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B 7). AT Ze AR, S5t IR RS BIT U R 9 Ze-30Ti-xCu (x=0, 3, 7, RS, %) KHH
<. fiIH SEM/EDS MITEM/EDS 3R AE [ %5 &I A4y, i i Bt Sl fr i scse . At Befi il
BUMGTR PERESEIRRAL T iZ A & i A MERE . AT AR S Pi PERE . 4R 181 650 °C/15 min K T Z 4
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BT WM TT F B, RO A 7E I RAE N 1) 2R TR A
SRIEH 2%~3%" . 5 ORI PR N 2 I 9 A 3 22 [
&P S ARG B A 3 O R A R — B
FEAER R A 4 (R B Ti-6A1-4V) , £ iR T A HEN
77 8584 Chep) 1) o A B PR (102~110 GPa) AH X T
N (20~30 GPa) iy AR 22, 3X 23 72 A2 N 7 B AU,
L EUPIRE A R RA S A V™ o R AG F 9T R B i A R
TEPUEE B8 77 AT R UL ZE , A 90% I o A A2 7E I S AL
N5 IR R, 50% H LA AT A R AR . A
Hh, Ti-6Al-4V 2 BEMHE 2 V. TI BT, RBMHAE RS
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I , ¥ Cu ki 5 NI E A 2 40 2 P B R T e
ARG 1) . A, Yi SR A Ti-35Nb-7Z-xCu
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concentration, VEC) [1) 1+ & 13 i Hi B 4> A Zr-30Ti-xCu
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2.1 BERSEIT

G 4 B BT 5 [ B e U AR BB S P A B R D R
IPLEE MR, R ZERE & SR AR =R T A, I
HEHCoE ZMird . Zr-Ti & FE LN ZrTi=
66:34 15, He o-p HHAL ARG E B A, 299 536 'C. BRIk &4
B BETH N R B FE IR 2 L, B BT CufE Zr 1 1)
] 5 AR AR, H RN D & Cu e R B Al AT 5 Cu 55 —
Ao MR FAR R E a5 T Ze-30Ti-xCu (x=0+
3DEE A N 0Cu3Cu 7Cuf 4.

9T PRI T T Ze-30Ti-xCu & 4 BE 15 F ks &
9 p AR B A HL TR (VEC) W0 4T 1 50AE , 545
RWNFN R —MAIGOLT 24 VEC=4 I, BV AT 3845 32 22
N BARGERI G4 (AT B2 AP AE D2 a Fl o A0
BEAR 5 545 A, v DAIRAS T ECOR B A 45 M 1
Zr-30Ti-xCu &4 .
2.2 BHAZr-30Ti-xCu&£/IHI%

1t E AR 4E RS 55 IR A F1 R BE 1 99.99% 4 %
WEA% Ze, M T BHS A BR A Al 52 111 99.995% =i
ali Ti BURL 5 99.999% f= 40 Cu kL , 18 F WK-ITEL JF [ 48
AU T & S E. N THE S &K a-p AR
T, 18 F setsys evo TGA/STA [A] 25 # - 22 /- FA i 44
X ZE R R E AL (DSCO ThRg AT IR . DSC MR L,
R, 3Fh &4 a-p A AR VG FN 580~630 'C . &

R RITEEHNBTFRETESR
Table 1 VEC of the designed alloys

Alloy
VEC
wt% at%
Zr-30Ti ZrTi,q 4.000
Zr-30Ti-3Cu Zrg, Ti,Cu,, 4238
Zr-30Ti-7Cu Zr,,Ti,Cu,, 4.539

Arc-melting
(60 g)

Vacuum quenching C:I
[ (650 °C/15 min) }

Hot pressing

(650 °C/16 mm)

LA B o-p AR AR IR B AR, 4 1 FTs 1 T 20
TR 45 S 1.2 mm K S A ST
2.3 BB

8 AR A8 MRS A 2R BT 10 mmx10 mm
M RE S, e D AR AT 4T B, SR G AR R o B0
10% HF+40% HNO,+50% H,0 (1R A B W17 IRk ,
FE R DG P8 . 385 H 477 2% Empyrean S2 8 X i}
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Wy R S o T B AUEE (SEMD SR 2 AE R 5 1 W0 A 2H B
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KL &4 A8 (EDS) [ JEM-2100F 4 5 5 94 i%
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B Cu B i ) 5 38 56 — AH UKL Y] SAED {84 1 7 .
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FIE 4 1t Sl A% 2 8018 (HRTEM 44D . TEM IR R RE 5%
FH PR b 7 72047 1) 46 = OCu B R FH H AR I Y6 7 12 1) 4%
TEM ¥ 5, FL AR 31 6 T O AR AR 23 #92% C HO+
8% HCIO,; 3Cu M1 7Cu i, B 55 —AH S5 4 A i e i
JE§ b & A JiE 9 5 IR R HELIOS-6001 XU A 5 48 55 1
H(FIB) il %
2.4 SR

7775 R X o A 5 Al o P P A ek
5. K HXD-1000TMC/LCD % & fajchifi /5 433547 0 &,
T 2405 0.9807 N/10 s, BFAMFE AT 5 AN s FEHCEEY
B . {# F CMT-5205 B AL 42 il B -7 4k 36 L 3 47 43 il s
56, $r 5 2 N 0.6 mm/min, B3 P BCK FE N 10 mm, i
JERE N 1.2 mm, WA T8 N 2.0 mme R AFREE S, 4
it EDS 1) SEM LS T RS A GX 77 o
2.5 HEYHEEMENR

T P 2 S 3 5 T A ARk 2 T PR 4 RS RS L 2 R o
Bt /INARORS B 55 975 A « I Y [ A A K R, )
UFISEK AR T3 A, RN T8 E 2% B AT aE [
A IAHLARS € V) OB EESK o PRk Zre-30Ti-xCu & 4

U

Homogenization treatment
(800 °C/40 min)

Hot-rolling |_|
(650 °C/1.2 mm)

K1 & i dfnm L& 12

Fig.l Melting and preparation procedures of experimental alloys
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() A PR 25 P T DA S A Rk T e 34 A X R 400 i 2
AR AT FA W7 AL T IR R, A A2 € PR 32 1
R PR, R R T 2R SR B B B A A R R
TR A R0 1) 200 o 75 1k R %o 40 P 2K A 488 B S R S
N AR V3 AN AT AR I 2R D) 3R 15 20 mmx
10 mm FIRE S, 48 FH D 28 (400#~20004) 1% 10 BE S 3E47
FTBE , 45 T /K S B HE 75 35 6 15 min Jo BT, 55 K R
T B ol = I £ = e I L R R DN
10 uL (2 B F/KEAT I & .

K FH Live/Dead ¢ 't e (0325 5 MK Zr-30Ti-xCu &
SRRV . TEAE SR AN B E 6 8] 70 5 140 i
(mBMSC, 6x10° cells/em®) , 7 7E 37 °C 15 & 48 H 43 51l 5%
IR 13 F05 d, 18 FH B IR 36 2% vh it (PBS) 5 ¥k 1 Yk 41 g LA
2 2 A0S, AR S BRI 1 mL Y], iR
§%E 15 min, PBS V53t 3 X, (O R AR BAE T
EIFARIL TR

15 ) 3-(4,5- — F L IBEME-2) -2, 5- — 2 B Y S e v £
(MTT) R 72 B WA it 2 T s i 40 B P 3 B, R 2L 1
IASPATHAE . KGFETBCE T 96 FLAR A , 76 A% ff 2% T 422 b
FCE L (6x10° cells/em?®) , F7E 37 °C1E IR 6 o 43 Bl 5%
72 1.3 F15 d, PBS il ¥ % FL 3 X, B AL 100 puL &
0.5 mg/mL MTT #5552 5 & TR 7= E 4 ho KM
B0 ML 800 r/min &0 5 min, F £ FIiE W, FFLMA
100 uL DMSO 424 10 min J& , f i B 74X (Tecan F50)
K 570 nm AL WG
2.6 IEMENIRK

ML T (150 1 M Rl ok B AR S BOE AN~ AR T E
KRFAEAELR T IPUBE MERE . SRR T KR K
1 (E.coli) 1 4 ¥ €078 %) BR 1 (S.aureus) P F B 1k (W B
BN EHAEDNHEARBFRAFD . BEY #uLE/E DR
N BN 10 mL A2 A5 K 52 IR 1 B i RS 77 25 (TSADAE
R RSB IR WK E 25 10°~10° CFU/mL ) K 3575 1K
PR O 4 B C 7 2 BREE B TSAE N LER 0L,
BRI FECT 37 CHEE &M TH5E24 h. Bt
R B 1A KT FRRE & ] L P4 B X 58 P RV

H= DT’“’ a0
Horbr, D R S AN X R B4R, d ARES BT, BALE
Nmm. #7Hz1 mm, 85 A7 LR X H 3 77 0L 4 21 B
) 5 B A T B 0 FR 2L COCu B i) 38 83, ) gk
TR RA R A B B8 77, 5 A PR B 118
R 7Rk P DAY B EAS A% B RE D

SRR BRI AE D IR B R T B A R RO
Begpdk o, InNGE B E N 10°~10* CFU/mL 41 14 £ Jh i
W, TGP R IR a1 i 5 R, 5 37 CIE IR %1
TR 24 he 5537 50 UG BOH AR &, B KB AR R K
(100 mL) P Fi A & 2 T 5 K 50 Mot 30 B2 P 21 155 77 25 P AR

b AR 3T CHEIREE 7R 24 h R Gt Ve $. P ae I H
PURETE R VAL -

_ Ncontrol - Nsample (2)

N,

control

o, N N e 73 0 95068 SRR it COCu A5 it ) AT X
FE il (3Cu FT7Cu FE SO B V& 2L

R T MR BB ALER , X M AR AR R T
FAT 20 1A 33E 473 M 48 (reactive oxygen species, ROS) s :
W B 1 mL AR B 2 (107 CFU/mL) T 2545 Rosup i
FCRE AT D BORE i (R ZH R 5 7R N, 37 CHEE 2 h, 3
Fr 56 G i e (LA 23 BRAE it R T 286 BH B ) W T VR 7%
22 mL 0 W, 5000 r/min 540 5 min, 75 _EIEWR

fic#1 2,7- — 5% 6 & — LRI (DCFH-DA , TAE#
FE9 10 pg/mIAER G TARR HLS00 pg Gty TR R R
VEIIRAT,37 CHEGYL 30 min. Yt semim , TG B A 1
R L g B, B 10 wL B T8 B R RR Bk
F T OLYMPUS FV1200 30 36 5 A2 B s Bt
2.7 TS

K E55 45 10 mmx10 mm FIRE 5, 70 4847 BE
J& » HTE/AK CREB PRI P Ja Mo PRS2, A
i M@ SRS Cu FRER, H—MEH 1 ecm’ 1
AR, B S5 F TE /K LR PRSP HE T £E Princeton
MC 1000 1] 2 3838 Ak 2 T ARG iR 47 B Ak 2200, 5%
FHBRAE 3 FAR FELARE , AR BB A7 0 Ze-30Ti-xCu & 4=
FE b, 2 L RN R H SR B A (SCBD , X B AR A A FlL
W, B N A 3 ER 7K (0.9% NaCl 7K V50D 5 HRL i i A I
FEFEHITE 3722 CYE N o H Ak 2 00 3k 1 HE T i85 o 7
(OCP) W, | Ak 2 BHAT % CEXS ) I A5y F o7 A Ak, 422
(potentiodynamic polarization curve) Ml iR AK X FEAT . N
20 Al MO B AT s Ak 2 DR S SR
ZSimpWin F A4 BHA G i 28 HH AT SR B LA, 19
B FH R ZEROTE 22, 31K H Keyence-VHX-100 At
SEAUEE COMD W SR i 3 1HI 1) 55 TR T«
3 HRED
3.1 EffLELR

KA Ze-30Ti-xCu & 4 1 XRD 45 S (B 2) 8K, 3
Fh & &R B LL AN, 0Cu &ah &a /D8 afll, 1
3Cu f17Cu & & A I 2 Zr,Cu 55 — M, X 5 VEC it 5
R AHVIE . SEM/EDS (B3 TEM(EH LR EIR,
3P S kE S DR ZIRH LN, 3Cu fl 7Cu & 4 i
L F Cu B FCRLIR P 0T, B35 50 3 AR T dioRL o 30 B0 7
4b, I BB Cu s B TS B A E 2 . B 4c(71E
W & SAED fE#F , 43 5l %) B2 B AH (PDF#34-0657) Al o £H
(PDF#05-0665) » X WifF— I E | KA Ze-30Ti &4
n ARG BN BAH AR D B oAl XA Ak ad
T2 ) 5 IR AR AR (1) 45
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Fig.2 XRD patterns of quenched Zr-30Ti-xCu alloys

Bl 5 7K 2 3Cu Ml 7Cu & 42 TAMLH 2R 1 TEM 43 #t
EIR . 200G AN AR SR BAH AN Ze,Cu 55 AR
i, X 5 XRD AT 45 R (B 24 . 3Cu &4 Zr,Cu
55 AR5 300~500 nm, 1fif 7Cu A 42424 150~550 nm,
BE& Cu SN, 58 AR R 2 . RN, nE2
B A5 Zr,Cu 22 [HIA71E B 2 1 i i 22 (P 5, 5,
Hik PR o

B8 Cuy B FF Al 7E S 21 AL FIN (800 “CHEB Sy Cu
[ 7 7 B A, 43 4 Cu A Ze, Cu E 2ULE fihr P 6 A
JE B A KL i FEAL BT L A R TE AL IR R
(650 C), 7y Cu WIEAR b HY , S EUFA Zr,Cu KA

Cu

3 KA Zr-30Ti-xCu £ 4x (1) SEM [ v HIEDS € 3 [ 43 A1i
Fig.3 SEM images and corresponding EDS element mappings of quenched Zr-30Ti-xCu alloys: (a) 0Cu alloy, (b) 3Cu alloy, and (c) 7Cu alloy
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K4 ks 0Cu 4 R4
Fig.4 Microstructures of quenched 0Cu alloy: (a) TEM bright field image, (b) TEM dark field image, and (c) SAED pattern
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Fig.5 Microstructures of quenched 3Cu (a,—d,) and 7Cu (a,—d,) alloys: (a,, a,) TEM bright field images, (b,, b,) TEM dark field images,
(c,, ¢,) SAED patterns of Zr,Cu particles, and (d,, d,) HRTEM images and SAED patterns of matrix (inserts)

T Ze,Cu FRLTE B, FEAE LS AR p R AR E , &
B Ze,Cu FURL T ARAS KL I 5 H4 I 7 B S 19 22 1 (1] Sb, A
5b, Fi Sk FTHEERAL) o £EVE K AL BR fRIR I (650 C ) Zr,Cu
H AR kSR 30, 7E 7 K PUA I B, B p A 2 K
Az ST I N 53 iR K o AH R Zr,Cue
3.2 NiEMae

Zr-30Ti-xCu & & M B M EE R (R D ER, 5
0Cu (318 HV, ) & &t , 3Cu (409 HV, ) fil 7Cu & &
(436 HV,, )4k I B2 73 70 4 151 29% F137%.

Zr-30Ti-xCu 410 = i 26 (B 6O Fn = i hi i /g
SRR IR, 3 PG & R 5 (67.8~78.9 GPa)
By BAR T80 H Ti S 344 4:(102~110 GPaO™, [
PR3RE T 558 1 ) e R 5 P (428~615 MPa) AT L 5 5 (661~
844 MPa). it L3 SEM/EDS (B 7 B3 A Al %, 3
Fh & G IAFAEIE , 0Cu b 1 R I H BIE r 2LRFAE , 3Cu
1 7CufE =% SEM I v ] W42 2 Zr, Cu BRI ) 53
WGAE AT

Zr-30Ti &4 PN Cu G 7E IR R & SRS &
(1 [F R T T . A& i Cu g, 34 Cu [
BFEAh, RB]T A RAE T A BT H 00 AOK 2
Zr,Cu 55 ZAH W] LA 1 B S8 R Ui A A Y, PR R AL AL
FIILEERR R T ASWBMAERE . {H Cu IR

2 Zr-30TixCu 5 &R EMEE
Table 2 Vickers microhardness of Zr-30Ti-xCu alloys (HV )

Test position
Alloy Average
1 2 3 4 5
0Cu 330 316 323 299 320 318
3Cu 412 387 418 408 421 409

7Cu 432 465 407 430 449 436

1000 -
800
£
Z 600 |
é 400+
©n
200+ ——0Cu
—3Cu
118 —7Cu
0 2 4 6 8 10

Strain/%

6 KA Zr-30Ti-xCu £ < A 3 i A 2
Fig.6 Room-temperature tensile curves of quenched Zr-30Ti-xCu

alloys

3 ENB Zr-30TixCu A £ M ERRBSIF AL
Table 3 Room temperature tensile mechanical properties of

quenched Zr-30Ti-xCu alloys

Alloy E/GPa R,/MPa R /MPa  Elongation/%
0Cu 67.8 615 844 9.64
3Cu 75.1 524 794 3.53
7Cu 78.9 428 661 2.64

A A I AN, 1R PRy — J5 TR I Cu m] LA A0
B & B AH (bee 54D 7 Eb, T FRAR A 458 5 5 5
— 5T » Zr,Cu &5 A0 (A0 DY J5 £5 F22D) 5 Zr Fe4A 2 ]
AEAE B I 11 SR A% M A, 28— ARORL T IR AN ) AR AE 2R
1 (&l 5b, A1 5b,) , X Ee 2Ry Ak A BRI S5, H48
A BEAETE A0 /N FLBR B S0, B 7 A AR T i A2
H, Zr,Cu 5 BAHAE S A LR R fg b T 5 e A= BB AR T
SIS LU R, BEAE AR B I, & AL Y
S N T TR T A R P S 5 R U A R ) KT
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drrkL PR, A 4T KRR Ze,Cu 55 —HILE SR B R o
FEAHT 2 P BRI RSO B A I, 8
IEASRAITT AR AE TR ] 7 WSR3 Ze, Cu BRI ) 8 1014%
Ab I ATAHAESE T 1% — pi, B BRI T A A 15 R YR
3.3 HEIHEEM

& 8 gV K 2 Zr-30Ti-xCu & 4 5 26 B 7 /K (4 fih
£ R L BE Cu & BB L. R 4TI T
KA Zr-30TixCu &4 5 E E 7R A I E. 3/E
& PR ik 7y 35150 K ARL L B T ) SR Cu & B 1386 0
FEf A BTN T 15 B 98.49°08 /N4 74.21°, Hrp 7Cu &
S FE il A <<90°, R I H SR KM, HEAN TR i R B e
T AR SRR

BT 7Cu & & 1 Zr,Cu 25 —AH & B A SR K M i A
PEIE A, 23404 Y BT KR Ze,Cu B, 5 £ 3R T 1 R 1

B - H (A M B 2 3K, X B S SO A R K o
TLEE Cu B L RMEBINH T HEIFRSEKES, 545
FETFIKBEEA AN

9 A& 10 43 %) 9 mBMSCs 7E Zr-30Ti-xCu £ i &
35 7% 1.3 F05 d J5 G FE et I AN G B s - Bl & B
FRI ] I, A AE 3 A A SR E R 2 6 £,
5% A ZE AR, 3 H R AR B AA7E T 6 4
Kb, BRIV BACHI AR . Brxt 3 f a8,
0Cu &4/ 1 dAH AR B Em T & Cu B &, HBE S
B 8] () K, 3 ot 4 3 THT 110 200 K oF 50 o 1) 22 B8 O
/N, JEHAES d G AT, ZZAEKE3FA SN
mBMSCs 5 K I H BRI A0 B0, HAE S d 52
e 38 B A R AR AR (]

MR ) A 2 A A A 5 LB ARURIORE L TR 3 AT R T

Cu

7 VK Zr-30Ti-xCu A 417 7 SEM [ 1y Rl EDS JC 3K 1M 73 A
Fig.7 SEM images and corresponding EDS element mappings of the fracture surfaces of quenched Zr-30Ti-xCu alloys: (a,, a,) 0Cu alloy,

(b,, b,) 3Cu alloy, and (c,, ¢,) 7Cu alloy
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8 VKA Zr-30Ti-xCu & 45 25 B F /K I H2fid 1 0] i 25 SR

Fig.8 Measurement results of contact angle between quenched Zr-30Ti-xCu alloys and deionized water: (a) measurement photos and (b) variation

of contact angle at different test time
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T4 FEXE Le-30TixCu A 5 E B FRBIER A
Table 4 Contact angles between quenched Zr-30Ti-xCu alloys and deionized water (°)
Alloy Time/s Nol - No.2 - No:3 - Average
Left Right Left Right Left Right

0 100.68 102.45 102.76 103.25 99.54 99.04 101.29
0Cu 5 98.23 99.38 96.23 98.09 97.27 101.75 98.49
3Cu 0 97.83 100.14 93.73 90.56 88.74 93.71 94.12
5 93.9 95.8 91.98 88.43 85.88 90.22 91.04
2Cu 0 88.23 88.08 80.23 81.65 72.65 73.96 80.80
5 76.85 77.39 81.63 78.44 65.94 65.02 74.21

Note: the left and right represent the left and right contact angles between deionized water and the alloy surface in Fig.8, respectively

500 pm

K9 mBMSCs £ Zr-30Ti-xCu &R M 77 1.3 M5 d )i TG FER (&
Fig.9 Live/dead fluorescent staining of mBMSCs cultured on the Zr-30Ti-xCu alloy surface for 1, 3, and 5 d

RURE 2 8547 KB AR TTAR A, AR REAT AL AR 2 1A
WA, B T R AU MO R T HEAT $T B » A M 3 R
i R AR ARG A Z A K. B Cubfdh &
A Ze,Cu UKL, X A 2 77 A — RE 20 1 5 CufF it
P& , AT LLIE 3 Fenton J 2 3 SR AL BLCE F A
PR, BN SZ A5 MR R0 P ) P 2 .
O, — Ry 5 UL AR RUST /), L PR TR AR K, R T iy
P, 7R ROS FRRE BRI 4R 453 £ ok,
DR I A R TR S 240 L 1445 0 41 Y D S v T RO R R,

& Cu &< i Zr,Cu UKL RS HBUK , 4 150~550 nm, [t
HERMEFEEA UL B RRIET . KR T 4
T A0 G €0 [ e A A A /D B R 20 A7 LE BT S 40 P 43 5
HELT 0Cu a4,
3.4 fuEMERE

K 11 9 Zr-30Ti-xCu & B A5 5 A KR A IR TE 2
T €007 4 BR B 1R V(Y] TSA R 7R 36 35 9% 24 h S A 35 9%
M o Zr-30Ti-xCu & & 7E B 70NN b IR AR &
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Table 5 Impedance spectrum fitting parameters of quenched

Zr-30Ti-xCu alloys
Alloy R/Q C/F R2/><106 Q C/F
0Cu 4 3.31x107° 1.04 1.36x10°°
3Cu 8 2.99x107° 1.57 1.84x10°°
7Cu 10 000 5.33x107° 5.79 9.26x10°°
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Fig.15 Potentiometric polarization curves (a) and OM images of pitting morphologies (b—d) of quenched Zr-30Ti-xCu alloys: (b) 0Cu sample,

(c) 3Cu sample, and (d) 7Cu sample
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Table 6 Corrosion data of Zr-30Ti-xCu alloys obtained based on

potentiometric polarization curves

Alloy E,J/V i /nA-cm” EJV
0Cu —0.359 1749 0.528
3Cu —0.377 746 1.044
7Cu —0.403 478 0.813
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Microstructure and Properties of Dental Implant Zr-30Ti-xCu Alloys

Chen Zhebin, Cui Yue, Hu Lijuan, Ma Runze, Xu Shitong, Yao Meiyi
(Institute of Materials, Shanghai University, Shanghai 200072, China)

Abstract: Zirconium and its alloys have recently received considerable attention as candidate materials for dental implants due to its low modulus
of elasticity, good corrosion resistance, and excellent biocompatibility. In this work, Zr-30Ti-xCu (x=0, 3, 7, wt%) alloys were designed by the
valence electron concentration theory. The microstructures of the alloys were characterized using SEM/EDS and TEM/EDS. The mechanical
properties, corrosion behavior, biocompatibility, and antibacterial activities of the alloys were characterized through microhardness testing,
room-temperature tensile testing, electrochemical testing, contact angle testing, and antibacterial performance experiments. Results show that after
quenching at 650 °C/15 min, three alloy matrices are mainly composed of /8 phase. In the Cu-containing alloys, Zr,Cu second phase precipitates
and the number of Zr,Cu particles increases with the increase in Cu content. With the increase in Cu content, the Vickers microhardness increases
by 37%, and the contact angle decreases from 98.49° to 74.21°, indicating the surface wettability improvement which shows a significant
inhibitory effect on Escherichia coli and Staphylococcus aureus. Besides, the corrosion resistance of the alloy in physiological saline solution is
enhanced. Three alloys have low elastic modulus (67.8—78.9 GPa) and cytotoxicity, but their relationship with Cu content is not obvious. It can be
seen that Zr-30Ti-xCu alloy exhibits excellent comprehensive properties, which can provide theoretical basis and guidance for the selection of new
dental metal implants.
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