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This report is the gist of the commemorative lecture at the 35th Honda Prize Award Ceremony at the Imperial Hotel, Tokyo on

17th November 2014.
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,,,,,,m,, Materials and technical progress ﬂm
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1017 TiAl
Semiconductor Computer 1stEngine
Plastics / powered flight
e uperalloys Aircraft (1903: Wright)
10 odern steel Motorcar (1886)
Aluminium
Refractory metals | Steam engine
S 103 ;
g Iron Cultivator (plow)
2 ronze ire
[ Glass Wheel
(0]
> 104
Pottery's clay Jars
10% 4
./ LWOO" [Simple tools
D — Stone Biface
102 10° 102 104
People (in Mio) Materials Technologies
[C— . -See—w 0 |
-2

(M—2) ZORITA R HERAOOEMOBETZ/RLTWET, #k 200 T, EHEN
IO TNDDNHND T,

254 ROAMTIE. NEOHMESEN ED XS ITHENZ X > TIRED T b izn g T
L&D EEHNWET,

RONIESNZERIT. AEREZHWEZS<KHEMADOTLRL, UL 2Tk D NHEIT, fit
OEHYDHIL5T, TOXIBFBEIITEL TWARWMO NEIZH L THEMICSI DI EMNT
EZOTY, FIZIENDEESDZET, BYSRHREKZITRT S5 ENTEE L

HigORAEHHICE > T, BNV BEWEER) | 2 NORY DR S IR—H0E A
ENELZ, B —DORWVWERDLREIL. BEFDVAAEINIILETT, TEIERBREDCTD
éé%%ﬁ?%:tﬁ@@f? RSO TY, Z207DIZIF. BMLIOBEMEEXEZB IRk

tahmizigond, KIFOEZNLETLR. PHEEORHICK D, EEEA IR
ofmﬁéﬁéﬂﬁﬁbibto

TIVIZT L - TSR - TR0 - BASREVWDO S ERMBIOBEREICEID., x0T
WREMICEL U £ Uz, SERAMENE, AN - BEiE - fI282 & OF2 i BHOEZBITIIAR
AIRTUL/z. L THRINSOFEMMII. O THBITHEE L TLK. 20X EE Ak
T&xLlr,

BlIZIE, TP 28N ETHRIOBITNITONZDIZ. 1903 F£TT, MEHOREREIL.
340 kg TL 7z, 4H. W#HOITY/NZ A380 ODE&EIL. ¥ 600 F /D Fd, ikl

JIZDONTIE, BIFEXDFELLIBIELEL L5,

O TMEIRRFEI NS & ABfERIE 179 2F 9 7R ITRAL. FRFCHE L2 AU v
FF AUy hEEASZEITRDELR,

UL L. BEREMEI I N2 MBI OB EN R RSN 20, DT HERMOZ & T, &b
BRZIEOMN, FEERDORT O DAYDOHBITHNEND Y a2 TY, FEREMT, Eilz 5k
el HMIKET 2 NttazZ b8 caEa—F —Hiioml LD, &
FREICBNTY Iy FORBRWHESZIEOHLELRZ, 3T, ANICEYDAENZYA 7 0F v



TEN LU TCAMOKMEN I Ea—F—CEBEII 22— a3 2EN5K5KR5FETI
3. ENKs50MNSEDTLEIN?

1970 FRUCIE. F4 > 7IVI 1 RERBERIEEWARO TEiRHRITH T 2 HEF 7B T &
HERBINTEOTIN, ZOFEEIZONTIIELRIZEBFELEL LD,

SHIZBNT, FIMEIENS a2 T MR OMBEEHOERERDIFILOHTNET, H#
ZIXHOHMRIE S 2T ADNEESEFICBIT 2EYEZIEHINDIRE, TTICHEZ < DRREN
HM>TNET,

RIEDOTHETIE, HEGFEREDOH L WINTEMNNAHHICEASINE L, T LEficX
ST, EHRSRZFHET, L 70 MrSHRICRDELZHMMEERETDHIENTES
DTY,

ZDEXDIT, MR OFER? L THEINES DR ZREM T TND Z LIPS NTT,



m,m CO, emissions and climate change.... ﬂ M
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... with strong tendency to rise!

The share of air traffic to the change of climate is about 3.5%
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% ... thus innovative structural materials are neededls Hm‘ J

Aircraft vehicle emissions pollution

| Development of new engine design concepis based on novel advanced materials

New engine
design
concepts
TiAl
Today Tomorrow
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e tellic matoralS? Intermetalllc materials? H.
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Bo-TiAl
B2 structure

Ds_
“Intermetallic Atomlum ordered B2 crystal structure

Minimundus - “The Miniature World at Lake Wérthersee”, Klagenfurt, Austria
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Ordered crystal structures due to strong
bonding forces between the different metal atoms

. B

Unique mechanical properties
@ high Young’s moduli, high-temperature strength retention

High thermal conductivities
® higher than engineering ceramics = higher cooling efficiency and lower
thermal stresses

“Ceramic” behaviour at room temperature -

“metallic” behaviour at elevated temperature

® [ow (TiAl) or no (NiAl) ductility at room temperature

@ some intermetallics (TiAl) can be processed using conventional
metallurgical methods = economically competitive
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= Light weight structural materials: ~ 4 g/cm?®
(50 % less dense than superalloys and steels)

= ...and several other attractive properties

« high specific modulus
« high specific strength
« good oxidation resistance
« resistance against “titanium fire”

To be used in high-temperature technologies
=) Aircraft engines, automotive engines
Entirely new design possibilities are opened

=) Application benefit: higher efficiency, lower
fuel consumption and reduced emissions
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M,,,m,. Aero-engine applications of TiAl ﬂm

Advanced Turbofan .
“slow” rotating

low-pressure turbine
ratob=6

buri
r B p

5".-.?%1!&
‘

n=23.000min"!

cast TiAl alloys

(Example)

“fast” rotating
turbine
(“high-speed” LPT)

gear box

Geared Turbofan (GTF)

Higher rotational speed: high-strength
wrought y-TiAl-based alloys with designed
micro- and nanostructures are required! forged TiAl alloys
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m Loading of turbine blades H» M

rbine blades are among the most highly stressed engine components:
They have to withstand extreme temperatures and pressures.

Turbine

e
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Dislocation in copper

Hindering of dislocation movement increases
the yield strength of metallic materials!
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, ; 4
m,,, Plastic deformation and strength of metalS; H» AR

Experiment
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& Precipitation

hardening

Hindering of dislocation movement increases
the yield strength of metallic materials!

Dispersion
hardening

Grain boundary
hardening

= Dislocation

Solid-solution
hardening

* Work hardening

H. Clemens and C. Scheu, “Neutrons and Synchrotron Radiation in Eng. Materials Science’, Wiley-VCH, Germany (2008) 3
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m,m_,, Creep of (inter)metallic materials H»W‘;‘

Creep is plastic flow under mechanical loading at high temperature

Consequence:
-
T creep strain
35 T T T T T T
30l T=780°C 0=150MPa 1
— g 25+ TNM ]
T, stress g 2ol 1
&
"
o 15 = |
]
S r TN1.5Mo-0.5C |
05| «
Turbine blade Turbine blade | e
before use after use 0 50 100 150 200 250 300 350

Time [h]

" Titanium aluminide (TiAl) alloys must be highly creep resistant! !

» Alloy composition & microstructure (processing, heat treatments) |
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Alloy and technology development for TiAl in,
M",_!f_,fj." Austria and German W

1990 ;. 48A1-2Cr
Ti-47A-2Cr-0.2Si

(Ti-48AlI-2Cr-2Nb, “GE alloy”)

work horses* Investment casting
Quasi-isothermal forging
Hot-rolling
Ti-47A-4(Nb,Mn,Cr,Si,B) “/-TAB" Hot-extrusion
Ti-46.5A1-4(Cr,Nb,Ta,B) “y-MET”
Isothermal forging

Ti-45A1-(5-10)Nb-C,B “TNB alloys”
Centrifugal casting

Ti-(42-44)Al-(3-5)Nb-(1-2)Mo-(0.1-1)B “TNM alloys”
Conventional forging

v Alloy development Technology development
2014 Rest of world: similar research & development strategies
[ E—————, o
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% Processing of TiAl on an industrial scale Hm
 § d m PM ,s 

| alloy ingot alloy powder

s HIPing
A - | homogenizing

single/multi-step
extrusion

flattening

straightening

forming forming
(conv_entional) (SPF, DB/SPF)
oy \—’_l

ining, joining,

n 9 ti

il RfﬁJ

mens and S. Mayer, Advanced Engineering Materials 15 (2013) 191-215
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Development status which was achieved at Plansee AG

Solution:

Near-isothermal rolling within the (o + y) phase field at moderate rolling speeds
= Advanced Sheet Rolling Process (ASRP)

Sheet dimensions up to 2000 x 500 x 1 mm? Foil dimensions:
800mm x 500mm x 170um
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% Thermal protection structure * -

v-TiAl face sheets ~ 125 ym

High-speed civil transport. (HSCT)
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(g | Atloy development: |
i Phases presentin the Ti-Al system MBI PSRN

Alloy range: ~42 -49 at% Al
Important temperatures: eutectoid: o — a, (Ty)
a-transus: o>y (T,e)

Ly

1400 A

1200

Temperatur [ ‘C)

1000 -

t T T T T T
0 10 20 30 40 50 60 70 80
Ti Atom-% Aluminium

Further phases: borides, silicides, perovskites, Laves-phases, o-phases, ... |
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Forging of a f-phase containing TiAl alloyg %w:

MI‘INTA!I

nnnnnnn

A high volume fraction of disordered bcc B-phase is required for hot-working.
Due to its deteriorate impact on room temperature ductility and creep, for application the
ordered B2 B,-phase must be minimized or removed by subsequent heat-treatments.
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m Alloy and process development H M

“Adaptive” wrought alloys are needed:

a-Ti(Al): hdp
“soft”
when formed

B-Ti(Al):-bcc

“hard”
when used

(S 2 ’\ ‘
> TM aloys: T-(82-44)A- (-5 NE-(0.1-9Mo-(0.1-1B in at:

H. Clemens and S. Mayer, Advanced Engineering Materials 15 (2013) 191-215.
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mw Primary material: advanced production rog H»m

VAR skull melter + centrifugal (spin) casting

Production of small ,slugs”
which are forged to turbine
blades
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In-situ HEXRD
and
neutron diffraction

M. Rester et al., Acta Mater. 59 (2011) 3410; Engster et al., Adv. Eng. Mat. (2013) ; C. Scheu et al., Acta Mater. §7 (2009) 1508
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Synchrotron radiation storage ring with
~—

bending magnets — high-energy X-rays

<+<— Monochromator (adjusted to ~100 keV)

.~ Beam with 1x1 mm? cross-section

Deformation device Cylindrical specCifiie

Temperature

Force,

Flat panel detector — |

Time

K.-D. Liss, T. Schmolzer, K. Yan, M. Reid, M. Peel, R. Dippenaar, H.Clemens, J. Appl. Phys. A 106 (2009) 113526
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@ In-situ deformation experiment on TNM

(Perfect) starting microstructure Dynamic recovery Dynamic recrystallization

-4

From the change of the diffraction spots as function of temperature and deformation the occurring deformation
mechanisms in each individual phase can be studied, for example dynamic recovery and dynamic recrystallization.
K.-D. Liss et al., J. Appl. Phys. A 106 (2009) 113526; T. Schmoelzer et al., Advanced Engineering Materials 13 (2011) 685-699
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% The micro- and nanostructure H -

Intermetallic y-TiAl
phase

ina
Ti-44at%Al-7at%Mo
alloy

Analyzed volume:
36 x 18 x 48 ym?

FIB/SEM Tomography
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@ Heat treatments, microstructures and propertigs Hm

Creep?, RT- ductility | Balanced properties

5

Nearly Lamellar y (NLy)

] RT- ductility 1, creep |
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Lamellae formation in a TNM alloy

20108 1617
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i e

o Substantial reduction in fuel burn (-15%) T™NM
blade

o Substantially reduction in
CO, emissions (-15 to -20%)

o Substantial reduction
in NOy emissions (-80%)

o Substantial noise
reduction (-20 to -25%)

High-speed low-

e Substantial maintenance ~
pressure turbine

cost reduction (-30%)

The GTF represents a new
family of environmental Example of applied

friendly engines

eco-technology
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m High-speed low-pressure turbine H» M
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% Maiden flight of A320neo: September 25, 2048 ﬁm

The Airbus A320neo equipped with PW1100G-JM GTF engines flew
for the first time at the Airbus facility in Toulouse, France.

The flight took about 2% hours.
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" 4
% Everybody must do her/his share ... <H [y
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