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Abstract: TiAl intermetallic have broad application prospects in aerospace and automotive fields because of their low den-
sity, excellent high temperature strength and high temperature creep resistance. However, the traditional TiAl alloy has more
stringent requirements for the equipment in hot processing, forming and other aspects, hinder its further development in in-
dustrial applications. In order to improve the overall workability, TNM alloy, B solidified, with nominal composition Ti-
43. 5A1-4Nb-1Mo-0. 1B (at%) was successfully designed and selected by alloy design, which is an ideal deformed TiAl al-
loy at present. The alloy not only has excellent machining properties, but also takes into account the performance objectives
of strength, plasticity, fracture toughness and creep resistance. The research progress of TNM alloy design concept, micro-
structure evolution law, microalloying process, heat treatment process, room temperature and high temperature performance
and practical application are summarized briefly, andthe future development of alloys are prospected.
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Table 1 Development of the TiAl alloys' ">

TiAl alloy Composition

st .
I” generation 1970s: Ti-48A1-1V-0. 1Cr
TiAl alloy

1980s: Ti-(45~48)Al-(0~4)Nb-(0~2)X
Ti-(45~48) Al-(0~2)X-(0~2)Y-(0~2)Z
With X=Cr, Mn or V
Y=Nb, Ta or W
7Z=Si, B, Fe, N

1 .
2" generation

TiAl alloy

Ti-(45~48) Al-(5~10) Nb[ TNB-Group ]
Ti-43Al-4Nb-1Mo-B[ TNM-Group ]

d .
3" generation

TiAl alloy

B-y-TiAl & W& T, stk
Befli & A 700 AR R EE T AR AT 19 T F S5 A A0 S O
BAARU 8, M4 2 i Ik &R, 550 Hl
H B AR RS ZTE WA RN A & W TEMER, [FR
FEAI A 4 BUE o B2 v X 3 48 19 W7 20 220K (Rl B R
B . WL, By-TiAl & & A B r#om T4
{2, BAHTE 1000 CLAF A P4k R B2 254 (HD B, ),
AN A & E IR B A IG AR ERR A A F B R,
M., Clemens BIBAM #2507 Nb 1 Mo L [Rl4#524 A4 B-y-TNM
A4, Clemens %5 Fl Appel %1% Z2 AN 5% [A] A 2 42 113
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ASTE TNM & 4 DA S50 25 1) Tl R I P 28 1 2%
(S TE], (R SEAE A I A2 & S HL (PW1100G)
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Aviation Administration, FAA) &4 T #A-1E A8 4 DL &
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Bl 1§75 Ti-43A1-4Nb-1Mo-0. 1B & 424141 SEM L H11%)
Fig. 1 SEM image of the microstructure of as-cast Ti-43Al-4Nb-1Mo-
0. 1B alloy' "]
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JRIZLZ SEM B
Fig.2 SEM image of the microstructure of Ti-43A1-4Nb-1Mo-0. 1B
alloy after cooling at 1450 °C for 5 min' 2
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Fig. 3 Photo of Ti-43A1-4Nb-1Mo-0. 1B alloy forgings (a), SEM im-

age of forging organization (b) (1s]
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Fig. 4 Photo of turbine blades prepared by upsetting and extrusion on
both sides!

Wallgram 2% TNM &4 1E 3 NMHEX. (a+B+
v) . a+(B) (B M EI /D FEE) Al (a+p) HEATIE
B — )

A, NBE SRR ALK YE . R R, T, DL b
TS 2 IATHY, PR (a+B) MHIKHIAETE, SRR R &
2RI, BB T B TNM A 4 #E AT A ) B3R KA 3,
Bkl 5 B, AT, BEE IR0 B T
BARRY & i W E R, D3 Ah, B A im i VA R Ak OU 45
¥, Jreebbhedg BTk, BD. B KEE R T 650 C
WF, WS AR RN B AR D A R R T
yta, FHZEBER K, JEREE T, Hy+a, HEHy
AH B3 0 A0 5 AL B IR S B ( cellular reaction) 5 A2 (1)
Ak, AR TERBENERS . 5o, BRMLH
T.2:1230 °C/1 h/AC+850 °C./6 h/FC 153 iy 2H 20 BAT 341K
FIWTRN A (R B B i G AR 0 075 T 1.2 1230 €/
1 h/AC+950 °C/6 h/FC 13 Z| B L F+ T Wi 4s, {H
FEAR T IGASRE 7, X 25 B 2 )R A Sk R (R s
N RARAL) A

(@ry)s BB2.J &y
I~ o
pA S IR 7

5 Ti-43. SAI-4ND-1Mo-0. 1B & 425 3 FpHALFS 414 SEM B4 ). (a) 1230 /1 h/AC, (b) 1230 “C/1 h/AC+850 “C/6 h/FC,

(e) 1230 C/1 h/AC+950 C/6 h/FC

Fig. 5 SEM images of the microstructure of Ti-43A1-4Nb-1Mo-0. 1B alloy after three kinds of heat treatment' ) . (a) 1230 °C/1 h/AC, (b)
1230 °C/1 h/AC+850 °C/6 h/FC, (c¢) 1230 C/1 h/AC+950 “C/6 h/FC
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LRSS ) T 2L (E 6i) .
3.3 TNM & &M E AR

TNM &4 N T BR T 5% A% G2 OE J7 U8 n 5 38 |
SR AL R SFEOR SN, A B R 2 08 Jr Kot 4
JEUUF (laser metal deposition, LMD) | 558 T H Begk
A (spark plasma sintering, SPS). AR 4%, HLEE
DURUR — R AT Bz 0 TR R AR & 4 S5 2 4t
BRI | Rittinghaus 257 SR HOG 4 8 TURL 77 X
HEATXS TiAl &4 TR, 153 1T H2HEw 41/ 1
TNM &4, A TABMEEMEHHA —8, RBGE AR
Ty 2R BEAT Y S AR, (S S S
M2, [FHE, Kastenhuber %5 BF5E TS kit B,



%8

AN 2. TNM BB RS & & kR 673

Bl6 RERASTH TNM S4T50 SEM IBA B () 8575, (b)$5457F 1200 /4 h/200 MPa B8 (c¢) (atBty) KSR, KT
vy FERER K, (d) (a+fy) HIXMGEERBE; (o) (atf) XK EEIBER ; (f) (a+B) HIKGH EHBWEHE; (2) (atB+y)
AL, KTy FIEESE K (h) MR HEETE 1200 °C/4 h/200 MPa 54 (i) 2585 TR AL B4 1375 C/100 MPa

Fig. 6 SEM images of the microstructure of TNM alloys in different states>'); (a) as cast structure; (b) gently cooled as cast at 1200 °C/4 h/

200 MPa; (c¢) (otB+y) phase hot extrusion, annealing below Teu; (d) low speed isothermal forging in (a+B+y) phase region; (e)

high speed hot die forging in (a+B) phase area; (f) ultra-high speed hot die forging in (a+8) phase area; (g) (a+B+y) phase hot roll-

ing, annealing below Teu; (h) hot isostatic pressing of power at 1200 °C /4 h/200 MPa and then cooling in furnace; (i) spark plasma sin-

tering (SPS) 1375 °C/100 MPa
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TR, A B T 208 ol LA S 511k i 41 2
HAF T 28 1100~ 1160 °C/24 h FUCFEATIAF] B, AHFB/HH
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Fig. 7 Properties of alloys prepared by different plasma discharge sintering processes

(b) creep test at 700 C and 300 MPa

(331, (a) tension test at room temperature,

o, +y+p cellular

,/.
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8  Ti-43.9Al-4. ONb-0. 95Mo-0. 1B &4 AIRIHAbIHF 241 SEM BE 7). (a) HT1 (1290 °C/9 min/WQ), (b) HT2 (1290 C/9 min/

AC), (¢) HT3 (1290 °C/12 min/AC+850 °C/6 h/FC)

Fig. 8 Microstructure of Ti-43. 9Al-4. ONb-0. 95Mo-0. 1B alloy after different heat treatment ") (a) HTI (1290 C/9 min/WQ), (b) HT2
(1290 °C/9 min/AC), (c) HT3 (1290 “C/12 min/AC+850 °C/6 h/FC)

4 TNM &&4aE

4.1 TNM ALETMERE

A TNM A a8 Ly B MEZER N FEUA
FI T 4 1) ik B 0 05 A0 M BB 4 = 1 A P ME MR A B, AH 2
PO B, A AL o AR B T A SO R . Kastenhu-
ber % RS R W, SE A SR SR (K 2)
5 IR X () AT AL AT 1S BN R 4L, AR
AR RIH L AT 750 °C/250 MPa FOEF AR 5255 &9
BIIEAE R ML v, A4 1(NLy+8, ) By /IMTGAR 3 R
BAR(NLARERILF)ZHL, near lamellar) , JRFTEFi%
HANEKZ B, FITFOAEY E; A4 2(NLy) M/

WEASHRAR /N, XS AR 2 RSEAR /N, B
BRI B M, A4 2 (DFL) B 5 /N I 78 R A /)N
(DFLRREL R ZEH L, designed fully lamellar) , K21
SUNPR T R 20 50 g AR y A, WK TIEAESL S,
YA, X 44 LAY N Ti-43A1-4Nb-1Mo-0. 1B (4 4, Ik
T 1300 C YR K T 2001 LIA ZGH bR T R 2 B S ) B
AHECR B AL T2 R WY g ARBT ¥y, X4 TiAl &4
FYEYE PR AREAT B W B E T, [ (y+a,) B2
mhi L R A TR A, RS a2 T 2%
AHFEE YRR T UGB K T (BB K T2 N A4k
SefE 1270 C TR AJE, T4 31T 800 C &1 500, 1000
F12000 h) H ¥R KPR TRl S TNM A 4 oA 21 %

R2 HiETNM ASHUEES (RFESE, %), SRRE m. -ppm TR (EFSH) 14
Table 2 Chemical composition of cast TNM alloy (at%), oxygen concentration is denoted by m. -ppm (in parentheses) (42]

Alloy Ti Al Nb Mo B C Si 0
TNM alloy 1 Bal. 43.67 4.08 1.02 0.095 0.014* 0.013* 0.108%(425)
TNM alloy II Bal. 44.09 3.93 0.94 0. 098 0.037* 0.036" 0.181%(710)

Note: * impurities in the production process
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Fig. 9 The creep curves of three different microstructures at 750 “C and

250 MPa, corresponding minimum creep curve rates
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S, DR AN R 2R 3 0 AR B A2 BT
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earth elements at different temperatures[ﬁz]
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