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It is essential to develop biomedical implant materials with low Young’s modulus for alleviating stress shielding arising from the
gap of Young’s modulus between metal materials and bone tissue. Metastable S-type titanium alloys offer promising characteristics,
including good biocompatibility, specific strength, corrosion resistance, and low Young’s modulus. Among these alloys, Ti-Nb alloy
system exhibits low Young’s modulus when e/a is in the range of 4.26 ~ 4.30, that was reported in previous studies using single
crystal. The purpose of this study was to clarify whether Young’s modulus decreases in Ti-42Nb (wt.%) alloy, where e/a = 4.27,
developed even by laser-powder bed fusion (L-PBF) by comparing the Young’s modulus of Ti-42Nb alloy and Ti-15Mo-5Zr-3A1
(Wt.%) alloy. This study revealed that Ti-42Nb alloy has lower Young’s modulus than Ti-15Mo-5Zr-3Al alloy when fabricated by
L-PBF, demonstrating the validity of Ti-42Nb alloy as a material for biomedical implant with low Young’s modulus.
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Schematic illustration of X scan strategy and the observation
plane in this study.
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Fig. 3 (a). (b) I21X. SEM-EBSD 2* 5 5 & 1L 7z 1l £ 4>
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2o R @ HIZR SN, bee % b2 A E D
WA T D &AM S D% 5 720 Duan 51, L-PBF 1%
I L 72 Ti-12Mo-6Zr-2Fe &4 o FHOFLT1£1% 78 nm T
BHEWE LY, E5|Z, Chen 51, L-PBF &I L 72 Ti-
6Mo-5.5Cr-1C0-0.1C 54 ® o t#1% 1.85 nm TH 5 & #Hi5 L
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Fig. 3 (c). (d) 21X Ti-42Nb & 4 & Ti-15Mo-5Zr-3A1 &
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Fig.2 Images of appearance and the cross-section observed in the YZ-

plane of Ti-15Mo-5Zr-3Al and Ti-42Nb specimens.
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Fig.3 (a,b) Phase maps of Ti-15Mo-5Zr-3Al and Ti-42Nb alloys
developed by L-PBF. In (a) and (b), blue and red colors indicate
bee and hep structures, respectively. (c,d) {001} pole figures,
and (e,f) {011} pole figures.
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ENTV 5, Ti-15Mo-5Zr-3A1 54125 LT, P=360 W, v
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X D IEEE A BRI L — FEES NN > TREVWRE
W72k E 2 5 (Fig. 4 (a), Btz
FRITIONZ IR - THM N AE U (Fig. 4 (b)), AT O
I FNE WM S PATHMICAE LA Ll b, LIz
T, BEAEoEMNEcoBRAmMBENL, L -0k
BEHHFLTRIFEALELTIC, L—VEETRO x
L2 SR 2 T (YZ W) PO C Reiic A L a2, o
OB ET 2HIRT ¥ F 74 ML, YZ BrMIC T z
il 7 5 # 45° @E L 72 H NS - €. @Rt o 24 T A
S5BBLENMICHET B, 22Ty TR D5 G &
ZHOLBMEDOSL 1E, <100> J7 % i S O BE R T
Med 22, LdoT, =X AX¥ YA MFFY—% Ti-
15Mo-5Zr-3A1 A& # T3 A 6. <100> HSEH O R
26z BIIR LT 450 A L 2 ICEBERET A2 L
WZE 0. zBNZiH - T <011> B bd % b o L HFE S
T2 (Fig. 4 (¢))o

T, BUn AR RET BRIk, L—VR

Fig.4 Mechanism of the development of the crystallographic texture
in Ti-15Mo-5Zr-3Al alloy. Melt pool and inverse heat flow
directions occurred in the (a) XZ- and (b) YZ-planes. This
figure was cited Ref?" with a minor modification. (¢) SEM-
BSE image of the cross-section of YZ plane. The red arrows
indicate the direction of the columnar dendrite elongation. This
figure was cited Ref.?’ with a minor modification. (d) Schematic
illustration of the texture formation by employing the *X scan
strategy. The blue arrows represent the direction of the columnar
dendrite elongation.
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Table 1 Thermal properties of Ti-15Mo-5Zr-3Al and Ti-42Nb alloys
calculated by JMatPro software.

Thermal properties Ti-15Mo-5Zr-3Al Ti-42Nb
Solidus temperature [K] 1945 1962
Liquidus temperature [K] 2008 2125
Specific heat capacity
of solid [J-(kg-K")] 7155 616.4
Latent heat [kJ-kg™] 301.1 288.3
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Fig.5 (a) Load-Displacement curves of Ti-15Mo-5Zr-3Al and Ti-42Nb
alloys obtained by nanoindentation test along the z- and x-axes.
The dashed and solid lines represent the curves obtained along
the z-axis and x-axis, respectively. (b) Young’s modulus along
each direction. **: P <0.01.
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