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Abstract Rare earth elements (REEs) demonstrate significant potential in tailoring microstructures and
improving the mechanical properties of titanium alloys produced by additive manufacturing (AM). Appro-

priate addition of REEs in raw materials presents a novel approach to enhance the microstructure and me-
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chanical properties of AM titanium alloys. This review investigates the mechanisms and performance
effects of yttrium, lanthanum, cerium, and erbium REEs in current mainstream AM methods. The effects
of rare earth content additions on material strength, hardness, and wear resistance are summarized. Ex-
cessive additions induce more brittle phases, segregation, and porosity defects, leading to reduced plastici-
ty. Rare earth doping offers a viable pathway for high-performance AM titanium alloys, but requires bal-
ancing rare earth composition, process parameters, and thermal history to achieve synergistic optimization
of strength, plasticity, and stability.

Keywords rare earth elements; additive manufacturing; titanium alloys; microstructure; mechanical
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Fig. 1 REEs incorporation formats and reinforcement mechanisms in AM processes-
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Fig. 2 SEM images of coatings with different La, 0, additions*!
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Fig.3 Cross sections of the built components[m
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Fig. 4 The microstructures of unmodified and modified specimens and energy pattern™
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Fig. 5 HCCD results of the molten pool of Ti64 alloy during WLAM without and with addition of La,Q;""
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Fig. 6 The friction properties of Ti64-x Ce™*
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Fig. 8 EBSD images of samples™”
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(A VS I T PRI B iR R S DR AR P SR T B RE R R . PEREIR AHALEE EZIH T Y, O, 94K PURL (14 R HL
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Tab.1 Optimization of strength/hardness indicators and strengthening mechanism of AM titanium alloys based on REEs doping

REEs MARHER Rtk SR /R AR A, FERALHLE] SRk
Ti-15Mo-x Y SRERAHECN 1.5% HB i iy 405 255 % 510 B AL R EGR L (Y, 0,) [19]
Tig0-Y SRR 0. 2% Bibisk B 33 MPa A4k ok TR R Ak [20]
CRIBREE 1 052/1 034 $275
TIILAMW)  RRAEC 022y VPR L 052/1 051 B Orowan %6+ 21 8 6 B ] [25]
% 1150/1 154 MPa
HV i 391. 3 /N Y, 0, SREGRL
Ti-600(SEBM) TR 0. 1% [22]
BB TR 371.6) AR5 R T
Ti, AINb(L-PBF) RN 0. 2% BB 1 290 MPa Vb A b A 248 TR EGR AL [24]
FEAEaBE R 1 753 MP
Tiah Gk RN 0.5% A LR Y, 0, B (L r27]
EEE 2 134 MPa
Ti64 LR EIA 1 083 MPa, Y KBRAI T AL R,
B ECh 0.2% 45
(PBE-LB/M) R ' HEMHFILTLE 9% SB35 9 o
= i OYFAMLZERE Y0, MHEY .8 lEEE Tio,/
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(Continued) Tab. 1 Optimization of strength/hardness indicators and strengthening mechanism

of AM titanium alloys based on REEs doping

REEs N ETEEe 3 /0 AR AL FEARALHLH ik
YUHIRIE H 787 MPa 125 & 5 K TY T
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Tab. 2 Plasticity optimization and mechanism of AM titanium alloys based on REEs doping
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TC11 (WAAM) FEH N 2% FEMRRE 9. 72 YO RRIRE 3. 32% Jfatt La, O, Wik (7]
Ti64 (WLAM) Frt Ak 10% FEARREY 15, 4 YORFIRE 8% YRR it I 2R AR Ak [31]
I % LaF, 4@ & FEHRYET 56. 8% B A K La, O Bikifb H/O 225,
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(Continued) Tab. 2  Plasticity optimization and mechanism of AM titanium alloys based on REEs doping
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