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ABSTRACT A series of TiAl-+Nb alloys with various Nb contents has been employed to ex-
plore phase relationship and the evolution of microstructure. A new ordered y derivative )
has been observed in the alloy containing 20 at% Nb. The additional diffraction spots added to
ihe diffraction pattern of L1, (TiAl) structure have been found in the alloy containing Nb up to
i1 at% in terms of further ordering . The transformation from L1, (TiAl ) structure to the fur-
ther ordering phase, y,, is a continuous ordering process with the substitution of Nb atoms for
Ti atoms in alloys with over —stoichiometric Al content of TiAl . The possible transformation
characterzation has been discussed.
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' THE Ti- Al- Nb system has stimulated considerable investigations because of the potential
high temperature structural application. Detailed studies of this system conducted so far are
minly concerned with Ti,Al alloys with Nb substitutions of up to 30 at% for Ti. The for-
mtion of various phases in these alloys, which include f (disordered bce), B2 (ordered
| be ), o~ like (ordered hcp) , T (ordered teteagonal ), O (ordered orthorhombic ) and a,

(rdered hep) phases, depends primarily upon the composition of alloys and the history of
“al treatment ™. However, no detailed reports about TiAl+Nb system h:ave been pub-
Shed 5o far, With a view ’to possible development of advanced intermetallic alloys to be
Yrked at aboye 1050 C , a systematic work has been performed in our research group
%I.l the phage diagram , crystallographic structures, oxidation and mechamc_:al behavmr' of
~Al-Np terna tem 1 r is primarily concerned with the continu-
Oug ry system @ . The present paper 1 p

Otdering process of y (TiAl, L1, )— % transformation.

1 EXPERIMENTAL
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.ving of the constituents. The compositio
several times to ensur; hc:I:)IE:f(t):lsm\l\i:fI;g then encapsulated in evacuated andnSAIh_ ™
are listed in tablehl-a { treated at 1250.C for 7d followed by furnace cooling
quartz tubes and 'nz i at SEM and ‘TEM with energ_y—dlsperswe X ~ray Spectrgy
i wesrfmfexzrsécimens_were also examined at 200kV mn a'JEOL 2000EX 1y high r&scglp y
g,ﬁsgle'ctfon microscope (HREM) for lattice images. | 0

Table 1 Chemical compositions-of alloys

Alloy Compositions /at%
Nb Ti Al

El - B 50.00 50.00

E4 11.17  33.24 55.59

E6 20.00 20.00 60.00
2 RESULTS

2.1 MICROSTRUCTURE AND CRYSTALLOGRAPHY OF ¥, PHASE

. The microstructure of alloy E6 consists of the matrix: and the needle —like precipitates. The

needle—like precipitates contain two different microstructural scales—one on the order of
10 to 107" um observed by SEM as shown in Fig. 1, and another on the order of

1072 Jm or less observed by TEM as shown in Fig. 2 (a) and (d) which is the
magnification of the part of Fig. 2(a) . Between the finer precipitates there also lie many

even ﬁnc?r needle—like precipitates in the matrix. The size of these even finer needles i
about within the order of 10 nm. The SADP of the area containing the matrix and the t%0
sc;xles of needles is shown in Fig. 2(c) , Fig. (b) which merely images the needle—li
l’i‘i:sZ(l:) thgnziardg ﬁeld_(DF) image taking from the weak diffraction spot B as indiqathd’P- |
tioxial Y ‘the ; 1 iffraction spot B. in Fig. 2(c) is 1 /2<201],. This type of diffraction IS idsel
It can also be d?r:?Cture’ implying the formation of superstructure or supercell f)f P aag; |
shown in Fig, 3 thy Oonﬁm.lec} by high resolution electron microscopy (HREM) images b |
» 1€ Y, precipitate and the matrix are imaged simultaneously. It cal

: . : the
¢ matrix and the y, phase are intersected, implying 3" ™

coarser needles determined by SEM

iti t
: A comPOSItlon range of hase are 20at% ~: 238
ccordin s and 59 gty 60at% Al P

. 108 10 the met I |
str::ctreqpr“al lattices pergzgtegf construction of reciprocal planes proposcd bt):e GiSSibk |
u !
a=p ¢ parameters of "1 phase, ﬁn to (100)* and (00!)* were constructed, t m ol

TTTE07 were determipeg, | ¢ 1 @=b=0.558 ~ 0,584 nm, c=0.815 ~ O

2.2 THE TRANSFOR M4

" : TIO ~
% °Xperimenta] regy)yq from %PROCESS OF y~TiAl TO v. PHASE of onl)
t Ingle phase as showp in Fi M Observations indicated hyl llov E4 compos® ion b
“ (SADP) ang 4(c) ; O ' . ed that alloy diffractic ; of
4@ is SApp of y & 4(b) is the selected area electron ao

i irec
%€ in alloy E1 with the same beam d!
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Fig

Microstructure of E6 (Ti—20Nb— 60Al) alloy

by SEM

.
?

(b) DF (dark — field) image using B spot

indicated in (c)
(c) SADP corresponding to (b)

(a) BF (bright — field) image
(@) partly magnified image of (2)

Fig. 2 Microstructures of E6 (Ti—20Nb—60AD) -
alloy by TEM



Fig. 3 HREM image of the
—like ordereq pha

Fig. 4 Microstructure and diffraction patterns for
alloy E4 (Ti—11.17Nb—55.59Al) alloy
(a) BF ( fright — field ) image
(b) SADP for alloy F4
() SADP for Y
the beam direct;
(@ DF ( dark —
using the adgig

(TiAl) phase in alloy E1,
on is (121,

field) image of alloy F4
onal reflection
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be clearly seen that there exist additional dif.fraction Spots in the SADP of alloy E4 com-
Jred with that of phase in alloy E1. Obviously, these additional diffraction spots result
from the ordering of Nb atoms in the lattice of y phase, which lead to the formation of
ihe superstructure or the supercell of y phase (named y,). So we can extent the sense of the
superlattice or supers?ructure or supercell spots to these additional diffraction spots in
erms of further ordering. These.spots are so weak that one must be very careful to ob-
ain. Fig. 4(d) is the dark fle_ld Image using the additional diffraction spot, also it can be
«en that there are no precipitates in the matrix.

From above work, the phase transformation of y—TiAl - 7.~ ¥, is a continuous or-
dering process with the variation of the composition. As for the y—TiAl to 7," process it
may be a second order phase transformation process, while for y,’ to 9, process it may be
the first order phase transformation process, since y, phase has precipitated form the

matrix.

3 DISCUSSION

According to our results of determination of the lattice site occupation of Nb in the TiAl(L1,)
using the planar channelling ALCHEMI technique ), when Nb atoms were added to TiAl
as substitutional atoms, they situated preferentially on the Ti sublattice. When the content
of Nb atoms added to TiAl was low the subsititution of Ti by Nb atoms may be
randomly, i. e. the Nb and Ti atoms randomly occupied the same sublattice. However ,
with increasing the contents of Nb atoms added to TiAl to substitute Ti atoms, the or-
dering of Nb atoms may occur. For instance, when the Nb content is up to 11.17at% (E4
alloy), the supercell spots added to the diffraction pattern of the L1, structure occurs (see
'Fig. 4(b)). When the Nb content is up to ~ 18at% , such as in E6 alloy, the ordering of
Nb atoms in the lattice causes the Nb atoms to occupy completely a specific sublattice
al_ld the new ordered phase y, is formed. The ordering digree varies even in one needle (see
Fig. 3). The transformation of y(L1, structure ) — 7,(a new ternary compound) seems to be
a4 continuous ordering process with increasing the Nb content in TiAl (L1,) phase. This or-
dering phenomena has also been observed in super o, alloy !, when the Nb content was
igher than 5 at% , the transformation of B2— B8, occurs. In Banerjee’s work, the ternary
®mpound O phase appears at Nb levels exceeding 12 at %. Continuous ordering has also
dlready peen demonstrated in binary ordering systems, such as Fe—él, NI—M(;’ and

~brass 1, The detailed structure analyses such as space group and the site occupation of

at X
Oms are in progress.
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