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ABSTRACT Under the protection of Ar, TiAkbase alloy of high density has been prepared through hot

pressing elemental Ti, Al, Cr and Nb powders at elevated temperatures. The microstructure, phase constitu-

tion and composition were analyzed through optical microscopy, SEM, EDAX, and XRD techniques. Resulis

show that TiAFbase alloy with near fully lamellar microstructure and a mean colony size of 60 Hm, can be ob-

tained after hot pressing at 1 300 C for 1 h; however, incomplete diffusion of Nb element exists in the mi

crostructure. Through subsequent isostatic hot pressing (HIP), the material density can increase and the ho-

mogeneity of alloy elements can be improved simultaneously. Furthermore, it has been found that the initial

microstructure of the alloy has great influence on its microstructure after HIPping in ( a+ Y) field.
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1 INTRODUCTION

TiAkFbase alloys have attracted more and
more attention by their high specific strength,
specific rigidity and excellent properties at ele
vated temperature. However, their brittleness
and insufficient oxidation resistance above 900 C

have restricted their applications''!. Addition of
alloy elements has been proved to be an effective
way to improve properties. It has been shown

that addition of Cr can improve ductility of T1AF

2, 3]

hase alloys'® 7', while addition of refractory al-

loy element Nb can improve their strength and
oxidation resistance at
[4. 5]

elevated  tempera

Tr47AF2Cr-2Nb alloy

has been a representative of the second genera

tures Therefore,

tion TiAkFbase alloys, and has received extensive

[6=81, metallurgy is a

investigations Pow der
widely useful method in the preparation of TiAF
base alloys, because it has advantages in produc
ing materials with fine, homogeneous mr
crostructures and avoiding compositional segrega
tion and other cast defects. However, owing to

difficulties and high cost in preparation of TiAF

base prealloyed powders, elemental powder met-
allurgy has been an cost effective alternative.

of TiAkbase

through elemental powder metallurgy mainly

Currently,  preparation alloys
concentrates on mechanical alloying, hot extru-
sion and/ or HIPping'®™ . In this work, prepa
ration of Tr47AF2Cr2Nb alloy through hot
pressing elemental pow ders at elevated tempera
tures and the related microstructures were inves-
tigated, and the feasibility of this method was

also discussed.
2 EXPERIMENTAL

Ti, Al, Cr elemental powders ( particle size
< 45Hm) and Nb powders ( particle size < 100
Hm) were mixed according to nominal composr
tion of Tr47AF2C1-2Nb (mole fraction, %) for
4h at a rotary rate of 120 r/min. The mixed
pow ders were then cold pressed into d 18 mm X
30mm compacts at a pressure of 600 M Pa. The
density of those compacts was approx 80% of
the theoretical density. The compacts were put
into graphite die for hot pressing in Ar atmo-
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sphere (flow rate: 2 L/min); the heating rate
was 100 K/ min, and the hot pressing tempera
tures were 1 200 C and 1 300 C respectively.
All samples stayed at 800 C for 0. 5h at first to
avold liquid Al to flow out, then pressed at a
pressure of 40 MPa. Melting point of Al is
667 C, a stay at 800 C causes reaction between
liquid Al and solid T1i powders. Because the reac
tion is very fast, liquid Al is consumed before
pressing. The hot pressed samples were then
HIPped at 1250 C and a pressure of 160 M Pa
for 4h. The final densities of those samples were
measured through Alchemiic method. Optical
SEM, EDAX, XRD techniques

were adopted to analyze microstructures and

microscopy,

phase compositions of the prepared materials.
3 RESULTS AND DISCUSSION

The porosity distributions of polished sam-
ples after hot pressing at various temperatures
are shown in Fig. 1. It indicates that high densr
ties have been obtained through hot pressing at
elevated temperatures. The remained pores are
all closed with diameter of approx. 10 Hm.
Through Alchemiic method, the densities of Tt
47AF2C2Nb samples were: 3. 98 g/ em” after
1 200C, 4. 00 g/cm’ at
1300 C; and the densities of all samples were
4.01g/ em” after HIPping.

The microstructures of TiAFbase alloy after
hot pressing at various temperatures are shown

hot pressing at
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T
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in Fig. 2. After hot pressing at 1200 C, the mi
crostructure of TiAkFbase alloy mainly consists of
island-like a, phase, ay/ ¥ lamellar colonies and
fine equiaxial grains, a few incompletely reacted
microstructures exist, as shown in Fig. 2( a).
After hot pressing at 1300 C, near fully lamel
lar microstructure has been obtained, and small
amount of Y grains and incompletely reacted mi-
crostructure remained, as shown in Fig. 2(b).
The mean size of lamellar colonies is 60 Hm. In-
homogeneous etching in Fig. 2(b) is due to the
compositional inhomogeneity in the microstruc
ture. Fig. 3 (a) shows the microstructures of
TiAFbase alloy under SEM after hot pressing at
1200 C. It indicates that through SEM observa
tion, the fine, equaxed grains observed under
optical microscopy consist of discontinuous ay/ ¥
lamellar colonies and V¥ grains. The formation of
the discontinuous ay/ ¥ colonies is mainly due to
the fact that at elevated temperatures composr
tional transition area formed between a phase
and Y phase, where ay/ V¥ laths nucleated and
grew discontinuously during cooling'™ ', Fig. 3
(b) shows the microstructure of TiAkFbase alloy
under SEM after hot pressing at 1 300 C.
EDAX surface analysis shows the homogeneous
distribution of Cr and Nb elements in lamellar
colonies (Fig. 3(¢, d)). The addition of Cr and
Nb elements will decrease T o temperature of
TiAtbase alloy, and increase the amount of a

6]

phase at elevated temperatures During cool

ing, Y lathes precipitate from a (or a) phase

ETYR
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Fig. 1 Porosity distribution of Tr47AF2Ci-2Nb alloy after hot pressing at various temperatures
(a) —1200 C, 1h; (b) —1300 C, 1h
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Fig. 2 Microstructures of Tr47AF2Cr-2Nb alloy after hot pressing at various temperatures
(a) —1200 C, 1h; (b) —1300C, 1h

.i:l]!rlll

Fig.3 SEM (BEI) and alloy elements distribution of Tr47AF2Cr-2Nb alloy
(a) —1200 C, 1h; (b) —1300 C, 1h, NFL;
(¢) —Distribution of Cr element; (d) —Distribution of Nb element

according to _a strict orientation relationship:
{1102/ /11120] o1 1 {111} 4/ /(0001) 4, hence,
TiAFbase alloy with near fully lamellar mi
crostructure can be obtained after hot pressing at
1300 C. However, incomplete diffusion of Nb
element in local area can be seen in Fig. 4(a).
Dendritic phases disperse around the former Nb

particle. In the center of the former Nb particle,
the content of Nb is 74% ( mole fraction, %);
the content of Nb in the dendrites is 27% , while
that of the area between the center and the den-
drites is 10%, as shown in Fig. 4(b~ d). It
indicates that Nb element diffuses to surrounding
area at elevated temperatures, but because of
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large Nb particle and slow rate of solid phase dif-
fusion, it is very difficult for initial Nb particle
to diffuse completely into base alloy. In Nb-rich
area form TrAFNb precipitates. Furthermore,
it is found that the content of Al element is high-
er than that of Ti element inside the remaining
Nb particle, but is lower outside. This is due to
the fact that the diffusion rate of Al element is
higher than that of T1 element.

The microstructures of Tr47AF2C1-2Nb
alloy after HIPping are shown in Fig. 5. The
amount of incompletely reacted phases has de
creased, and they only remain in the area where
the initial Nb particle is too large. Although the
microstructure of the material hot pressed at
1200 C has not changed too much after HIP-
ping, the volume content of Y lamellar colonies
has increased largely.

Fig. 4
(a) —Incomplete diffusion of Nb particle; (b) —EDAX inside the particle;
(¢) —EDAX of the dendrites; (d) —EDAX of area between the dendrites

After HIPping, elements distribution of the
material hot pressed at 1300 C became more ho-
mogeneous after HIPping, this can be seen in
the condition of the erosion. On the other hand,
lamellar colonies have grown and their mean size
is 80 Hm. Because lamellar colonies have high
thermal stability, when they are heat treated in
( a+ Y) field for a short term, only growth and
coarsening of lamellar colonies occur' "1, There
fore, the initial microstructure has hereditary ef-
fect on the microstructure after HIPping.

Phase constitution of Tr47AF2Cr-2Nb be
fore and after HIPping are shown in Fig. 6. Tt
indicates that both samples consist of TizAl and
TiAl phase. But there is a small peak at 20= 40°
position which is adjacent to that of ( 110) peak
of B2 in normal T AFNbD alloys' !, Tt also indi-
cates that after HIPping, the amount of a, phase
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Incomplete diffusion of Nb in Tr47AF2Cr-2Nb alloy
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Fig. 5 Microstructure of Tr47AF2Cr-2Nb after HIPping
(a) —1200 C hot pressed sample; (b) —1300 C hot pressed sample
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Fig. 6 phase constitution of Tr47AF2C1-2Nb after HIPping
{a) —1200 C hot pressed sample; (b) —1300 C hot pressed sample

in two samples has decreased. When hot press-
ing at 1200 C, diffusion of Al and other alloy
elements Cr, Nb to Ti particles was incomplete,
the contents of these elements in remained a
phase at elevated temperature were very low and
ordering transformation from a to a phase oc
curs after cooling. At the same time bhecause of
inhomogeneous element distribution, contents of
Al and other alloy elements in some a phase are
high, Y phase precipitated when cooling and ay/
Y lamellar colonies formed. So after hot pressing
at this temperature, the content of a phase is
high. When HIPping for 4 h at 1250 C, the

material composition became homogeneous, and

contents of Al and other alloy elements in a
phase increased, which is beneficial to the pre
cipitation of Y lath during cooling. Therefore,
the amount of a, phase decreased. The above
analyses also can be adopted to TiAkbase alloy
hot pressed at 1300 C, except that at 1300 C,
the content of Al and other alloy elements were
high enough for the precipitation of Y phase dur-
ing cooling, leading to the formation of large
amount of ay/ Y lamellar colonies.

Reaction synthesis of T1i, Al elemental pow-
After
adding alloy elements Cr, Nb, diffusion process

ders is mainly controlled by diffusion.

become more complex, and because of such phe
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nomenon as incomplete diffusion, it is difficult to
analyze the change of microstructure in hot
pressing process by equilibrium phase diagram.
Therefore, it is important to gain homogeneous
alloy to control microstructure and mechanical
properties. From the result of this article, Cr el
ement can diffuse into TiAl alloy completely,
there is no Crrich area in microstructure. But
incomplete diffusion of Nb element can be found
because diffusion coefficient of Nb is lower than
that of Cr at elevated temperatures and original
Nb particles are coarse. In order to gain homo-
geneous alloy element distribution, one choice is
to increase the reaction temperature, but it
might cause coarse microstructure. The other
choice is to decrease the particle size of alloy ele-
ments, for example adopting Nb powders with
particle size of several Bm. This will be discussed
in subsequent work.

4 CONCLUSIONS

(1) Elemental powder metallurgy is an effr
cient method in synthesis Tr47AF2Cr-2Nb alloy

with high density. After hot pressed at 1300 C,

fine and near fully lamellar microstructures have

been obtained. The mean size of lamellar
colonies is 50~ 60Hm. Cr element can diffuse in-
to TiAl alloy completely. Nb powders with fine
particle size should be adopted to obtain complete
diffusion of Nb.

(2) HIPping can increase the density of the
material and improve the homogeneity of ele

ments. The initial microstructure of the alloy has
great influence on its microstructure after HIP-
ping in ( a+ ) field.
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