F4&2> Vol.70 No.1 (H#14 51 F28HRT)

FX

January 2022

CODEN: CHITF 5
ISSN 1341-1713

TANIUM JAPAN

vol.70 No.1

=] R
(#1%) (&®)
ﬁgq):&}g ........................................................................................... CFI#d BE— ... ]
Egﬁ,‘;ﬁg ............. B O R O R O P PR A A D R S S R R P P SO A S S R G R H\\E kﬁ 2
(—#1) BAF 2 WS 202158 (B38E) REBMEBL oo, 5
—4t) BAFE S 202158 (3E38E) REBHE BB oo 6
<ﬁ ><§&?
ﬁ_ﬁ?})g} G-SHOCK ;ﬁ@g.y ‘/,g-ﬁsﬁ% ..................................................... ﬁg _.ﬁ
TITANIUM Virtual 2021 D$R&E—FFHH — (HRAOTRBEE) oo FINAZ g7 X - 11
%9@[?9/W%§ﬁm%m%2mAJ
;ﬁ] @ rEZ'S?"’)"/ l*kAJ a)iﬁu: ................................................ +H ;51'\ 20
(RRER) (RZE3RE)
FRL FELBRDRINY F Ty F LTI 3B & L VBBEREN OB
................................................................................................. chiA Bk - 24
BREFEEED I FAAOT—ICHREE VA BNIBRW OB ---oooveeeeeee L R - 31
BETIAECSVTEREETORNICL - TEU 2 BRBEFES X HTRE
BEU T RICEE D MPESRRBEAN - oo ZiR I1E#0--- 38
FRUOBEEEANAI POE—SEOMZE - AR
------- NE REE, EHVS, B KB, BFX =, XM XW. FF #H o M
Oy 794 FMEY—FT 77 1« EHVERT 2 > OEFREHRE
........................................... yA‘?}( ﬁ{ﬁ, Eg {**‘ *3* tEE. ”l% {: 54
FEALUELUFEUERIIH TR T XA vERRIEEBOME L 454
............................................................. & NE, [MEF T, Bt TR - 59
F 4 o OFRERGE & AKRWEHES & UC{EEERMH & L TOICH
............................................................................... #ﬁg 5§. fﬁ,” ﬁz 64
F2ORRTSHEICHAT MR
~~~~~~~ BEH H#F ®ME W0, BH XL, K @K S —F WH B&H - 70
(B
2021 EMFRRAARRE (HAEEFE - BAGKIEHR) oo BqA xR 78
(BBRH 5 DEA)
T L T s O e O P e o e S e e 80
20215 Q B~ 11 BRI L T g — & -evermremmmmeasmm ittt e e s aa e et e 84
ﬁgg.g/ﬁgf ............................................................................................................ 86
;E%g&m .................................................................................................................. 88
?9/‘~E§{$T’51§%%)l ............................................................................................. 89
Vol.69 No. 1 ~No. 4 %AE}- ......................................................................................... a0
CHRIEBRD) ~-ocroemersesinneonnetnetboneiiaansisiosas shtaeershhminasn i cosseen st ansbud i anasaseesanassis AK $%h— - 92

@ —nitdizA HZAKF 4 B The JAPAN TITANIUM SOCIETY




44

%}

*3

*4

#5

]

rRRE

FYEBERANATI POE—SEDOWHZL - BAR

Research and Development of Titanium-containing
High Entropy Alloys for Biomedical Application

INE - R BiEH B+ 2R kBT
OZASA, Ryosuke*! MATSUGAKI, Aira*? TODAI, Mitsuharu**

ax £h KH R hEF F O

ISHIMOTO, Takuya** NAGASE, Takeshi*® NAKANO, Takayoshi*®*

KR RAEBE TR <5 U 7 VA ERF I B
T565-0871 KRZHFW T LI A 2-1

Assistant Professor, Division of Materials & Manufacturing Science, Graduate School of Engineering, Osaka University

2-1, Yamada-Oka, Suita, Osaka 565-0871

E-mail: ozasa@mat.eng.osaka-u.ac.jp

KRKFRFELFMRER 7 ) 7IVEEREHI dE e

T565-0871 ABHFwC (LI e 2-1

Associate Professor, Division of Materials & Manufacturing Science, Graduate School of Engineering, Osaka University

2-1, Yamada-Oka, Suita, Osaka 565-0871

E-mail: matsugaki@mat.eng.osaka-u.ac.jp

PR 36 T M b BRETR R L2 e ds

T792-0805 52 b3 97 ki e vl /A 22007 7-1

Associate Professor, Department of Environmental Materials Engineering, National Institute of Technology, Nithama College
7-1, Yagumo-cho, Nithama, Ehime 792-8580

E-mail: m.todai@niihama-nct.ac.jp

EILKEEEHTR AT T A 28R Kl 7TV 2 = AEBERIRL v 2 — 42

T930-8555 7 I1IGLES LLITh AL##3190

Professor, Center for Aluminum and Advanced Materials Research, University of Toyama

3190, Gofuku, Toyama, Toyama 930-8555

E-mail: ishimoto@mat.eng.osaka-u.ac.jp

FEMURAT SRR ToER e R PR - B ek $dg

T671-2280 fTHiLiEgsH 52167

Professor, Department of Materials and Synchrotron Radiation Engineering, Graduate School of Engineering, University of
Hyogo

2167, Shosha, Himeji, Hyogo 671-2280

E-mail: t-nagase@eng.u-hyogo.ac.jp

KBRS R LAERGER <7 ) 7 VAR #3%

T565-0871 ABRATWCH i ILIH £ 2-1

Professor, Division of Materials & Manufacturing Science, Graduate School of Engineering, Osaka University
2-1, Yamada-Oka, Suita, Osaka 565-0871

E-mail: nakano@mat.eng.osaka-u.ac.jp

: Corresponding author

44

F 2 Vol. 70 No.1 202241 H



45

High entropy alloys (HEAs) have been developed as a new class of structural materials, which consist of multicomponent

elements with an approximately equiatomic ratio for maximizing the mixing entropy to stabilize the solid solution phase. Bio-

HEAs, which were proposed by Prof. T. Nakano's group for first time in the world, are specifically designed HEAs composed

of non-biotoxic elements containing titanium, demonstrating the excellent mechanical properties and biocompatibility for bio-

medical use. In this review article, design concept, characteristics of these BioHEAs, especially, focusing on their excellent

properties for biomedical applications, and their manufacturing process including additive manufacturing are introduced.

1. FCLBHIC

A L o —4&4% (High entropy alloys: HEAs)
i, SN EOXEERNMFZEELVENVLTERIES
7o, LY+ VILOESEFR E L T20044F BV =
hThik, KEREHEEDTWS, HEAs ICBA¥ 5%
fliam BT S ERAICFE~EWML TH Y (Fig. 1),
2021412 H B 5 T O LB BUE8500¢FICEL TV A
(Web of Science: Clarivate Analytics {2 J:5), Iz
T, 20144£LLE& @ Citations per Publication 5215
(Scopus: Elsevier ¢z L %) (X & @M ¥ 24 TD10.3
(z%f L T, HEAs (326.0% 528 L T, ZOIEHED
MENMR S, TOLAKREDTF, 2017FCHE LD
s/ Iv—Fit, HHiixHEAs A7) —+ LT, it
R B T4 (6] HEAs (Biomedical HEAs: Bio-
HEAs) #»PA% - RE L 72Y, T BioHEAs {1 F % v
(Ti) #&% Ti-Zr-Nb-Ta-Mo &% X—A kL, &
P BERRAME BT & A RBUR: % B & DB (AR
T AH3-1, Ok, BioHEAs ORFZEBZEE, Ti-Zr-
Nb-Ta-Fe %%, Ti-Zr-Hf-Nb-Ta %91, Ti-Mo-V-
W-Cr %!V, Ti-Zr-Hf-Y-La %!?, Ti-Zr-Hf-Cr-Mo
%13, Ti-Zr-Hf-Co-Cr-Mo'®, Ti-Zr-Nb-Mo-V £,
Ti-Zr-Nb-Hf-Si %%, Ti-Zr-Hf-Nb-Ta-Mo %! 7z &
OTiwaGHTHELRCM2T, Co-Cr-Mo-Fe-Mn-
W &1, Co-Cr-Mo-Fe-Mn-W-Ag %!V, Co-Cr-Cu-
Fe-Mn-Ni %!”, Co-Cr-Cu-Fe-Mn-Ni-B &7, Ag-
Co—Cr-Fe-Mn-Ni R O Ti #&H LW EE&RIC
LKL T 5,

ARTIE, PELOZ IV —THMART L 2R
D 5 76 % TiZrNbTaMo & &7 6 IC S AR E N
— A % % L 7= Ti &4 BioHEAs % /L iz Y
B, ZOGHE L AEGRAMEE L TORRE &6
=1 4% Additive manufacturing (AM) # i\ 7z Bio-
HEAs O @i bicB 3 2mBIC>WLWTRM 3 5,

2. NI hbOE—BAL20OHR

HEAs (2, —#C5 G EOTLEOMAGHE D
LEABEGRELTHY, BEDLY FOE—OFHY
HEmnw Ehbh, EREMEEWOBZMEL >
FCC (@ L2k ), BCC (37 )ifk¥), HCP
(RARERT) WS X OB HERGEZRL LTV
G b L THHSIN/A®, Fig. 22 HEAs & —#hy
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Fig. 1 Number of published papers on HEAs per year
referred from Web of Science database.

Conventional alloys High entropy alloys

Fig. 2 Schematic illustration of atomic structure of
conventional alloys and high entropy alloys.

ESOETFRINOBEXE %R, HEAs (X, k&S
DEDICHEOTHRIMOTHERIVBREENLER, T
ThbEEBETE B LHEmTHE (BEH) »oF
MENDOTIE %L, BH - BELVOIBMEELTH
BRI % S5 R TR T W R EE T & & BN E
REHETH5E8£THY, OB CREN T
RESLIIRESRLD LEVOHEAY LD, HEAs %
R A RET A8 L L Tid, BIK, @ Highen-
tropy % %, (@ Severe lattice distortion %%, @ Slug-
gish diffusion Zf £, @ Cocktail )%, D454 F 2 6
NTWA920  HEAs (1 High entropy Z8iC & - T
Btk & e B OREME AR S 1, Severe lattice distor-
tion B R Tid, WBICKOR FEEEZEICED < EEERE
fbic X v@mE{e+ 5, =512, Sluggish diffusion %)
Rig, BB TFPOREFRSEEGOOS E L OMETH
FOIMBEA DS 2 ABETH D, BHEIEEIC
FETE S, £k, BUEOWMEICLY, COBKEHE
TAHEBHRE L LS THED, YFHREFXTO
HEAs 25\ THBEBWICHEB T 5D TilkvweER S
NTW520, Cocktail #58i3, WRICEO MO
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MR L EDE TRBMTERY, HENEESY
RiZk-» THE LN LIEHEHHRERT,

BAED HEAs OE#IL, RET VY FOE—OBAH
6, UTOEBAEGEL LCEBECBSTARET/F
OE—IZxHET 5 (1) R, 2)OMEGREMA- 784 &
INBHI EHBWN,

4S.x= —R)"‘_,xilnx; (1)

i=1
A4S5,ix=1.5R (2)
CCT, AdSux BBATIVFBE—, REHTAEEK
(8.314 J/Kmol), x (X &5 DEIGE, nidiERICHE
BadEd, BAZV/FOE—0OKRZIIZHEISWT,
Medium entropy alloys (MHEAs) < Low entropy al-
loys (LEAs) LW GBI MBEINTEY, Thz
1(3) &£ (DITRT ASyx ORPAIZ LV EHK SN 5,
1.0R<A4S,x<1.5R (3)
ASix<1.0R (4)
WBOLEDP nBOTLEILELn TREEITH VT
iE, ASnx FFRFARLIZTRALEED, 4 THREFR
TP A€ T ASn=1.39R, 5 7GR EFE TR
AL T AShx=161R 725, 2%, (1), (2)RD
HEAs & L TOXEEXFHR TSI, SHGUEDES
THY, POBFEFHEARLIGEVWESFFETTHI LM
RARTH D, D LIcEHERFAL 5HTREED
SREFERIE, BHVERZhICEVCESEROEE
HEAs DfRFEM 7D & LT,
FCC #+# : Cr-Mn-Fe-Co-Ni &4 (Cantor &%),
Ni-Cu-Pd-Pt-Au &4
BCC #i& : Ti-Zr-Hf-Nb-Ta &4 (Senkov &4),
V-Nb-Mo-Ta-W 44
HCP 4% : Mo—Ru-Rh-W-Ir & 4,
Mo-Ru-Rh-W-Ir &4
REDEFLND®, —hT, T5L7HEASHRE
OHER LILKIC L b7\, PRI RITFERTHER O
HBEEICRE ST, FRETARL» OGN ERE
BEEGEECHT AL L 5 X5 2 EHERITE TR
N22dH%,

3. AN bOE—ALDRETRR

HEAs O& &8 >WwWTid, ChETasXshF
EHAREINTVWALOD, S5 RELOBEBELR
ARSI T TE B2 FHOBETZICHE > Tk, £
OFH & LT, HEAsIZB32MAHBZ LW E,
hZE ToOLEMEFEH HEAs O L 5 %5 REw &
AHMELCEOTRAFEOFHARETHH L, &
EBREF OB, FlziE, £EMEHI BT AREEER
BEa—4L - -OFY)—H2ICLYRBH I TEAN,
COBERMI2ERELENRET SO HEAs TO%
B REEEERBEANEFHT L LHTE R, &
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BN B0 B0 Z TR 5 /-00F 8 & LT,
CALPHAD (Calculation of phase diagrams) #:732(F
bhb, COHER, GROFTALIRINF—wERS
NAFER T — 2 I ESWTFHI L, BRI - T
RERZER T 55T HETH 5, LHLahb, BIRT
33 LR EOHEBER LRI T 5 E RN T —
AEMRHAZ LK, AESRIERM@A LS LLEHTE
TWA iRV R VI,

HEAs O&&@3atFE L LT, BiFETh- L LHY
EENBFEBR, NS A-FBEOTHSL, Zhid,
EBRIZ 5N /- HEAs ORBTELHB L, W% R
HRIP OFGETRICER - F—2X—2{tL, ZHSRE
BB LB R ST A— 2 2 FIHL 22, K
oREFEEDER SN AEMOBWESERETRT S
DTH5H, PHLOWMES N —T3THE, £46HREL
THIRFC % % HEAs #H7-1CBIR 3 5/, (A)-(D)
ICRE/NT A— 2RI K HREEFEHETIC iz T,
(E) Valence electron concentration (VEC) B igiZ4&
DEFRMEATHIT D L L0, (F) 246458 ED
BWLEROA BB ITHE L LI, &6, LTFO (A)-
(D) TR HEE[IZOWVWTE, SEIHAMEHRES
NTW5BH, AT EZEEIC L,

(A) BEOI v/ FBE—, ASnx

MXRBIUTQ)XTHE2LN S,

(B) BEDIV/ZIWE—, AHyu

~20<AHpx=—4 3 ):1 s AH; <5 )
j=1li=

ZCIT, AHy X A-B2 TRERICE T 5 FE FERK
HAsBsy & OWHICHE T AREOTV PO —%%
LTEY, XE2BIC—EHARINTWS,

(C) FWEINFA—=F, 6

5= |3 xi<1—ri) X 100<6.6 ®)
i=1 ave.

Tave= D, %iti (7
=1

ONRG A—=R I EEEAWRL TWARF TTEORETF
BH#ERIEETH S, 2T, BOORDOriZiHFHER
FORFHERL, (DATRIND rae (IMITEOFF
EEOMBIEIC L VBEHINAFHRTFFEETH S5, K
RICB 5 n ik 112 BB L TV 5,

(D) AAHINGA—2, Q

Tm'dsmix
Q=—r—"-21.1
TAH ] p= (8)
Tan=Y, % (T (9)
i=1

ZCTC, (Tn)iBiFHOFTFORMS, (9)XTERS
N5 Ty BMITROMBOMBIIC XD R S h 5F8
S TH S,
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(E) VECfi#

R RERICE W TREBHENIER S h2BEICT,
COREEESA T HRELEEETNTHERLLT, d
BT 2 ECMBFHCEENI1IRETFHLVOLET
B (VEC{#l) HHRATHSLEZLNTNS19202),

VEC= 3, ¢ VEG, (10)
i=1

ZCC, VEGREMALRICET S VECETD
N, BB L% VEC<687TBCCH#, 687T<VEC<
8.0 BCC & FCC ™41, 8.0<VEC Ti¥ FCC ¥4 &
AT EABRBRIICTREINTWS, 5, ABTHWT
W5 VECHO—EIETm26I- RS TV 5,

(F) HRCHEOITHEREIR

Ti LU Ti &8, FELSBREGHMEO—
ThHb, BE, JERE, BN oEBEERE, etk &
RBEHEARETH LN OEEARBA VTS5V Y
BEMET /A AL L TOIHMEA TS, BIETIE,
Ti-6Al-4V (ASTM F1108, wt% ) & 4= Ti-6Al-
2Nb-1Ta (JIS T 7401-3, wt%) &4, Ti-15Mo-5Zr
-3Al1 (JIS T 7401-6, wt%) A&icfRE=h H£10%E
HFOLKHETIEEHPASTM B LU JISICERENT
W5, — KT, Al XUV, FREECHERE
¥, 7TUILEF—HE2RT I EHHEREVThTEY,
WETH, FhoonRr2RETHELR, £AAEROK
WEEABEYICHALZEEPBESINTE, B
Iz, BA4KOTi & 2Zr, H5KDTa L NbiZ, Al X
OV ED LEEAESEENMEVIYZ LG, £EBE
OEWTEOAAEDHE L LT, Ti-Zr-Nb-Ta REE
OHFRERSMRPTRAICTDODRTE2-M, 25
L7=rh, & LOPESIN—S1T, EEFEELG L
# 2 b b Ti-Zr-Nb-Ta K& X— 212, 1#HEOTE
BT 5T LT, 5 LREFREFMARMEL TiZrNbTa-X
GEICOVWTOBRG 1T - 729,

Table 1 {2i3, Xt L LT, B—uHE» bk sHEH
HBCCHEERRT 4K, SKTHHV, Cr, Mo, W
LB EDIINT A—2i: L VECHIZE S &&T
ERAYTRT, chboxHKiEWwThi, Ti-6Al-4V &
4>, Co-28Cr-6Mo (ASTM F75, wt%) &4, Ti-
15Mo-5Zr-3A1 & 4, Co-20Cr-15W-10Ni (ASTM
F90, wt%) &&7% X OtERHBOMBITELL T,
FTTICHWHENTWAZ, X=Cr D&, JfHH82L
Y, BBEHEOMRIARETHL LH TSNS, —
5T, X=V, Mo, WOBEEWIThDNNFT A—-F%
AR L, BEGEOBBRSAMESN5, V, Mo,
WD5H, o bbb AERIBEVWTETHS
Mo® # @R L, MEMICER FARELS TR
TiZrNbTaMo D%t & PIFE A 1T - 72%,

F%/ Vol.70 No. 1 20224 1H
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Table 1 Empirical alloy parameters for the prediction
of solid-solution phases and valence electron
concentration (VEC) for the prediction of the
crystal structure. This table cites the refer-
ence® with modifications.

ASpix  AHu ) Q VEC

TiZrNbTa 1.42R 25 53 116 4.50
TiZrNbTaV 1.61R 03 67 101 4.60
TiZrNbTaCr 1.61R -3.7 8.2 8.9 4.80
TiZrNbTaMo | 1.61R -1.8 59 197 4.80
TiZrNbTaW 1.61R -3.2 58 115  4.80

4. HEEANAI POE—QEOEH

TiZrNbTaMo &£ /L 7 #i3, Bk s 7z AfidE
AFPRL, HZET— 7B kY ERL 7Y, Fig. 3
{23 TiZrNbTaMo & @855 & £ OBLPEH (1273 K,
1 EEBLRR) 1 3500 S HR0H & MHRHERR O BRZERS R
Y. i, SEMFHERTO< 7 DR % <o
2, BERE&BOBR, &H, ABKEZ12Y 4 7)VE
F#DES L TYHZAELIIERS A TWVWS, XRD
(Fig. 32) 12\ T, M L BARHOWTHh, @
CR3 BCC 4 & w T+ BCCHIM & L TN
DA TH -7, OB, SEREILAWZ EITHIET S
B — 73RO LI Y, SIS A-ZHEICLEE
&FPN-FE > T, TiZrNbTaMo &4 BCC M 4R
2EHOMTERA L OEBERER T 5 LERLT
W5, Fig. 8b, 3cicizznZngFHiH s L UM
DR 4 T®F& (SEM-BSE &) #5rd%, #hist (Fig.
3b) Tit, HVWIVFSAFTREINHFWMTV/F T
A FHEEORENBE SN A, BB (Fig. 3c) T
3, BVaIVEFSAFTRTTVEFS A FAKROH A
AEExh, ChEfipc, RYavESAFOTVF
54 FBEOGEEML B A BN S, SEM-EPMA 5
ricky, EEH LBUBEHOVWINTLTV/FF4F
#H#%iCiE Ta, Mo, Nb, F/ F5 4 FEIZE Ti &
Zr HENFNELT 5 LHABRINTWAY, ZOFE,
XRD mSHHM L - FER (X4 :0.325nm, &I :
0.333nm) 3, EEOMHICHKS = Vegard BliIC LD
WL TER (FVFS5 4 F#k: 0.328nm, ¥V
F5 4 MR : 0.338nm) BBk E—HT %5, LA
% - T, TiZrNbTaMo & 4@ BCC 4 g H%LE(L
TR TH 5 Ta, Mo, ND¥B@{LLATV/F54 M #
#, BCCEIMIZTi & Zr »@ILL TV FF A4 I Hihd
CHET AL LBFEINS, COLAETVEFSA A
oW, BEMICST ATV S A FlHLRHEAN
DILEESEIC L > THH XN %59, FactSage &
SGTE2017 {Z kW atH L7, WHHREIC ST 525K
Rk (k=C/C, CIIEMRE, CI(IRBRE, #H
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Fig. 3 Microstructures of as cast and annealed TiZrNbTaMo BioHEAs. (a) XRD patterns and SEM-BSE images of (b)
as cast and (¢) annealed materials. This figure cites the reference” with modifications.

L3 S84 k<1) (3, Ti, Nb, Mo, Zr, MoiZ3
WTZhZh, 053, 1.21, 1.61, 0.24, 141475,

i35, COFIRE TSR F#BE TiZrNbTaMo % &y
TiZrNbTa-TiZrNbTaMo. O — GRBEE SN TV
Bo BONHEITIOMEE, EREOMAMBEORE L —H
L, Ti & Zr A\ifl, 3cbb7 v FF74 FERIICRE
TAHZ ERRLTWS, &6iC, TiZrNbTaMo & &
%, BROEFEIZHNDST, 1000 MPa #8256
WEERIE S & BEF 2 m TR, SEAES&E LT
A &h % SUS316L 4t Ti, Ti-6A1-4V LV £i35H
CEVERRIE D AR, SO, SO 3 saEH & 1
LT, BAERER T ARS M IS L E kS
NAHZ LLYBELOMBLERF LV 2D, T LK
Bit, %9 BioHEAs & L TR L 7z TiZrNbTa-
Mo &&4, BEFOERHESICHXTREETHD,

poBENTIMTEA LD, hoThVEEEE AT
AMBTHH LERL TV 5,

BioHEAs O®f %7 (2, HE HOMRES IV —TIZ &
% TiZrNbTaMo & ORI ICHARL, ChE TIC
#HE D BioHEAs ERL S AT WA=, Ty, F
SR D 5 6% (TiZr) . (NbTaMo) s & 413,
ING A— R L HRE GBI AN MR L A6 1,
TiZrNbTaMo 54 (VEC=4.80) & ML T VEC i
(VEC=4.52) #{&TF &4, BCCHHIZLHERTD
MO EARLATWAY, FEBEIZ, (TiZr),,
(NbTaMo) s & 4it, TiZrNbTaMo &4 & [ O
RIGHZHEREL 2o, SEEEHTHH LD ET
MLHAR L35, SHIT, 6755 TigsZrgsHisxgs
Nbs 74 TaguMois & (at%) (k VEC fili#’4.17TH Y,
MRS h oo, GIERMUERY £ Clottk s aas

i‘ﬂ%m"o
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5. L—H-—BEXKIMESICLDERRANA
I tOE-G2DEIR

fiiik @ 5 6% Ti—Zr-Nb-Ta-Mo &%, &\ ki
Ptk L AEGE AN AR T 5, LLENRE, F7TAOH
HiC k5 %Mk (5 @M ) L~ High entropy %) 4
(BE A EREm) CL2HmEOREEL T, YEES
3, Mo EL57-08BNEEBEERE S TV
7+, KROBWEZ R TET WiV, T2 LAY ED
PN, A EEE T 2 EROGHEE A iied TIHRE -
N, B (AHEERE100 K/s BEEST) il T, %
HR R A i K105-107 K /339 (2 4 &3 5, ZRce®
BRSO 1 BTh 5 L — Tl RIKERE & (Laser-
powder bed fusion: L-PBF) 4 4%)7: BioHEAs OfF
WYL LT E NS,

Fig. da (213, HEMKO (TiZr),,(NbTaMo)gs &
& O K 45 LU L-PBF & A ORBUHO S TRS R AR
T4, &4 K & L-PBF &4 kid, WwdFhadtll T
BCCHlC ks h B4 0D, R TIIEWT / F
T4 FfkSRESHh, BHELHIBESELTVWS, —
5, L-PBF @i, 5x5x5mm® Okl (Fig.
db) » 6 M TR (Fig. 4¢) IF 5 £ TORIRE
A& wIHE & 3 5721 T £, L-PBF @I TH 5 8
HAMICIE s hs (Fig. 4a), 8 ELC, Fig.51c
¥ kD12, L-PBF &4 T3, #iEHTabhiT
VEZA FEBRIZ LA EOBE TERES NS, BEE
BOKIIIERE LD, ELEIH—CHMHL T
b TV ETA ML, U—YERICEDEREShL
ERbtb/MERTIC W T8RO NS, T/ FF4
F DY 4 At L-PBF @A THEICHMAP L T\ 5,
C 9 LKL, L-PBF 44 0 %4 5 5 BioHEAs
O HMHIC D TH D EFRTHH Z LARL T

,‘540;0
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Z-axis

Intensity (Arbitrary unit)

30 40 50 60 70
20/ degree

90

Fig. 4 Constituent phase of (TiZr), ;(NbTaMo) powder and L-PBF-built parts. (a) XRD patterns, and the appearance
of (b) cubic sample and (c) jungle gym-structure fabricated by L-PBF. This figure cites the reference’” with

modifications.

SEM-BSE images

SEM-EDS images

§

7]

<

] 10 (Vi)
0N

i 50N <

g

i Coarse grain
region

Fine grain

region

Fig. 5 Suppression of elemental segregation in L-PBF-built (TiZr), ;(NbTaMo). SEM-BSE images and SEM-EDS im-
ages of as cast and L-PBF-built parts are shown. This figure cites the reference® with modifications.
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Fig. 8 Biocompatibility of CP-Ti, SUS316L, as cast (TiZr),,(NbTaMo) and LPBF-built (TiZr), ;(NbTaMo). (a) Giem-
sa staining, (b) cell density, (¢) immunostaining image of osteoblasts on as cast (TiZr), ;(NbTaMo) and (d)
quantification data of cell area are shown. This figure cites the reference’” with modifications.
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