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Fig. 1 Size diagram of tensile specimen
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Fig. 2 XRD diffraction patterns of (Tizr) ,sNb, (HfMo ) , medium
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Fig. 3 SEM and EDS element distribution of ( TiZr ) 45Nb, (HfMo ) , medium entropy alloys
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R1  (TiZr) 4xNb, (HfMo) HIFE &M A XK EFRTE
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Table 1 Nominal and actual element content distribution of
(TiZr) 4xNb, (HfMo) , medium entropy alloys ~ at%

MEAs Ti Zr Nb Hf Mo

nominal 45 45 7 15 15
(TiZr) xNb, (HfMo) ;5 DR 442 454 71 1.6 17
1D 45 454 6.6 17 13

s A ﬁ '- ‘i
IS Founorw [T =

&=/ F55~58 GPa, KT Ti6Al4V (110 GPa) ,
E5a%, =MEEERTERENERB ERKESR,
SRR SO HIRE RIFHI =148

%2 (TizZr) 4Nb, (HfMo) H¥§E& &I HIEEE
Table 2 Tensile properties of (TiZr ) ,sNb, (HfMo)
medium entropy alloys

nominal 45 45 5 25 25
(TizZr) sNbs (HfMo) ,5 DR 445 443 58 27 27
1D 459 46 44 19 138

MEAs EIGPa o/MPa o, /MPa &/%
(HfMo ) 5 55 + 0.4 781+8 796 + 5 10+0.2
(HfMo) ,5  57+0.1 843+6 860 + 6 9+03
(HfMo) 55 58+0.8 927+5 942 +6 7+0.2

nominal 45 45 3 35 35
(TiZr) xNb, (HfMo),; DR 435 436 40 45 44
ID 461 457 21 29 32
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ENBHRYR, RERENIMIRFRSEMEFES
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HmTHOTER
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Fig. 4 Engineering tensile stress-strain curves of ( TiZr ) ,zNb, (HfMo ) |
medium entropy alloys
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Fig. 5 Comparison of elastic modulus and strength between
(Tizr) sNb, (HfMo ) , medium entropy alloys and B titanium alloys
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£3 Ti. Zr. Nb, Hf, MofyEFEZMEIEE
Table 3 Atomic radius and shear modulus of Ti, Zr, Nb,

Hf and Mo
g Ti Zr Nb Hf Mo
JE 242 /pm 141.8 1551 1429 1541 1363

FIR/GPa 45.6 35 59.4 56 125.6

R4 LISHZIBEREANRFRIKERE, B
BEPTRTRERERFRIKEIEGEERN . &
SREAEARITEEIRMADBERK, MolEpkhIRE

Vol.73 No.1 2024

EXMERK. XEREERNEOKREEHTRE IERTT
=, TRIJINEFRIEHBRN (1363 ~1551 pm) ,
MmEtIEE 2 BERLRKX (24.8~123 GPa) . Mo
TTEMEIHIESE 9123 GPa, FANESREEATH
ftioR, NMFETRANEMES L, KRR
ATEaENEREE.
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W82 . (TiZr) ,sNb, (HfMo) , JOBT 23R R
MBRHNKENHE, FHEBEHMRENER; &
(Tizr) sNbs (HfMo) .4, FIEZHERERDOHEFE
HFIEEMNAMAIRIEER, ME MRS 0 ERIER
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Table 4 (TizZr) sNb, (HfMo) , entropy alloys with atomic size mismatch d,; and modulus mismatch dg;

B (HfMo) 5 (HfMo) ,5 (HfMo) 55
JLE
O i i ai i
Ti -0.046 9 0.1377 -0.047 2 0.1410 -0.047 5 0.144 2
Zr 0.054 3 -0.2384 0.0539 -0.240 6 0.053 6 -0.2427
Nb -0.0379 0.4529 -0.038 3 0.447 8 -0.038 6 0.442 6
Hf 0.0470 0.099 7 0.046 6 0.094 9 0.046 3 0.090 0
Mo -0.091 3 0.807 7 -0.0917 0.802 3 -0.092 0 0.796 8
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Fig. 6 Tensile fracture morphologies of ( TiZr) ,sNb, (HfMo) A medium entropy alloys
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Table 5 Electrochemical corrosion parameters of 3 \Ty, 3 \
(TiZr) ,Nb, (HfMo) , medium entropy alloys b4 [ B
5 I| I||I = Ti*2p'?
bk Ea/V  Lod (x107 pA-em?) - | || H,0/0H" . [
| X |\ o~
(Tizr) 4Nb, (HfMo) ;s -0.932 3.295 L | J\ o] P
. ey J _ LN N L
(TiZr) 4Nbs (HEM0) ;5 —0.835 5.504 L W et il 1N —
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(TiZr) xNby (HfMo) 55 -0.776 6.769 HTEEAE (eV) HLFEEAHE (eV)
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= e Nb$*34s2 :
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P & s |8 o
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Fig. 7 Potentiodynamic polarization curves of ( TiZr ) ,,Nb, (HfMo ) |,
medium entropy alloys
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HRAHZEFEISERTLISE], BEEHfAIMoESE
ROIEHIN, EEMMEREE TRER . NADEZENEE
Ex, SEREHEAEREEBATSBESA
REME (AG) . B2, TS FORENIBYT B
257, SHEAMBETAREFNIREEFRER
TEN. aMYERECHNEEFHNHATE,
MAaREWERAEEFHNTE . RMEAR/EN
RAREEEN AN R TIT— RS, LT,
BaARNA—HETTLFERA:
1/2Ti+H,0=1/2TiO,+2H"+2¢" (3)
HERALIESE: BRRENKE/NRES :
Mo0O,>TiO,> HfO,> ZrO,>Nb,0;.  ( Tizr ) ,sNb, (HfMo) ,
TS EHEAEFEM0,E818%, MEARER
Nb,ONEBERL, Ee 7 AR/ ERELIHEEF

SEXEL:

®6 BRLREMERUMHEHITBEHBAE

Table 6 Gibbs free energies of oxides formed by each

element
AL A,Go (kI - mol™)
Tio, -888.8
ZrO, -1100.6
Nb,O -1765.8
HfO, -1133.54
MoO, -533

BEHURE , R SRERIATLE, ESBFER
T, REsFEEZHEEF=UMEas il . X5
(EFIBIR P R ERFEAVIENN, MBS IR o

3 #ig

(1) BB (Tizr) ;sNb, (HfMo) FIBFE A ZT
HE ARSI EIEBCCEN . fEaRIBIXIFTI.
ZrB I E R, Hf. Nb. Mo. TaltEEEEEER
gLt

(2) KiIEEHEEEARMIBCITER AN,
Mol&R B Ekiim A, FEILXIEERERIRTENNR
T, 5E2EHT81 MPai2F+ZE927 MPa, FI{HRRTZA
HIFREIE RS DR

(3) (Tizr) sNb, (HfMo) FFIFE ERIEMHEIES
IEFTi6AdV, S5 REEHEY, BRBERENS
FERE.

(4) =MEEEPBSARPEERESM, MR
HERTFTi6AI4V ., MR 2RSS, WHAEFRE
FHHIND,OMNE SR, EEMIMMEZEN .
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Microstructure and Properties of Biomedical (TiZr),sNb,(HfMo), Medium
Entropy Alloys

ZHANG Guo-fengl, ZHU Dan-dan*, YANG Mao-gongl, LONG Pingl, HU Shi-wen®?, LIU De-xue™?

(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, Gansu, China; 2. State Key
Laboratory of Advanced Processing and Recycling of Non-Ferrous Metals, Lanzhou University of Technology, Lanzhou 730050,
Gansu, China)

Abstract:

In order to explore the potential of titanium-based BCC refractory medium entropy alloys as biomedical materials,
three types of cast biomedical (TiZr),sNb (HfMo), mesoentropic alloys (x=7, 5, 3; y=1.5, 2.5, 3.5)were prepared
by vacuum arc melting and characterized in details for their organization, mechanical properties and biological
corrosion resistance. The results show that the three medium entropy alloys all exhibit a single-phase BCC structure
with dendritic morphology. While maintaining a low elastic modulus (55-58 GPa), the yield strength of the alloy
increased from 781 MPa to 927 MPa due to the solid solution strengthening caused by the modulus mismatch of
Mo. No pitting corrosion occurred in PBS solution, but the corrosion resistance decreased with the increase of Mo
content.
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