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Abstract: Ti,AINb alloys, as representative TiAl-based alloys designed for long-term use in the
temperature range of 650-750 ‘C , exhibit promising potential for applications in typical aero-engine
components. However, their susceptibility to oxide scale instability, interfacial embrittlement, and
degradation of mechanical properties under high-temperature oxidation, molten-salt corrosion, and water-
vapor environments constitutes one of the key factors restricting their practical engineering application. The
Ti,AINDb alloy primarily consists of O, B2, and a, phases, introducing a high density of grain boundaries and
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phase interfaces within the alloy, accompanied by pronounced compositional partitioning and
electrochemical heterogeneity. As a result, Ti,AIND alloys exhibit significant interface sensitivity and non-
uniform environmental responses under complex working conditions. This review paper focuses on the
significant role of the multiphase microstructure in governing high-temperature oxidation and corrosion
behavior and systematically summarizes the research progress on Ti,AINb alloys. Particular emphasis is
placed on the formation and evolution of complex oxide scales characterized by TiO., Al;O;,and Nb-related
oxides. The dual role of Nb in regulating oxygen diffusion and determining oxide types is clarified , and the
effects of selective oxidation among different phases and the associated interfacial stress concentration on
the long-term stability of oxide scales are discussed. Considering complex working conditions, this work
outlines the coupled corrosion-oxidation behavior of Ti,AINb alloys in molten salts containing Cl~ and
SO;  as well as in water-vapor atmospheres. It clarifies the localized corrosion sensitivity arising from the
electrochemical differences between the B2 and O phases, the destructive effects of corrosive ions such as
Cl~ and SO on the continuity and compactness of the oxide scale, and the critical impact of hydrogen
ingress-induced intergranular embrittlement in water vapor on application reliability. On this basis, various
surface protection technologies developed in relation to the multiphase microstructure and the active
diffusion behavior of Nb are introduced. These include aluminizing treatments that construct a-AlO;-
dominated selective oxide scales, silicide and Si-rare-earth composite coatings that form SiO, barrier layers,
and MCrAlY-type metallic coatings with diffusion-barrier designs. The stability of coating/substrate
interfaces under complex interdiffusion conditions is also analyzed. From the perspective of engineering
applications, key challenges remain in understanding multi-interface coupled oxidation and corrosion
mechanisms, establishing reliable long-term environmental stability evaluation methods, optimizing
integrated coating-system design, and improving service-life prediction. Future research focuses on
multiphase interface regulation and the synergistic design of advanced protection systems.
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Table 1 Typical oxide phases formed in Ti,AINb alloy during high-temperature oxidation under air conditions

Atomic fraction of composition/ % Oxidation condition ~ Time/h Oxidation product Reference
Ti-22A1-25Nb 900 °C, air 500 TiO,, AINbO, and ALO, [40]
Ti-22A1-14(Nb, Mo, Fe, V, Si) 800 °C, air 100 TiO,, AINbO, and ALO, [45]
Ti-22A1-23(Nb, Mo, V,Si) 800 °C, air 100 TiO,, Nb,0-, AINDO, and ALO, [44]
Ti-25A1-12.5Nb 800 °C, air 500 TiO, and ALO, [43]
Ti-24A1-11Nb 900 C, air 120 TiO,, Al,O, and nitride particles [41]
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Fig.1 Schematic diagram illustrating the high-temperature oxidation process of the Ti-22A1-23(Nb, Mo, V,Si) alloy

[42

(a)schematic illustration of the microstructural constitution of the as-cast Ti-22A1-23(Nb, Mo, V, Si) alloy;

(b)oxidation stage 1; (¢)oxidation stage 2; (d)oxidation stage 3
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Fig.2 CDD and DOS maps of O at different adsorption sites
(a), (b)CDD maps of the topmost slab with O adsorbed on the hep-Nb and fee-2 sites, respectively'®; (¢), (d)DOS maps of O adsorbed on

the tetra-2 and octa-2 sites, respectively, showing the hybridization between the O p orbitals and the orbitals of Ti, Al,and Nb atoms

Kulkova Z& " () 3B WF o8 dk— 38 H, O JiL 15
A2 ) 52 B 6 TR/ AR [T B A5 b, H— E Bk A Ak
JE VT ELRE SR, TR 1 T T S AR i R S A i
TEE TiHEE T, Nb H AL 5 5 &0 % AR W RHE
X 55 S oW 52 31 1 SR T THO, FiT Nb.O; I 47 1Y
FRAEA—30 . TLAVKR T RLE R BoR A i g
55 64> T A4 BB /T A7 o5 235 VDA G 38R T
SAE TI-AVR R B S Re M R ZHLH . Razu-
movskiy 55 ) 2E TR R, O B AR AE & WA

[66]

& TidEA 2= i TIAL G 4 b i BB ik B2, DA i 728
HAOEH 59 BT o

2 TiLAINb &£ EE FIE R EMIT A
RitE

2.1 TiL,AINb &£ SIS MR IHRERE
Ti,AINDb & 4 7F 52 bR At F 2 72 % 2 88 T =S Eh 47 .
o T B R SRy R A A T A A % ) S AR B Y g R R



545 4

Ti, AIND & 4 i i A AL 55 b Sk g - WL (B4 5 4 S Pk 7

Ve i NaClzk 22 2 J plit , A YR i 2540 Ui
ARk 2 1T TR 1l e A SO R R ok R L b Ab,
NaCl 7E 85 e Sl Tk HEBL Y SO A7 FE R AT HE— 25
54k N Na,SO,, 1 54 [F] i 52 31 NaCl 1 Na,SO, [/ £
VR VR FH L AT 5825 42 =5 T1.AIND A & 7608 1 IR 5%
R XS o 3 RS T PRI BE I i E
B4, NaCl Al Na,SO, 1R A 3 T8 Al Mg 14, Hopw o
W — 25 RAIG, 78 o TR T X RS SR8 A 475 o g 5
Xof 4 2 T AR AR TR T R il AR N
A 4 2R Se 4 v R 2 S 8RR NI, 45 1)
EAEFIRAE N NHREE R . LigE S e T #4855
1 7 Ti-22A1-22Nb & 4 76 10% (& o 80, T H)
NaCl 55 20 % NaNO, ¥ W& H i) JE i AT Sk, P b 41 214
NaCl A iy 2R THDHLRS B 34 B 0 A% 778 NaNO, i #8555 L
H, 1 F NaNO, B A 5k () A e, 808 &Rk m
R TR B R VA A L DT B v P RERE B
Ak, Lin 28735 1, Ti-11A1-23Nb 4 4 16 JiF 1 2R 55
2B A A 22 S, o =R LT Ry
B2>0>> o, , #1415 HL A7 T AR 1Y o 4 5 5 AR SR BRI
fife £ SRR AT . I, o T3 TLAIND
A AT M SEBR R o R R T Ak B B R 4
FE it

Factors of marine chloride aerosols deposition:
®Geographical location: offshore distance, height from the ground
®Environmental factors: wind, rain

3 YR IR T R R s

Fig.3 Schematic diagram of marine aerosol-induced corrosion

[75])

WA TR, i TR AR 2800 JE b A R 8
B 4 R G ok LU i S R 3~4 % . A TSR
PR R L ol 475 R i ) ) 4 8 A 7 B
ANWOIE o BE 2 i 32 AR R CL- O, 5 RHL
B 4 S A i ) JHL A b PR A B[R] 5 RS, B X
JE b Te) R, R 2R R B R B A A H 2 T Y B
J& T
2.2 TLAINb & E&FALFAEHITH

Na,SO. 5 NaCl iR & P15 2 21 Na, SO HA TR
() JE3 ol M | BB 5| & T kg 7 04 S kAT o R

1E 75 % Na,SO, (45 &5 Ky 884 °C) H1 25% NaCl (45 &5 Ky
801 °C) Z Al i Ak i , Na,SO, F1 NaCl i1 & P4 5
FEARE 2 620 °Co 8 s FEAR R ZE BRI T 19
TR Pl U . Na,SO, AN BETE I £ DT F 23
G A AR AT LAE R SR TORR ) A 4 g BT R A
XA LT S N 2 B4 T AR A B AR G N RIS ek
T 52 Wil A4 b 110 245 4 S 2 M RN R 5 IR, X F
Ti, AIND & 4 75 3 56 5544 (9 K A e Pk R 2
P SRR TG

Dai ZE™ ) NaCl Fl Na,SO, s h A i, 798 1T
Ti-22A1-25Nb & 4 78 55 1 1000 h A4 & iR A AL Fn B s
AT A, Ti,AINb &4 7E 650 “CHI1000 h 1Y &= iR~ H
A R R P A A R BE vt R  (HURAE 750 “CHY
T AL S hr I ph PERE X I B 6 1k . PEHE
ST ] BE 4R B T Ti-22A1-23Nb-1Mo-17r & 4 15
750 ‘CHY , U phpE g 2 T % . TiLAIND & & 7
NaClFl Na,SO, FREE i il 5 1l 1 =274 20 Ti0, F
NaNbO,. #4155 4 7 2 180 A7 76 HE IR TiO,,
FI9% DAL BURDR NaNbO, 5 py & b ok s 25 1R
B, G A0 IE T A B A 2 AL AR B R
AL T RS Z 2N — SRR &
S TR 2 RO T BT P R0 19 NaClLTT R P 1)
AN 5 A AR AR 25 AT F NaClLi U 4k
B 600 h, A B TR ) S0 B 3G o3 3 L AE T s Aok
AL IER R Y = 5 A5 AN 1545 o

Xiang 277 i 1 %} Ti-22A1-23Nb & 4 7 75%
Na,SO,+25% NaCl [IRA £ 9 1A 7oA iF 5T, ) B
T U T, AIND G 4 706 s e 1 04 IR 28 R AR R Y
HMLFE, TiL,AINbG4AE 750 ‘CHih 50 h )5 32 3] 7 /™8
PIFEE I, A 4 th B0 T BRI B B 2k, i A ORI AR
FHB A 40 3 0 T 312 o 3K 02 PR A A $A U 1k )
1, TLAIND G 4 19 R ot o o 46 2K 5 068 ok )2 00 g ok
VIR 2584 56 . TE IV i 18, TCIR 2 1) TLAIND &
G SR G B RN, Bl A e ) A RE G T A
AU/ IS, BV ol o AR R AR, g b = 4 )22 24 /)N, Lo o
754k 55 o A 2R SR DG, S B Tl g % T, AIND
G A SRR TR I B3 A 0 BRI B ok g R Az PR
X —IGJE th T = B T — RO 2, DTk
L i 1) 7 18

H IR AT 1 CLoT |, 4 R 10 v 44 1F
AL 77 CLAUA 8 234 A% R PER) TiCL, ik
S AIE 0 T ko AR A e S EUE bk
2 RIS UE M R A B AR AR R R E
700 CH}, Ti, AIND & 4 7R 3R PRI T 9 8 ioh 13 2 LA
100 h AR Z 1Y 20 18 . 3k e i) i 28 4t vy 2 22



8 BT R

2026 4= 4 H

ST E IR AR A ST N REA AR R N . ALO,
BIAEAE  E— R T S iR K A S N o XIS 2
FHHCUR CLAARR = A= X S8R 2 1) S 02 R
2 I R IE lER 5 & A O . TiF ALFY
S HE R — AR T IR A SR VLR B TE A, X
2 SHEOR A AIE S TR I AL(SO,),5 Na,SO,
TE B 3L A 7E K 24 640 “CRFF R M AL . X IR £RL
T VRSB 40 B, 9 B A ot v, TR T
AR X H A AR I AR Chen 255 Y, 7E 28 B i)
e -ER 25 BT b, FRR G R SO AR ) CLAE M i
A i AR T AL ND JE iU % 1k 42 8 Ak
It kA R E AL - PR RS, B s T TLAIND
G 4 A AU B AN b 5 AR AR DI 3 B0p Bk A
TR 3 P S AR T LA

R ) £ 0 (S o R AE W) 4 B Bk b
T M EBEANEE RIS ELERE, RS2
B H 25 38 5 0 J 12 B0 R BRI . Niu 505
T Ti-25A1-11Nb £ 4 75 3h PR 58 v 1y #46 1oh = EEAL
ALHERE R 0 S A s 1 4 B T BT VR R R [ A1
P, 5 s f AL TP UTTE B S A AL S R
AR A W i T i 22, JH A K 3 3 B A Ao 3 1 4
b2, A ERENE B s B SN ALE,
AR 42 A T M TE BR A DXk, B 2R A A i W R
il A5 0 8 422 B L0 1% B2 1 ML R AT 5 B s g o AR
i, FUE hAE 600 °CAI 700 “CR, EAT— %2 A i 452 1 .
BOE R FANRE T, A 2B EA R DRe 1 6 ik
2,051k T 2 R R
2.3 TiL,AIND & E&HERYLIE

Xiang S W 5% T ¥4 NaCl #1 Na,SO, IR & h 1Y
Ti-22A1-23Nb A& 45 78 750 “CH} I #E ph A7 K . BF5T
g5 J K 4 FF R, Ti-22A1-23Nb 4 45 6 h 7= 8 K
TiO,+ ALO; JZ fil NaNbO, |2 58 B 77 1E , ALO, 43 1 16
TiO,+ALO, )2 T P2 AR5 T8 & T A
[FoC R MR Bl S st i 22 %0 G4
1) Ti A1 AL el Ak Fn el fk 4 TiS AICL #1 TiCl, i
5 WA AL IE R TIO,+ALO, |2 . Nb & & I & 1k
NbO, #& 5 NbO 5 SR fil 55 B 1 2 — 25 = NP 1
NaNbO, 2 . BN [A] 4 J& 70 R 22 U Pl 2R 58 (19
N IR AR A . TiO,+ALO;JZ Fl NaNbO, JZ iy £
N A e A S ) T e She A EL R 2, DT R O I
P2 A K A0 5 Pl B AR SR Y i L R
JZ P A K PR THO, F NaNbO, 22 1] fi HUlE ik 22 %1
AN UG e 5085 ol 23 7 A LRI R 95 )i — B
SHEAEEFEEMm. PRHRGEAEMN, IR EL8TE
IC S IR v 0 J5 ol R 5 LT o 2 %) DR P R

EIECR

SAALE A3 2 B B ALFTND (7R & 481
Y2/ REENYZ/ & R)Z/ AN E 2 2 )24,
¥, Horp AR 2 B2 AT O ML - (o, 8) -ALO, &
TR AE SN AR 2 T A SRR 2 /B A B T B O A
FEFE i X3, 45 AIND, (I B, A K2 O A AR TE A%
Nb.O;., TiO, fl ALO, . Hrfr HE & XA 7R S0 G
S0 D1 2EERE RUE RS e M LA B, X
B A 22 ALO, JZ i H Al X 8RB BT A
ALO;+TIO, 2, 3Pl 5 T 2 R R 45 22 5 R0
SRR SIE TS, BRILZ AN, TISFAAE TR A2/
FLAAR G XA AL 0 T i 2 0 — 2 5 i R R )
PUBERE . RIS e 3R E A A AR 9 TOL ok, B
BT 8 )2 R oo MBS AT S I BEAR LT IE 1Y
e R TEREIE I T8 & o M REHE R Z,
Qian 55 RS R, 7 ER A BT ol B b, Ti-24A1-
14Nb-3V-0.5Mo-0.3S1 & 4 H i M4 T0 3= 25 & A= i
BT, DT 7 SO0 45 44 v B B 5555 0 52 i 4 (K I8 ol 4 7
Ko TERERIR AR, 3 L4 70 28 1 801k 0 #H N
FRXERES S AR L O L H T A Al BT DX S8R A ' A T 2 —
A R Z W MERS A AL . R B R R HR I L
TiO,, ALO; FI Nb,O; 8 E IR A 2 . Bl , A
ALY SR 2[RI SR, DR IO ) Js ik - 25 <
ST B 1, A8 A5 S TR ST 0 9 R TR R OR W T
TiO,  ALO, Fil Nb,Os PR G A A — 22 L fif T
KRR e KRR AMI LS 22 L B Ak P U
BLVE o ZRVITE A AL - 35 22 , I it — 20 3
TG 48 32 RS 5 b i XU

XA A A K 28 S I s LB SRR S
SR TT DL AE S A 3 Ao H Ak S R SRR SR 2k
il o A A PR B L 2 /SR AT, 3K B T & T
FALZ RS A K T HO I T 20 4 4k
PR, A S BUMAUR A ALY IR B, E AR
VS A0 T B AR T 25 ROE LRe , AR 1 T 25 o R 2, 4
58T PHES T RIS 7980, h b S 380G & KBS
() 8 AR FR I T SR Y A AE 5 3 TO, 1Y 45 1)
SRS R [A] A HLO P8 56 W B A g 25 78 Ti0, /9 (110)
f 710 OB TiL,AIND A 42 B T 800 “CH Bl 5 31 5%
Hp, T R I AR Dok R BE AL S B i 4
B XEZEFRFT ALO, IR, i E /W Em iR T
LA LS AR P AN R4 R VR T, RE A R4
B8 JEF e M A R — 2598 3 . SR, A 2 M Ti,AIND
W Eh, ALO,JZ 1% S a5 2 B0 R
TSR 5 T 52 7 B4 S W) BT RS ) e 38 B 7 5 SR
U, R R R ALS S BT GE S v RE L HUR X



Ho4t B4 Ti,AINb & 4 =i AL S I oT ot ML B b 5 % R pk ik 9
I f Cl, 4S80,8S; |'n AICI,, TiCl, }4_ Escape of
l SO# - 0%+ S0, | wotonsa - chlorides
805+ 802, 8, + O mixture i .
0, CIF+80,,S;+ 0, S0 +Cl, Spalling debris
ﬁ

Base alloy
—Nb, O, S, Cl-rich
alloy
AICI,, TiCl,
AICI,, TiCl, + O - Al,O3, TiO, + Cl>
».‘> g : e ; N
T - - - -
- e — Al, i + Cl, -» AICl, TiCl,
— Self-sustaining chlorination/oxidation
lmz TiCl, S,
* Clo = TiCl, + S,
02
v NaNbO; 4
Nb + O, - NbO <« NbO . b
Cilvaoy Self-sustaining sulfurization/chlorination
Base alloy

P4 Ti-22A1-23Nb £ 4 (9B il R 75 17
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Fig.5 Schematic illustration of the microstructural effects on oxygen adsorption and oxidation behavior in fully lamellar(FL),

nearly lamellar(NL) ,duplex(DP) ,and near-gamma(NG) microstructures of TiAl alloys
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(red spheres denote oxygen atoms involved in adsorption and diffusion processes)
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Fig.6 Schematic diagram of common high-temperature protective coating systems for Ti,AINb alloy(a)'* and

schematic diagram of typical coating preparation methods (b) !
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