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ABSTRACT Siliconizing treatment on TiAl-based alloy was conducted by Al-Si molten alloy. The
interfacial reactions have occured between the TiAl-based alloy and the Al-Si molten alloy, resulted in
the formation of phases mainly composed of elements of Si, Ti and Al. After isothermal oxidation at
1173 K for 100 h, these Si-Ti—Al phases are transformed into compacted oxides of Si-Ti-Al-O. More-
over, interfacial reactions forming compounds of Ti-Si and TiAl,. The high—temperature oxidation
resistance of the TiAl-based alloy is greatly improved by the siliconizing treatment. For the sample
siliconized at 1153 K, part of the Si-Ti-Al compound directly transformed into Ti-Si compound during

the isothermal oxidation.
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FH Ti-47A1-2Cr-INb(JEF2%, %) &4, &
KL HFEBR A (20 mmx10 mmx1.5 mm) ik
F, SREALAFRREDRBEHITE, 54 800 B4
B, THRERPLBERERERTEA. TRAHES
EEERA AL-Si A& PHTREB LT (953—
1053 K). #l& &40k, mBEES (SEM) 247 TiAl
FRERHGIESH, FET a8 (EDS) X F mis X FHT%
4T MBRGEENREES SAHITOLENRERE
B, UEBREREZREN Al-Si A& R&EY, FRABEN
HRERMRLAERY, EIRY T 1173 K, 100 h
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Fig.1 Back-scattering electron images of the interface between the Al-Si alloy and the TiAl-based alloy for different
siliconizing conditions (the compositims of zones marked by numbers in Fig.b and Fig.e listed in Table 1)
(a) sample No.1, 953 K, 3 min (b) sample No.2, 983 K, 3 min (c) sample No.3, 1053 K, 5 min (d) sample
No.4, 1053 K, 3 min+953 K, 3 min (e) sample No.5, 1053 K, 15 min
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Table 1 EDXS analysis results of zones marked by numbers

in Fig.1b and Fig.le

(atomic fraction, %)

Figure Micro—zone Al Si Ti Nb
No.
1b Gray matrix 17.64 57.42 23.62 0.83

(zone “17)
Gray matrix 14.29 62.21 22.68 0.91
(zone “ 27)
Black phase 21.75 55.95 21.68 0.67
(zone “ 37)
Black phase 1547 57.81 2599 0.73
(zone “ 47)

le Gray compound 14.67 61.27 23.08 0.98
(zone “ 17)
Black phase 77.76 18.33 3.81 0.10

(zone “27)

% 2 HEHBRATBRER
Table 2 The results of isothermal oxidation experiment
(1173 K, 100 h)

Sample Siliconized Thickness of Oxidation Amount of

No. condition interfacial rate from the dropped

reaction 40 to 100 h  oxides

layer, um  g/(m?.h) g/m?

1 953 K, 3 min 65 - -
2 983 K, 3 min 70 0.033 1.02
3 1053 K, 5 min 108 0.297 16.53
4 1053 K, 3 min+ 140 0.072 0.82
953 K, 3 min
5 1053 K, 15 min 155 0.238 1.43
6 Uncoated - 0.547 100.82
100

. 8o} ©O Bare TiAl alloy

£ # 983 K/ 3 min

o 601

o
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©

5 40t —_—

8

=20 #1053 K/ 3 min+953 K/ 3 min

A 1053 K/ 15 min
ok v 1053 K/ 5 min
0 20 40 60 80 100
t,h

B2 sBESENER 1173 K) sk

Fig.2 Oxidation kinetics of the bare and the siliconized
TiAl-based alloys for 100 h isothermal oxidation at
1173 K

H.BIEg Si-Ti-Al (&40, FTAmMTREARR
(Al — Si) + TiAl — (Si — Ti — Al (1)

1173 K {ERELRER (k 2 kA 2) k#, X
B LRGN TRINGER TiAl 64, HS
B RSE. Nk B, T 4 ARG
BLZHRBARE £ 11T3K #5884 1000h 5, &
b Bz i 25 BAR X TR I Bay i S 1—2 MER,
40—100 h 2 [a]#Y EALE L E A A [F R B A9 RE A

E 3R THEZESEIER (1173 K) &k 100h /5
HEREBEER, k3 &3 lERBEAEMEK EDXS

B3 HREsenELBREES

Fig.3 Cross sectional morphologies of the bare TiAl-based
alloy (a), siliconized TiAl-based alloy after 100 h ox-
idation at 1173 K corresponding to the siliconizing
condition of 983 K, 3 min (b) and 1053 K, 15 min
(c)
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Table 83 EDXS analysis results of zones marked by numbers in Fig.3
Sample Figure Marked Composition (atomic fraction, %) Estimated
No. No. number O Al Ti Si Cr Nb Total phases
6 3a 1 79.86 0.00 16.09 0.00 0.00 0.00 95.95 TiO2
2 66.20 19.79 11.89 0.00 1.34 0.61 99.85 Al203+TiO2
3 66.50 17.48 14.47 0.00 0.86 0.54 99.85 Al 03+TiO2
2 3b 1 38.70 9.01 21.07 21.46 0.00 0.49 90.73 Si-Ti-Al-O
2 54.35 8.91 13.32 15.86 0.00 0.18 92.62 Si-Ti—Al-O
3 22.51 5.42 37.16 29.61 1.71 0.69 96.10 Si-Ti-Al-O
4 0.00 0.00 52.32 43.58 2.72 0.98 99.60 Ti-Si compound
5 0.00 62.12 36.60 0.00 0.33 0.65 99.70 Ti-Al compound
5 3c 1 0.00 4.81 24.95 69.15 0.00 1.09 100.00 Si-Ti-Al
2 0.00 1.22 35.64 61.80 0.00 1.34 100.00 Ti-Si
3 59.14 21.12 4.55 7.32 0.25 0.09 92.47 Si-Ti-Al-O or
Al203+TiO2+8i02
4 0.00 0.00 52.48 44.39 2,77 0.00 99.65 Ti-Si compound
5 0.00 65.25 36.92 0.00 0.58 0.00 99.74 Ti—Al compound

A TEE R, RIBRE R TR A B LSRRG,
— G R AR T R, RIENRBHKEES
££ 1173 K, 100 h {ERE G, KEEWLEHR TiO, 4h
B R Hitsty TiOo f1 AlLOs ABKME, F3C#k (18,
14] HGEAR. XFELBEMEE B S R7E, Fih
A rERER .
%5t 983 K, 3 min B EEAEAIARE No.2, HEEE
B (Si-Ti-Al ) 8ib)G, #% T BERERERE TiO,,
MRERT WHAFEAR Si-Ti-Al-O ZREY (k3
R 3b), EERBEHAL. Wi, EXERESHKER
EE&ZAFEAT 3 AMRERNE: REE « 37 JBE
298 2 pm, A AFHRETE Si-Ti-Al-O S&REL
YR, BEERERK HETFSEICY 5.42%); RNE
“4r 1«5 FEREEEA 6—T um, BE O] Ti-Si
e, EEAR Ti-Al b GYH, HlaEET TiAl
&Y. BR, EEREASERST, FMUREEEFRET
ik, MAEIHEY B, XKEEES TiAl EEZE1HE
KET —ERENFERN, oH TR

(Si — Ti — Al) + TiAl - (Ti — Si) + TiAl;  (2)

FRERESEERELEY Ti-SiLEMRNE, EAR
B BHREFTAHR, TWEXMHEIEAE TiAl f4kes
AHERT REEM. TR, XmALRBMN Si-Ti-Al-O
A1 - Ti-Si b &4 - TiAl, - TiAl ERETER K
AR T TiAl Bif. Wk 2 45REH, #£ 40—100 h
Z AR ZEFMERSE L 100 h 58 B R E B AT

FRERHRBESESIEERT 2 MER, HHRE
SR EREAY SRR ENE, HE
BHHSEABAKKHE.

231 1053 K, 15 min %540 EE No.5 ik, HAHE
HEHERBEALME 3c iR, KAGHRRILEH 1~
RO EIEE S, BL 1173 K, 100 h 5 H H¥HFx
ik, EERSSNSEEAENEEEARR, MHET
B (EFa8h 4.81%, Ik 3), B FRISELEE
paEsE (B8 14.67%, Wk 1); ki 598 E
X « 2> EEE LS Ti-Si L&Y, HHEE
BEAARS, KAGIRESWHSETFHANKES
3> BREET R, BHPERNREYETEE
HE—EHR. KRR EGYZ M KBEESERE
LGN R Si-Ti-Al-O H&E Y (% 3), B8 EDXS
TFRMTERSITHRE, AN XEELYREREY
Al;03+TiO2+Si02, B Al;03 R AL, T TiO,
SR IEIEL. HMTF TiOz, Al203 fi1 SiO2 Hf[8 FF
WEENELE, FHit, SRINEENEREES &M,
HEMBREMOBIHERE 1 ERESHREEGE
ZHEFERERE T RN (2) Fride R LY, {Eited
A Ti-Si k54 (B 3c & « 4 ”) & TiAlz 4 (& 3c
o« 5 7) HEREERS A,

3 #ig

(1) £/ Al-Si & &4l A SRR R AR T /Y
LR SRROHEE, KEESEFRNEMEHE
WA,
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(2) 7£ 953 K =% 983 K, 3 min BEEFMAT, $hEaHE (B, TS, Rf% . PEEESREMR,  1998; 8(1):
A&REERL Si, Ti, Al ZTEE FEMKE QEEM 56)

ZoR, MR BEME. 7 1173 K, 100 h HEA (k32
B, NMUEEERS R4 T AN, ERBFEN Si-Ti-Al-0
FHRELY, MARERESKEEEZ MR EET —8
BEMRERN. £ Ti-Si (Y ERF FekE 4
SN BEELER T FREEA.

(3) BEBHAMEEE 1053 K, TiAl REHAK
FIPeRKA & Si-Ti-Al (b &4, EERELIRS, B5
EFHMEHKBOHBREET R, £& Ti-Si (k&4
WESERKY Si-Ti-Al h&Y, ENBSFREL. &K
HEguik b &% 2 A K R a2 ERE LS N Si-
Ti~Al-O, #HA[LHAARIB A Al,03+Ti02+Si0;.
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