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Microstructure control and enhanced mechanical properties of B —solidifying TiAl
Title fabricated by laser powder bed fusion
(L—Y—BREKAMESEICE D LEASHTIA GO MMMERFIE & MM EEDR L)

Abstract of Thesis

This study elucidated the microstructural evolution mechanisms of additively manufactured v -
titanium aluminide (v -TiAl) alloy under the rapid solidification condition and the relationship
between microstructure and mechanical properties. This study will contribute to the establishment of
the competitiveness of the metal additive manufacturing (AM) technique and the enhancement of
mechanical performance with tailoring microstructure in vy —-TiAl alloys to satisfy aviation and
aerospace industrial requirements.

In Chapter 1, the current knowledge of vy -TiAl alloys, the alloy design approach for B -solidifying
TiAl, and the utilization of various AM processes for vy -TiAl alloy were reviewed. Lastly, the
research aim of this thesis was defined

In Chapter 2, prior to the discussion of AM research, gas—atomized J -solidifying TiAl powder
characteristics used in this study were evaluated to understand the effect of rapid solidification on
the microstructure compared to the casting process. Because the microstructure of gas—atomized powders
was closely related to the microstructure of the AM products regarding the similarity in the cooling
rate of AM and gas atomization processes. As a result of the rapid cooling rate, the powder consisted
of a remanent [ phase and a predominant massive a phase with high chemical disequilibrium.

In Chapter 3, the complexity of microstructure due to rapid cooling rate was investigated by single
and multi—-track exposures using the laser powder bed fusion (L-PBF) process. The microstructural
evolution mechanism in a single track during the rapid solidification was demonstrated with numerical
and thermodynamic simulations. Furthermore, the relationship between the microstructure
characteristics and the hatch space in multi—tracks was addressed. The microstructure in the melt pool
was divided into band-like massive a, phase in the melt pool boundary and the [ phase in the center
of the melt pool. Furthermore, multi-tracks utilizing different hatch spacings enabled two different
distinct microstructures with strong crystallographic texture and random distribution.

In Chapter 4, based on the optimized process parameters condition in Chapter 3, the effect of hatch
spacing on densification, microstructural evolution, and mechanical properties of B -solidifying TiAl
manufactured by the L-PBF process was discussed. The densification was strongly influenced by hatch
spacing, reaching the max value (99.98%) with 0.01 mm hatch space due to the heat accumulation driven
by the adjacent scan tracks. In addition, different microstructures are observed depending on the
hatch spacings because of the different thermal histories during the manufacturing process.

In Chapter 5, among the high—densification samples discussed in Chapter 4, the relationship between
process parameters and variant selection of « phase, phase transformation (/v lamellae) after heat
treatment, and mechanical properties at high—temperature were discussed. Moreover, the
crystallographic texture, variant selection of the «, phase, and mechanical properties at high
temperatures were investigated by utilizing different scanning strategies. Different volumetric energy
density inputs and scanning strategies of the L-PBF process altered the B to « variant selection
mechanism and crystallographic texture in the B phase, respectively. Furthermore, the high-
temperature tensile properties were influenced by the development of the crystallographic texture of
B phase and «. variant selection.

In Chapter 6, the novel findings were summarized. Based on the insights gained herein, the expected

contributions to the advancement of B -solidifying <y -TiAl alloys and future work are presented
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LTI, M= UM LTIER SR TWS BHEAR TiAl A&IC20 T, L—¥F — i RKEmRS &
(Laser Powder Bed Fusion: L-PBF) JEIZ X 2 @MEEESIE T T ORE M E SRR HIEIZ 25 < Byt o m R
T AHIREMESICIR Y A TWS, BRANICIT, L-PBF JEIC L 2 2GS EEIBREOHIE N B ABEH TiAl &40 RZEe2EE)
72 5 DN Al SR AR B BT B DWW CREIOICHIFTE « 3 L. 28 - MBS BF TR S 5 Bk Fitk:
ZFEHLT D 7230 OFAREHIENE DML ~DHF T 7258 2 15 T D

1 ETIE, TiAl AT ABEETOMAEZE LD, TiAl AEOBRFHRET. Hr 72 AM (Additive
Manufacturing) 7'BEADIEMIZONTIERTND, ZHETICHELIARIZIEDE | L-PBF {EIC X 287 ekldh
EEMBHHO T 7o —F 2HPA L, AFROERE BRNEZHRILL TV,

F2ETIE, BHEEA TiAl @ ORI KT T EMmEE 7 vt ADEEEZMA LN T LD, HAT h~vA X
B X > TER L7 BARE A TiAl MR OEEEMMBE ORI AL, PRE7 0t A TH LN DMk & i LT, FEIC R
LTV, HRAT h~vA X7 R, BHEMEN L-PBFIEICBIT2ENLEHULTBY . ZO/RE, ¥AT h~Aa
ZHRIITFE- BHE~ v V7 a, e Vo IEEHENTER SN D Z & 2B LML TN 5,

B3 ETIE, $FE7 m A CER L BHER TiAl KR LICER LT AT b~ ABKRE~OH B L0
IE D L— P — BT L0 | BB S MR L2 BRGE L T D, I CL BRI X 2 IR ERIZ R 2 B
=R L EARBFNTE L Scheil-Gulliver ¥ =2 b—3 g 2k WRL, L—F—MEIC L AT &~ v F
[IkE & DOBIRIEIC OV TR LTV 5, IRA PN O AR I, AL R ICAAE T D30 BIRD e FH L | IRl
M I AFAET 2 BFIC L U SN D Z L 2R LTV D, EbIT, BAd Ay FRFEZFM L E5E R &
0. BHMEE b OB ARE AR & S RAEE AR D 2 SO DRI HILD Z L AP ST LTV D,

4 B TIX, L-PBFIE TR Lz BHEH TiAl G OEREE, MHAEGHRS L O OB REIC KT T/
FHBOEEZ DN Tikin L TV D, EHEEIT Ny TSR UKEL, BT 2 AF Y b7 v 7 ICL o TR S
NOBEBCIVEIESND Z 2R LTS, SHIT, Ny THROHIEIIBVEREDZ 2L L S, R D555 %E
BHROEERIZ DN D Z EEZHENITLTND,

HHETIE, HAETRY BT EEEEEAIICE T, BHNLHTHT S a i) 70 @R, BULEE
DFZERE, 3 X OEIR TOMMBIFES , AR & RS TEZ L T\ D, L-PBF 7' 2 ZADKRFET 1L ¥ — 5
LAEEEIEOBENMC LY B D a HI~OFERERIE e b ONC B HOKRESBA T EN AT HZ L &R L
TW5, EHIC, EiRGIEAIE B FOMBEAHIMEE a  HONY 7o MBRMEICE Y XRcSh D Z L 2 L L
W5,

96 ETIX, AL THOLNIMRAEZRIEL TV D,

LB ARFRSCE, L-PBF MEORAGEEE 7 0 & RISz B HIER TiAl B8ORS RESHMGIE & . ZhIcrE 58
TR R BLERBT 2 b D TH Y . MBI LFEORRBICHE T 5L ZANRKE,

F o TR I LGRS E L ClifESH 2 b D L3R 5,




