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Abstract : The tensile mechanical properties and fracture behaviors of Tr22Al-20 Nb-7 Ta alloys were studied at room
te mperature . Three typical microstructures of Ti, AINb based alloys were obtained by combination of thermal mechanical

processing and heat treat- ment . They are: 1) lath mixture of O+ B2 with remaining g grain boundaries and a, phase ;

2) equiaxed O phase in B2 matrix ; 3) fine lath mixture of O+ B2 without re maining g grain boundaries . It is shown

that the microstructure obviously affects the tensile properties of Ti, AINb based alloys. The microstructure of fine lath

mixture of O+ B2 without re maining g grain boundaries has good combination of yield stress and ductility , while the mi-

crostructure with lath mixture of O+ B2 with re maining g grain boundaries and @, phase has low yield stress and elonga-

tion. The fracture mode was also controlled by the microstructure of Ti, AINb based alloys. By means of SEM, it was

found that the dominated fracture mode of microstructure with lath mixture of O+ B2 with re mained g grain boundary

and a, phase was intergranular, and the fracture mode of the other two microstructures was mainly transgranular.
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1 INTRODUCTION

The class of orthorhombic titanium alu minide al-
loys currently appears to offer excellent potential as
acrospace and elevated te mperature structural materi
and high

. The conventional Ti; Al based alloy Ti

als because of their low

2]

density
strength[1 ’
24 AF11 Nb possesses higher toughness at room tem-
perature, however, the balance combination of
toughness, ductility at room te mperature, and frac
ture strength, creep resistance at elevated te mpera-
Tir25AF10Nb-1 Mo has
obtained higher creep resistance at the loss of room
te mperature toughness . TAC1 alloy developed by the

Central Iron and Steel Research Institute has im-

ture must be considered 7.

proved the balance combination of mechanical proper
ties for Ti3 Al based alloy, but its yield strength at
room te mperature is lower than 1 000 MPal*!. Re-
cently , Ti; Al based alloys are going toward higher Nb
content , and an orthorhombic phase ( Ti, AINb) was
found. It is intriguing that Ti, AINb based alloys pos-
sess excellent balance of mechanical properties. The
first generation of Ti,AINb based alloys are
Tr25AF17Nb and Tr22AF23Nb, and in the early
1990s , the second generation of Ti, AINb based alloy
Tr22AlF27Nb was developed and has been patent-
ed®!,
Ti, AIND based alloys depend on microstructures. The
equilibrium of Tr Al Nb has shown that the phase

It is found that the mechanical properties of

combination of Ti, AINb based alloys are sophisticat-

ed® 71 and this provides a possibility to secure op-
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tional mechanical properties balance by controlling the
microstructure from thermal mechanical processing
and heat treatment. In this paper, Nb in Tir22Al
27 Nb was partly substituted by Ta, and various com-
binations of thermal mechanical processing and heat
treat ment were investigated to control the microstruc
ture of Tr22AlF20Nb-7Ta. The tensile mechanical
properties and fracture behaviors of this alloy was
studied .

2 EXPERI MENTAL

Cast ingots of 250 g with a nominal composition
of Tr22AF20Nb-7Ta were procured by magnetic
suspension melting technology . Composition of as
cast ingots was measured, and it was found that the
actual composition is almost the same as the nominal
one, and the oxygen content is lower than 5 x
10'4%, the nitrogen content is lower than 6 X
10°° %, the hydrogen content is lower than 4 x
10 °%. The ingots were annealed at 1 200 C for 24
h and then sealed in a stainless steel can followed by
forging at 1 200 C in air into rods with a diameter of
25 mm . According to the B2 transus te mperature tg,
three kinds of combination of hot processing and heat
treat ment were designed.

HT1 : The forged rod was rolled to 4 mm thick
sheet at a certain te mperature ¢, in three phase zone
( O+ a, + B2), and followed by solution treat ment
above tg, then 870 C aging for 10 h, and water
quenching .
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HT2: The forged rod was solutionzed above tg,
followed by annealing at tgfor 2 h in two phase zone
( O+ B2), then water quenching . After heat treat-
ment , the rod was rolled to 4 mm thick sheet at fin
two phase zone ( O+ B2) , and followed by heat treat
ment at f-for 2 h, and water quenching .

HT3: The forged rod was solution treated above
tg, followed by annealing at tgfor 2 h, then water
quenched . After heat treatment , the rod was rolled to
4 mm thick sheet at t,, followed by 800 C annealing
for 2 h, and water quenching .

The tensile specimens with 22 mm gage length
were electro-discharged from the heat treated rolled
sheets. Tensile tests were performed on a MTS-810
machine at room temperature in air, and the
crosshead speed was 0.5 mm/ min. After fracturing,
fractographs were observed by SEM. The constituent
phases were studied by XRD.

3 RESULTS AND DISCUSSION

3.1 Microstructure

Fig .1 shows the back scattered elctron images of
Tr22 AF20Nb7Ta alloy with different processing
combinations. According to Nb content in constitu-
tent phases, the dark contrast is a,, the bright con-
trast is B2 phase, and the gray contrast is O phase .
Fig .1 (a) shows the back scattered electron image of
Tr22 AF20Nb-7Ta with HT1 . It is shown that after
being treated by HTIl , B2/ g solution grain bound-
aries re mained, and @, grain did not resolve complete-
ly . The dominate microstructure was laths of B2 + O
and equiaxed a, grains. Fig.1(b) shows the back
scattered electron image of Tr22AF20Nb-7Ta with
HT2. O phase grain became equiaxed, and some O
phase grains re mained elongated. By HT2, the prin-
cipal microstructure was fine equiaxed O phase grain

LY

LT g
- .

in B2 matrix . Fig.1(c) shows the back scattered im-
age of Tr22AF20Nb-7Ta with HT3 . A small volume
of equiaxed a, grains was dispersed in lath mixture of
O + B2, but there was no B2/ g solution grain
boundaries re mained, and the size of laths of O and
B2 is finer than that with HTI .

Fig .2(a) and Fig .2(b) show the XRD results of
Tr22 AF10Nb-7Ta with HT1 and HT2, respective-
ly . It is shown that this alloy is constituted of three
phases, @, + B2 + O after treated by HTI , while
two phases, O+ B2 after treated by HT2 . The iso
pleth of Tir23 Al/ Nb was presented in Ref.[ 8 ] by
Bendersky et al . From Boehlert and Majumdallg] , for
Tr23 AF27Nb, the B2 transus temperature is
1070 C, three phases zone ( @, + B2 + O) is located
in the range of 1070 ~1010 C, a, + B2 two phases
zone located in 1 010 ~ 975 C, O + B2 two phases
zone located in 975 ~ 870 ‘C, and below 870 C, sin
gle O phase . Our results show that the transus te m-
perature of Tr22AF20Nb7Ta, tgis 1070 C. For
HTI1 , the alloy was rolled at a te mperature in three
phases zone . The followed solution above tg results in
coarse B2/ pggrains. Because of short duration of so-
lution, a, resulted from rolling is not resolved com-
pletely, and following aging at 870 'C gives rise to
precipitation of B2 + O laths. The prior B2/ g grain
boundaries are the optional sites of precipitation, so
Widmannstantten microstructure was formed by
HT1 . For HT1 and HT2, prior to rolling, the mi
crostructure of Ti- AF20Nb-7 Ta was uniform laths of
B2 + O. Rolling temperature located in different
phase zones , different microstructures were obtained
for HTI and HT2.

3.2 Tensile properties and fracture behaviors at
room temperature
Table 1 lists the tensile properties of Ti22Al
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Fig.l SE M back scattered electron images of Tr22Al-20 Nb-7 Ta

(a) — With HTI ; (b) — With HTI ; (¢) — With HT3
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Fig.2 XRD patterns of Tr22AlF20Nb 7 Ta alloy
(a) —HTI treatment; (b) —HT2 treatment
Table 1 Tensile properties of Ti 22 AF20Nb7 Ta at room te mperature
Heat . Average yield Average ultimate Elongation
treat ment Microstructure strength/ MPa  strength/ MPa /% Fracture mode
4 . .
HTI1 Lat.h of O+ B2 with remained coarse g 965 3.6 Intergranular fracturing
grain boundary and @, phase
HT2 Equiaxed O phase grain in B2 matrix 1090 9.3 Transgranular fracturing
HT3 Fine lath Of. O + B2 without remained 1350 10.0 Transgranular fracturing
coarse A grain boundary

20 Nb-7 Ta alloy with different microstructures. From
Table 1 , strong dependence of mechanical properties
upon microstructure is shown. The microstructure of
fine laths of O+ B2 without re maining coarse Agrain
boundaries secured by HT3 has the best tensile prop-
erties at room te mperature so far. By HTI , the yield
strength and elongation are the lowest for the micror
structure of laths of O+ B2 with re maining coarse g
grain boundaries and a, phase. By HT2, the tensile
properties are between those of HT1 and HT3 . The
tensile properties of various Ti AlF Nb system alloys
were reported in Ref .[10 ], and it is shown that the
microstructure obtained by HT3 provided the best
tensile properties for all Ti; Al based alloys. Compar

ing Tr22AF20Nb7Ta alloy with Tr22AlF27 Nb de-
veloped by Rowe , the former possesses better ductili-
ty at room temperature while has almost the same
high yield stress as the latter, which is beneficial to
its workability .

Fig .3 shows the fractographs of Tt 22 AF20 Nb-
7 Ta alloy with different processing combinations . For
HT1 , the fracture mode of Ti-22Al20 Nb-7 Ta alloy
is intergranular fracturing, as shown in Fig.3(a) .
Fig .3(b) and 3(c) are fractographs for HT2 and
HT3, respectively, and the fracture modes for the m
are mainly transgranular fracturing. The fracture
modes of this alloy are correspondent to its mi
crostructures . According to the Hall-Petch rule, the

Fig.3 Fractographs of Tir22AF20Nb-7Ta
(a) —HTI treatment; (b) —HT2 treatment; (¢c) —HT3 treatment
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coarse B2/ g grain boundaries will deteriorate the
yield strength and ductility at room te mperature . The
coarse B2/ g grain boundaries responsible for the in-
tergranular fracturing . Because the distribution of im-
purity was not studied in this alloy, whether the im-
purity on grain boundaries is another responsible fac
tor is not determined now, although Ta was dis-
tributed uniformly in Tr22AlF20Nb-7Ta. Consider
ing the tensile properties and microstructures for H T2
and HT3, the tensile properties of Ti22AlF20Nb-7 Ta
are correspondent not only with the volume fraction
of the constitutent phases, but also with the phase
forms . However, which is the dominant factor is not
determined now . According to the mixture rule of
composite , the yield stress of this alloy can be formu-
lated as 7, = 9fo+ O fp, while Jpand Op, are the
yield stress of O and B2 phases respectively, and fo
and fp, are the volume fractions of O and B2 phases,
respectively . This formula leads to optimized tensile
properties of Tiy AINb based alloys by controlling their
microstructure .

4 CONCLUSIONS

1) The tensile mechanical properties of Ti, AINb
based alloys were affected by their microstructures
severely . The microstructure of fine laths of O+ B2
without re maining coarse g grain boundaries secured
by HT3 had the best tensile properties at room te m-
perature so far. The yield strength is 1 240 MPa, and
elongation is 10 % .

2) The fracture mode was contributed to the re-
maining coarse ggrain boundary . For the microstruc
ture of laths of O+ B2 with re maining coarse ggrain
boundaries and a, phase, the fracture mode was

intergranular, while for the other two microstructures
without remaining coarse 4 grain boundaries, the
fracture mode was transgranular.
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