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Abstract of Thesis

This study investigated the microstructural evolution mechanisms and the relationship between microstructure
and mechanical properties of high entropy alloys (HEAs) while suppressing the segregation of constituent
elements by alloy design under various process parameter conditions during the 7n—situ alloying process using
mixed powders. This study will contribute to establishing the competitiveness of metal additive manufacturing
(AM) techniques and serve as a reference for improving mechanical performance through crystallographic texture
control with 7n—situ alloying

In Chapter 1, I reviewed the literature to present the basic knowledge of the HEAs, focusing on the
thermodynamic parameters to predict the phase formation in alloy design. Furthermore, I reviewed the current
knowledge of in-situalloying, a technique that facilitates real-time alloy formation through the use of mixed
powders during the laser powder bed fusion (LPBF) process. Lastly, I defined the research aim.

In Chapter 2, an alloy design was performed to suppress the segregation of constituent elements. A
single-phase solid solution HEA with suppressed phase separation and intermetallic compounds was obtained
through alloy design using thermodynamic parameters and calculation of phase diagrams (CALPHAD). Segregation
of constituent elements was effectively suppressed by using the lowest AT approach.

In Chapter 3, before proceeding with 7n—situ alloying of the HEA designed in Chapter 2 using mixed powder,
a preliminary study was conducted by fabricating pure Cr, one of the refractory elements with a high melting
point, by LPBF. High energy density by reduced scan speed resulted in strong crystallographic texture formation
and increased densification through suppression of HAGB, which is vulnerable to cracking

In Chapter 4, 7in—-situ alloyed HEA by mixed powder during the LPBF process was discussed. In Chapter 3, 1
learned that high energy density helps densification by promoting texture formation and reducing HAGB. Based
on the opinions in Chapter 3, real-time alloying through LPBF of the non—equivalent HEA consisting of the
refractory elements designed in Chapter 2 was carried out. The high energy density caused by the decrease
in scan speed effectively suppressed the segregation of constituent elements. Suppressed segregation promoted
the development of crystallographic texture by epitaxial growth. As a result, HAGB was reduced, and
densification increased. However, further enhancement in texture and densification was desired

In Chapter 5, based on the successful application of the high laser energy density approach in Chapter 4,
the effect of remelting for producing higher—-density 7n-situ alloyed HEA was discussed. Based on the
microstructure analysis, the crystallographic texture formation mechanism was investigated. By remelting
a larger melt pool was formed, and segregation of constituent elements was suppressed. Accordingly, the
crystallographic texture was developed, HAGB was reduced, and densification was improved

In chapter 6, Anisotropy of Young s Modulus of 7n—situ alloyed HEA with remelting was discussed. The effect
of cracks on yield stress and Young' s modulus was also investigated. Through crystallographic texture control,
it exhibited higher strength and a lower Young s modulus than the existing biomaterial SUS316L, and comparable
biocompatibility to CP-Ti.

In Chapter 7, alloy design was conducted by focusing on the valence electron concentration (VEC), which
is related to ductility in HEA, to obtain a lower Young s modulus closer to human bone. Under optimized
conditions, the <100> cubic texture showing the lowest Young’ s modulus was obtained, and a lower Young s modulus
than the Young' s modulus measured in Chapter 6 was observed

In Chapter 8, the results and conclusions of this research were summarized. The expected contributions to

the advancement of in-situ alloyed HEAs were reported based on insights gained herein.
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AL TiE, WEROFT-EGERE L TONA = brE—4&4 (High Entropy Alloy: HEA) XD\ T, #4755
HEBEY I 2 L—ra v a2iEA L4, BEXOL—VRKRERIES (Laser-Powder Bed Fusion: L-PBF) {545
HOWREY % &8 LT BRetEm EIZBIT 2 EHEEICIY LA TV 5, BRMIZIX, L-PBF IEIC L Y EBIFTRE 2 2SR
BES L AR IPEIR EEYS Y HEA O e RHT 2808 R B IZ S BT TR BIC DWW CRIERIICAFZE L, BCC & % b
> HEA O ESREICIC AT 7287 7 B Fa 8 2 B kG M BRI Y n t ADWHEMA L 0 5T 5,

% 1 B CIE, HEA OFFECHHET SRR ORFRME, G4 RFHERZ ORERIZOWTEMT 5 & & 12, HEA fIHIC
B+ 5 L-PBF OFE LA ML L T35, #RZ, L-PBF IZ XL 5 in-situ alloying 23, Hli& B K % 3B & L= &4k,
FEEE R, RATINE ORI 2 ERAEE L T 2 L EBA L, AFEOER L BNEHELL T 5,

5% 2 ETIE, HEA OTHRIIH %2 R T 27200 GERFHERIRE L T\ 5, AR —BERREEZE UNs) &
HAHHERFR R (UTsinge) D 2 DOFHEITE H Lo B@REHEDN, BHEBEEZBRT 2 -DICADTHDH Z LR
ENTNWD, AT/ DOKRE 72 ATingle Z 78T HARL D HEA BEIEM L, BEE S S = L—3 3 Y ORERIC— L CHEiR
MroSBEE I S, FAUTES & EOBRE & IR E DI L R 2 L AR L T B,

%3 B TIE, ¥ 2 BETREN L HEA @ L-PBF @B ET 2720 O Tt & LT, FRREORAZ &M Cr @
L-PBF B EME L T\ 5, L—FEEFHE DB L5 @m0 F—HE LM TOEMIL, RO SE S Z Rk
152 LT, FRITK LIS m A R O AR Il U, ERROBEER N LT 5 Z 2P 6 LTV 5,

% 4 ®ClE, L-PBF IZ X 5 in-situ alloying 123\ T, #AZFILFX —EE D HEA OMRBIERIC KIETREIZONT
HRL TS, HIBETHONEZMAEEZ L LI, BTRAX—BELRFTOBIIL, BALSKTE LR L, THRRITZ
BRI TE 2 2 L 2R LTV 2, R REITr OMslE, FRBERE TN DT X X2 v VR EZT LT,
RESHBROB R 2R (BB RRERDY) +52 LT, BRAOBBEN EFTEZL2HLMNILTVS,

% 5 ®CiX. L-PBF (T & % in-situ alloying {235V C, [Al—JEWN TOEEIA L — BRI DRI AU KT RBIT DO
T L T 5, BEE L —VREIC K 2ERIZ, —BIL—FRFEOHA LY bEATXAF—EEZMAL, F—&FT
PEEBEIERMEA S N CERURILRED I T 5 2 & T, cRZFEIT MG AR TH D Z L 2M 5N LTV D,

% 6 ETIX, L-PBF I & % in-situ alloying 1Z & O /ER SN 7= RSB D BEEMEIC SV Clin L 5, A HEA
DOEBIT, FHREAMREZTER L, &R TH 5<100>J5 M2 - T SUS3I6L X 0 Wi LR 7R %
ALOD, THEMAMT (CP-TY) &RBECEREAMEZRTILETR LML TND,

7 ETIE, HEA DI LR Y 7R E BIEL, d BETEEDMETHIZEEND 1 HTH O2ETHE
I U, AT 20T 2 X 9 ICA 4% Et L7272 22/ HEA (2% LC, L-PBF ([Z X A5 HIE @A L T\ b, K
HEA &R, EEEm b X 2 @mMEZ BB L, <100>FAMIR o TR o 7R 2 FEB LT 5D,

%8 ETIX, AR THELNIZMAZRIEL TW\W5,

PAb, K@i, BAOFEHREEEREY I 2 b— g VEBME LAk L L-PBF IEOQMEE Y ot A0 EEIC
Wt RmT oM, HnEABORIE . ThicE b 72 9 HEA OffetEn 2B T2 b0 THY . MET
HORBIZFGTHEZANKEN, Lo TRIMBUIH LRI E LTIfESH 2 b0 LB D,




