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Abstract: The difficulties of fractures and bone defects due to injury, infection and tumor have been widely
concerned. Although human bone tissues have certain regenerative and reparative abilities, it is difficult to complete
the repair of bone defects merely by relying on bone regeneration. The compatibility of the current traditional
medical materials with human cells is poor, and it is imperative to develop new biomaterials with excellent
mechanical properties and suitable biocompatibility to solve the negative reactions caused by long-term insertion.
High-entropy alloys with adaptable regulated mechanical properties and sound biocompatibility have been widely
applied to new medical implant materials. The study investigates the current research hotspots and the progress of
medical high-entropy alloy implant materials from medical high-entropy alloy design, element selection, mechanical
properties and biological properties. It is promising to provide the methodological reference and theoretical support
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for the subsequent research of new medical high-entropy alloy implant materials.

Keywords: medical high-entropy alloy; mechanical property; biocompatibility; elemental selection
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(x=3, 5Hf17) &4, 4x=30, HEREENA
80GPal*, hrfEE b, HEAYH BRI IR
TGRSR . B kA A s P R
K, EHEE N, RO 8 2B
BARBMERC R, W] LUFI O -3k 5 25 il AH 25 44 Fn

®3 Ti-Zr-H-Nb-Tam i & S HUMRE RN S 2 A"

A% JeE Lk AHARLBE bk /GPa JEAR R IMPa KR (%)
Ti,ZleND, Tay, (445 1) BCC 89 970 23
TisyerZrs6NDares T8 (42 2) BCC 75 790 29
. TiZrNb,.Ta. (&% 3) BCC 69 780 26
Ti-Zr-Nb-Ta TiwZrND.Ta, (&% 4) BCC 57 690 24
Ty 07201 5Ny oo Tas (245 5) BCC 93 1050 12.7
TiZr,NbyTag (44 6) BCC 135 970 125
X =0 HCP 11 822 136
X =01 HCP 105 890 53
X = 0.2 HCP 97 1020 5.08
x =03 HCP + BCC 80 225 13.96
. X = 0.4 HCP + BCC 76 365 30.26
TaHizrTi X =05 HCP + BCC 79 683 29
x =06 HCP + BCC 74 738 21.73
X = 0.7 BCC 77 1046 1431
X =08 BCC 85 1120 463
x=1 BCC 86 1367 407
Xx=0 HCP 111 822 136
x =02 HCP + BCC 118 906 0.73
Nb,HfZITi X = 0.4 BCC 82 744 1.9
X =08 BCC 79 718 16.2
x =10 BCC 83 728 187
Xx=0 HCP 111 822 136
x =02 HCP + BCC 71 480 25
X =04 BCC 78 800 10
Ta,Nb,HfZTi X =05 BCC 85 850 13
x = 06 BCC 73 880 19
x =08 BCC 93 890 18
X = BCC 103 1200 12
o 20254 44ty
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E9 VECH#HREEMRELEHHIE"

a) TTHEM AR AR HICrMONDTIZIEg XRD 1

b) CrMoNbTIZr & 4 i B i E R ANEDSE (%

E10 CrMoNbTiZr& £ Bsins ™

fasEtE, TR AR,

4 LYREME

4.1 ‘mREEAEME

FER A B R, 357% B,
B AT EA LR, RV, Jhae
e Pt AR ETE , w7 DA I oo e A 4 A T SR
P A RN U B 1 T 95 ok oo 3 e A= A 2 1k

GURELZ T Ti-Ta-HEZ s fifi & & A0 AR A0 b
TFIMFF G RBL, X BRI & B SR R IR i
KA., KTiTaHfNb, TiTaHfNbZrfnTiTaHfMoZrg
W& A ESBFIEHhiRI28 K, {27 A [H I A] 5 B
JAITIE . NDbES - Mo~k B 45 5l 4n FE 1 1FA ]
12, MELL, E129 %0, (ERIBETTRN, B
AIFPHEASEI R BRI TIES 1, XFRIHS Rk
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Al R miaiaig. Kb, TiTaHfMoZr &4 &
B Tig b, EREIRE WL TiTaHfMoZr
e A BRI M ot B, XA TR [E I R v
MAES S TCR 0 A S 8 T B TSR AT R ALY
P ZEIRAR 2 A X S, ESBRFIRH RI28K )5,
TiTaHfNbRETE R 1R8I . BERRE5 A& B IR
o [EREREE, TiTaHfNbRmFICarnPIiHfe

E1l 7ESBFARAHIRAA RN EEBINTEFRE™



a) TiTaHfNb & G REHIND B ik FE

b) TiTaHfNbZr & 4R rINDES T3

c) TiTaHfMoZr4 4 Bt Mo i &
El12 #ESBRARPHTRIEAERERRBENDEF.

MO TR
. 1ppb=10~"°

B TR IKORIE R, JESL T E R R AR 2
] (Y 5 A SR 3 s A i AR 20 1k
CHAKRABORTY 2198 T U20 S8 1 g3 2 it
EZrNDVTIAlE A 4 LR R, fEREF E2h
W22 B A1 R 4R F & 7R e B AL i |, fE48h)5,
KB E AR E . 5ESBREM B,
ZINDVTIAIG & & & A HEE LA E. it
Ab, A E RIS — PR T A e ry e s
FEMLI, ZREY, HAEETHRRL, XEeHT
Zr, ATEHE RAFHIEYTEIERIZrO,5% A ik R WY
BA SO AR PR, Rk, ZrNbVTiAlg
W& A EEAN SRR AN IR REF, i B AT A 2 e i 20
fdss, pesh, CHENZESTG A B 4r i fnZr sy 1
BT THRAMNE RIS, SR, ZrE Rl DLdE
LIJABMP/SMADAE Sl %, et A Bci 4 iy
FEAN . RBUECIIE T Bk BBk A 4 VR Bt
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FHEF AR ETEHLER . 25K, TIO Ak KM
HIFRFEE R A st IR i AR A RGP . S5 IR S
s, ELWIB AN o b i Z W AR AN EE BT, [l
TANZEC 38 1 e SMATEIE W], NbIT 28l i i
PISK-AKUE S B el BHr iAo 22 BAnA, sl
A AR Zr . ADFINDSETT 2 A7 (52 1 78 H 40 iR
AP EERE,

TEA% GE e FH A 4 0 25 TR v 5 o 5 W] el
FERPRH B 2P RE AR AT 2 . ALAMZEP T 5
FarE A (RF) AP HITIMoVWCr g i &
S ELA B WO 8 B RO B . AR AMIR B MK R I
HRIFE R s AR . (8 FRAS R 750 6 32 D
RIFE L B B L R I AN e (e e, AR KT
EE A AR SRR, RS
JIZ B AN BUE A, TR B T — A 3% 432 3 41530 41
BRI R 2% o 2R R B 26 T 12 i 1 40 P 994 3
MC3T3-ELAAEAIRLFT . £ F kP B S5 5%
T3 EEA BRI R2
42 FEMHRE

b A v 8 B IR e B R A ARG T E &
fiE, SSECEARRER, HWFERBR. B
PUBE P fE A B2 A 4 1 RN 45 1 B % e [
F. BT, PUREAEHITEI A R R DR R
it B Je e IR SE b, SOt BUA #4RE R i e i B
BEATE M, TIBAIAV & & 1E A —Fhi WY AE M s
ME, HAREPIEERE. PREMIEES DK
BADREMRES B M RHEREAE BT MR, Ag—
Fple Iz OB 3, AR A BU R R R
W, Cull#r B AL mbidtkae, HICEDHE,
Hi, "TLATEA & mAE=MIAg, Cud:kikE
B AP,

Y U & A A BRI AT IR S, R
TiAlLV A2 H A0 B TG T TisZrsNb,Cus ,Ag,
(x=0, 1, 2.5) ®mEA&44H. mEL3, E14pt
R, TisoZlsNbyCuysAg, s2H I P i 4 99%,
fEWF B 240G, 4HTA R BT B 2R Rk CE 9 1/10,
& B (U A BR BT B AR T 1ALV & & R ik
W, W EE A S PR E R AR, R
TisoZsNbyCu, sAQ, 57 T M 52 5] — /> 4 8 A & BR
B A 7% A TisoZ 1N boeC U, A gy I — A 45 i ks, i i
Xt A VR BRI 0 BT AT 00, X BE il A 4 B S A

§ &2 nm
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a) Ti-6Al-4V 44 b) HEACu.& 4

¢) HEACu,Ag, &4 d) HEACu,sAQ, A4
E13 Bk NE R4 E N E™

a) ARG

b) Ti-6AI-4V A 445
E14 BidEREmMEERANER A SNREEESTI-6A-
WVEEME LS
T T A B A B B AR, RS DK BRI R R
F£i£100%, iR IRIERB], HEACU,AQ,IIHLRL
RemFHMEHA L, BHRTRMI0OKE, Ag
Cu* R it B 4n B 15F 7R . it X AQ FICU™ i
PEREA EAE FHABFSE, KRB T-Ag/Cubt kb

§ &L nmT
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BRI PERE . 2 TisZr,sNb,Cus Ag,
miEA 4 Cu, AgeEm R FLLFIAEEIR, Cu,
AQIIERA A S I T Cu® " FnAg ™ iU IA IR, I
TisZrsNbyCu, sAQ, s & 4 B A R LR TERE . &
i, 24T T U RE B 4 AR o LA TR BT
ki Z , EEERIEEYE S EIIIGT, AR E 5
I Sy M SR R A A A PR R LB,

E15 #357EA0ERAG HICU MEHE™

5

AT AT R, 7 (ERERE I R
Bz, [RIE A ok 2 s AR BE 451, SRR 5
WiV RA RIS mioRn e i e B R 3R . T, A E A
2 AN A Fh 20R0 2 P A S BUAE A\ A AT 56 B2 H

YANGZSRE: TTiZrHINDTa &4 4 it
e 5 A G sy . 2 O FNAE A 43K T TE B B
e, TIZrHENDTa @& G i —AOar
A e 254, fEHanksHHLLA: BRIZ IR T L fL 22 A0
RIS REW, TiZrHINDTam A& AR
GFRIm ol , P S TIBAIAV & SRR . ARHEXPS
gk 8, TiZrHfNbTaE & 4 310K Hankiz ik
Hi SR AR T L H R ERITIO,, ZrO,, HfO,,
Nb,O T a0 B, (ARHEENZE, &ill)aa e
TR AND O S B i, Nb* PH B 119 /a8 0 T
AE IR, TREERE S 00E A, (D
R D . BB 2 AL AT R B Tl Bl =AY
P, Rk, N RyBE Nk, fEHanksiA i
HROR R AR LU AR 28 S R Bl AL IR SE R E
TiZrHEND T a5 & 4 B 47 M Dl B o TRl g iy
Sy A, IR A2 B — RO S T B R ] 3D E) o Al
e ik B A AT ™

AN, — LR AH BT B 25 et i P i i —



TR I A RINDE EATiTaZrMoND, (x=
0.25, 0.5, 0.75, 1.00F11.50) EA 4dtiTHlL
GO AN AR MR KB, BEENDE Ry
v A AR AR LR Ok rp A o B e R R
BN LS, TiTazZrMoNb, o B A f (& Hiii ol
P, fEx=0.501F, HEFMhA A fm, h—0.566V,
[T HEF P18 kL O 24 /s, o — 7.64 10 "Afem?,
2ix = 0.50F10. 751}, A 4 v A i X 35 s S 41 /i
A TINDAH, BHLIE TTINDZOAHTE B, A FIT & it
P PERITE E . TINDRHAYA 55 T NDIC SR & Gt
Pk s AT, WANGE 7t kB, IKSFE
H T 45 i C 036F €35C 1N o &3 45 Y9 AH BLAH TR O S 5
ik, e e iRt TR S, AL
el wh A AV RE M, anEL16FR. B, XA
RO AR T i B A2 i S AL RO PR VR A, G
T AE R AR S R T I A o

BE& H IR0, TissZrsTasNbsSnyls il
T8 A SRR phoRL A R R LT R R, A 1T
R FEHEHA0.IMPa, JERARE E (1)

a) fE37°C 4 T CogFesCrigNiy 1 316 L {ESBFifE i )
TEF R £k

gk

JEE =R (mm/4E)
b) CossFesCrigNisg A4 5 Ath ik A 4 JBHHEHIE Dl 25064 L
16 CanFeaeCrmNimﬁ'ﬁﬁ'\lﬁﬁ‘l’fﬁ'fﬁ[w
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M2.98 x 10 Alcm? T B3I 76 E H 4 4GPaf7GPa
P Ag2.47 x 10 "Alcm?f11.65 x 10 "Alcm?, 1E
7G Pt {1y JE ol el v 5 (A bR T il B v i A
& AKZ144.5% , BTLLIA A & it bl M ) B 25 4 & .
TigsZrysTasNby SN M S i & S EARRE DT
IR A 2o an B 18 Fr . FHEI18 W] 41, M E B A T
{ER, ZEBA, ik, Bk e s
KAGPafN7GPalsf {{E 4 Biloh — 0.27VFI —0.40V, 4
KTAEEE D TRIE, RUESE TH&ENE 4
B AR 2 A R G L e DA S 2R
b, A& T AR PRl Re S B 4R B T
XA R A vy, D fe s S ik RE, Bk
ME A & BA RAFAIM P, R PR
ANy KA AR, AR W] o kSR A A T BN
AR A i il B 4 1 5 T AR BB Tl
KUMARZEIE 58 1 584 il A9 Ti-Ta-Nb-Mo-
ZrE e Rk (Physiological Saline,
PS) . BhiliatheEahEhsk (Phosphate Buffered

b) Rpass
17 TigZr,sTa;NbSn, ERSRHAEEARRENT
R B A e
ff?l.%ﬂ"lﬁimnl 20254F 241
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El18 TiyZrsTaiNbySn  EMERA S B S EEARE
H TR £

Saline, PBS) {&iR, LARK1%JK ;- 1fiE 5PBSIR
A1 (Fetal bovine serum mixed with the PBS
solution, FPBS) WY@l 4. Ti-Ta-Nb-Mo-Zr
e B A AR AT A o M S R AN 19 R . B9

a) JRHsHLAL L

b) Tafeltkft iz
E19 Ti-Ta-Nb-Mo-Zri5/H& SHEMIT A HHTER™
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AT, FEPHIE AT ARIPBSH, il & G B ik KA
HAE S g i . BEE RN RAE R, FFik
HLOL AR BTN, ZRWIE A ki Ti-Ta-Nb-
Mo-Zrg i & A B R TR T ish B LR, Ti-
Ta-Nb-Mo-Zr g fifi & @ £ A R A= ia i b A I ik 2
B4, WRARAIFR L, EPSHIFPBSH Y 1k
HLzik (—0.58V) , ESLfEPBSH Y i L i
Bk (7.45pA/cm?®) |, HikAEPS (5.41pA/cm?)
FIFPBS (3.83uAlcm®) ., [k, I%RFZCrh il HE
it B < AN [ JE5 ok 7 P RS ks % JL P ARSE (0,05~
0.06mm/4E) o SEbr b, il & g AL AR [ R ki
RAFHIT R PEIR P T TIO,, Ta,05, Nb,Os, NbO,
FNZrO A BRI S 2, HLJE o 42 v ST Bk
AR, SN ik .

&4 Ti-Ta-Nb-Mo-ZIig & EEAREYARTHIEIH

S
i OCPYJ(H | kA | JEETh LR L | TR ZR
= NV EolV I (pAlem?) I (mm/4g)
PS | —0.17 ~0.58 541 0.05
PBS | —0.44 ~0.29 7.45 0.06
FPBS| —0.19 —058 3.83 0.05
6 ZRiE

5EonyE & EmL, AW R w5
BA RAFHI DA VERE R ML T AR, R
Be 2 GUSR A AT I AE B B RS . A SCE A d i &
TCFRIEH, Fy 2 PEREFNAE AR 22V 55 75 Th R T 5 ik
&, SRR,

1) B Al b A SR T REFE RO TCRENE . R
YA MR B A e Es, ABAERPIRG DU T o nl i 3
HARRIERER D R ARTEME TS0k Bt & B P RE,
WE AR EIRE, DA TERE T, B-TiRm
A SRS PE R R 5 I R R, B, B
MlE & amT B R TR mi A S B BT g
BRI, A& — R I DR IS S e e vl
frik. AR EDT E, AOCRlE E RE TT R AR 2
FOBCEL , [ v o oo 3 v o e o4 %l s
NGV IE () Doe S W 2 0 [ S VRN E Py (R e
FHIA RAF R A0 G, SEI0BA 0 A S0 28 LRy
ARBRE AR T, BrEi RS RA
RAFM PR PERI S BRI R, 5 A A S T
e RAFAER G, B0, 8 mT LA I S A 4 il



Fr 5 5 5 F ORI — 20 ST
2) fEARAMEIE, A S p T AR

ENNF IREEAT S Shit, Rt F

SmEREMNEEG & L2 -HRHR-EY

PERE-M G PPERE™ I SCIetR &, X F5 4R Rl &

MBE . AR B SE L A B A S

FHIRBER, BLAh, mlia ey Za, (RS

SR U T BOA AU A, LAk 0 FE T By s HL

a2 2V WA T E 25 DAy v A A 4 A B TH T A AR Bt T

HIfR TR S, RO R & 4 e Ul A B i g 20 2

PERE 2 JRAE BEAT O R, T & HIA 2R I 2 %F

LA BEITIA IS, WEMELTREIE, &

BBl 0 A A PERE S By TR 4 5 R

SE K-

[1] BALAZIC M, KOPAC J. Improvements of medical
implants based on modern materials and new
technologies[J]. Journal of Achievements in Materials
and Manufacturing Engineering, 2007, 25 (2) .
31-34.

[2] XIN Y, LIU C, HUO K, et al. Corrosion behavior
of ZrN/Zr coated biomedical AZ91 magnesium
alloy[J]. Surface and Coatings Technology, 2009,
203 (17-18) . 2554-2557.

[3] HARRIS B. Corrosion of stainless steel surgical
implants[J]. Journal of Medical Engineering &
Technology, 1979, 3 (3) . 117-122.

[4] WINTER G D. Tissue reaction to metallic wear and
corrosion products in human patients[J]. Journal of
Biomedical Materials Research, 1974, 8 (3) . 11-
26.

[5] MERRITT K, BROWN S A. Release of hexavalent
chromium from corrosion of stainless steel and cobalt-
chromium alloys[J]. Journal of Biomedical Materials
Research, 1995, 29 (5) . 627-633.

[6] HIGO Y, TOMITA T. Evaluation of mechanical
properties of metallic biomaterials[R]. USA: ASTM
International, 1994.

[7]1 JIEN-WEI Y E H. Recent progress in high entropy
alloys[J]. Ann. Chim. Sci. Mat., 2006, 31 (6) :
633-648.

[8] BUJ-CORRAL I, TEJO-OTERO A, FENOLLOSA-
ARTES F. Development of AM technologies for

% Ml B

Additive Manufacturing

metals in the sector of medical implants[J]. Metals,
2020, 10 (5) . 686.

[91 LI JP, LI SH, VAN BLITTERSWIJK C A, et al.
A novel porous Ti6Al4V . Characterization and cell
attachment[J]. J. Biomed Mater. Res. A, 2005, 73

(2) . 223-233.

[10] YEH J W, CHEN S K, LIN S J, et al.
Nanostructured high-entropy alloys with multiple
principal elements. novel alloy design concepts and
outcomes[J]. Advanced Engineering Materials,
2004, 6 (5) . 299-303.

[11] YEH JW, CHEN Y L, LIN S J, et al. High-
entropy alloys-a new era of exploitation. Materials
Science Forum[C]. Switzerland: Trans. Tech.
Publications Ltd., 2007, 560. 1-9.

[12] YEH J W. Alloy design strategies and future trends
in high-entropy alloys[J]. JOM:. The Journal of the
Minerals, Metals & Materials Society, 2013, 65

(12) . 1759-1771.

[13] GAO J, JIN Y, FAN Y, et al. Fabricating
antibacterial CoCrCuFeNi high-entropy alloy via
selective laser melting and in-situ alloying[J]. Journal
of Materials Science & Technology, 2022, 102.
159-165.

[14] CALIN M, VISHNU J, THIRATHIPVIWAT
P, et al. Tailoring biocompatible Ti-Zr-Nb-Hf-Si
metallic glasses based on high-entropy alloys design
approach[J]. Materials Science and Engineering:
C, 2021, 121. 111733.

[15] ZHAO G, SHAO X, ZHANG Q, et al. Porous
bio-high entropy alloy scaffolds fabricated by direct
ink writing[J]. Journal of Materials Science &
Technology, 2023, 157. 21-29.

[16] DEMETRESCU I, NARTITA R, ANDREI M,
et al. Technological aspects and performance of high
entropy alloys with potential application in dental
restorations and reducing implant failure[J]. Applied
Sciences, 2023, 13 (21) . 12000.

[17] CHEN Q, THOUAS G A. Metallic implant
biomaterials[J]. Materials Science and Engineering
R, 2015, 87. 1-57.

[18] PAN J, LEYGRAF C, THIERRY D, et al.

§ &I am

20254F 4ty

www.mw/950.com 1 3 9



3% 3 H B

Additive Manufacturing

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

20254 #At)

Corrosion resistance for biomaterial applications
of TiO, films deposited on titanium and stainless
steel by ion beam assisted sputtering[J]. Journal of
Biomedical Materials Research, 1997, 35 (3) .
309-318.

NIINOMI M, LIU Y, NAKAI M,

Biomedical titanium alloys with Young's moduli

et al.

close to that of cortical bone[J]. Regenerative
Biomaterials, 2016, 3 (3) . 173-185.

NIINOMI M. Mechanical properties of biomedical
titanium alloys[J]. Materials Science and
Engineering: A, 1998, 243 (1-2) . 231-236.
SONG Y, XU D S, YANG R, et al. Theoretical
study of the effects of alloying elements on the
strength and modulus of B -type bio-titanium
alloys[J]. Materials Science and Engineering: A,
1999, 260 (1-2) . 269-274.

SONG Y, YANG R, GUO Z X. First principles
estimation of bulk modulus and theoretical strength
of titanium alloys[J]. Materials Transactions,
2002, 43 (12) . 3028-3031.

KIM H M, MIYAJI F, KOKUBO T, et al.
Preparation of bioactive Ti and its alloys via simple
chemical surface treatment[J]. Journal of Biomedical
Materials Research, 1996, 32 (3) . 409-417.
PATIL N A, KANDASUBRAMANIAN B.
Biological and mechanical enhancement of zirconium
dioxide for medical applications[J]. Ceramics
International, 2020, 46 (4) . 4041-4057.
HANAWA T, TSUTSUMI Y. Calcium phosphate
formation on titanium and zirconium and its
application to medical devices[J]. Bioceramics
Developments and Applications, 2010.
KOBAYASHI E, MATSUMOTO S, DOI H, et
al. Mechanical properties of the binary titanium
zirconium alloys and their potential for biomedical
materials[J]. Journal of Biomedical Materials
Research, 1995, 29 (8) . 943-950.

WANG Y B, ZHENG Y F, WEI S C, etal. In
vitro study on Zr based bulk metallic glasses as
potential biomaterials[J]. Journal of Biomedical

Materials Research Part B: Applied Biomaterials,

ol Y

140 www.mw/950.com

[28]

[29]

(30]

(31]

(32]

[33]

[34]

(35]

[36]

[37]

2011, 96 (1) . 34-46.
XINY, LIUC, HUOK, etal. Corrosion behavior
of ZrN/Zr coated biomedical AZ91 magnesium
alloy[J]. Surface and Coatings Technology, 2009,
203 (17-18) . 2554-2557.
MISHCHENKO O, OVCHYNNYKOV O,
KAPUSTIAN O, et al. New Zr-Ti-Nb alloy for
medical application: Development, chemical and
mechanical properties, and biocompatibility[J].
Materials, 2020, 13 (6) . 1306.
SATO H, KIKUCHI M, KOMATSU M, et
al. Mechanical properties of cast Ti-Hf alloys[J].
International Congress Series, 2005, 1284. 312-
313.
THIS L, SISTIAGA M L M, WAUTHLE R, et
al. Strong morphological and crystallographic texture
and resulting yield strength anisotropy in selective
laser melted tantalum[J]. Acta Materialia, 2013, 61
(12) . 4657-4668.
WANG X, DENG Y, LI Q, et al. GPa-level
pressure-induced enhanced corrosion resistance in
TiZrTaNbSn biomedical high-entropy alloy[J]. China
Foundry, 2024, 21 (3) . 265-275.
NIINOMI M. Recent metallic materials for
biomedical applications[J]. Metallurgical and
Materials Transactions A, 2002, 33. 477-486.
OU S F, PENG B Y, CHEN Y C,

Manufacturing and characterization of NiTi alloy

et al.

with functional properties by selective laser
melting[J]. Metals, 2018, 8. 342.

RYHANEN J, NIEMI E, SERLO W, et al.
Biocompatibility of nickel titanium shape memory
metal and its corrosion behavior in human cell
cultures[J]. Journal of Biomedical Materials
Research, 1997, 35 (4) . 451-457.

BILFE, RET. “BAER 8 RALH G R #
BN #ALE# e T A&, 2017, 4 (4) . 68-73.
JIP, LIUS, DENG H, et al. Effect of magnetron-
sputtered monolayer Ta and multilayer Ti-Zr-Ta
and Zr-Ti-Ta coatings on the surface properties of
biomedical Ti-6Al-4V alloy[J]. Materials Letters,
2022, 322. 132464.



(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

DENG H, XU K, LIU S, et al. Impact of
engineering surface treatment on surface properties
of biomedical TC4 alloys under a simulated human
environment[J]. Coatings, 2022, 12 (2) . 157.
YUAN L, OUYANG W, QIN X, et al.
Effect of laser shock peening and heat-treated
on surface hardness of Ti-6Al-4V. Sixteenth
National Conference on Laser Technology and
Optoelectronics[C]. Washington: SPIE, 2021,
11907, 726-731.
A A4 E ATiTaZrMoNbx & &4 4L R 5 i+
g A 7[DI R W/RET A%, 2021
EXA. EMEREE TR 0 & R LTt
RIDL @M. BRIZFK, 2023.
AR RRAENERBHE LM EMAR 5 Hk
#FR[D] M. ZMEI K%, 2019.
JEER. TiZrMoSngHTo, 5 i £ 4 49 # & 5 1 85T
% [D]. #E. HE KA, 2022
WANG W, YANG K, WANG Q, et al. Novel
Ti-Zr-Hf-Nb-Fe refractory high-entropy alloys for
potential biomedical applications[J]. Journal of
Alloys and Compounds, 2022, 906. 164383.
Wi, AR IS A4 8 A R LA A
it J 1k B AR M B By A KD BN AR
¥k, 2023.
KURODA P AB, QUADROS FF, NASCIMENTO
M V, et al. Development and characterization of
new Ti-25Ta-Zr alloys for biomedical applications:.
Materials Science Forum[C]. Switzerland: Trans.
Tech. Publications Ltd., 2021, 1016. 137-144.
GONZALEZ-MASIS J, CUBERO-SESIN J
M, CAMPOS-QUIROS A, et al. Synthesis of
biocompatible high-entropy alloy TiNbZrTaHf by
high-pressure torsion[J]. Materials Science and
Engineering: A, 2021, 825. 141869.
YANG W, PANG SJ, WANG G, etal. Ti-Zr-Hf-
Nb-Ta-Sn high-entropy alloys with good properties
as potential biomaterials[J]. Rare Metals, 2022, 41
(7) : 2305-2315.
YUAN Y, WU Y, YANG Z, et al. Formation,
structure and properties of biocompatible
TiZrHfNbTa high-entropy alloys[J]. Materials

[50]

[51]

[52]

(53]

[54]

(58]

[56]

[57]

(58]

% Ml B

Additive Manufacturing

Research Letters, 2019, 7 (6) . 225-231.
ISHIMOTO T, OZASA R, NAKANO K, et al.
Development of TiNbTaZrMo bio-high entropy alloy
(BioHEA) super-solid solution by selective laser
melting, and its improved mechanical property and
biocompatibility[J]. Scripta Materialia, 2021,
194. 113658.
FENG J, WEI D, ZHANG P, et al. Preparation
of TiNbTazZrMo high-entropy alloy with tunable
Young's modulus by selective laser melting[J].
Journal of Manufacturing Processes, 2023, 85:
160-165.
ZHAO G, SHAO X, ZHANG Q, et al. Porous
bio-high entropy alloy scaffolds fabricated by direct
ink writing[J]. Journal of Materials Science &
Technology, 2023, 157. 21-29.
AKINWEKOMI A, AKHTAR F. Microstructural,
mechanical, and electrochemical characterization
of CrMoNbTiZr high-entropy alloy for biomedical
application[J]. Materials, 2023, 16 (15) : 5320.
AKMAL M, HUSSAIN A, AFZAL M, et al.
Systematic study of (MoTa) ,NbTiZr medium-and
high-entropy alloys for biomedical implants-in vivo
biocompatibility examination[J]. Journal of Materials
Science & Technology, 2021, 78. 183-191.
GUREL S, NAZARAHARI A, CANADINC D, et
al. Assessment of biocompatibility of novel TiTaHf-
based high entropy alloys for utility in orthopedic
implants[J]. Materials Chemistry and Physics,
2021, 266. 124573.
CHAKRABORTY P, CHITTELA R K, SAMAL
S, et al. Investigating the cyto-compatibility of
ZrNbVTIAI high entropy alloy[J]. Journal of Alloys
and Metallurgical Systems, 2024, 6. 100076.
LEE M, HAN S I, KIM C, et al. ZrO,/Zn0O/
TiO, nanocomposite coatings on stainless steel for
improved corrosion resistance, biocompatibility,
and antimicrobial activity[J]. ACS Applied Materials
& Interfaces, 2022, 14 (11) . 13801-13811.
CHEN Y, ROOHANI-ESFAHANI S|, LU Z F,
et al. Zirconium ions up-regulate the BMP/SMAD

signaling pathway and promote the proliferation and

(% 5515017)

§ &I am

20254F 4ty

www.mw/950.com 14 1



3% 3 H B

Additive Manufacturing

Enhancement in microstructural and mechanical
performance of AA7075 aluminum alloy via severe
shot peening and ultrasonic nanocrystal surface
modification[J]. Applied Surface Science, 2020,
528. 146922.

[13] KURZYNOWSKI T, GRUBER K, STOPYRA
W, et al. Correlation between process parameters,
microstructure and properties of 316 L stainless steel
processed by selective laser melting[J]. Materials
Science and Engineering: A, 2018, 718. 64-73.

[14] LEICHT A, RASHIDI M, KLEMENT U, et al.
Effect of process parameters on the microstructure,
tensile strength and productivity of 316L parts
produced by laser powder bed fusion[J]. Materials
Characterization, 2020, 159. 110016.

[15] DIXIT S, LIU S, MURDOCH H A, et al.
Investigating build orientation-induced mechanical
anisotropy in additive manufacturing 316L stainless
steel[J]. Materials Science and Engineering: A,
2023, 880: 145308.

[16] YUAN B, GE J, CHEN H, et al. Printability and
microstructure of Fe doped NiTi shape memory alloy
fabricated by laser powder bed fusion[J]. Materials
Letters, 2022, 328. 133099.

[17]

(18]

[19]

[20]

[21]

WE, KAKF, %, & ZREETALSAR
Vg TANBE 4 M oy o [J]. 4%k, 2023, 58 (2)
154.

CABRERA-CORREA L, GONZALEZ-ROVIRA
L, DE DIOS LOPEZ-CASTRO J, et al. Effect
of the heat treatment on the mechanical properties
and microstructure of Scalmalloy® manufactured
by Selective Laser Melting (SLM) under certified
conditions[J]. Materials Characterization, 2023,
196. 112549.

YAN F, XIONG W, FAIERSON E, et al.
Characterization of nano-scale oxides in austenitic
stainless steel processed by powder bed fusion[J].
Scripta Materialia, 2018, 155 104-111.

LI'Y, MAC, QINF, etal The microstructure
and mechanical properties of 316L austenitic
stainless steel prepared by forge and laser melting
deposition[J]. Materials Science and Engineering:
A, 2023, 870. 144820.

WANG H, JIANG P, YANG G, et al. An
investigation of the anisotropic mechanical properties
of additive-manufactured 316L SS with SLM[J].
Materials, 2024, 17 (9) . 17092017.

1} 20250225

(- +%5814171)

differentiation of human osteoblasts[J]. PLoS One,
2015, 10 (1) : e0113426.

[59] kAT TiO 4y K& Kkl 40 M shEE gty K H A
AR A R[] AR WREREAFE, 2012
[60] TAN J, LI J, CAO B, et al. Niobium promotes
fracture healing in rats by regulating the PI3K-Akt
signalling pathway: An in vivo and in vitro study[J].
Journal of Orthopaedic Translation, 2022, 37.

113-125.

[61] ALAM K, JEONG G, JANG W, et al. Enhanced
mechanical properties and in vitro biocompatibility
of TIMoVWCr high-entropy alloy synthesized by
magnetron sputtering[J]. Applied Surface Science,
2023, 639 158222.

[62] YU B, JUMA T, WANG H, et al. Development
of new Tig,Zr,sNb,,Cus_Ag, high-entropy alloys with

excellent antibacterial property, osteo-conductivity

20254 4] ®
150 www.mw/950.com 4\/'{)»’1 AmL

[63]

[64]

[65]

and biocompatibility in vitro and in vivo[J]. Journal
of Materials Science & Technology, 2023, 141.
209-220.

YANG W, LIU Y, PANG S, et al. Bio-corrosion
behavior and in vitro biocompatibility of equimolar
TiZrHfNbTa high-entropy alloy[J]. Intermetallics,
2020, 124. 106845.

WANG H, LIU P, CHEN X, et al. Mechanical
properties and corrosion resistance characterization
of a novel CogFey,CrigNiy, high-entropy alloy for
bioimplants compared to 316L alloy[J]. Journal of
Alloys and Compounds, 2022, 906. 163947.
KUMAR P, PATEL M, JAIN N K, et al. Bio-
tribological characteristics of 3D-printed Ti-Ta-Nb-
Mo-Zr high entropy alloy in human body emulating
biofluids for implant applications[J]. Journal of Bio-
and Tribo-Corrosion, 2023, 9 (1) . 21.

L' 1)} 20250129



