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Abstract (en)
Producing a component from titanium-aluminum-based alloy, comprises producing a melted- or powder metallurgically manufactured starting
material with a composition comprising e.g. aluminum and isostatically pressing the starting material to a raw part, (b) subjecting the hot isostatic
press-raw part to a hot forming step and transformation with subsequent cooling to form the component, (c) subjecting the component to a heat
treatment to form a homogeneous, fine globular microstructure comprising an atomic structure exhibiting phase and optionally heat treating the
component. Producing a component from titanium-aluminum-based alloy comprises: (a) producing a melted- or powder metallurgically manufactured
starting material with a chemical composition comprising aluminum (41-48 atom%), niobium (4-9 atom%), molybdenum (0.1-3 atom%), manganese
(up to 2.4 atom%), boron (up to 1 atom%), silicon (up to 1 atom%), carbon (up to 1 atom%), oxygen (up to 0.5 atom%), nitrogen (up to 0.5 atom
%), titanium and residual impurities, and isostatically pressing the starting material to a raw part at a pressure increase of at least 150 MPa, at a
temperature of at least 1000[deg] C after soaking for a period of at least 60 minutes; (b) subjecting the hot isostatic press-raw part to a hot forming
step by fast-massive forming at a speed of greater than 0.4 mm/second, and a transformation by compressing measured as local elongation (A) of
greater than 0.3, where A is ln(hf/ho) in which hf is height of the workpiece after compression and ho is height of the workpiece before compression,
or other transformation process with same high minimum transformation, preferably by forging at 1000-1350[deg] C under the formation of the
component with subsequent cooling, where the time period until reaching a temperature of 700[deg] C is more than 10 minutes, and a structure
that is dynamically recovered or recrystallized in small portions and exhibits a deformation microstructure with high recrystallization energy potential,
is formed; (c) subjecting the component for adjusting the desired material properties to a heat treatment, in which a homogeneous, fine globular
microstructure, which comprises, at room temperature, an atomic structure exhibiting phase, is formed at an eutectoid temperature of the alloy,
preferably at 1010-1180[deg] C with a period of 30-1000 minutes from the transformation structure, based on the stored transformation energy and
driving force for structural transformation consisting of chemical phase imbalance after transforming and cooling, after cooling in an air, where the
atomic structure exhibiting phase comprises: globular alpha 2 phase with a particle size of 1-50 mu m and with a volume fraction of 1-50% that
contains isolated, coarse gamma - lamellae with thickness of greater than 100 nm; globular beta 0phase surrounding the alpha 2 phase, with a
particle size of 1-25 mu m and with a volume fraction of 1-50%; and globular gamma phase surrounding the alpha 2 phase, with a particle size
of 1-25 mu m and with a volume fraction of 1-50%; and (d) optionally performing at least a further heat treatment, preferably sequence annealing
and/or stabilization annealing of the component. An independent claim is included for the component with: a near net shape dimension or with a
microstructure of the material comprising the atomic structure exhibiting phase that comprises globular alpha 2 phase with a particle size of 1-50 mu
m and with a volume fraction of 1-50% that contains isolated, coarse gamma - lamellae with thickness of greater than 100 nm, globular beta 0phase
surrounding the alpha 2 phase, with a particle size of 1-25 mu m and with a volume fraction of 1-50%, and globular gamma phase surrounding the
alpha 2 phase, with a particle size of 1-25 mu m and with a volume fraction of 1-50%, where the material has mechanical properties, preferably
yield strength (R(p0.2)) of 650-910 Mpa at room temperature and 520-690 MPa at 700[deg] C, tensile strength (R m) of 680-1010 Mpa at room
temperature and 620-690 MPa at 700[deg] C, and a total elongation (A t) of 0.5-3% at room temperature and 1-3.5% at 700[deg] C; or a near net
shape dimension or with a microstructure of the material comprising supersaturated alpha 2 phase with a particle size of 5-80 mu m and with a
volume fraction of 50-95% that optionally contains small fine gamma - lamellae, globular beta 0phase with a particle size of 1-20 mu m and with a
volume fraction of 1-25%, and globular gamma phase with a particle size of 1-20 mu m and with a volume fraction of 1-28%, where the material has
mechanical properties, preferably (R(p0.2)) of 650-940 Mpa at room temperature and 430-620 MPa at 700[deg] C, R mof 730-1050 Mpa at room
temperature and 590-940 MPa at 700[deg] C, and A tof 0.2-2% at room temperature and 1-2.5% at 700[deg] C; or a near net shape dimension or
with a microstructure of the material comprising alpha 2/gamma lamellar grain with a particle size of 5-100 mu m, a volume fraction of 25-98% and
with a (alpha 2/gamma ) lamellar fine structure, preferably with an average lamellar spacing of 10 nm-1 mu m, globular beta 0 with a particle size
of 0.5-25 mu m and with a volume fraction of 1-25%, and globular gamma with a particle size of 0.5-25 mu m and with a volume fraction of 1-50%,
where the material has mechanical properties, preferably (R(p0.2)) of 710-1020 Mpa at room temperature and 540-760 MPa at 700[deg] C, R mof
800-1250 Mpa at room temperature and 630-1140 MPa at 700[deg] C, and A tof 0.8-4% at room temperature and 1-4.5% at 700[deg] C, obtained by
the above method.

Abstract (de)
Die Erfindung betrifft ein Verfahren zur Herstellung eines Bauteiles aus einer Ti-Al-Basislegierung sowie ein thermisch vergütetes Bauteil aus
dieser. Um homogene, mechanische Eigenschaften, insbesondere hohe Duktilität und Kriechbeständigkeit bei hoher Festigkeit eines Werkstoffes
insbesondere bei hohen Temperaturen zu erreichen, ist erfindungsgemäß vorgesehen, in einem ersten Schritt das Vormaterial einer HIP-
Behandlung auszusetzen und in einem zweiten Schritt das Rohteil einer Schnell-Massivumformung zu unterwerfen, wonach in einem dritten Schritt
durch Glühung im Bereich der eutektoiden Temperatur (T eu ) der Legierung eine Feinkornausbildung mit den Phasen GAMMA, BETA 0 , ALPHA 2
erfolgt und das Bauteil mit endabmessungsnahen Dimensionen in einem nachfolgenden Schritt Folgeglühungen und/oder Stabilisierungsglühungen
zur Einstellung des Gefüges und der mechanischen Werkstoffeigenschaften unterworfen wird.

IPC 8 full level
C22C 1/04 (2006.01); C22C 14/00 (2006.01); C22F 1/18 (2006.01)

CPC (source: EP US)
C22C 1/02 (2013.01 - EP US); C22C 1/0458 (2013.01 - EP US); C22C 14/00 (2013.01 - EP US); C22F 1/183 (2013.01 - EP US);
B22F 2998/10 (2013.01 - EP US)

Citation (search report)
• [A] JP 2002356729 A 20021213 - MITSUBISHI HEAVY IND LTD
• [A] DE 102004056582 A1 20060601 - GEESTHACHT GKSS FORSCHUNG [DE]
• [A] US 5226985 A 19930713 - KIM YOUNG-WON [US], et al
• [AP] EP 2272993 A1 20110112 - BOEHLER SCHMIEDETECHNIK GMBH & CO KG [AT]
• [AP] SCHMOELZER T ET AL: "Phase fractions, transition and ordering temperatures in TiAl-Nb-Mo alloys: An in- and ex-situ study",

INTERMETALLICS, ELSEVIER SCIENCE PUBLISHERS B.V, GB, vol. 18, no. 8, 1 August 2010 (2010-08-01), pages 1544 - 1552, XP027099742,
ISSN: 0966-9795, [retrieved on 20100622]

https://worldwide.espacenet.com/patent/search?q=pn%3DEP2386663A1?&section=Biblio&called_by=GPI
https://register.epo.org/application?number=EP11450055&lng=en&tab=main
http://www.wipo.int/ipcpub/?level=a&lang=en&symbol=C22C0001040000&priorityorder=yes&refresh=page&version=20060101
http://www.wipo.int/ipcpub/?level=a&lang=en&symbol=C22C0014000000&priorityorder=yes&refresh=page&version=20060101
http://www.wipo.int/ipcpub/?level=a&lang=en&symbol=C22F0001180000&priorityorder=yes&refresh=page&version=20060101
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=C22C1/02
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=C22C1/0458
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=C22C14/00
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=C22F1/183
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=B22F2998/10


• [A] CLEMENS H ET AL: "In and ex situ investigations of the beta-phase in a Nb and Mo containing gamma-TiAl based alloy", INTERMETALLICS,
ELSEVIER SCIENCE PUBLISHERS B.V, GB, vol. 16, no. 6, 1 June 2008 (2008-06-01), pages 827 - 833, XP022691290, ISSN: 0966-9795, [retrieved
on 20080513], DOI: 10.1016/J.INTERMET.2008.03.008

• [A] HABEL U ET AL: "PROCESSING, MICROSTRUCTURE AND TENSILE PROPERTIES OF .GAMMA.-TIAL PM ALLOY 395MM", GAMMA,
TITANIUM, ALUMINIDES, PROCEEDINGS OF A SYMPOSIUM; 20030000, 2003, pages 297 - 304, XP008068139

• [A] GUETHER VOLKER ET AL: "Microstructure and corresponding tensile properties of as-cast, . beta .-solidifying, . gamma .-TiAl based TNM
alloys", GAMMA, TITANIUM, ALUMINIDES, PROCEEDINGS OF A SYMPOSIUM, XX, XX, 9 March 2008 (2008-03-09), pages 249 - 256,
XP009110850

• [A] D.ZHANG ET AL: "Effect of heat-treatments and hot-isostatic pressing on phase transformation and microstructure in a B/B2 containing Gamma-
TiAl based alloy", SCRIPTA MATERIALIA, vol. 42, no. 11, 31 May 2000 (2000-05-31), pages 1065 - 1070, XP002660479

• [A] IMAEV R M ET AL: "Refining of the microstructure of cast intermetallic alloy Ti - 43% Al X (Nb, Mo, B) with the help of heat treatment",
METAL SCIENCE AND HEAT TREATMENT, SPRINGER, NEW YORK, NY, US, vol. 48, no. 1-2, 1 January 2006 (2006-01-01), pages 81 - 84,
XP002510776, ISSN: 0026-0673, DOI: 10.1007/S11041-006-0048-4

• [A] EBERHARDT N LORICH A JOERG R KESTLER H KNABL W KOECK W BAUR H JOOS R CLEMENS H: "Pulvermetallurgische Herstellung
und Charakterisierung von Formkoerpern einer intermetallischen Ti-46.5Al-4(Cr, Nb, Ta, B)-Legierung = Powder metallurgical manufacturing and
characterisation of components made of intermetallic alloy Ti-46.5Al-4(Cr, Nb, Ta, B)", ZEITSCHRIFT FUR METALLKUNDE, CARL HANSER,
MUNICH, DE, vol. 89, no. 11, 1 January 1998 (1998-01-01), pages 772 - 778, XP009152695, ISSN: 0044-3093

• [AP] HELMUT CLEMENS ET AL: "Intermetallic Titanium Aluminide â An Innovative Low-weight Material for High-temperature Applications ;
Intermetallisches Titanaluminid â Ein innovativer Leichtbauwerkstoff fÃ 1/4 r Hochtemperaturanwendungen", BHM BERG- UND HÃ 1/4 TTENMÃ
NNISCHE MONATSHEFTE ; ZEITSCHRIFT FÃ 1/4 R ROHSTOFFE, GEOTECHNIK, METALLURGIE, WERKSTOFFE, MASCHINEN- UND
ANLAGENTECHNIK, SPRINGER-VERLAG, VIENNA, vol. 156, no. 7, 1 July 2011 (2011-07-01), pages 255 - 260, XP019941410, ISSN: 1613-7531,
DOI: 10.1007/S00501-011-0004-5

• [A] H. CLEMENS ET AL: "Design of Novel B-Solidifying TiAl Alloys with Adjustable B/B2-Phase Fraction and Excellent Hot-Workability", ADVANCED
ENGINEERING MATERIALS, vol. 10, no. 8, 24 July 2008 (2008-07-24), pages 707 - 713, XP002660480

Cited by
WO2015081922A1; CN104264012A; EP3249064A1; DE102012201082B4; CN105051236A; EP3901295A4; US10196725B2;
DE102017212082A1; US10544485B2; US10107112B2; DE102015103422B3; EP3067435A1; CN111020347A; WO2013110260A1;
DE102013020460A1; EP3372700A1; US10737314B2; EP2807281B1; EP3067435B1

Designated contracting state (EPC)
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Designated extension state (EPC)
BA ME

DOCDB simple family (publication)
EP 2386663 A1 20111116; EP 2386663 B1 20170802; AT 509768 A1 20111115; AT 509768 B1 20120415; CA 2739964 A1 20111112;
CA 2739964 C 20140218; ES 2644256 T3 20171128; IL 212821 A0 20110731; IL 212821 A 20141130; JP 2011236503 A 20111124;
JP 2017122279 A 20170713; JP 6576379 B2 20190918; US 2011277891 A1 20111117; US 8864918 B2 20141021

DOCDB simple family (application)
EP 11450055 A 20110426; AT 8022010 A 20100512; CA 2739964 A 20110511; ES 11450055 T 20110426; IL 21282111 A 20110511;
JP 2011119692 A 20110512; JP 2017035960 A 20170228; US 201113099970 A 20110503


