La; and
those for Tr44 Al-0 .3 La alloy were 56 .29 % for
Ti, 43 .43 % for Al and 0 .28 % for La, which
indicated that actual compositions were fairly
close to the nominal ones .

The ingots were cut in the middle along the
height and length directions . Half of the ingot
cross section examined and the five locations
where samples were taken for grain size mea-
sure ments are shown in Fig .l .

Samples of cast ingots were wrapped with
Ta foil and sealed in quartz tubes filled with Ar
for heat treatment. The sealed samples were
heated and kept at 1350 C in the single a region
for 1 h to cause the recrystallization of a grains .
This was followed by a controlled furnace cooling
at 6 C/ min to1 000 ‘Cand then at 1 .85 'C/ min
to room te mperature .

Height

Centre [0 ©
Middle

———

Length

Bottom

Fig.1 Sketch of positions checked in
length-height section

2 .2 Processes of observations of structures and
measurements of grain sizes
Samples from different locations were pre-
pared for examination of both macro and micro
structures . The standard procedures of metallog-
raphy were followed in polishing samples. The
macrostructures were taken by a normal camera

and the microstructures were observed by optical
microscopy. The oxides and aluminides of La
were observed by scanning electron microscopy
(SEM) and their compositions were analyzed by
electron spectrometer and pulsed NMR spec
trometer. The lamellar colony sizes were mea-
sured using the circular intercept procedures as
described in AST M standard E112-95 .

3 EXPERI MENTAL RESULTS

3.1 Effects of La on structure of TiAl alloy
3.1 .1 Effects of La on as-cast structure

Effect of La on as-cast macrostructure of the
alloy is shown in Fig.2. A surface thin layer of
fine, equiaxed grains was observed under mi-
croscopy in all three materials. The columnar
grains can be seen to grow from the surface layer
to the center in the opposite direction of heat
flow, and the size of the columnar zone in the
vertical direction is as small as 2 mm in the bina-
ry alloy ( without La) and the sizes in the alloys
with 0 .05 % and 0.3 % La are about 7 mm and
10 mm, respectively . It is seen from Fig.2 that
La has refined the equiaxed colonies in the center
of the ingots .

Effects of La on microstructure of the ingots
are shown in Fig. 3. The diameters of the
columnar grains were reduced from 150 ~200 pm
in the material without La to about 50 pm in the
material with 0.3 % La. So, it is known that La
not only promotes the growth length but also re-
duces the diameters of the columnar grains. The
grains in the top of the ingot are equiaxed lamel-
lar colonies .

3.1.2 Effects of La on structure after being
heat treated

The macrostructures of the binary alloy and
the alloys with La additions after the heat treat-
ment are shown in Fig .4, from which it is quite
obvious that the columnar colonies were disap-
peared and equiaxed grain structures were ob-
served in the binary alloy and the alloys with La
additions: coarse in the binary alloy and much
refined in the alloys with La. For the alloy with
0.1 % La, the finest and most uniform grains
were observed. While addition amount was over
0.1 %, La enhanced the stabilization of the
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Fig.2 Effects of La on macrostructure of cast ingots
(a) —No La; (b) —0.05 % La;(c) —0.3 % La

‘ 110 ean

Eg .3 Effects of La on microstructure of casting ingots
(a) —No La, bottom; (b) —0.3 % La, bottom; (c) —0.05 % La, top

colu mnar colonies after heat treat ment and some
re miniscence of the columnar grains could still be
seen near the bottom of the ingots. On the other
hand, the grain sizes of ingot with 0.05% La
were refined greatly compared with the binary
alloy but were coarser than those of the alloy
with 0.1 %La. These mean that 0.1 % of La is
the proper addition for refining grain sizes in this
experiment condition .

Fig .5 shows the microstructures at the bot-

tom of the ingots after being heat treated. The
fully lamellar structure was seen in the ingot
with 0.05 % La from Fig.5(a) , the columnar
colonies had been broken to lumps in the ingot
with 0.2 % La from Fig.5(b), and in decom-
posed fine columnar grains which were half tone ,
were observed in the ingot with 0.3 % La from
Fig .5(c) . It is concluded that La had drastically
stabilized the columnar grains in heat treat ment
processing .
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Fig .4 Effects of La on macrostructure of ingots after being heat treated
(a) —No La;(b) —0.05 % La;(c) —0.1 % La;(d) —0.2% La;(e) —0.3 % La

3.2  Appearances and distributions of oxides
and aluminides of La

Amounts of oxides and aluminides of La
were raised as La additions increased. From
Fig .6(a) , very fine oxides were seen to appear
in the matrix in the ingot with 0.1 % La and
some La aluminides lay along the heat treat ment
boundaries to be seen in Fig .6 (b) as La addition
was 0.3 % . Fig.6(c) shows the appearance of
coexistence of an oxide and an aluminide .

Compositions of the oxides and aluminides

analyzed are listed in Table 1 , from which it is
deduced that La oxides are LaO, and La, O; , and
La aluminides are La, Al; and LaAlj; .

The characteristics of appearances and dis-
tributions of the oxides and the aluminides show
that oxides of La formed in liquid and at the pe-
riod of solidification of the alloys and aluminides
of La formed as the temperature was dropped
down during heat treatment. La atoms over sat-
urated in grains diffused toward boundaries or
oxides in the grain and reacted with aluminum
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Fig.5 Effects of La on microstructures of ingots after being heat treated at bottom
(a) —0.05 % La;(b) —0.2% La;(c) —0.3% La

Fig.6 Appearances and distributions of oxides and aluminides
(a) —Oxides in matrix, 0.1 % La; (b) —Aluminide in a boundary, 0.3 % La;
(c¢) —Coexistence of oxide and aluminide, 0.3 % La

Table 1 Results of compositions analysis of
La oxides and aluminides ( mole fraction, %)
Sample Ti Al (6] La Phase
Tir44AF0.1La 4.78 0.62 57.62 36.98 Oxide
Ti44 A0 .3 La 0.28 56.87 42.85 Oxide
Ti44 A0 .3 La 4.61 73.60 21.79 Oxide
Ti44 A0 .3 La 62.13 37 .87 Aluminide
Ti44 A0 .3 La 65. 23 34.77 Aluminide
Ti44 A0 .3La 74 .61 25.39  Aluminide

atoms to form aluminides as soon as certain con-
centration of La atoms was reached.

3.3 Effects of La on grain size
The lamellar colony sizes were measured for

materials with different La contents at the five
locations illustrated in Fig .1 , and the results are
shown in Fig .7 .

It can be seen that the addition of 0.1 % La
produced the finest colonies and the most uni-
form distribution of colony sizes in most positions
of the ingot and the local finest colonies at the
top position of the ingot was as fine as 337 pm.
The colony sizes in the ingot with 0.05 % La
were slightly smaller than those of ingot with
0.1 % La at the bottom and middle, however,
the colony sizes at other positions were larger
than those of ingot with 0.1 % La. The colony
sizes are in a tendency of increase in all positions
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when La additions are over 0.1 % . The reason
for this are: (1) La has promoted growth of
columnar colonies in the as-cast structure and
stabilized columnar colonies during heat treat-
ment, and (2) the columnars are liable to merge
together in radial direction of them to form
coarse columnars in elevated temperatures be-
cause of their very s mall differences of lattice ori-

entations between columnars! 2°7 .

Fig .7 Effects of La on grain size in different
positions in ingots

The average colony sizes in the materials
without La and with different additions of La are
1424pum(no La) ,397pum ( 0.05 %La), 381 pm
(0.1 %La), 479 um (0.2%La), and 617 pm
( 0.3%La) , respectively .

4 DISCUSSION

It has been shown in this investigation that
La reacted initially with oxygen in Tir44 % Al
melt and then existed as free atoms to change so
lidification behavior of the alloy. It has been
found that the te mperature should be raised for
breaking up the columnar grains when during
heat treat ment . This is an evidence of existence
of La atoms in the lattice of the alloy. Mean-
while , the facts that the alu minides of La existed
in boundaries and coexisted with oxides of La
verify that atoms in grains migrated toward
boundaries and oxides in lattice , because there

were many voids around lattices , and combined
with aluminum to form aluminides at heat treat-
ment te mperature .
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