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ABSTRACT The influence of microstructures on the cyclic oxidation behaviour of Tr33AF3C1-0. 5

Mo %) alloy was investigated. It was clarified that the oxidation behaviour of the alloy with near gamma,

duplex and fully-lamellar microstructure are very similiar in air at 1 173K and their mass gain is much lower

than that of the alloy with nearly-lamellar microstructure. The reason for the difference in oxidation behaviours

was attributed to the morphologies of AL O3 layer in the oxide scale.
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1 INTRODUCTION

In recent years, ¥-TiAl has attracted ex-
tensive attentions from the aerospace community
and the automobile industry because of its poten-
tially attractive properties for high temperature
structural applications, such as low density and

high temperature strength retention' '™ *1. How-
ever, their room-temperature brittleness and in-
adequate oxidation resistance at above 1173K are
the hindrances for application. It has been well
known that the mechanical properties of ¥-TiAl

depend strongly on the microstructures' *! which
can be classified as four groups, that is, near
gamma ( NG), duplex ( DP), nearly-lameklar
(NL) and fully-lamellar( F1.), Many investiga-

tions >

showed that homogeneously fine
grained microstructure can yield better mechanr
cal properties. However, the effect of mr
crostructures on the oxidation behavours of ¥ -
T1iAl has seldom been studied, although a lot of
papers on the oxidation properties of TiAFbased

71T In the present

alloys have been published'
paper, it will be shown that different mr
crostructures can lead to different oxidation be
haviours of YTIiAl. The reason for these be

haviours wil be discussed.

2 EXPERIMENTAL

Ingot of alloy, with nominal composion of
Tr33AF3Cr-0. 5Mo (%) was prepared with
selfconsumable arc melting technique, using tr
tanium sponges (99. 9% 1in purity), aluminium
platelets (99. 9% in purity ), pure chromium
and pure molybdenum as raw materials. After
the alloy was processed with multrstep thermak
mechanical treatment( MSTMT) ™ four types
of microstructures, that is, neargamma, du-
plex, nearly-lamellar and fully-lamellar, were
controlled through the fr
nal heat treatment as follows: 1000 °C, 24h;
1250 C, 4h; 1280 C, 3. 5h; 1310 'C, 2. 5h.

Oxidation test cylinders with a dimension of
d Smm X 10mm were cut from the processed
pancake. After specimens were polished me
chanically, cyclic oxidation, consisting of re
peated heating at 1173K for 10h and cooling to
room temperature in static air, was carried out.
The oxidation behaviour was evaluated by mea
suring the mass gain per unit area of the specr-
men. Optical microscope, EDAX ( energy-dis
persive anslysis of X-ray ) and WDAX (wave
dispersive analysis of X-ray) were used to ana
lyze the oxide scales formed on the specimens.
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3.2  Morphologies of Oxide Scales
3 RESULTS Fig. 2 shows the optical images of typical

3.1 Oxidation Behaviours

By MSTMT, four types of microstruc
tures, 1. e., neargamma, duplex, nearly-lamel
lar and fully-lamellar, were formed in the alloy,

Fig. 1 Cyclic oxidation Kinetic curves of
Ti 33AF3Cr 0. 5Mo alloy
1—DP;2—FL;3—NG;4—ML

and the grain size was about 20Hm. Fig. 1
shows the cyclic oxidation behaviour of these
specimens with the four types of microstruc
tures. It was found that the oxidation rate of all
specimens progressed according to a parabolic
law. The specimens with duplex, near-gamma
and full lamellar microstructure have very simil-
iar oxidation behaviours, and the oxidation re
sistance of the specimen with duplex microstruc
ture is slightly higher than those of the specr
mens with nearrgamma and fully-lamellar mr
crostructures. near-gamma and fully-lamellar
microstructures. Compared with the three specr
mens mentioned above, the oxidation resistance
of the specimen with nearllamellar microstruc
ture is much lower. After cyclically oxidated at
900 C for 60h, the mass gain of the specimen
with NL is 1. 75 times that of DP, 1. Stimes
that of FL., and 1. 48times that of NG.

specimen cross sections after being oxided cyelr
cally at 1173K for 60h. In all cases, the ox-
idescales were similar and can be divided into
seven layers according to the morphologies of the
microstructures. The composition of the selected
area in the scale was given by EDAX, as shown
in Table 1. The table shows that there are dif-
ferences in chemical composition among the sev-
en layers. By measuring the distribution of oxy-
gen in the scale with WDAS, it is confirmed
that the compositions of the layers are corre
sponding to TizAl, TiO,+ ALLO3 and T10,, re
spectively.

Table 1 Average compositions of the
layers in the scale of the sample with
fully lamellar microstructure
mole fraction/ %

Lavers
Composition
B C D E F &
Ti 74 56 39 30 21 42 76
Al 24 42 58 65 74 53 18
Cr 2 2 3 5 4 5 6

Note: Layer A is the closest layer to the matrix, and

layer G is the outer layer.

It is noticeable that the morphology of
AL,03 layer depends on the alloy microstructure.
In the scale on the specimens with near gamma,
duplex or fully-lamellar microstructures, the
AL O3 layer is continuous, but the Al;O3 layer in
the scale on the specimen with nearly-lamellar
microstructure is uncontinous. Thus, it can be
concluded that the different oxidation behaviours
were caused by the different morphologies of the
AL O3 layers.

4 DISCUSSION

The morphology of AlbO3 layer played an
important role in the growth of oxide scale.
During the formation of the scale, the porous
Ti0O, act as channels for atoms to transport. The
dir fusion of T1 atoms outward to oxygen atoms
inward could occur along the channels. If the
AL O3 laver is continuous, it can change the in-
ter-diffusion rate, and act as a barrier for atoms
to transport. But when the AlLO3 grows as nod-
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oss-sections of Ti33AF3Cr-0. 5Mo alloy with NG(a), DP(b), NL(c¢) and
FL(d) microstructures after oxidation for 60h at 1173K, x 300

ules outward, the continuity of the Al,O3 layer
would be lost. As a result, the diffusion of
atoms in the scale would be very easy and the
oxide scale would grow rapidly. Therefore, the
contrnuity of the Al,O3 layer is most important
in this case. It is the uncontinuity of the Al,03
layer in the scale on the specimen with nearly-
lamellar microstucture that leads to the poorer
oxidation rdsistance.

In order to improve the oxidation resistance
of the TiAkFbased alloys, it may be necessary to
obtain homogeneously fine-grained microstruc
ture besides beneficial additives. Gil et al''
showed that the oxidation behaviour of the ¥
TiAl was strongly affected by the distribution of
arand Y phase in this alloy, as well as by the
grain size. They found that in all cases ¥TiAl is
an alumina former whereas most as composition
forms a titania scale. If small smount of a7
phase is homogeneously amd finely dispersed in
Yphase, the formation of could be avoided inr

tially and finely dispersed in ¥phase, the for
mation of titania could be avoided initially and a
vontinuous alumina oxide layer would be frmed
eventually, just as shown in Fig.2(a), (b) and
(d). If the TiAkbased alloys have large
epuiaxed grains, the aluminum diffusion in these
grains is too difficult to form a stable alumina
layer, and a big tendency to form a nomr protec
tive titania based scale would occur. Howver,
the effect of the relative amount of the two
phases on the oxidation behavior is still un-
known. The mechanism of diffusion of atoms in
the ¥ Tial with different microstructures is un-
der investigation.

5 CONCLUSIONS

(1) The oxidation behaviour of the TiAF
based alloys depends strongly on the alloy mr
crostructures. The alloys with nearrgamma, du-
plex and fully-lamellar microstructure have very
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similar oxidation beaviors, but the alloy with
nearly-lamellar microstructure corresponds to
poorer oxidation resistance.

(2) The scales on the samples with four
types of microstures in the present study have
almost the same structure, except that the mor-
phologies of the Al,O3 layer are different, which
depend on the alloy microstructure.

(3) The differences in oxidation behaviors
for the specimens with nearly-lamellar and other
three types of microstructures resulted from the
dirrerent morphologies of the Al,O3 layer in the
scales. The uncontinuity of the Al,O3 layer lead-
ed to poorer oxidation resistance of the specimen
with nearly-lamellar microstructure.
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( From pate 90)

Taking it into consideration that no difference in
cutting mechanism exists between nomfull depth
cuts and full depth cuts, so the friction angles B
and shear stresses T, in Table 1 are still used in
In face the data obtained in full
depth cutting tests are used to predict the cutting

calculation.

forces of nomrfull depth cuts. It is shown that
the theoretical values predicted in this way agree
well with experimental results.

4 CONLUSIONS

(1) A mechanics model for circular form
tool cutting is proposed. Based on this model the
theoretical cutting force formula and cutting e
quation are derived. The theoretical values pre-
dicted according to the formula presented in this
paper are verified experimentally and results
show that theoretical predictions agree well with

experimental results.

(2) Circular form tool cutting may be con-
sidered as the extension of orthogonal cutting.

(3) The specific cutting force of circular
form tool cutting changes with different cutting
geometry. The reason for this is that under the
same cutting conditions the shear angle for non-
full depth cuts is smaller than that for full depth
cuts. The specific cutting force of the former is
therefore larger than that of the later.
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