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Abstract : TiAl alloys exhibit good potential for application in high-temperature aero-engine components. To enhance initial
flame growth rates and subsequent combustion efficiency, oxygen-enriched intake technology is commonly adopted in air-
craft. Research indicates that when O, exceeds 30vol% , combustion efficiency increases dramatically. However, system sta-
bility decreases, potentially leading to severe internal oxidation and oxide scale spallation in service alloys. Therefore, build-
ing upon previous investigations into solvothermal fluorination, the present study introduces a combined modification strategy
that involves magnetron sputtering of an aluminum coating followed by pre-oxidation, aiming to overcome the protection limi-
tations of single fluorination in TiAl alloys. The effects of aluminum coating and pre-oxidation on the oxidation behavior were
systematically investigated at 900 °C in a N,-40vol% O, atmosphere. The phase composition, morphology and interfacial
structure of the oxide scales were characterized using XRD, SEM/EDS and TEM. The results demonstrate that pure O, pre-
oxidation enables the formation of a highly pure and dense initial Al, O, layer, effectively suppressing outward diffusion of Ti.
The aluminum coating serves as an “Al reservoir”, continuously supplying Al during prolonged oxidation and significantly
delaying the initiation and propagation of the Al-depleted layer in the substrate. Among the four conditions, the aluminized
sample with pure O, pre-oxidation exhibits optimal performance: no spallation occurs after 200 h of oxidation, the Ti content
in the oxide scale remains below 2. 4at%, and the Al-depleted Ti;Al transition layer ultimately reaches a thickness of only
approximately 5 nm. This combined modification strategy
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structural protection of TiAl alloys under oxygen-enriched
combustion conditions.
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Fig.7 TEM analysis of the oxide scale/Al-depleted region/substrate interface in the pre-oxidized MF-O sample after oxidation in N,-40vol%O, at

900 C for 200 h: (a) HAADF-STEM image of the sample, (b) HRTEM image of the region marked in Fig. 7a, (¢) HRTEM image of the

region marked in Fig. 7b, (d) inverse FFT analysis of the enlarged region marked in Fig. 7c, (e~h) series of FFT patterns corresponding to

the three phases indicated in Fig. 7d
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Fig. 8 Oxidation mechanism of the surface modificed TiAl alloy under harsh environments: (a, b) Al source supply mechanism and oxidation

kinetics, (c) effect of pre-oxidation atmosphere on the initial growth of oxide scale, (d) interface structure and long-term stability



o8

B B A TR IR T R A LT 721

B (F-A) AHEL, TE OB B AR . BRI 4G AL, 0,
2, JFERINE L RR SR Bk, il F-0 SAfR)E
TR IR ZART F-A, SEZE T TiO, A, XHHEFRIAAE,
T AL IR BT 52 0 0T 8 2, A TG (MF-A) T 4U53 TR
%, TERUH AL O, JEBURMERSHL, &8RN BOF N
SEAY R PUEGE E, S ECR I LS R IR AL T
FIT A BRI ;T4 AL (MF-0) D5 ZAE 2E 45
Mt se s, MR B ALO, 2, A AP AN
BOMERSN 8L, MF-O 7 4 4L FE FP IR R T By sk SR
AR ALO, )2,

(3) FrmEaity 5 KRR tE. & 8d /R T AN [ A
A AL E KR E M, F-0 IFEIE AL AL O,/
Ti; ALLO,/Ti, Al/TiAl 22454, £ 5L R T BRI 454,
JieFRaE MG J1 R, 2 ah F e TS R (A A BE K30
PrdlvE 0y B, MF-0 A P B AL O,/ Ti, AL/TiAL 45
Hy, Hop Ti ALK R AR IE R, UER T 8RR R R
FRE R LRI, AL EZHAR IR 2 M AE R, (R
TR R R M e . Ik, MF-O 7E40A 8R4
R R, RS R a6 ) S8k ke v

Zi ETR, MF-0 i S S T F-0 I
HHEZTE, B4 55 T HBUR R ALO, BEAE 1
FEsE G, R ERe R 4 4h iRtk

5 & it

AWFFEEE R TIAL & 4 7E N,-40% O, (PR FL40 %) =3t
I R iR A ), 48 T R I S A N R Ak 2
B AR B B A R RS, SRAFLL T EEAE R,

(1) Z AR EER BT T TiAl &4 7E N,-40%
0, Frbtafbrtre, 958 ol S A Ak (MF-0) I
T BB HE ST, 200 h B SR R a5 8

(2) HER 2 5 2l S T4 1 BRI A i S 3R 5 B
PPERE R OCHE . BEAR )RR R AR A R PR MR SRR, AR
ISR AZ IR (X 5 nm) 5 &lV4E TR AL 1 7 4l
JE . EEUE RIS ALO, BEAE K, WEIH T ANTELG
I, =FH BT ALO,/Ti,Al/TiAl #4755 1 9% 8
FISER A4S, W T8 LZTE R 35 T I REafa
FEMAE .

SEZ Xk References

(1] #Bl. &E¥FMI], 2015, 51(2): 129-147.
YANG R. Acta Metallurgica Sinica[ J], 2015, 51(2); 129-147.

[2] BPP. REHALI], 2018, 47(3) : 224-230.
JIA P P. Surface Technology[J], 2018, 47(3) ; 224-230.

[3] T4RR, ¥k, 28500, 55 MRHM[I], 2025, 39(21); 155-
169.

WANG Y C, CHANG Y F, QIN Z W, et al. Materials Reports[J],
2025, 39(21) ; 155-169.

[4] GENC O, UNAL R. Journal of Alloys and Compounds[J], 2022, 929.
167262.

[5] LIYQ, KOUHC, WANG Y R, et al. Journal of Materials Science &
Technology[ J ], 2024, 202: 16-26.

[6] SUNCH, LIHR, LILY, et al. Corrosion Communications[J],
2024, 16 35-42.

[7] MU YX, LIANG Y F, SHENG J Q, et al. Acta Materialia[ J], 2025,
283 120500.

[8] SIERADZKI K, NEWMAN R C. Journal of Physics Chemistry of Sol-
ids[J], 1987, 48(11): 1101-1113.

[9] BECKER S, RAHMEL A, SCHORR M, et al. Oxidation of Metals
(1], 1992, 38: 425-464.

[10] DU H L, DATTA P K, KLUSEK Z, et al. Oxidation of Metals[J],
2004, 62: 175-193.

[11] ZHENG G M, TANG B, ZHAO S K, et al. Materials Characterization
[J], 2023, 203; 113110.

[12] DONGZ C, FENG A H, WANG H, et al. Metals[J], 2023, 13 485.

(13] BT, KEA, IME, % MRS TREERT], 2023, 41
(2): 315-322.

GONG Z Q, ZHANG H X, SUN W, et al. Journal of Materials Sci-
ence and Engineering[J], 2023, 41(2) : 315-322.

[14] FENG L H, LI B, L1 Q, et al. Materials Chemistry and Physics[J],
2024, 316: 129148.

[15] IMAYEV V M, TROFIMOV D M, IMAYEV R M. Journal of Alloys
and Compounds[]J], 2025, 1046; 184864.

[16] WANG Q, DU H, XU W, et al. Intermetallics [ J], 2025, 181:
108732.

[17] ZHANG X L, ZHANG Z H, LIU T S, et al. Journal of Materials Pro-
cessing Technology[ J ], 2026, 352: 119307.

[18] SUNY Y, MIAO Q, LIANG W P, et al. Applied Surface Science[]J],
2025, 689; 162501.

[19] JIAZ H, SONG X L, SUZT, et al. Applied Surface Science[]J],
2025, 692; 162717.

[20] TIAN J L, WANG C X, SONG P, et al. Journal of Materials Science
[J], 2025, 60(5) : 2224-2251.

[21] =2, fhBEZs, WAM. hEMBHEELT], 2022, 41(5):
345-353.

YAN HJ, WU L. K, CAO F H. Materials China[J], 2022, 41(5)
345-353.

[22] LIYY, WANG W J, CHEN Z X, et al. Corrosion Communications
[J/OL], 2026. (2026 -03-05) [2026—06 - 06]. https: //
www. sciencedirect. com/science/ article/ pii/ S2667266926000253

[23] FRIEDLE S, LASKA N, BRAUN R, et al. Corrosion Science[]],
2015, 92: 280-286.

[24] SU Y, KONG F T, WANG Z B, et al. Corrosion Science[ J], 2019,
159 108146.

[25] LIZX, YANH ], LIX R, et al. Corrosion Science[ J], 2022, 199:



722 Hh L b A 545 4%

110200. 253, 113017.

[26] R, 5878, Wk, &5 hEBE S prER[1], 2025, 45 [32] YANGDF, CAOL A, LIUY, et al. Journal of Mechanical Science
(6): 1517-1527. and Technology[ J], 2019, 33(10) ; 5061-5072.
ZHUANG Z T, YAN H J, XIE B, et al. Journal of Chinese Society for [33] GONG C M, LI J B, PENG L G, et al. Fuel[J], 2019, 253. 1406—
Corrosion and Protection[ J ], 2025, 45(6) : 1517-1527. 1413.

[27] DONCHEV A, MENGIS L, COURET A, et al. Intermetallics[J ], [34] AUGUSTO F M, NICHOLAS G, VINCENT W, et al. AIAA Journal
2021, 139. 107270. [J], 2021, 59(11) : 4556-4568.

[28] YANGHT, XU S H, LAN J J, et al. Journal of Alloys and Com- [35] LIZX, LIUY H, LIU H ], et al. Materials Today Communications
pounds[ J], 2025, 1010; 178087. [J7, 2023, 36: 106524.

[29] ZHAOF, CULX Y, XIONG T Y, et al. Journal of Materials Research [36] QU S J, TANG S Q, FENG A H, et al. Acta Materialial J ], 2018,
and Technology[ J], 2025, 35: 6211-6225. 148 300-310.

[30] BROWN S, BERGERON F, LOQUAI S, et al. Surface and Coatings [37] YEX Y, FAN T, MENG X Z, et al. Corrosion Science[J], 2025,

[31]

Technology[ J], 2022, 439, 128283.
LIANGJ Y, YANHJ, YEXY, et al. Corrosion Science[J], 2025,

257 113279.





