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Abstract of Thesis

This research explores the relationships between microstructure and additive manufacturing (AM)
processes for high—temperature resistant materials, specifically titanium aluminide (TiAl), pure
tungsten (W), and pure tantalum (Ta). By leveraging thermal flow simulations and process optimization,
the research aims to address challenges in fabricating these materials and achieve controlled
crystallographic textures critical for their mechanical and thermal properties.

In Chapter 1, the background and challenges of additive manufacturing (AM) are discussed. Powder Bed
Fusion (PBF), which includes Laser Powder Bed Fusion (L-PBF) and Electron Beam Powder Bed Fusion (EB-—
PBF), offers enhanced design flexibility and the ability to produce complex shapes. This chapter also
outlines the significance and objectives of this research.

In Chapter 2, the research investigates the Ti-48A1-2Cr-2Nb (at.%) alloy using EB-PBF to address
challenges related to oxidation and poor room—temperature ductility. A unique alternating band
structure, comprising lamellar 7y /a: grains and equiaxed y grains, was identified. Through partial
heat treatment, localized microstructural variations were observed, enabling control over the
crystallographic texture by adjusting process parameters. This banded structure exhibited significant
mechanical anisotropy, leading to an improvement in room—temperature ductility to over 2.5%.

In Chapter 3, the research focuses on pure W and its crystallographic texture control using L-PBF.
Residual stress—induced cracking was addressed through thermal flow simulations that identified
optimal conditions for dense body formation and microstructural evolution management. The research
highlights how powder shape influences densification, achieving a 99.1% density using plasma-atomized
spherical powders. Furthermore, process optimization led to the formation of a single-crystal-like
texture in the fabricated W components

In Chapter 4, the research examines pure Ta, focusing on achieving high densification and texture
control despite its high melting point and thermal conductivity. By adjusting L-PBF parameters such as
laser power, scanning speed, and hatch spacing, controlled crystallographic textures were obtained
Unlike other cubic metals, the fabricated tantalum structures displayed unique texture orientations
demonstrating distinct grain alignment mechanisms. Simulation—assisted analysis provided deeper
insights into the formation of these textures

In Chapter 5, a finite element method (FEM) was employed to simulate thermal gradients, cooling
rates, and melt pool dynamics. The simulations enabled the optimization of process parameters such as
beam power, scanning speed, and preheating temperature. These insights clarified the crystallographic
texture formation mechanisms and defect suppression in high—temperature materials. In particular, the
research revealed how the <100> crystallographic orientation preferentially aligned along heat flow
directions at the melt pool boundaries, though W and Ta exhibited different thermal diffusion behavior
due to intrinsic material properties

In Chapter 6, the novel findings were summarized. Based on the insights gained herein, the expected
contributions to the advancement of high-temperature resistant metal materials and future work are

presented.
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AL T, BBRMEMEICHLF XTI =0 A (TiIAD) A&, Wiy T AT Wiy o ZconT, Al
nt AL LTOEFE— LB RERAAS (Electron Beam-Powder Bed Fusion: EB-PBF) 5 & L — V¥ RERIERLFE &
(Laser-Powder Bed Fusion: L-PBF) {512 & 2 SAB#HAR Ol & Z A2 S < HrItEE o BICER D A TS, B
BJIC 1L, EB-PBF ¥£& L-PBF VAIZ & W MEHTAE U DIREES DY S B ORI Ao B KT 3 BT SOV CRBERY
CHFFE L. IR AEA B O m R AL W O MR IR & BT 2 7= 0 OB T 2 fe#t &2 45 T B

B BT, TAl A4, Wiy v T AT Wiy BT 2EMEL S L TOBTEE TOMAE E L H, FHx D
AM (Additive Manufacturing) 7'2 & A DIERA B OV TR TV, FFiZ, EB-PBF £ & L-PBF {EIC & 2 @R MEEF
OB 7= 72 AR 10 72 7 7 e —F 2 FDICHB L, AFEOER & BZ L L T 5,

%2 HETIE, TIAl 5@ O—FETh D Ti-48A1-2Cr-2Nb &4 (at.%) (2 EB-PBF & WM 42 2 & T, RS il
Kk & T DRI OV TRFI L TV D, BOENZERRTIE, (A) yHE el 25 T X TRLE v BLOMANE
ARk, (B) Wby kil A, W H AR > CRAECHEE LIRS RREEE AT 22 AE LTV D,
BT, WREERRIL, 2 RIRMRROELS T IR TF L CBIE e I FE B A BT 2 2 L 2HLNIT LT D,
TRWRIRIEMED R T 5 TIAL A 8ICB VT 25%REDOMRE/RT Z L ITKEI LTV 5,

B3 ETIE, MY AT UERARE L-PBFIEIC K W SEECTEMAT 52 L2 B L. MRIERBERIROEEIC
FIETHEBZOWTH#Em L T0D, TT7AYT h~vA RIETER L, BREEOR VB EZFEERE L THWZHAIC
I, 99.1% b DEWEEZERT A Z IR L TWE, M T, AF YU AT T V—BIRTBEART A —F%
IR D Z LI L0 BRI 2 15 L T D,

o4 I, MY AN OFERESKEHIEZ BfE L, L-PBF IEO 7 0¥ 28T 2 — & NERELSHBRCKIETE
BIZOWTHRET L TV D, fEREAHBIIL—VHD, EEEE, Ny TRIREREDO T ot AT A —2 TEfF L TE
LU, BEDOEMITH O TR Z ST 5 Z LIRS LT 5D, BoNfy v ViSRRI, S mRICET 5
G R TR S LR 5, FRRRMMAREERT D Z 2P LN LTS,

WSETIE, PEI3EBIOE 4 ETHEONMY T AT v LI 2N ORRECHBOTEET 2. IR
DEEFEIRFIZ 31T 2 BIEHMEB OBAENHBEEZL TV D, WTNOSBREIZHBWTH, <100>23N AR < L CHE# T
FIZAE U D EGRIZI - THEIERE T 2R F 2 MBI L VLI L QW D, —F T BB I 2 L—v a3 ic &
O HlE T AT LS B VB OE OISR L CREERF O AR, TR b bLBRR AR S 2 &
ERHLTWS, TORERL LT MZ T RT 2 LML o ZVTERRED B/ i E A 2T+ 5 = & &R
LTW5,
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