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Microstructure and Mechanical Properties of Metastable -Type Ti—Cr—Sn Alloys Fabricated by Laser

Powder Bed Fusion
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Abstract Metastable B-type Ti alloys are attractive biomaterials owing to their low Young’s modulus and functional
propetties such as shape memory effect and superelasticity, and Ti-Cr—Sn alloys with high Sn content are promising
candidates for biomedical shape memory alloys (SMAs). However, Sn addition beyond ~9 mol% inevitably forms
brittle Ti3Sn under conventional equilibrium processing, limiting compositional optimization toward SMA design.
This study demonstrates a novel fabrication route for high-Sn (>10 mol%) metastable B-type Ti-Cr—Sn alloys using
laser powder bed fusion (L-PBF) of pure elemental mixed powders. By exploiting the rapid solidification inherent to
L-PBE, a homogeneous high-Sn f3 solid solution was obtained while suppressing ® phase and TisSn formation. The
effects of laser power (180-360 W) on microstructure, phase constitution, crystallographic texture, and mechanical
properties were evaluated. Under 360 W, complete melting yielded a single § phase with the strongest {110}<001>
texture, a compressive fracture strain of 12.8%, and a low Young’s modulus of approximately 40 GPa, in good
agreement with texture-based ab-initio predictions. Although shape memory behavior was not observed here, these
findings establish a low-cost, foundational L-PBF process for accessing Sn-rich metastable [ compositions beyond the

conventional equilibrium boundary, providing a platform for future Ti-Cr—Sn SMA design.

Key Words: Additive manufacturing, Laser powder bed fusion, Metastable 3-Ti alloys, Shape memory alloys, T+~Cr—Sn
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1. #% B
11 EREBBFREEETIILTUYA FERE

YELZE B T H L Aeld, B ZENMTHEDIRINI LY &
EHTHS B FHE=ERE R LIZBDOTHY | Ko
PRGN - B2 7R3 2 L DA L TR
TS 2, ZOMEEERFEDIREN Z 3 5 DM~ VT
A NERETH D, AU OIEE 7O AN
BRI DA THIT T D EHEBERE TH Y . FX2 /4T
IZbec D BFE (RHAH) 2> BIE D afi~DAREE L TEH]
D, ZREFAENT & 0 ZSREBIAIREE M, LU T CHRFEIZAE
CA1I0, MU ETIISINC L ThFEIns (0755
VT A NEHE),

TS ZFIH UTARERFIED STRIRGCIEIR & M E T
O AERREE AT~ VT A NEREIRFEOHIE,
72 AR OIEESTRE DR R Ch D, EHIT
BRI IS T EE A b S 570, FRIRIBHE RTREZ 2O
P IEN IR E RS RIFT,

Flo ~NT YA NERBATRE T HEIA & LT athermal
o FHRNFET D, ~VT oA NMEBIVEL DL ST B
HART & 274335 Vol. 4 No. 1 (2026)

FHOFEZEMAAR T S5 & | athermal o FH2AERL LR9<
2%, BooZEfel Bathermal o ZHEIIHABHACHY |
athermal o FEDSZEIZARKT D &~T YA NEREITAE
U7 725, ZDT, IFFHIFEDEA T HiREM: BT
2 A4 < Tl athermal o FHOHTHIEAF 8 5 Sn<° Al
DENHWZAZ 2> TND,

1.2 Ti-Cr-Sn &&I=H175 Sn FMDEFR

bW RDb & Box i3 /oaettT 2 o aa b L
T Ti-Ce=Sn & DB ED T & 7= 3, 14312 athermal o
FRZHIHIT D 72912 5~9mol%FEED Sn ZUSIN L, =T
R AR5 L OIS CrifIC K ~ L7 g REE
REIREZFE Lo, ZOf5%, Ti-2.5Cr-8.55n (mol%) 1238
TSR TR DB E 2150 2 LITEh L, LA
HHERRBIZR DR, ZOAAITRNTY o FIETERICIT
KL QU o T, ARROEBEGEHOBLSD DT Sn L%
AR Y @< L, Cr REAFREZRIRV IR 7562 & T
athermal o FAAVERHET, RE 72 REHEOT HMIRF T
%o —J7CTi-Cr R VB L ONTi-Sn 5% O —JofkAEX (Fig 1)
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R Ti-Cr-Sn ROE PER R N ZAUT 173K T B FHEFHE &
725D Sn D 10.8 mol%lh FIZRRHIL, 1173-1273K T
TR TKBEE AT DTERIETIIZED Sn #INT
TisSn DAERANEET BV,

Fig.1 The (a) Ti-Cr and (b) Ti-Sn binary phase diagrams, drawn
after Refs. 5) and 6). Reproduced from Ref. 8) under CC BY 4.0.

1.3 TERER L L—F RS AE
Z AN CIIRREIAR B R LTz 2, (REWTRET
B L——IAIRIARE 575 (Laser Powder Bed Fusion, L-
PBF) T, AT — Hckt um OF S TRk
G, MR- TL—F—% 8 L TR A E
PN ZEATAL - BEE S DR JE 2 L TR0 33, MRKF
\ZEEZR DL, WuNstattit, (Av s 7 —) DJEPRODNEIA
SR TEHITPEAE N DT, 10°-10° Kis [ ZTEET 2D T
BV VAETREDME LD THD 0, Zo/mEERIZE Y |
O RN B CIIBRE L 27\, [BEATRA B4 72
IEEFERA RO FTRE L 72 D,

EHIZL-PBF 1L, 7t 28T A—X2 %18 U CHEAHRR
ZHEICE 2R EETHD W, BRI X PRk
pehi gz E U GRS T B A 2 v Lkt L, bee 48 Tl
TESERR T <001> SRR AT AR WS90, &
CHEEFAZEEZ I N—TER X-scan) TIE, ZOHRA)
DT IR SRS L O ESR R IR S D, ~ VT
YA NEREIIRE R TIONSER SIS T A D T2
FEREONT BN 7 o MBI TR KA L B FHOF
> HB<001> 0L Tl b 722, EEKERRORTEN IR
TEASOMRERGHIERE T 2,

—J7CL-PBF 12, TE@bARD &l & 5 [RRED &
%o T, MR ZIRA LU TREHE L, L—Y 85}
BHCAS b AT T S5 [Z08A4(t (insitu alloying) |
DRI HILTND 29 Nb oMo D L 9 7otz Tl
FERRIRL DT LoV, Crid T Sfasir< Sn i
SV TH A28, TiCr-Sn AIXZDOHEZET D &
S5, ARG CIL, 1ERIE QI ERIREE K Cr, &
HART & 274335 Vol. 4 No. 1 (2026)

Sn MR O AE A MOTRIRAFIRD LPBF TfERIL, L—1
—H AR E AR, SRS, TR I E T A
Sl U7, 72 AR ISR Y OB A FL R L= b DO TH
60

2. EBHE

JFEHZIE, HAT h~A X Ti R (1045 um, 99.7%) .
77 A<M Cr AR (15-53pum, 999%) . T4 A7 T k
~A ZSnByk Q7-43um, 99.9%) % FHuVN 24 BHERA L
TEEHARE L, BEEHARIE Ti-3.45Cr-10.33Sn (mol%)
ThD, EUAILL-PBF 2E (EOS M290) Z vy, Ar %
FHA FC5Smmx 5mm x 9mm OfFFAERERF 2ER L=, A
BTV —EE E Umm’) ZH o,

E=P/(vdi) (1)

ZITPIFEL——) W), vITEEHE (mms) ., d13
2~y FERE (mm) | ¢ 13FEE (mm) TH D, v=1200 mms,
d=008mm, /=0.06mm Z[EE L, P % 180, 240, 300, 360
W L2 bEET- (E=3125-6250 Jmm®), L—V—ER)
i, S CAEATMEE 2 22— A (X-scan) &
L7z MR, BatBhIL—y—H P Tt 5,

FERERIIE XRD JIE (CuKo) . #HAKIE ICP-AES 38 XUV
TP A R 30 5T U 7=, FHEIER1 21 SEM-EDS 35
FOVEBSD ZHV, WL bE B AD XY i (&R
TEERME) ARRE LT, Fo. Zomnh FIB 12X Y)
0 U7=BRTRT L C TEM B8 To7o, BEAHREIE X
PR EREIZ L D FHI L7, S 2 mm < 2 mm x 5
mm ORERA %, X HTh) (——EA5m) %
& T D RIECTOEMRBRIC L VMl L, O Bl
50x107*s 1 C1 YA 7 Vi 0 1%DOT B3 595 9 [H]
DERREIRITA 7 VA SN L= Db, il E Clgeamr L
7o, Yo 7RI, BB RO PERT H720, 3R
R D ARy 7 VoS5 — 2 5T K B HRECIE
DHFOTHFHIREZ LV kb=, ST VASP 1285
H—JFFEEA (GGA-PBE, SQS iAICXL % 54 JFit/L) 7
5 B FHOBAESEMEER A SR, FE L TR AHARR & A
A C Voigt, Reuss, Hill DEET /LTI 0 Sk
THREEH LU,

3. ERRRLEE
31 HARFELLTDHERIE

Table 1 12, EEHIOREARE P=360 W TR L 73
TAROR R, AR OZ NS < Cr 73016
mol%, Sn H3+0.56mol%, WEFE7)30.06mol% Ch->7-, 7272
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L ZOREDIALTY, /T A NSREIREE| I T
CERWEE KT, RS 336 K190 K/mol%Cr,
—141 K/mol%SnY, —160 K/mol%O T& V) . AHFFEORRRZE
I~ VT A NEREIRFEZA) 60 KK F S8 5, L-PBF
CIRGLB A Ea T DBNCIT, RN L ERIRE
T WA AT IRA AR DRRE TSR CTdo D Z & Do
Do
TR ORI A Ti-Cr-Sn —JoIREEX o~ d (Fig.2),
WL 1173 K ARAE D B/B+TisSn B VAR Z 7= Sn =i
FEk, J7R b BAERETHIUL B+ TisSn O ARk L 725
X OERINIET D, THUTH A LTI % ORE
\ZR1T % XRD JIETIL, P=360, 300W T B FHEFENVES
AU TisSn RO TiCn | T T HDSAF T i S 31727 > 72 240,
180W TIEb T a tHEZ7BDT), EDS IZL At~ v B
VT ToIZE 2 A, P=360W TTi, Cr, Sn A2y
A Li=—J5. 180W Tl Crrich 785 & Cr-lean fEIAMEIER X
i, ZIHORERIT 07 NG Tl MucRIRE
KINDEOGES X D B2 Sn B B FEEAEADS
HoNsZ EE2RL TN,

Table 1 Composition (mol%) of the Ti-Cr—Sn alloy before and
after L-PBF (P =360 W). Reproduced from Ref. 8) under CC BY 4.0.

Cr Sn Fe (0] Ti
Mixed powder 345 1033 0.02 028 8592
As-built 329 10.39 0.03 034 8545

Fig.2 Deviation from the target composition by L-PBF, plotted on
the Ti-Cr—Sn ternary phase map (1173 K). Reproduced fiom Ref. 8) under
CCBY4.0.

HAT &% 3 Vol. 4 No. 1 (2026)

32 fkmRERE S SRATERBOMR

Fig.3 12 SEM <5131 (BSE) 4% 7~3, P=360, 300W
T L——EES R X) IR LT sk e &
HIT, EERRITHIST HAF v 8T 7 G I
FHEDHRIR &S | L-PBF SRRk sBlEz <4
7oo P=240, 180 W CIIHEARRIAMEHME L, 180 W CIZHIT
7RO Cr-rich g & Cr-lean fEA~D53 L E T 72, 2
PRESRRRE P =360, 300, 240, 180 W TEAVELL 626,
354,269, 126pm THY | ABEDEK T &0 ki)
SR T EH F L VR ORGEEDMRZR I D T8O B
T L= EZ BD,

Fig.3 SEM images of the XY plane of the as-built specimens: (a)
360 W, (b) 300 W, (c) 240 W, (d) 180 W. Reproduced from Ref. 8) under
CCBY4.0.

RIZ EBSD IEN X D fsst i zii~T- (Fig4), v
— P BT <001> A8 X AT, <011>p L
Y., Z ISR L, ZAUT P=360W T bIRT
Hotz (10W TIHEXVFZ % A), ODF i Th
{110},<001> & F5i55 & T DEEEHHTRE Lo (3 P=360 W
ThcRkE7po7, ZHUFFEU Xoscan A b7 —% =
B 7 Ti-15Mo-5Zr-3Al &4 Tty S5 BifESaA kR 1 &
FRECH Y | 1.3 Hi TR ~-m B4 2 LR Ti-Cr-Sn
FTHI Z L A2RT, £72 P=360W #40 TEM HilSRIEEF
[FHE T3, o MICHRHEEIZR 13, 23<121>% DAR > b
RO TG T o7, ZOREFIIE Sn JEE Ti-Cr-Sn &
4xC athermal o FHAMIIH S41D E WO BER YA L TE
v . BAJEDIZ athermal o FHOHENIRREN LT Z &30

27,
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Fig. 4 1PF maps of the as-built specimens measured on the XY
plane: (a) 360 W, (b) 300 W, (c) 240 W, (d) 180 W. Reproduced from
Ref. 8) under CCBY 4.0.

33 S

Fig. 5 |ZERIRCOEAMERERC L 205 O3 iz~
WFHLORRERE | BRIIRE SHZSHEI 1 5 MR 2 O
[EfE ARSI DoTe, Flo, —HOUERZE B AlGa Tl
ST (TWIP/TRIP (Zhf5) CBR (57035
L~ /LT YA NEREIZKHE) DRl HivT | e L
THALT D) TET L Z EVRNESILD, T DAE
TV 7 oA NERBIREEDSEIAR T L, ST
VT A NEREINE UpinoTe 8B 2 BID, TR
JE ocs X P=360, 300, 240, 180 W TZ1%41890, 873,
950, 988 MPa TV, FlEEHRIOMHH L & HITHIIN LT,
MO 7 gp 13 P=360, 300, 240 W T 12.8%. 9.8%. 11.9%
THHT-DIZH L, 180W TIL 5.0% CHRINZAN L=, Ti-
Cr A4 T3 12 mass%LA B Cr FINTCREME) S| AR 9

Fig. 5 Compressive stress—strain curves at RT for the as-built
specimens: (a) 360 W, (b) 300 W, (c) 240 W, (d) 180 W. Reproduced
from Ref. 8) under CCBY 4.0.
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HZ LD BIOUSOW A D Crrich fEHAS Ti-16.2Cr-8.1Sn
(mol%) |ZEEL CUN=Z &b, ZOIEMHE R LR
Crrich SEIEOIERRICEIAT 5 L& 2 b,

34 YUUERLEESEBOBR

AR U CEEZ Y 7 RONT, FEE &R
fEz e U, S REEHRIC L D B A HRESLH e
1% Cii=121GPa, Cp=108GPa, Cyu=48GPa TH V. 35
BRI LB 2T U=, 2 s L3I ST~ ODF
DR U= 73R Fig 6 \~d, YWHE p M
EAAAME O P =300, 360 W Tl FEHIENE Voigt HBR
L Reuss FIEORINZINE Y Reuss HEEITUT< . FMHISEDS
BAEAAMEER & AR LS < BTV CERMITT
TEXDHIEWGMD, FHAZP=360W #1FK40GPa &, —
W73 ot T4 54 (110GPa F2EE) 10 BRI TR,
Z U BIRSEMEEO<001>p LS TN 5R < Fidia L
Tl EEZ BND, —F, P=180, 240 W TIIIZHNED
Voigt FRRA 90N Hal 723, BT /UZEEN ot

Fig. 6 Calculated polycrystalline Young’s moduli (Voigt—Reuss—
Hill models) based on ab-initio single-crystal constants and
measured textures, with experimental data and IPF maps. Reproduced
from Ref. 8) under CCBY 4.0.

DIR{EK R D E DB L HEI SN D,

35 FARECREEOTEELI<AITT

AWFFEDRARL TIITARFCIENR: - s IR L 722>
7273, L-PBF FPA OREAENC 1 0 TR A2 %15 Sn
TREEECE C B AHBAR & 720 | YELEM AR TE 22 Lid
BELATHD, AEED B AIGEEZEb L
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EFEZ DAL Cr, SniREAFPE L CARBRE 2 SR
F1&E HFHUR, IR CIRRCE - B S B LG5 LB %
B35, ERIZIE 3.1 B O LA b (K60 K AH2)
ZHR D IANTAFHRROFREE NS EL L 70D, Z DX H 7
FROPFRIE DBLR DI IARFFE DR RIR SR A
L7 e ABPEFITAHTHL EZE 2 HD, TiCr-Sn &
3R O THDH Z L bd DN, AR E VR
DIZTOT G A RINATH Z LN TED, U
FERFUR S OMBERRIZRBN TR TEHETH Y ., NIF
72 A OISR SID, S DITIEAL ORI L
|Z as-built RAETRTLEDFHEDMGF OV Z & B I LRI
T b, SH%ITIFLOMBETEZITV, L-PBF (285 B F
B BB HIIRGENE - kO A HE T TET
b5,

4. & W

1. HWOTHEESKHARZ - L-PBF 2LV, fERETIE
RUAREE S Sn B 10 mol%) YEZZAE B Ti-Cr-Sn
BROYIE B B AE, EO%E L TIETE S
ZEaRLU,

2. TEHAROMT Ti-3.29Cr-10.89Sn (mol%) THY . H
SR D DEEN RO B, ZOE T~V T
A NERBREZ 0K K F X5 H DO Th-o7,

3. EHEE (P=300, 360 W) T, TisSn<° TiCr, D
AERRZI L7 B AREAEDME DA, athermal o FHS+
NP ST,

4. —HEEEIZEY, {110},<001> % TR0 &3 D5,
FAHHE FTRE T o 72,

5. P=360W i3, HEHARE, FrsE 890MPa), BAT
7RIEME (12.8%) . Y 75 (59 40 GPa) A7RLT-,
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