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Table 1 Chemical composition of ZTNM TiAl alloys (at%)

Element Nominal Actual
Al 435 43.11
Nb 4.0 3.94
Mo 1.0 1.01
B 0.1 0.18

0} - 0.174

N - 0.023

H - 0.041
Ti Bal. Bal.
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Fig.1 Oxidation kinetics curves (a) and lgAM-lgt plots (b) of TiAl alloys at 650-750 °C
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Fig.2 Macroscopic morphologies of ZTNM TiAl alloys oxidized at
750 °C (a) and 650 C (b) for different exposure time
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Fig.3 XRD patterns of ZTNM TiAl alloys after oxidation at different
temperatures: (a) 750 ‘C and (b) 650 °C
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Fig.4 Surface morphology evolution of ZTNM TiAl alloys oxidized at 750 ‘C for different time: (a) 1 h, (b) 25 h, (c) 50 h, (d)75 h, (e)100 h,

(£) 200 h, (g) 300 h, and (h) 500 h
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Table 2 EDS analysis results of different positions marked in

Fig.4 (at%)

Position (¢} Al Ti Nb Mo N
1 55.2 18.4 24.4 1.6 0.5 0
2 573 18.3 21.3 2.6 0.5 0
3 74.2 9.8 15.3 0.5 0.1 0
4 62.0 153 20.0 1.1 0.3 1.2
5 74.9 4.1 18.7 2.0 0.3 0
6 64.2 12.7 21.4 1.5 0.0 0
7 63.7 17.4 17.7 1.1 0.1 0
8 67.7 20.2 11.3 0.7 0.1 0
9 60.0 21.9 18.0 0 0 0
10 65.0 26.9 7.9 0.2 0 0
11 61.7 26.6 11.6 0.1 0 0
12 64.8 14.9 17.7 0.7 0.1 1.8
13 75.1 13.1 11.4 0.5 0 0
14 65.7 21.8 12.4 0.1 0 0

FL G R A R SR EURS PR 22, S BV IO &
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EIRIEENE N ICRAAEHRIBEZE R, NGRS

20 pm 20, pm

20 um 20: im

5 ZTNM k8R4 42 650 “C LA [ 8] (¥ 2 T T30
Fig.5 Surface morphologies of ZTNM TiAl alloys isothermally oxidized at 650 “C for different time: (a) 1 h, (b) 25 h, (¢) 50 h, (d) 75 h, (e) 100 h,

(£) 200 h, (g) 300 h, and (h) 500 h
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Table 3 EDS results of different positions marked in Fig.5 (at%)

Position 0} Al Ti Nb Mo N
15 55.0 14.6 27.6 2.4 0.5 0
16 70.7 6.7 19.7 2.5 0.4 0
17 71.9 5.5 19.4 2.6 0.5 0
18 71.7 7.5 18.6 1.8 0.4 0
19 439 19.5 30.7 2.0 0.5 34
20 71.2 11.0 16.3 1.5 0 0
21 52.4 18.1 24.6 1.6 0.5 2.8
22 61.2 15.6 21.0 1.8 0.5
23 71.0 9.2 17.7 1.6 0.4
24 71.5 6.6 20.0 1.9 0

£ IX 5 EDS e R A H 45  — 25, 3 th ILAE A iR
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DR AN 25 OND I 25 780 T TitD) BRI TiO, H (1 48025 A Al
RN B IR EE , 2 70 TIN Ay 2R e v, T 4] 7
S R P ORI T R I A B, A B TG S S R P A
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A m A ONA SR RET, W8 B A7 7R RS e L 1)
BUME-

7E 750 F1650 °C I E AR, 2 H B T W2 3T Al
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KRBT N Ti,ALO,.  H Shemet 2B TN A, 2% 4L
JENY 2 )% H Z AR A RO, ) T AR PR (R 4L B . Beye
A Gronsky™ #f 78 N A, #T Al )& &% H Ti,AlO M
Ti ALO,, H Ti,ALO # T & 25 , W] # 48 Jy 2 € 1
Ti  AlO, M. £ ZTNM & <5 14 5 ) S AL B XRD 73 4 1]
(B3, FR AR L Z M, 3T ALZ AT RE R Z A A AL
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Table 4 Ti and Al contents of surface oxide protrusions on alloy oxidized at 750 °C for different time

Oxidation time/h Dominant phase in surface protrusions

Element relationship Substrate protection

<200 TiO,
200 Transition stage, TiO,+ALO,
300 Proportion of Al,O, has increased

500 ALO,

Ti>Al
A1>Ti (position 8)
AI>Ti (position 9—11)
AlI>Ti

Weak
Enhanced
Significantly enhanced

Strong
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Fig.6 Cross-sectional morphologies and EDS element mappings of ZTNM TiAl alloy after oxidation at 750 ‘C for different time: (a) 1 h,
(b) 25 h, (c) 100 h, and (d) 500 h
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Fig.7 Cross-sectional morphologies and EDS element mappings of ZTNM TiAl alloy after oxidation at 650 C for different time: (a) 1 h, (b) 25 h,
(c) 100 h, and (d) 500 h
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Fig.8 Cross-sectional elemental gradient profiles of ZTNM TiAl alloy after oxidation at 750 and 650 C (a—e); variations of oxide scale thickness

with oxidation time (f)
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Fig.9 Schematic diagrams of the oxidation mechanism for the ZTNM TiAl alloy at 750 ‘C (a) and 650 C (b)
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Study on High-Temperature Oxidation Behavior and Mechanisms of ZTNM TiAl Alloys

Ji Xiankun', Dang Yuyang®, Leng Kun', Wang Ying', Xia Zhizhou’, Liu Shaohua®, Zhao Chunling', Cui Yuyou’, Zhang Chao’
(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)
(2. School of Civil Aviation, Northwestern Polytechnical University, Taicang 215412, China)
(3. Jiangsu HuaRay Technology Co., Ltd, Taicang 215413, China)

Abstract: The cyclic oxidation behavior of a cast ZTNM TiAl alloy at 650 and 750 ‘C in accordance with the HB5258 standard was investigated.
The results indicate that the oxidation mass gain kinetics of the alloy at both temperatures follows a parabolic law. The oxidation rate at 650 °C
(k'= 0.0082 g-m™-h™") is lower than that at 750 °C (k'= 0.0095 g-m~-h"), with both rates qualified as “complete anti-oxidation” grade. The
oxidation process contains three distinct stages: the initial formation of a mixed TiO, and Al,O, scale; the development of a continuous TiN/
Ti,AIN nitride layer at the scale/metal substrate interface during the intermediate stage; the formation of an Al-depleted zone within the oxide
scale after long-term exposure. The higher temperature (750 °C) promotes the growth of TiO,, resulting in a thicker oxide scale. The nitride layer
plays a critical role in determining the oxidation rate and the structural stability of the scale.
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