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Improvement of Oxidation Resistance for TiAl by Surface Treatments
under a Low Partial Pressure Oxygen Atmosphere and Aluminum Diffusion

Coating
Michiko YOSHIHARA, Tetsuya SuzUKI and Ryohei TANAKA

Synopsis :

The improvement of oxidation resistance for intermetallic compound TiAl and TiAl containing 1.5 mass%
manganese was investigated by means of surface treatments; heat treatment under a low partial pressure
oxygen atmosphere, aluminum diffusion coating, and combined surface treatment composed of two stated
above. The effect of the surface treatments was evaluated from the results of the cyclic oxidation tests
carried out at 900°C and 950°C in static air. Heat treatment under the low partial pressure oxygen
atmosphere was very effective to improve the resistance for the cyclic oxidation of TiAl at 900°C, but
not sufficient for TiAl at 950°C or for TiAl-1.5%Mn alloy at 900°C and 950°C. Aluminum diffusion
coating was effective for both the specimens at 900°C and 950°C, but large cracks were found in every
specimen at the edges. The specimens with combined surface treatment showed a superior oxidation
resistance to the nickel-base superalloy Inconel 713C. Especially, specimens heat treated under the low
partial pressure oxygen atmosphere followed by aluminum diffusion coating were found to have a tight dif-
fused layer with smaller cracks, compared to ones with diffusion coating only.
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cyclic oxidation.

1. #

SREILEY TIAL ZEELH 3.8 /&L, @iRT
DIHHED Ni XOBEEL DL 20, R 0%
MBI EAE & L CER 2 ED TV E2Y, ZoMEo
FEorTd, FiREEOXI L ik ToORBRIEEOARLE
L) 2l ThHA.

WIREMIS DWW TiE, §3THRRME &0l TiE
BEhoh, B% OEEXHLLLTEL EHES
hTwab F7:, EEoZ L HE*HCTHEOR
KefdG59 5720, BEHE?D PHRKEENFED 2 &
OB HED SN TV A,

—J, WEBALHORBEIZ>WTH, B3 TEORMR
HHEERMUE L L OMELASR, FiBETE SiY 5%
Wiz Nb 2 WY R EpgFRheRESNTHnDE, Lol

Nb 2 W EHEOREVE 3ITTEE K% DL HEM
T, TIAl O T8z, v RlEdmzEsns It
W50 T, RELEICL ) HEBIEE*SHET LTS 4
EF L,

RN L BB LI OSFEIC 3L Ol iEr# 2
BN, TTILEDAHIUIHRESATVE LD E LTI
Al DIEHIR B BLUOEESIC L A RBEESTET
BULEHD® 2 B P52 LA TESL. LHL, wFhbEE
LABROFEMHER O N, & TRl LIMBRGHENIC E 0t
WA B0, EOX) LRAVEHENIVEDHTH S
PAZDOWTIE E LIS TR,

Z ZCABFFE Tk, TiAl OB LM & S0 4 s
HOFE L TS0 I MR LS5 KR k2 BET
% HBT, KEREDHE THLE, Al LB E0NEL X
Uil EMAEbE HERIAUEIC D TZOMEE

P24 AAREHASICTHEE T 246 A 21 HEM (Received June 21, 1990)
* B KRZE T3 (Faculty of Engineering, Yokohama National University, 156 Tokiwadai Hodogaya-ku Yokohama

240)

*2 RERE K% K% (Graduate School, Yokohama National University)
*3 fEEY K T%E Tt (Faculty of Engineering, Yokohama National University)



TiAl OEFEFESE FHUES £ 057 U 3 = 9 A0 E T & 2 R L& fin s 275
eERRET L 7. AREZEICAEY 7 XROBERFICAN TR, BILEZEDS
o = B F BT ABALRCELEEY SO CEEYHIEL
. / 7o EOICKMEEE, LFIEMEEIC X L WiE MR,
2-1 & # X B LU EPMA 2L B9 04T - 7-.

AEHI L EREE O TiAl B X OEREEIE SN
HEHEEINTWSY Mn % 1.5mass% ¥l L 7 TiAl
(LLik, Mn BN# W) TH B, T h 5 Id
99.999% » Al, 99.6% D AKX > T Ti 8L 99.9%
DEB Mn FHY, TV 7— 2 BRBIZEI0#H 280
DA Ty b& L, 1000°C DEZEHRT 1 EBOY
BACBALER % il U CEBRICHE L 72, R AL R
55X10X2mm DKRKESIIYOHL, Kliz T 2)—
#C No. 1000 ¥ THIEER, 7t F Y THRIEL THh 5L
ToOHKRMMULIES ML 7-.

2-2 WE{bRmLE

FRAIHE L B bR AL, (KRR T 2L
|, RNy 27 FEICE D Al R BME S L UE %
MAGHLEL-BAUETH S, SUBESEM % Table 1
R

KERFE ST
P DHZERE MR - 72 & ALBRIE  CRIRE,
BRFEL, W5 HETIT- 2.

Al LR &P, SR 2 BB R E L b ICRT v
L AGERICTIE L, MRAIESY PICHA L TR,
PR BREE L, L.

2-3 WML

FEALRER B IE KRR TOMGE LELE L, mEB L
P A 7 VB 2 2 b &€ THT » 72, BEILIRAE & 900°C
BLUI0C &L, + 41 7 VEHIE, TiAl O¥FkoH
BHHEPLTLLHSHTRZVDOT, & hdh 2K
LMBGHOEE Y 25720, EHEEB X OCRERO 2
e L, EEEyA 271319420500, R
BRIRAE 900°C B L U8 950°C THT» 72, MY A 2
BHOD2H AL 7 VDM 25h ¥, DB 1IHA 20
50h & L 900°C TO&IT - 7. ifE LI 3R o 1L
BElCLoEEL LTEHME L. BB EEllEIzE

TEALEIE, A EZEASRPICREL,
— R

3. X B K R

3-1 HBMORMBIBIC & BN SE

3-1-1 KEEFEGE T 2B OThH

Fig. 1 1%, RWLB D TiAl 3 X0 Mn 008 % 900°C
B LU 950°C THEM B X CERBY 1 2 L TRL X
S EOBLIR TH S, HHIIHNRIEY - D
MRiLB &, BEBEoRRILIER % & 5 T b, TiAl
D 900°C AL TidH 4 7 VIR O WiT D iRk e
EREW T, WFhoRETH 900°C 2~ T
950°C TIIFEALEREA 2% DI L TWwb. Mn 0
LR\ BR 2 < TiAl OBt 2 b enh o &

300
N
E 200
o
£
g //;f
O
7]
(1]
(o} 100 TiAl TiAl
= 2'?)011 -Mn
900C [cycoleD -
cycle o &
950C C‘Qdeg A

I ]
0 50

Oxidation time/h

Fig. 1. Comparison of oxidation behaviour of TiAl
and TiAl-1.5%Mn specimens at 900 and 950°C,
short term (5h) and long term (25 or 50h) cyclic
exposure in static air.

Table 1. Conditions of surface treatment for improving oxidation resistance.
. — B. C. Combined surface treatment

Heat treatment under a low Al diffusion coating

partial  pressure  oxygen ’ C-1. C-2.

atmosphere A followed by B B followed by A
Temperature (°C) 1000 730
Duration of treatment 10~16 A :1000°C, 10 16 h, B:730°C, 10h
(h) 6.7X10 3 Pa A:1000°C, 4 h

B:730°C, 10h 6.7X10 % Pa

Other conditions 6.7X1073 Pa 5125A1203\) 1\{H§C(l%)
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Fig. 2. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl specimens heat treated under a

low partial pressure oxygen atmosphere (Table 1,
A).
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Fig. 3. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl-1.5%Mn specimens heat treated
under a low partial pressure oxygen atmosphere
(Table 1, A).
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Fig. 4. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl specimens Al diffusion coated
(Table 1, B).
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Fig. 5. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl-1.5%Mn specimens Al diffusion
coated (Table 1, B).
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Fig. 6. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl specimens with combined surface
treatment (Table 1, C-1).
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Fig. 7. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl-1.5%Mn specimens with
combined surface treatment { Table 1, C-1).
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Fig. 8. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl specimens with combined surface
treatment (Table 1, C-2).
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Fig. 9. Mass gain due to cyclic oxidation at 900
and 950°C of TiAl-1.5%Mn specimens with
combined surface treatment (Table 1, C-2).
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