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ABSTRACT The high temperature oxidation resistance of the TiAl-based alloy can be obviously
improved by liquid phase siliconization through the Al-Si alloy. Compared with the bare TiAl-based
alloy, the oxidation rate for the duration from 40 h to 100 h of the coated TiAl alloys is decreased for
2 order of magnitude, and the amount of the dropped oxides is also reduced for 3 order of magnitude.
The main reason of the improvement of the oxidation resistance is the combination of Si in the Al-Si
alloy with Ti in the TiAl alloy, resulting in the decrease of the activity of Ti, and therefore relatively,
the increase of the activity of Al in the surface layer of the TiAl alloy. Furthermore, the concentration
of element Al in the coating is remarkably increased. Therefore, during the isothermal oxidation of
the coated TiAl alloy, the formation of TiO; is inhibited, and the compacted oxide film of AlyO3 is
preferentially formed on the coating surface of the TiAl alloy.
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Fig.1 Back—scattered electron images of the interface be-
tween the Al-Si alloy and the TiAl-based alloy for
different siliconizing conditions ’

(a) siliconized with A1 alloy (Al-12.87Si) and T1
(983 K, 3 min) treatment condition

(b) siliconized with A2 alloy (Al-108i) and T2
(105{3 K, 20 min + 953 K, 20 min) treatment

condition
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Table 1 EDXS results of different zones compositions in surface reaction layer of TiAl-based alloys show in Fig.1

Alloy Siliconized Micro-

Composition (mass fraction, %)
No. condition zone Al Si Ti Nb Cr
A1(Al-12.87Si) T1(983 K, 3 min) Gray matrix in Fig.1la  17.64 57.91 23.62 0.83 -
Black phase in Fig.1a 21.75 55.90 21.68 0.67 -
Gray matrix in Fig.1lb  59.70 20.31 19.01 0.71 0.27

Black phase in Fig.1b  69.48 13.09 16.51 0.73 0.19

A2(Al-10Si)  T2(1053 K, 20 min + 953 K, 20 min)
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> —a— Treated by A2 alloy (1053 K,
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o 9 (1053 K, 20 min +
wu iR 8 953 K, 20 min)
or = 100 '
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A
H2 XA Al &% T1 #4WHE Si 4LHEE TiAl B4 ok .
SREH X HBHHE

Fig.2 XRD pattern of the surface of the TiAl-based al-
loy siliconized with Al alloy and T1 condition
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Fig.3 Isothermal oxidation kinetics at 1273 K for 100 h
for the bare alloy AO and the TiAl-based alloys
siliconized with A1l and A2 alloys
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Fig.4 Cross sectional microstructures of the TiAl bare al-
loy A0 (a) and TiAl-based alloys siliconized with
A2 (b) and A1l (c) after 100 h oxidation at 1273 K
(1—Ti-Si compound, 2—AIl-Ti-Si, 3—Ti-Al com-
pound, 4—Si-Ti-Al-O, 5—Al203, 6—Al203 +
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Table 2 EDXS results of zones marked in Fig.4
Fig. Micro—zone Composition (atomic fraction, %) Phase
No. No. (o} Al Ti Si Cr Nb Total
41b 1 - 5.53 43.98 43.26 5.44 1.79 100.00 Ti-Si compound
2 - 65.08 26.87 6.23 0.53 1.28 100.00 Al-Ti-Si
3 - 64.26 33.44 - 1.11 1.20 100.00 Ti~Al compound
4-1 7.27 21.61 - 24.30 30.08 0.28 2.42 85.97 Si-Ti-Al-O
4-11 15.26 6.02 27.54 33.99 0.19 2.30 85.29 Si-Ti-Al-O
5 62.24 24.60 1.57 2.82 - 0.05 91.28 Al203
6 63.76 22.16 7.48 1.07 - 0.57 95.04 Al203+TiO2
4c 4-111 23.24 1.50 21.63 43.87 - 0.72 90.96 Si-Ti~Al-O
4-1V 19.69 3.87 22.72 49.59 - 0.79 96.66 Si-Ti-Al-O
4-V 50.07 7.48 12.02 27.33 - 0.42 97.32 Si-Ti-Al-O
1 - 1.34 37.87 59.40 - 1.39 100.00 Ti-Si compound
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Fig.5 Cross sectional morphology of the sample sili-
conized with A2 alloy and T2 condition after 100
h isothermal oxidation at 1273 K

RA Al 542 T1 8 Si 40BE, RERBERT
# Si & B Si-Ti-Al =5tH, RERESEEZHK
FE LR Ti-Si(A 4c 1 « 1~ &) & TiAl, RFK

(B 4c o “ 3~ &) 5b, WEFFEA FLTWAETRENL

# Si-Ti-Al-O, EfIMBE®R FERE TiAl 45
FEERK TiO; X Al;O3+ TiO,. Mo, KE5EKM
HFrEREGR, BAMBER T 2R EEeE. BE&kE
Mh: HAE 1273 K BRET 40—100 h Z & L ER
5 100 h FELEIRE BAE F R B TiAl E&&d
WEET 1 AMBRE. EHENNE, KXEEREAES
WEBREAMEH A2 542 T2 TEAEMRE. FE
EEE: XA Al £4% T1 THAERREES Si b8
BEBK®RES Si FBBET Al TEARHE, REXF
BRREREF Al HIEEFER NIEBRBRES Al B4EE
BRAEMR, FEZ R RE RSB
Al O3 RAIRIHLE.

3 &g

(1) 5Bt Al-Si &&AWARE Si 438, % TiAl &4
SEREERT B RRE Ti-Al-Si L&4%, ERERN
BB, S9SN TS K &4 AF T
RHEBEMAELL.

(2) 5 Al-10Si 44, 1053 K, 20 min+ 953 K,
20 min Y ER Si T, B SiiA#e 1273 K, 100 h
HEREL, HXTFERER TiAl 2k, H7F 40100 h
Z AL EREEKT 2 MHEEK, EREL 1000 5
MRMARA B G BERT 3 MIESR.

(3) & Al-10Si 44% Si 4HfE, Si 5 TiAl &
8 Ti &4, RBET Ti BEE, M TEREAIRF
TiOz MAR, MEBTRES Al WEEXRETRE
d Al ER. BRESREERT AEERE ALOs &

LR, ERBOLRP T ARAR. XRM TiAl EEGE&H
IR RE BB KR BB AR A R .

2 3013
[1] Tang Z L, Wang F H, Wu W T. Chin J Mater Res, 1997;
11: 507
(kM EHES, RER. HRBIRER, 1997; 11: 507)
[2] Xu D, Zhu H, Tang L J, Yang Y J, Zheng Z H, Liu X H.
Acta Metall Sin, 1995; 31: B164

% K R B GWEE BEH SEE ORE &R¥
#, 1995; 31: B164)

[3] Tang Z L, Wang F H, Wu W T. Trans Nonferrous Met

Chin, 1998; 8 (1): 56
(B, T4, REE. PEALSREM, 1998; 8 (1):
56)
[4] Wang F H, Tang Z L, et al. Chin J Mater Res, 1998; 12:
337
(EES, FEXB. HEFRER, 1998; 12: 337)
[5] Lee J K, Lee HN, Lee H K, Oh M H, Wee D M. Surf Coat
Technol, 2002; 155: 59
[6) Peng X, Tang Z L, Wu W T. Acta Metall Sin, 1998, 34:
319
(% B2, AJCEE, RER. SRFEM, 1998; 34: 319)
(7] He X L, Wang H M, Zheng Q G, Xu D S. Acta Metall
Sin, 1998; 34: 983 ’
(%M, E4EH, B, FHEEE. SMER, 1998; 34: 983)
(8] Taniguchi S, Kuwayama T, Zhu Y C, Matsumoto Y, Shi-
bata T. Mater Sci Eng, 2000; 277A: 229
[9] Taniguchi S, Uesaki K, Zhu Y C, Matsumoto Y, Shibata
T. Mater Sci Eng, 1999; 266A: 267
[10] Zhu Y C, Li X Y, Fugita K, Iwamoto N, Matsunaga Y,
Nakagawa K, Taniguchi S. Surf Coat Technol, 2002; 158—
159: 503
[11] Li X Y, Taniguchi S, Zhu Y C, Fyjita K, Iwamoto N,
Matsunaga Y, Nakagawa K. Intermetallics, 2001; 9: 443
[12] Kim J P, Jung H G, Kim K Y. Surf Coat Technol, 1999;
112: 91
[13) Kim B G, Kim G M, Kim C J. Scr Metall Mater, 1995;
33: 1117 )
[14] Maki K, Shioda M, Sayashi M. Mater Sci Eng, 1992; 153A:
591
(15] Xiong H P, Zhang L M, Shen Q, Li J G, Yuan R Z. Acta
Metall Sin, 1999; 35: 1053
(RB4F, KB, 0 R, FRE, REE. &M¥R, 1999
35: 1053)
[16] Xiong H P, Ma W L, Mao W, Cheng Y Y, Guo W L, Li
X H. Mater Sci Technol, 2001; 9(Suppl.): 793
(RR4F, Ooch|, £ M, BMEK, B, FERL. HEH
#5TF, 2001; 9(HTI): 793)
[17) Xiong H P, Li X H, Mao W, Li J P, Ma W L, Cheng Y Y.
J Mater Eng, 2002; (3): 17
(M4eF, Zp4, £ O, TR, SI30H, BEK HHT
#®, 2002; (3): 17)
[18] Xiong H P, Li X H, Mao W, Li J P, Ma W L, Cheng Y Y.
Acta Metall Sin, 2003; 39: 66
(BT, 04T, B W, FETV, IUH, BRK 2R¥
#, 2003; 39: 66)
[19] Xiong H P, Xie Y H, Mao W, Cheng Y Y. Ser Mater,
2003, in press



