Vol.3 N2 4 TRANSACTIONS OF NFsoc Nov. 1993

EFFECT OF HOMOGENIZATION PROCESSING ON
MICROSTRUCTURE AND PROPERTIES OF
Ti-34A1-2Mn ALLOY"

Lei, Changming Qu, Xuanhui
Huang, Baiyun Xiong, Xiang
Powder Metallurqy Research Institute, Central
South University of Technology , Changska 410083, Chinu

ABSTRACT

A v-TiAl base alloy with the composition of Ti-34Al-2Mn (wt--%; Ywas prepared by consum-
able electrode arc-melting technique. The effect of homogenization processing following arc-melt-
ing on its microstructure and mechanical properties was investigated. The emphases were placed
on the microstructural evolution during solidification and homogenization, and the relationship be-
tween microstructure and ductility. It has been determined that the samples annealed at 900 C
for 20 h exhibit the best ductility compared with those treated at other temperatures up to |
100 C . and they have a mixed structure of equiaxed grain of v-TiAl single phase and some prima-
ty lamellar grains which include three types of interfaces. i.e. , ¢./7y /70 y/]'T + maintaining
specific orientaion relationships between both sides. The ductility improvement is believed to be as-
sociated with existence of suitable amount of @ - TiyAl phase and the refinement of grains ob-
tained at 900 C .
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1 INTRODUCTION gle phase TiAl which has a composition on

the Al-rich side of stoichiometry shows a

It has been known for a few decades . , .
) ) _ brittle manner at room temperature, while
that the intermetallic compound TiAl has at- . . A .
. , . . . twophase TiAl with Ti-rich compositions
tractive properties, which are suitable for . . o
L , shows higher strength and better ductility
space and aviation high- temperature struc- h he single h TAILS, It b |
. than the single ase 11 -4, It has als
tural components''. These benefits include a gle p alko

low density » high melting point, high modu- been reported that the third element addi-

lus, reasonable strength and corrosion resis- ~ Uon« suchas Mn. Voor Cr. to TiAl can im-

tance. One of the major problems limiting prove its ductility remarkably through en-

its use is poor room-temperature ductility. hancing the twinning process'*J, In the pre-
Mechanical properties of TiAl compounds sent work . the effect of homogenization pro-
are well known to be very sensitive to chemi- cessing properties of a TiAl+ Mn ternary al-
cal composition and microstructure!”-*1. Sin- loy are investigated in order to establish the
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relationship between microstructure and duc-
tility of the TiAl-base alloys.

2 EXPERIMENTAL

The alloy used in this work has the fol-
lowing nominal composition; Ti-34Al- 2Mn
(wt. - %) and was prepared by consumable
electrode arc-melting in an argon atmospher-
e. Three-point- bending
spark eroded from the ingots, and then ho-

specimens were
mogenized at temperatures up to 1 100 C

for 20 h, followed by furnace cooling. The
heat-treated bars were mechanically polished
to the final dimensions of 2mm X 4 mm X 30
mm. Three to five specimens of each series
were tested at room temperature. The span

length of specimens was 25mm and the cross
head speed of the testing machine was con-
trolled at 0. 2 mm/min. The metallographic
samples were prepared in a standard fashion

and etched with the Kroll solution. Alloy

powders of — 200 mesh were ground for X-

ray diffracton to identify the existing phas-
es. Disks of dia. 3mm X 0. 3mm for TEM

examination were spark eroded from the bro-
ken bending specimens and then mechanical-
Iy ground to 0. | mm in thichness. The final

thinning was conducted by twin jets techni-
que.

3 RESULTS AND DISCUSSION
3.1 Beunding Properties

Fig. | shows the typical recorded load-
deflection curves from bending tests conduct-
ed at room temperature. The transverse rup-
ture strength ( TRS) and the plastic part of
deflection ( D, ) were used to represent the
strength (TRS) and ductility ( D, ) as a func-
tion of homogenization
shown in Fig. 2.
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Fig. 1 Typical load-deflection curves from

bending tests conducted at room temperature
on Ti-3.{Al-2Mn alloy samples treated
at different temperatures for 20h
1—as-cast; 2—900 ¢, 20h; 3—1 100 . 20n
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Fig. 2 Changes of strength (TRS) and ductility
( D, ) as a function of homogenization temperature

with increasing temperature, while the duc-
tility increases with temperature and reaches
a maximum value at 900 C.

3.2 Phuse Constitution

The X-ray diffraction spectra for sam-
ples treated at different temperatures are pre-
It has been determined that
all tested samples are composed of an or-
dered v-TiAl phase with a L, structure and

sented in Fig. 3.

an ordered « -Ti;Al phase with a D, struc-
ture. However the content of the «. -TizAl
phase decreases with increasing homogeniza-
tion temperature.
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Fig. 3 X-ray diffraction spectra for samples
treated at different temperatures for 20h
(a)—as-cast; (b)—900 C; (¢)—1100 C

3.3  Microstructure

Fig. 1 shows the metallographic struc-
tures of Ti-34Al-2Mn alloy heat-treated at
different temperatures followed by furnace
cooling. The as-cast alloy has a full lamellar
structure. The TEM analysis shows that the
lamellar grains consist of y and «. phaes and
the alternate y/a»  plates have a definite
crystallographic  orientation relationship,
J111Y, /7 {0001 ja.and 1107, // (11207,
, as observed previously™l. In the samples
homogenized at 800 C for 20 h, some new
finer equiaxed grains of single phase oc-
curred at the primary grain boundary. With
both the number
and size of these newly formed grains in-

increasing temperature,

crease at the expense of the primary lamellar -

grains, and in the primary lamellar grains
some of the y plates contact with each other
directly. Selected area electron diffraction
analysis conducted across the y/y interfaces

indicates that some of the adjacent p plates
share the same diffraction patterns and only
do the Kikuchi lines move to some dis-
This suggests that both sides of the
interface have very little orientation differ-

tancel™.

ence as two column-like subgrains. Howev-
er between some other adjacent p plates,
there exist twin-like orientation relationships
(Fig. 5).

4 DISCUSSION
4.1  Mwerustructural Ervolution

The equilibrium solidificatin of Ti-
34Al-2Mn alloy starts with the formation of
a disordered bce phase ( f-Ti) as shown in
Fig. 6.

As the temperature goes through the
peritectic reaction, § + L — «, f-Ti trans-
forms into « - Ti which is a disordered fcp
phase maintaining the morphology of the pri-
mary £ -Ti grains. Solid state cooling causes
the £ -Ti phase to transform to p -TiAl with
an ordered L, structure. During the phase
transformation, the p plates nucleate on the
base plane (0001 ) of the « phase and be-
come thicker at the expense of supersaturat-
ed o phase. so that all the plates in a grain
are aligned parallel regardless of their nucle-
ation sites, with the orientation relationship
of {II1j}. // 1 0001 ., and (1 10]. //
(1120, Further cooling to | 125 C gives
rise to the decomposition of the remaintng
disordered « - Ti phase into an ordered ¢ -
Ti Al phase and an ordered y - TiAl phase.
To lower the interfacial energy . the colse-
packed plane of the y phase will keep parallel
to the colse-packed of the @» phase and the
colse-packed direction of v phase will alsc be
to the colse-packed direction of the - phase,
therefore. the orientation relationship of

{1113,40001}, and <1109, /<1120, is
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Fig. 4 Metallographic structures of Ti-31Al-2Mn samples treated at different temperatures for 20 h
(a)—as-cast; (b)—800 C; (¢)- 900 C: (d)>— 1100 C

Fig. 5 TEM image of a lamellar grain consisting of alternate - plates. showing a
twin-related orientation relationship between two adjacent - plates
strictly obeyed between the precipitated y variants of (110>. with respect to
plate and the a; matrix. This orinetation rela- (11205, .« i.ec.
tionship results in six possible orientation A L1107 [ 120]«'._. .
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B, [110], / [1120]. . cach other, they will show a twin- related
C. []Oljy // [] ]207],,_:, orientation relationship, and if two y plates
D.[101], / [1 ]201; , with the same orientation are brought into
E. [0] 17, // [1120]"', , contact, they will combine into one thicker
F. [011], / [ 120]“;_ plate or form two column- like subgrains

when some interfacial dislocations exist at
the interface. On the other hand, some new

lamella-free equiaxed grains nucleate at the
primary grain boundaries and grow by gradu-
al consumption of the lamellar matrix during
homogenization. The process is believed to
be driven by the interfacial energy differ-
ence between the resulted lamella-free grains

a4y and the matrix lamellar grains. Because the

nucleation and the growth of these new

grains generally depend on the migration of

30 - 1 1 n
35 ,Z’\?/atf’?% 50 55 atoms. the number and the size of the new

. . grains will increase with temperature for cer-
Fig. 6 The central portion of the reeently .

refined TiAl phase diagram'" tain time.
‘ 2 OIS ) Y S , .
However, because variants C and F are iden- 1.2 Relutiwnsinp  betiveen  Microstructure  and
Ductality

tical to variants D and E respectively from
the selected area diffraction patterns
(SADP), only four distinguishablc orienta-
tion variants of (110], with respect to
(1120 ], can be obtained from the SADP. It

As mentioned above, heat treatment
has a strong effect on the microstructure and
mechanical properties of TiAl alloy. It has
been proposed that interstitial elements. pri-

is known that diffusion of atoms in ordered marily nitrogen and oxygen. deteriorate the
phase is generally slow, thus the diffusion- ductility of TiAl phase by increasing the
related solid- state phases transformations « Peierls stress of dislocationst®). These ele-
— yand ¢ — a» + p , may be restrained if ments have a much higer solubility in a, -
the cooling rate is high. Therefore. the con- TisAl phase than in y-TiAl phase so that
tent of oy phase in as-cast alloy is usually theyv will segregate strongly to the a» -TizAl
higher than the equilibrium content as a re- region tn two-phase samples, leaving the y -
sult of non-equilibrium solidification. When TiAl phase essentially free interstitials. In
the alloy is homogenized at elevated tempera- view of this point, the existence of @, -TizAl
tures, it tends to an equilibrium phase consti- phase in TiAl-base alloy is beneficial to its
tution, so that additional y  phase precipi- plastic deformation. However, as a more
tates from the supersaturated «» phase. Inde- brittle second phase. too much @, - TizAl
pendent growth of 3 plates during homogce- which acts as a fracture source. will cause
nization causes their direct contact with each the alloy morc brittle. Therefore, an opti-
other. If two adjacent p plates with different mum content of ¢ -phase may exist for duc-

orientations grow into direct contact with tility of two- phase TiAl-base alloys. This
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content for the alloy studied in this work

probably corresponds to that obtained at 900

C. Another possible factor is the effect of

grain size. Fractography showed that the

fracture mode in TiAl alloys was mainly of

the transgranular type at room temperature,

namely, cleavage fracture with rather flat

planes. It seems that the dislocation pile-ups

caused transgranular fracture. Therefore,

decrease in grain size will shorten the length
of dislocation pile- ups. and decrease the
stress concentration near the front of the dis-
loction pile-ups. This allows the samples to
‘undertake larger deformation before frac-
ture. At 900 C . the finest grains are pro-
duced, therefore, this alloy should show bet-
ter ductility which is consistent with the ex-
perimental results.

5 CONCLUSIONS

{(1)The arc-melted Ti-31A1-2Mn alloy
homogenized at 900 (' for 20h has the best
ductility compared with those treated at oth-
er temperatures up to | 100 C.

{(2) The alloys with better ductility
have a structure composed of fine equiaxed
grains of single v phase and some primary
lamellar grains.

(3)1In the lamellar grains, three types

of interfaces are identified, i.e. , ¥/as, v/
(subgrain boundary)and p/yr (twin-related
boundary ).
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