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Abstract: The effects of rapid heating cyclic heat treatment on microstructures of TiAl-based alloys
were studied by means of Gleeble-1500 thermal simulator. T he results show that the colony size of
the as—cast TiAl-based alloy can be refined from about 800um to less than 50um, and that of the
twostep canning forged TiAl-based alloy from about 50um to less than 20um, by using this
technology. The neocrystallization nucleation and growth at the grain boundaries and the phase
interfaces were analyzed and a physical model was proposed for explaining the formation of fine o/
¥ fullyJdamellar microstructure of the TiAl-based alloys under rapid heating conditions.
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A 100 1330 2 50 80 5 302
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D 800 1330 2 50 80 5 328
E 1600 1330 2 50 80 5 336
F 3200 1330 2 50 80 5 331
u— ; 0— 31— 3 U— ;3 n—
1 TiAl TiAl
Fig. 1 Optical microstructure of .
as—cast TiAl-based alloy TiAl
[\ /= Tl
A :
s .
<
o
= 2 TiAl
o
= Table 2 Cyclic heat treatments of TiAl-based
alloy after two—step canning forging
w/ u/
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Fig.2 Schematic representation of H 200 1330 5 50 80 5
cyclic heat treatment technology I 200 1330 5 50 80 7
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Fig.3 Effect of heating rate on microstructure

(a) sample C; (b) sample D; (¢) sample E; (d) sample F
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Fig.4 Effect of cyclic heat treatment on microstructure of T iAl-based alloy after two-step canning forging

(a) as=second forged; (b) sample G; (¢) sample H; (d) sample I
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Fig.5 Nucleation of fine fullydamellar

microstructure of TiAl-based alloy at grain boundaries

under rapid heating cyclic heat treatment
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Fig-6 Nucleation and growth of fine fullyda
mellar microstructure at phase interfaces under

rapid heating cyclic heat treatment
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Fig.7 Nucleation and growth mechanism of fine
fullydamellar /¥ microstructure of

TiAl-based alloy under rapid heating cyclic heat treatment

800pum 50pum ,
TiAl 504m
20pum

(2) :

(3)

[ 1] . TiAl [D].
: , 2001,
[2] Chu W Y, Thompson A W. Effects of grain size on yield
strength in TiAl[J] . Scr Metall, 1991, 25: 641.
[ 3] Lombard C M, Nekkanti R M, Seetharaman V. Microstructural
development during thermal processing of gamma titanium
Ser Metall, 1992, 26: 1559- 1564.
[ 4] Huang S C. Microstructures and property tradeoffs in wrought

TiAl-based alloys [J] . Metall Trans, 1992, 23A: 375.

(T# % 37TW)

aluminide [ J] -



37

[1]

[2]

[4]

[5]

[ 6]

[7]

[8]

B

2Ti+ x 025 2Ti0x (1)
Ti- 4e-Ti" (2)
Ti" + 40H - Ti (OH)4 (3)
Ti (OH)s+ 20H™ - [Ti (OH)s]’ (4
Ba (OH)2+ TiO2 -»BaliOs+ H20 (5)
Ba’+ [Ti (OH)6]* - BaTiOs+ 3H20 (6)

(1) TA2 ., Ba(OH)2 8H:0
0. 6mol/ L, 25A/dm”
BaT iO3 ,
, BaCO3
(2) Ba Ti ,
) BaT i0s
BaTiOs )

S. Ezhilvalavan, Tseung—Yuen Tseng, et al. Progress in the
Sr) TiO3 thin films for Gigabit era
DRAMs [J] . Materials Chemistry and Physics, 2000, (65):
227- 248.

developments of ( Ba,

Matsuda, Hirofumi, et al. Room-emperature synthesis

crystalline barium titanate thin films by high—oncentration
sol-gel method[J] . Journal of Non-Crystalline Solids, 2000,
271 (1): 162- 166.
Thomas Reji, Rotter Lawrence, et al. Electrical properties of
sol-gel processed amorphous BaT iO3 thin films. Journal of Sol-
Gel Science and Technology, 1999, 16 (1-2) 101- 107.
Y Matsumoto, T Yuka, et al. A new preparation method of
barium titanate perovskite film using electrochemical reduction

1992, (27): 1319- 1327.

Electrophoretic deposition of

[J] . Materials Research Bulletin,
M asaharu Nagai, et al
ferroelectric barium titanate thick films and their dielectric
properties [J] . Journal American Ceramic Society, 1993,
(1) 76: 253- 255.

Koji Kajiyoshi, Ogawa Toshio, et al. Preparation of a barium

titanate thin film on

a porous titanium body by the

hydrothermal-electroch emical method [ J] - Journal of American
Ceramic Society, 1999, 111 (82): 2985- 2992.

Dong—Yong Kim. et al- Effect of ambient gas pressure on the
preferred orientation of barium titanate thin films prepared by
pulsed laser deposition [J] . Journal Applied Physics, 1995,
(34): 1.1564-1,1575.

Yanwei Liu, Wei Xiao, et al. Electrical and electron-optical

properties of Cedoped barium titanate thin films prepared by
pulsed laser deposition [J] . Journal Applied Physics, 1997,
(9) 81: 6328- 6336.

L9 , . 1998,
12 (5): 27- 29.

[10] ] M Albellas T Montero, et al- T heoretical approach for the
constant voltage stage in anodic oxidation. Journal
Electrochemical Society, 1986, 133 (5): 876— 879.

[ 11] J Schreckenbach, F Schlottig, et al. Prepareation and

microstructure characterization of anodic spark deposited
barium titanate conversion layers 1999, (14) 4: 1437- 1443.

[ 12] A. L. Yerokhin, N. Xie, et al. Plasma electrolysis for surface
engineering | J] Surface and coatings technology, 1999,
(122): 73- 93.

[13] , . BaTiO3 L1 -

, 199, 13 (4): 1- 5.

[ 14] W K Chen, CM Cheng, et al. Study linear and nonlinear
optical properties of distorted Ti-O¢ perovskite structure in
BaXSr1-XTiO3 [J] . Journal of Physics and Chemistry of
Solids. 2000 (61): 9%9- 977.

50171026
HIT . MD2000. 19
2001-07-30
(1956-) s s s
(1500017)

(L% 30 M)

[5] , , , TiAl NG
[J . , 1996, 17 (3):
17- 21.
[6] , , , TiAl FFL
- , 1996, 17 (4): 12- 16.
[7] , , , TiAl FL
[ . , 1997, 9 (Suppl. 1): 162— 165.
[ 8] - TiAl [A] .
(
y[¢] . 2000, 05
[9 , , .. TiAl [ .
, 1999, 28 (4): 248- 250.
[ 10] , , , . TiAl
[ , 1999, 30(1): 52-
54.
“ ” ( 715-005-
0040)
2001-07-30; : 2001-11-01
(1966- ), , TiAl
(410083)




