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Technology Evolution for Commercial Expansion of TiAl Alloys

as a Light Weight Heat Resistant Material
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Synopsis

From a viewpoint of light weight owing to low density, application of an intermetallics TiAl alloy to engine components,

especially rotation parts, improves mechanical loss and the following combustion efficiency. So far it has been applied to a

turbine wheel in an automotive turbocharger system and a turbine blade in an aero jet engine. Looking to future social demands,

expansion of the TiAl commercial market would be expected much more than in the past.

The TiAl has been researched since the 1960's, so several inherent weak points such as brittleness, low oxidation resistance,

and manufacturing difficulties and so on in the case of gamma single phase by only Ti and Al have been overcome by addition of

alloying elements with adequate balance, microstructure control, and some innovative processes. To evolve the technology with

the market growth, understanding and studying the great effort made by forerunners is important. In this paper, the history of the

technology’s developments is reviewed and some of the recent challenges are introduced.
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Fig. 2. Microstructure and back scattered image of
Lamellar structure.

Table 1. Characteristics comparison of titanium alloy, titanium aluminide alloy, and nicke-based alloy®.

Property Ti-base Ti;Al-base TiAl-base Superalloy
Structure hcp/bee D0, L1, fce/l1,
Density, g/lcm® 4.5 4.1-4.7 3.7-3.9 7.9-8.5
Modulus, GPa 96-115 100-145 160-180 206
Yield strength, MPa 380-1150 700-990 350-600 800-1200
Tensile strength, MPa 480-1200 800-1140 440-700 1250-1450
Room-Temp. Ductility, % 10-25 2-10 1-4 3-25
High-Temp. Ductility, %/°C 12-50 10-20/660 10-500/870 20-80/870
F}gﬁg“hlzgp“; P 12-50 13-30 12-35 30-100
Creep Limit, 'C 600 750 750*-950" 800-1090
Ocidation Limit, °C 600 650 800"-950' 870"-1090'

*Duplex Structures +Fully-lamellar mictostructures #Uncoated !Coated/Actively cooled
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Fig. 3. Lamellar orientation dependence of yield stress
and tensile elongation in the air of TiAl PST
crystal'®.
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Fig. 4. Oxidation resistance of Ti-Al binary alloy, DAT-
TA1 and Alloy713C.



80 EAH 88 k2 2017 4F

ZuAEEB L UL O 729 Nb R Si & i
L7z DAT-TAL, = v 7 V&G4 TH 5 Alloy713C
DT BRI Z RS, Ti-Al ZTER A4 TIZ 800 T 5
FRILASHEST L, 850 T LLETId3 L < BALASEITS % 2%,
Nb % Si 2 L 724 & CRIERIb 23 L < L
Alloy713C I W LMEE e > T B 72720, &N
TCEOEINCTUETRESS DS, LM% 3 S 5k
DELIERELR DL BEOTINETF > TV I HED
BREMZEL D 720, FEISLETHDL. M b KL
HIC X B b om EbMET S, TV 4 N
9 RoNT A YIRS X BB Y 2 B X B R
HENRTWE.

3. FRLTIIBEDRERIT

PST #li il ° & & S F R AFZERRE 1 & 0 B EHIY 2 BEAR X
RECHESLIZbDOD, KKE LTEMEE TIZITKE
LREN G o7z, TNIEEEMLEW TH S Z LITRERL
HEIICEAREOWL S TH Y, FERAMIIZEER
DFEBRPLETH o7z, FERMLL-FRNERTAL LT
TNV IEEOBEREY TN TRk LIV EE
W OO, MEREE S F SF R RERMRAKEOERK
ELTEMEIER I N TV A, RECIBysEEme L
T, B - S B 2N THA, B RO IC o
WTEIZBRD.

3. 1 BRE-SHERETN

FE TV IAEIIEEICHEETH Y, N ICE
(WRFEREFR) ORANZL Y TTAREAEED S I b
72y s I7) —OEMBMPLETH -T2 £ 2
T, MUEETHMITREZORAZHE VT ¥ V&
STEANLSN T LB OB KRS N2 T
5 Y EEOEMITEEL LT VAR (Vacuum Arc Remelting)
X EB %% (Electron Beam Melting) 72 &A3HI 5 LT\ 7z
B, NS DOEIIE % KB &2 B § 5 D@ L
TWbbO0, F4 7 E&4 TRERGHEROBIG
TN XD ENAFEAT 5 72 O RFUGHBL D & AN T B
. FEAE L LT 2 BI85 A 1 RAIH
WoO=Z—XFKRELRL, ©LASHGELMAG LY A
FEVED B IEF RS LR b, 22T, =y vk
FHEEEOHRETHVWONTWE LT I v 7 AHTO
EIEDSIRET S 7223, HHD & OAFIRANS & 5 5k
WEPHETH -7, ERT Y VEEOER - Hi&IdE
287 — 7 R - OSEE Y TEBSN TV, B
By — U R A — Vi EOBHEIR~O B % ERE L

F & S TERES T2 - 58 /713 (LEVItation
melting and CASTing : LEVICAST ) AS#f &7z 2 2.
Fig. 5 12 LEVICAST™ ORI %R, Z DUl - ik
TEE T =V B2 =3 THCHER S NS T2DEG~D
A OIRAD T <, & HIPENG | #&E D 720851
DHEDPRL, BESOEWT Y VTV I EEOREEFEEIC
S LTHEMTHo7, Mich, 74y LOREI/IE W
Ay M) T %7z AAT— b LZH & & 08T A
EhEREEHERM ® % VAR & 08 R A g
HETHIRBDOL R WIEHE A Ty b 252 HEH
i BRI ENTHBY, W L SEHili oM as
HETHREL T/

Evacuation

|- Ceramic
1

<“—Chamber

Ar gas

QO<—|nduction
coil

OO00OO

Q
] Molten metal

<— Water cooled
copper crucible

Fig. 5. Schematic diagram of LEVICAST?.
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Fig. 6. Phase diagrams of (a)Ti-Al and (b)Ti-42 at%AI-Nb system.
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Table 2. Exemplary Titanium Aluminide alloys reviewed for practical use.

Produce Alloy Composition (at%) Development Application
48-2-2 Ti-48Al-2Nb-2Cr GE LPT*'
45/47XD Ti-45/47Al-2Nb-2Mn-0.8vol%TiB Howmet LPT*
Cast IR24T Ti-48Al-0.8Mo0-0.5V-0.2Si IHI LPT*
DAT-TA1 Ti-48Al-2Nb-0.7Cr-0.3Si Daido Turbine Wheel
DAT-TA2 Ti-46Al-3.2Nb-0.7Cr-0.5Si-0.1C Daido Turbine Wheel
- Ti-46Al-8Nb-Cr-Ni MHI Turbine Wheel
TNB Ti-45Al-5~8Nb-0.2C-B GKSS Sheet, Bar
Wrought TNM Ti-43Al-4Nb-1Mo-B MU Leoben, MTU LPT*
y-MET Ti-46.5Al-4(Nb, Cr, Ta, B) Plansee Exhaust valve

*1 : Low Pressure Turbine Blade
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