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[ Abstract] TrAFB alloys were produced by irrsitu synthesis method. The phase constitutions, microstructure of these

alloys and the morphology of the primary TiB, were investigated by XRD and SEM. The results show that these alloys are

composed of TiAl and TiB,, and the primary TiB, is hexagonal prism shape. Growth terraces, pyramidal protrusion, and

rod shape dendrites are observed on (0001) plane of primary TiB,. There are thin flake convexes on plane of primary

TiB,, parallel to (0001) plane of the primary TiB,. The rodshaped crystal orientation and thin flake convexes are parallel

to primary TiB, where they protrude out. The solid-liquid interface morphology of primary TiB, during solidification was

also investigated. It was indicated that the solid-liquid interface morphology of primary TiB; is instable and gradually de-

velops into a complicated interface consisted of a few separated secondary interfaces. These secondary interfaces are facet

with the same crystalline orientation.
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1 INTRODUCTION

TiAl alloys possess high specific strength, specif-
ic modulus and good oxidation resistance. They have
been investigated as future candidate materials for
aerospace and automobile engines and as replaced me
terials of current super-alloys!'™ 7', According to con
tinuous medium theory, the high-temperature
strength of TiAl alloys can be improved by addition of
second phase particles hampering the plastic flowing
of matrix. However, the selected reinforcements
must be thermodynamically stable and compatible
with the matrix, and with a bigger size than that of
dislocation cell. This kind of reinforcements can be
achieved by incorporating ceramic phase forming ele
ments, such as B, C,
ing!® 21 The

molten metal and their morphology, size, and distrr

and solidification process
reinforcements precipitates from
bution depend on their crystal characteristics, solid
liquid interface morphology and growth conditions.
In present study, TiB; particles reinforced TiAl
alloys are fabricated using in-situ synthesis method.
The solid-liquid interface morphology of primary
TiB,, and its evolution and influence on the primary

TiB, growth process are analyzed.

2 EXPERIMENTAL

Ti(99.2%, 45Hm), Al (99.6%, 29Hm) and
B (99. 8%, 45Hm) powders were mixed and dry ball
milled for 24 h. Then they were pressed into prefabri-
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cation compacts and heated in vacuum to synthesize
A1/ TiB; master alloy. The Al/TiB; master alloy mix-
ing with sponge T1i and high pure Al were melted in
an arcmelter with a non-consumable tungsten elec
trode. Electron magnetic agitation was used and the
ingots of 50g were re-melted at least three times.
Compositions of the samples used are Tr50AF1.2B
(mole fraction, %), Tr50AF1.4B (mole fraction,
%), Tr54AF1. 4B (mole fraction, %) and Tr54AF
1. 7B (mole fraction, %), respectively. Phase analy-
sis was carried out in a Rikagu D/max-RB X-ray
diffractometer. Microstructures were observed on a
Phillips S-570 scanning electron microscopy.

3 RESULTS AND ANALYSES

3.1 Microstructures

Fig. 1 shows the XRD pattern of ascast Tr
50AF1. 2B alloy. This alloy consists of TiAl, TizAl,
and TiB,. As shown in Fig. 2(a), coarse and blocky
TiB, mainly distribute in matrix and fine flake, plate
and bar shape TiB; locate at grain boundaries. Prima-
ry TiB; is hexahedral prism. The observed results are
in agreement with the results in relevant Ref.[ 11].
Fig. 2(b) shows the growth terrace on (0001) plane
of primary TiB,.

Fig. 3 shows the magnified SEM photographs of
primary TiB,. It can be seen that on the (0001)
plane of primary TiB, crystal, there exists convexes
and rod-like branches which parallel to each other and
perpendicular to (0001) plane. Their crystal orienta
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tion is parallel to the crystal orientation of primary
TiB, where they protrude out. Meantime, there also
have thin flake convexes on plane of primary TiB,,
which parallel to each other and to (0001) plane of
primary TiB,. As observed in Fig. 3, the thickness of
convex is less than 0. 2Hm and the convex has the
same crystal orientation as primary TiBs.

3.2 Solidification and precipitation processing of
primary TiB,

In terms of Fig. 4, liquidus projection of Ti rich
corner of TrAFB system, TiB, is the primary phase
during the solidification of T-50AF( 1.2, 1.4)B and
Tr54AF(1.4, 1.7)B alloys. With the precipitation
of TiB,, in contrast to the decreasing of B concentra
tion in molten metal, Al concentration increases.

|
—Ti,Al
. =—TiAl
O0—TiR,

28/(%)

Fig. 1 XRD pattern of as cast
Tr50AF1. 2B (mole fraction, %) alloy

Fig.2 Microstructures of TiAIB alloy
(a) —Dispersion of TiB; in matrix; (b) —Primary TiB,
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Fig. 4 Preliminary liquidus projection on

titanium-rich side of TrAFB ternary diagram

Molten constitution changes and it finally intersect
with b-s-p-k line, then L~ a+ TiByor L™ v+ TiB,
reaction occurs. Under this experimental condition,
TiB, grows in a liquid with lower B content and rela
tively higher Ti and Al content. Meantime, thermal
diffusion coefficient is much more greater than solute
diffusion coefficient. So, during the growth of prima
ry TiB,, Ti and Al elements are repelled to the front
of the solid-liquid interface. In addition, Ti clusters
in eutectic @ or Y phases, and with the growth of
TiB,, Al rich boundary layer occurs in the front of
the solid-liquid interface of TiB,. On the other side,
with the growth of TiBs, the inhomogeneity of su-
persaturated B atoms at solid-liquid interface increas
es. TiB; can grow quickly at the location with higher
supersaturated B atoms and protrude from Al rich
boundary layer into liquid having higher B concentra
tion, which leads to the quick growth of protruding
TiB, and interface instability. Thus, TiB, crystal
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protruding from Al rich boundary layer has higher
growth rate. The growth direction of protruding TiB,
is perpendicular to the solid-liquid interface.

3.3 Evolution of solidliquid interface morphology
of primary TiB, during solidification

Fig. 5 is the schematic for nomrsteady state

growth of solid-liquid interface of primary TiB;crys

tal on [0001] and [ 1010] direction. According to
analysis mentioned above, on (0001) plane of prima
ry TiB,,
growth rate along [ 0001] direction than the growth

the protrusions have relatively higher

rate along [ 1010] direction. Lastly, they grow to
rod-like convex and have the same crystal orientation
with primary TiB, crystal. Furthermore, the protru

sions on {1010} plane of primary TiB, crystal have
relatively higher growth rate along [ 1010] direction
than the growth rate along [ 0001] direction, and

they become thin flake convex and also have the same
crystal orientation with primary TiB,. So, nomequr
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Fig. 5 Schematic of varying crystakliquid
interface of primary TiB, crystal on

[ 0001] and [ 1010] direction

librium solidification makes the solid-liquid interface
morphology of primary TiB; changed.
Fig. 6 shows the SEM photographs of deep

Fig. 6 Surface morphologies of primary TiB; crystal on (0001) facet
(a) —Hexagonal web; (b), (¢) —Convex; (d), (e) —Convex branch; (f) —Thin flake
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etched samples, show the solid-liquid interface mor-
phology of primary TiB, crystal during the last stage
of solidification. At the initial stage of non-steady
state growth of solid-liquid interface, the solid-liquid
interface morphology is hexagonal web shape which
was caused by the incomplete separation of protru-
sions protruding from Al rich boundary layer in the
front of solid-liquid interface, as shown in Fig. 6(a) .
In the middle stage of nonsteady state growth of sol-
id-liquid interface of primary TiB,, interface instabili-
ty increases resulting in partial separation of hexago-
nal web structure and forming convex structure
(Fig. 6(b) and (c¢)). In the end, at the final stage of
norrsteady state growth of solid-liquid interface of
primary TiB,, interface instability further increases
and solid-liquid interface divides into numerous sec
ondary interfaces with facet characteristics. And
more, there are numerous convex branches on ( 0001)
plane of primary TiB,. During the continuous
growth, these convex branches compete to each other
due to the existing of Al rich boundary layer. Among
them, the convexes with higher growth rate will sup-
press the growth of neighboring convexes leading to
the number of convexes decreases and the size of con-
vexes increases. Primary TiB, crystal easily grows to
be the morphology as shown in Fig. 3.

As mentioned above, the solid-liquid interface of

primary TiB; is also instable in [ 1010] direction and
evolves into numerous thin flakes from a big inter
face. These thin flakes grow with higher rate in

[1010] direction than in [0001] direction. Thus,
these thin flakes remain thin flake shape and the sol-
id-liquid interface also remains its original morpholo-
gy. On plane of primary TiB,, the thickness of thin
flake is less than 0. 2Hm and the length of thin flake
protruding from master TiB; is less than 1. 5Hm as a
arrow head showing in Fig. 6(f).

4 CONCLUSIONS

1) On the {1010} plane of primary TiBy, there
are thin convexes parallel to each other along ( 0001)
plane. Also, there are rod-like branches on (0001)
plane of primary TiB; parallel to [ 0001] crystal direc-
tion of primary TiB,. In the meantime, these thin
convex and rod-like branches possess the same orien
tations as their master TiB,.

2) During solidification of TrAFB alloys, the
integrative and smooth solid-liquid interface gradually
changed into a few separated secondary interfaces.
These secondary interfaces are facet with the same
orientation as their original one.

3) Under the norrequilibrium solidification con-

ditions, the Al rich boundary layer in the front of pri-
mary TiB, and the increasing inhomogeneity of the
supersaturated B atoms at the solid-liquid interface
due to the growth of TiB, lead to nomsteady state
growth of solid-liquid interface of the primary TiB,,
which resulting in the change of the solid-liquid inter
face morphology and the evolution of the primary
T1iB, morphology.
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