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—H R A S (R Ti-6A1-4V), fEEH FNE
HEANTT 4589 (hep) 1 o AH, HapMEAEE (102~110 GPa)
FHXT T NE (20~30 GPa) SmitHIR %, X2 N 71 B il
RN, B2 GBUR AR AN SR IES . TR A F T 3
HZARHEDLR RE 1 T DRIV ZE, H 90% 1A iE A&
TENGPRAEN JG BB 5, 50% HH IAS o] 3 f 41 2345
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s PR R L0 AR Zr SRS AT AR E T A4
M 1% AR . TS b RE ) Tizr B4 1E
N FHE NI R IE PR R T 265 8 95.2%LL |
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HHEH Cu MEZMTE. ZeTi AEERELA
Zr:Ti=66:34 i, H o-B MR E R, 28 536C.
A & oo Wt RS B SR IXR & L, FRBHT Cu
18 Zr A BEARAR, RFIMADE Cu uREP AT
& Cu M. BiE LRwE o EE, EAHT
Zr-30Ti-xCu (x = 0. 3. 7) A4, 47 #%E XN 0Cu. 3Cu.
7Cu &4

T TR T Ze-30Ti-xCu & & RE T T ke i
[ B AR, BAVEILA HFIRE (VEC) tH 5T T HALE,
HEERWE 1 Prn. —MRIEHT Y VEC=4 i), Hinf
PAFEEN B LM E S, HARESFEDER o Al
o FM. DHURAR PR S A R, AT CASRAS BN B A
SERIH Zr-30Ti-xCu & 4.
1.2 B #8 Zr-30Ti-xCu A& 8IH) %

16 E R AE RS B A PR A R HE R 99.99% 41 FE
WG4 Zr, A UEHM R R A " AR 99.995%
4l Ti Jiki 5 99.999%m 4l Cu ki, fiF WK-IIHAEH

Arc-melting

FEHIUS BRI T & & . NTHEEEM o-p MK
AFWAEE, 14 setsys evo TGA/STA [f] 25 #v i -2 /5 i &
AL Z R EHGE (DSC) ThRESE TR . DSC I
MEREW, 3 MESE of HETRELWEAN
580 °C~630 °C. FAULG 41 o-B AHE AR B KSR,
1 R i T2 RS HEE 1.2 mm WEKEE
S o

F1RITEENNBFRETELER

Table 1 Valence electron concentrations (VEC) of the design alloys

Alloy

VEC

wt.% at.%
Zr-30Ti ZrssTias 4.000
Zr-30Ti-3Cu Zrsy.1 TissCus 4 4.238
Zr-30Ti-7Cu Zr43 4Ti45Cuy 7 4.539

Hot pressing
I > L
(60 g) (650 °C/16 mm) U.

Homogenization treatment
(800 °C/40 min)

Vacuum quenching <:I Hot-rolling P |-|
<
[ (650 °C/15 min) ] (650 °C/1.2 mm)

| BEBEAINTH&TS

Fig.1 Preparation procedures of the experimental alloys

1.3 ERBALARME

8 AR A WV K S SR EVTE 10 mmx10 mm
MIRE . e W AT AT B, R )5 F AR AR o By
10%HF+40%HNO3+50%H,0 KV & BR AT BR e, [ AF
il 2 [ G T8 o il i AT 2% Empyrean S2 A X 52k
T (XRD) FRC&A AERE{ (EDS) 1) Gemini 300
Pz Rk B T BB (SEM) RRAEAE S AR 4
B SRAESURN S AR 4B

KA BEREX (EDS) ] JEM-2100F %Y =43 9
FES T R (TEMD WS & 4 1 2 23RNk
X 5. 0Cu A il % X i FH749 (SAED) #fiE 5
IR AR L, G BUR RT3 2 a5 4 18 5
W& & Cu Ff 5L Jeil it 55 —AHMURL ) SAED TEA:Hf
EHAARLEN, FREBCA RT3 ol dnia Hia B S
537G A0 15 43 9 S A% 25 204% (HRTEM 1) « TEM ik
(R R PR 7 SR EAT 1) 5. 0Cu AR F LA IO

Jiif & TEM #EFES, HRIE B R0 92%
C,H¢O + 8% HCIO4;  3Cu fl 7Cu #ffh, BT A5
B F AR S b AR I, DAL R A HELIOS-6001
RORREE TR (FIB) il
1.4 FIZMEREMIK

775 BRI A o 0455 Al o DA R ik
5. K HXD-1000TMC/LCD % {5 W fii 75 132647 &
%N 0.9807 N/10 s, BFAFEEAGI 5 A S IFECE
BIfH. M CMT-5205 L B 7B AL AT h A s
%, FHEEZE N 0.6 mm/min, FREFEKE N 10 mm, 5
FEEREA 1.2 mm, XFE5E RN 2.0 mm. Rl s,
f# 477 EDS ¥ SEM W8 W7 O SRI A3 X % 4 -
1.5 HEYHEEMENR

TENR A 2= 2 25 R A PDRL R T S ARURG BR . 2R SR
Bb s I /NARCKG PR 53 Ak L L g AN 4 2 AR K AR
RIS EE R T E A, RN T E MYIRE
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SE MM IR E PR R ER . (FlE Zr-30TixCu &
G PR AE DA 5 1 T LI T A ARk 2 T 9 9 e 0 A 4 i
PENRRAIE HIWT: MR R R, A A B i
SRR LT, A T AR R0 B R B 3 A A
BERI, AR M EE PERRAC, X 48 B i) A KA G AN
P2 RN o BT V) EIZRAT 20 mmx10 mm FIFE A,
fEFHRPAR (4004~20004#) MKIKAE G HEATIT S, fEG/K
CFEH YL 15 min 5T, BUEERERE T RE S
E Bl A E SR, BN 10 pL A BT
KT

K H Live/Dead 76 4e i i 52 MEAG I Zr-30Ti-xCu &
S IIAE M1 . FEAE R TR /) B A) 78 5 T4
(mBMSC, 6 X 10* cells/em®) , F£4E 37°CIE A H 435l
Fiae 1. 35 d, (EHBEREZ M (PBS) ¥k 1 X
M DARR 5 2 R IME, BAFES BRI 1 mL Jeas],
HIBEIEE 15min, PBS E¥E 3 Kk, HEOE LR &
R TSI R .

i 3- (4, S-HISEMEME-D) -2, S5-I DU M
AR (MTT) 327 S A A il 3 THD RS 40 M 7 386 5,
B 3 M PATRE B RERCE T 96 FLIRH, TEFEMR
TR B 20H (6X10° cells/em®) , JF(E 37°CIEIEAE
o EEFE 1. 3 1 5d, PBS IEEESL 3k, BILIA
100 uL % 0.5 mg/mL MTT [R5 72 B TH 7= H S 4
ho R ECHL 800 rpm B0 5 min, 32 HiEWH, FHAL
B 100 L DMSO F:#2%% 10 min J& , 18 FH BEFR X (Tecan
F50) Fil 570 nm AW 6
1.6 EMEENR

Rk THT 190 T M i ok B AR O AN AR Bk
KFRAEA R R I PUE MERE . SRR PR T KR4 K
BN B R BRI AP BRI (8 B RN 5 S A e
REWAFD o BRY BUEEIELEN: BN 10 ml
EARKSEBEAEREFRE (TSA) 1EATEREFRE,
WELI N 10°~10° CFU/m [ K i d5 25 I B ol 4 88 (o i 4
BRI TSA 15 bR o B AR R R e 4t
T 37 °ClEIR &M N7 24 he HUEMERERI/KT BFE
sivs ) L PR VBT X 95 B HE SRVT A »

H:Qli (D
2
He, D ONFERFMEX S ER, d ERER, B
B35y mme #F H=1 mm, BCEAAFAERNER X AH R 7% 1L
P B 1) AR B T BT R (0Cu FE S Bl 2%
i, TBERA R A R RE 7T, SRR
MBS FrERE IR AL B LY B B & B TR RE 7

PR UFBOEIRAE S IR B ST B i B RO

B3, IMEBIRE N 10°~10* CFU/mI 411 B ihil

W, AEHROHEAENEMSER, 7€ 37 °ClHIR%
PERREFE 24 he $EFRSERUE BURFES, KB AR 2K
(100 mD) FRLFE TR, Kb By e b 21 15 77 5P AR
b, FAE 37 °ClEER; I 24 h 54t &S DU AE
FAPUBE G R VA -

R= Ncont}(\)} - Nsamplc (2)

control

FoA, Neontrot B Nagmple 735l 55 HEFE i COCu #5) FIl
WEER (3Cu M1 7Cu BESLD AIB TS

Nk T MR ST ALER, X E AR R T
FIA AT IE AR (ROS) = WREX | mL il &
W (107 CFU/mL) JNF354 Rosup W (BHPEXTHED 5k
FERMAEREFRE N, 37CIE 2 h, B85 iR iR ie (LA
ZERAERRIA M EA , BEBEEE 2 mL HO08
P, 5000 rpm 250> 5 min, % I

Bof 2,7- & KR — 4REE (DCFH-DA, TAE¥k
FEN 10 pg/mL) {EANGt TAER, B 500 ng 4t TAF
T E B E VR IR T, 37 CREE Yt 30 mine LR,
TG AR B R KB B G, B 10 pul B 0 T4 3%
A E#% Y, T OLYMPUS FV1200 03t 5%
FERME HinR.
1.7 TR

FHZYEIFRAS 10 mmX 10 mm FIRES, RPARIT B
G, MK CEEAEFEEM®T . HTREMEE R, f#
B —ME SR cu S&ERE, H—MEE lem®
FIAR I , 4 [ 5 A TG /K ZUBE 5 75 78 B H R . 7E Princeton
MC 1000 )2 818 f ik 2 TAESE BT A 2R, R
FIFR#E 3 MMM, TAERMONEI Ze-30TixCu &
SR, SHEBCNBEMH KB (SCE) , XHKA
B, HARMUONAEREEEK (0.9% NaCl K& , H
R IR B IR IR 3742 °CYUEI N . LA % I T
FEEAL (OCP) MR, FALZEBEPTRE (EIS) M3 H
FEARAL I ZE (Potentiodynamic Polarization Curve) i
WRIRAEAT o RIE— VAR AT, A2
J& K F ZSimpWin BCPE X BB IS 1 28 33 4745 4k i PR AR 7Y
G, 19 BIF RS Rt 23, 3R FH Keyence-VHX-100
RO B ST (OM) WUEEFE SR I 6 S h T
2 HRAWSITE
2.1 EfLALR

XRD 453 (E2) 8oR, 3 FEEFAEILLB N
F, 0Cu 5E&FEH L E o, M 3Cu Ml 7Cu &EFEE

MAE Zr,Cu 5 M, X5 VEC #+HERMYE.
SEM/EDS (& 3) I TEM (& 4) SR ER, 3 ME4
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(WA EAES TREY S1ERHRE cx-

T LI AIRA RN T, 3Cu Al 7Cu &4 IS Cu
FIBRDRYI T, B3 S o0 A T dobr N B ER A S AL, IR HL
bEE Cu ST, B_MHEENE. K 4c FENE
SAED TekE, 3HI5FR. B #H (PDF#34-0657) il o #H
(PDF#05-0665) . Xt —LI0IUF 1 K3 Zr-30Ti &
SRS EE N B, HEDLEMN oM, XEAGEE
KIS FEA 2 T O FAR A AR R 45 2R

K| 5 Ak 3Cu 1 7Cu & 4 B TEM 43
e 2 Fé &g/ NI & B AHA Zr,Cu 25 —AH
A, X5 XRD /g R (K 2) W&, 3Cu &+
Zr,Cu 2 AR 300~500 nm, i 7Cu &&HIAN
150~550 nm, fifi#& Cu & &3GN, 5 _MEEWEH L.
[, RIS RIIEAR S Zr,Cu 2 [AIFLE B S5 1) A% ey AR
(il 5d1 Fid2 #k TR .

% Cu BEFEMER AR (800°C) #B4y
Cu [BEETESAAF, R Cu LA Zr,Cu JETE SR N
FOANAE R B AH SRRL AR FHARAT L H 2 S AE L IR IR
(650°C) , #i5r Cu WNEAR T, FBURE Zr,Cu K
KAHTH Ze,Cu BURLE L, FEAEFLHLE R R A F R
T 2B Zr,Cu FORLZAR AR I B 1 B B )2 A

5b1 Al b2 FFSk AR ERAT) o FE B K AL TR (IR I (650°C)
Zr,Cu B MR F 4R a3 hn, e KRB I B, D% B
AH S R A ST IO A3 i % o A Zr,Cu

40

uf
® 7Zr,Cu

] o 7Cu

3Cu

Intensity (a.u.)

| |
[ ]
l 0Cu
A _
20 30 40 50 60 70 80 90 100
2 Theta (degree)
B 2 kA Zr-30Ti-xCu &4 XRD [

Fig.2 XRD patterns of quenched Zr-30Ti-xCu alloys

-
-

Bl 3 kS Zr-30Ti-xCu &4 1) SEM/EDS &5
Fig.3 SEM/EDS results of quenched Zr-30Ti-xCu alloys: (a) 0Cu alloy, (b) 3Cu alloy, (c) 7Cu alloy
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0.5 um

4 VK 0Cu &4 1) AR
Fig. 4 Microstructure of quenched 0Cu alloy: (a) TEM bright field image, (b) TEM dark field image, (c) SAED patterns

10 1/nm

Distortion

(110) ‘. i ~ (011\)’(_1’1'0)

RUE) —\ (013)

Z1r,Cu
tet Zr,Cu[331] 10 1/nm

Bl 5 ks 3Cu fll 7Cu & 4 1 WA 27
Fig. 5 Microstructures of quenched 3Cu(al~d1l) and 7Cu(a2~d2) alloys: (al, a2)TEM bright field images, (b1,b2) TEM dark field images, (cl, c2)
SAED patterns of Zr,Cu particles, (d1, d2) HRTEM images and SAED patterns of matrix (inserts)

2.2 N1EtEeE B 7B I R IR SR E (428~615 MPa) Al 4 98 B
BREEEELE R (R 2) BiR, 5 0Cu &4, 3Cu (661~844 MPa) . JHiLWr I1JE3 SEM/EDS (Kl 7) 1)
H7Cu & S 4 PR 23 ) 32 i1 29% 1 37% SINTRIAEL, 3 FE ST, 0Cu W HRILH PI1E
WiZLHEME, 3Cu M1 7Cu 7Emif% SEM/EDS B m W%

= 2 Zr-30Ti-xCu & & HIHE AR (HV, ) Zr,Cu ORI P 58 1A Ak 53 A

Table 2 Vickers hardness of Zr-30Ti-xCu alloys ( HV,.1)

. 3 BAE Zr-30TixCu B &R E BRI F 4
Test position

Alloy e Table 3 Room temperature tensile mechanical properties of
1 2 3 4 5
quenched Zr-30Ti-xCu alloys

Zr-30Ti 330 316 323 299 320 318

) Alloy E /GPa Rpo.2/MPa R.,/MPa A /%
Zr-30Ti-3Cu 412 387 418 408 421 409

i 0Cu 67.8 615 844 9.64
Zr-30Ti-7Cu 432 465 407 430 449 436

3Cu 75.1 524 794 3.53

FIRBLAH A2 (B 6O A = IR AL ) F S HUE (R 3) 7Cu 78.9 428 661 2.64

SR, 3 AR EMERE (67.8 ~78.9 GPa) MHHRAK
TG H Ti A4 (102~110 GPa) ¥, [t ff
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T
1000 -
800 -
)
S 6001
é 4001
wnn
200 1 ——0Cu
—3Cu
01 —7Cu
0 2 4 6 8 10

Strain (%)
6 KA Zr-30Ti-xCu E 4 1) 5 il i {0 1 2
Fig.6 Room temperature tensile curves of quenched Zr-30Ti-xCu

alloys

Zr-30Ti &N Cu JGE RS & SRR E
RIS 4R T+ TR . H< A Cu 5, #54) Cu [EVE
B, SRR T EESRER, IR A IR

Zr,Cu 55 AR DL B0 B e AL E R, PRk
PLEIELFEEAE S T A SR SR . (2 Cu MRk
KT E&mBRBEMBYE, XRZFA—TFTHRM Cu 7] LA
WIn&&%EE) B A (bee 45k Aitk, MM EAE 4L
SR, B—5H, ZnCu %M (KL EHED 5
Zr FAA 2 TAAFTE B 2 I AR A i A, B8 AR RO O PR AN
M HAFAESR A (B Sb1 FfTb2) , IXE6R A b B BRI
NS, HEATREZAEAN/N PR B e, B A
PRI FE S, ZnCu 5 B AHZE AL ICH 29 M ik
W5 R A B AR T S BUMER SN ARy e, BB R
BN, AL BB R AR T R R T SR, A
I B AR I KT R Y, A 4 KR ZrCu
5 ABTEIR B AH SORLER A AL AT H 2 3 BRI TSR BUR
BRI R, RO BN R AR B 7 WEE
Fl| Zr,Cu PURLIEE B A G AL - A HAESE TiX— 5l &%
APRC T G4 MR

Bl 7 VRS Ze-30Ti-xCu 1T I SEM/EDS 73 #r 4
Fig.7 SEM/EDS analysis results of the fracture surfaces of quenched Zr-30Ti-xCu alloys: (al, a2) 0Cu alloy, (b1, b2) 3Cu alloy, (c1, c2) 7Cu alloy

2.3 4£YHERM

Kl 8 NVEKA Zr-30TixCu &45 28 1K A
Ml E A KL Cu SEMEMEN. & 4 5IHTHE
KA Zr-30Ti-xCu &4 5 X B F /KM EMMAEIE. 3 F G
S IR A 358K, (EL BB T [R] ) SE SR Cu & == 1386 00
Befh iy, Hor 7Cu A e <900, R
SRR, EEANEVE L PR T YR (Adhesion) I FEAR

HNIZiE (Immersion) i FE.

T 7Cu &4 W Zr,Cu 5 A2 B B K IR
PR, HEEAENITHRER ZnCu i, A4&RIT R
TFEFE TR 2 38K, X P ER A IR
DL Cu BEREEIH T L HEAMED, &
&5 X E T KM AN

K 9 FIF 10 43 59 mBMSCs 7F Zr-30Ti-xCu £ i %
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MR 1. 3 F 5 d Ja iig e e RSB I 504 . A B
FRI A ALK, 4HHIAE 3 P A SR T BRI 2 1 2,
EXRAMEAK, HHREGWRSEGEMBAET &4
R, RO BRI A0 5 B ot L 3 R A & R0,
0Cu &4&7E 1 d FAMAE B E = T & Cu &4, HEEE
I TR PRV E S, 3 ol 4 3 T PO 400 PR A of 250 1) 222 B R
i/, FEHAE S d JEEEAFT. LZZEKE, 3 AN
mBMSCs ¥R BRI A MM, BAEZEM S df5H
s pE R AR A R

PRI 20 M B AT AT 5 L3 —AHBORL . TR R 1T
MURERE S5 A ST AR TR, FEEAT A AR 28 1 AR S Ul
AT, #AEH TR 4O RER AT B, Rl 3 Fh

0Cu 3Cu 7Cu

FE R SR IR AT ZE AR (HE Cu FEm
B Zr,Cu FURL, XML —E M. H5%E Cu fE
NidiE 4 g, AT LB Fenton J2 3 5 U4 A0 M AR F 1
RAEPT, SEANMIRZ AT, M LE AR A 0 4 B 3R 8
Hk, — R & Bki i R, FEER AR, &
S B Rr, 72 42 ROS HIRE 7B, AT XS 40 B i 45
AR, DRI G K RORE X 248 (1 453 3 16 FH B 2 v T oK
KPR, & Cu A& ZnCu WR R SRR, N
150~550 nm, P HRENEVEA LS EGIRE T,
IXfRERE T AT AE R G SR 1D BSR4 LA AE

R HAZH o 1S FE A EAR T 0Cu & 4.

Contact Angle (Degree)

0 Cu

3Cu
Alloys

7 Cu

P 8 VKA Zr-30Ti-xCu 54 535 8 T /K i fk s 0 B 4 2R

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

of contact angle at different test time with Cu content

T 4BENES 2r-30TixCu B 5EBFRAER A

Table 4 Contact angles between quenched Zr-30Ti-xCu alloys and deionized water

Contact angle/®

Alloy Time/s NO.1 NO.2 NO.3
Average
Left Right Left Right Left Right
A 0 100.68 102.45 102.76 103.25 99.54 99.04 101.29
r-30Ti
5 98.23 99.38 96.23 98.09 97.27 101.75 98.49
0 97.83 100.14 93.73 90.56 88.74 93.71 94.12
Zr-30Ti-3Cu
5 93.9 95.8 91.98 88.43 85.88 90.22 91.04
0 88.23 88.08 80.23 81.65 72.65 73.96 80.80
Zr-30Ti-7Cu
5 76.85 77.39 81.63 78.44 65.94 65.02 74.21

Note: The left/right respectively represents the left/right contact angles between deionized water and the alloy surface in Figure. 8.
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Day 5 & |

9 mBMSCs 7 Zr-30Ti-xCu # &R MIFIR 1. 3 1 5d [GHIGFER
Fig.9 Live/dead fluorescent staining of mBMSCs cultured on the Zr-30Ti-xCu alloys surface for 1, 3, and 5 d

254 [_JocCu
:3Cu
02.0‘ L 7Cuy
g
g 1.51
k=
=}
3;’ 1.01
0.0

T

1 ﬁays

3 Ijays

5 ﬁays

Culture time
P 10 mBMSCs 7 Zr-30Ti-xCu AR MBI 1. 3 1 5d J5 i 5 H0E
Fig.10 Proliferation data of mBMSCs cultured on the Zr-30Ti-xCu alloys surface for 1, 3, and 5 d

2.4 IEMEE

11 24 Zr-30Ti-xCu A& AE & H Kinie s K # e
T R ERE W TSA B 3a5: FR9: 24 h GHIEE
LR Fr o Zr-30Ti-xCu & & /E B HUEMR A AR R M
W R RPTREYERE, 7 2 PR A 48 YR B
SN, TE B G 4 X S A B ) T AR A
HIIRIZE, XKW Cu B FIEREBH AT KR EH KRB R
YHEE 1B/ IR (MIC) P2, S 4m s i
VERA%CES, DRI A ot Jo) B 38 A6 0 s 7= 2

12a #1 b 405l &R T R MR 80k AR
Zr-30Ti-xCu A 43R 1M 8 58 K 35 A IR 1R A 4 3 €0 7] %)
BRI 5 M VA S0, B 12¢ A Ze-30Ti-xCu A &R EHE A

B S5PUREE M R BE Cu & &M BB L. i 12 AT,
BEE AL Cu FERM 0%IMINE 7%, KipieA Kl
ST CUH B ER T Y B B N 220 R 49 B Z 21
12, 3Cu B X K% A QB A8 38 6 2 3R B 1 Bt
W R 42518 40%5 51%, 1 7Cu & 443 55138 hn £
T 91%%5 81%. WL, BEE Cu &I, 2 PR K
VA B A B>, XA S AN Cu AT RABA
PR e A B T AN 4 3 (0 R A BR A

13 SATE Rosup (PPN HED A1 3 Fh & &R 1m0 L85
7% 2 h BRI E ROS %61l Wil 13a s, FHPEXS
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HEHaT Cu FERIN, wWHAEHEEZ, ROS AT LAS R A SE RN ROS HIFRIE , 138 17 Bk 40 B8 A A
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FHIRZI 2 330 ROS /KPS RITH 5, 2 5 804 Mk A= 5 THwEIER. fEARTAEF, TEY BENEM & Cu &
PR3 DT Kot 200 455 0 3 ol ™ = FLAS A3 g 45455001, S F B IR R B S AR AT U0 B S < R TS 1R T
BRI AT BLACHTR I Cu 7] PAEKE Ze-30Ti & &R . B Cu®" WAL LU BB B B 1EH . (BEFARTT 3
Zr-30Ti-xCu A& HIPLH e I e 5 WHCK S Cu EIAR S Co &R AME/EH, , FNEEE Cu
S T AHORL AT HAH DG . Zhang ZPERF RS Culf1 430 BB 0%MINE 7%, ROS Rk mm, HE
BRERAABNAIPUENE SRR R, & Cu AW Cu 54T T K& Zr,Cu #H, BHIEATPLAK Zr,Cu 28
AR P B Cu™ X i B A R B R A, TAHRIORL AT DL 3 B 5 A PR 1
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Fig.12 Number of bacterial colonies on the surfaces of Zr-30Ti-xCu alloys after colonization: (a) Escherichia coli, (b) Staphylococcus aureus, (c)

changes in colony count and antibacterial activity R with Cu content
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Fig.13 Fluorescent straining images of ROS in E. coli co-incubated on surfaces of specimens for 2 h: (a) Rosup, (b) 0Cu sample, (c) 3Cu sample,
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Pr-BF1E] (Eocp-t) HHZE (] 14a) W[40, 0Cu F1 7Cu &
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A 4 TH R S i, IF H 3Cu A% 0Cu Al 7Cu FHLH
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14b~d. & 14b N Nyquist &, B Cu 238N,
NA A BUIEAR G OR, X R PR ES OR,  Fo
JE eI . & 14c 9 Bode HHAK, 3 a4t
T2 AAFEMRAE, AN 0 {HII7EH T8 AR T
AR AL, XU K A Zr-30Ti-xCu & 411 EIS 4 2
ARG e R 2 BRI, Hh—BEREAR
FOER BB, 57— 2R R R A AR .
Kl 14d v Bode TRME K, ZEIRH & &I N Cu AT LA
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EHR T A S W g .

A3 RRO)(RC) AL AL b AT R 012, [
14f~h il i R(RC)(RC)BUAEHU HL PR S HH 2R K S
Zr-30Ti-xCu & & PTG L5, & 5 X RLEAE T
FIREABUE . 7 Ry(R C)R,C) L H (] 14e) , Ry
RFFW A CEFEERMZA TR BEEE) » R H
C H B R E A o R R B BN B AR 1 — 2,
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— 2. 45 1400 F1R S FRREEAR TR, BE%E Cu
AN, P EEIAL R FBH (A R, A1 R, B HRGERE K,
73 B M 4 Ohm A1 1.04x10° Ohm #H1 % 1.00x10° Ohm A1l
5.79x10° Ohm, 3 Tt W4 A JIEE PO T 63 e A 15 B2 T
BiRAZ T EZE C M 3.31x10° F B K2 5.33x107 F, MMk
BRI C, M 1.36x107 F J/NE 9.26x10° F, it BB
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Table 5 Impedance spectrum fitting parameters of quenched

Zr-30Ti-xCu alloys

Alloy R;/Ohm Ci/F R»/Ohm Cy/F
Zr-30Ti 4 3.31E-5 1.04E6 1.36E-5
Zr-30Ti-3Cu 8 2.99E-5 1.57E6 1.84E-5
Zr-30Ti-7Cu 10000 5.33E-3 5.79E6 9.26E-6

& 15a VKA Zr-30Ti-xCu &4 7 A8 3 L /K i i 3
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W icon 18 HT 1749 nA/em® JE/NZE 478 nA/em?, X FEH] Cu
BRI INAEAS A 4 B o i B3 Tl e, EL S e 6
B ARG . 3 P& S TE SR AL X 3 — e Yu B Bk X,
AR B X 2 f5 35 B — A BE 5 ) F R RO Bk T PR A B
BUARAE T mil, IXANBY B B AR R0 LR B A AR A i i
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FhE R4 T i S AN 5. & Cu
B X B H KT 0Cu &4, FN E, &
(0.813~1.044 V) IR KT 0Cu &4 (0.528 V) , H
t3Cu B4 B iR (1.044 V), XEFHEHT Cu
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Tiif JE TP i
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PERE .
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CIJ LA BB E N & & AL, B CIIRFER I,
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Table 6 Corrosion data of Zr-30Ti-xCu alloys obtained based on

potentiometric polarization curve analysis
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Figure.14 Simulation results of open circuit potential and electrochemical impedance testing of quenched Zr-30Ti-xCu alloys: (a) open circuit

potential time curve, (b) Nyquist plot (raw data), (c) Bode phase angle plot (raw data), (d) Bode amplitude plot (raw data), (e) equivalent circuit

diagram, (f) Nyquist plot (fitted data), (g) Bode phase angle plot (fitted data), (h) Bode amplitude plot (fitted data)
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Figure .15 Potentiometric polarization curve (a) and metallographic photographs of pitting morphology (b-d) of quenched Zr-30Ti-xCu alloys : (b)

0Cu sample, (c¢) 3Cu sample, (d) 7Cu sample
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(1) KA Zr-30Ti-xCu &M AR EELL B AN
+, K oCu &P EESHLER oM, 3Cu 5 7Cu &
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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, mass fraction, %) alloys were
designed by the valence electron concentration (VEC) theory. The microstructures of the alloys were characterized using SEM/EDS and TEM/EDS.
The mechanical properties, corrosion behaviors, 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 showed that after quenching at 650 °C/15 min, the three alloy matrices were mainly composed of B phase. In the Cu-containing alloys,
Zr,Cu second phase precipitated and the number of Zr,Cu particles increased with the increase of Cu content. With the increase of Cu content, the
Vickers microhardness increased by 37 %, the contact angle decreased from 98.49° to 74.21° to improve the surface wettability. Meanwhile, it
showed a significant inhibitory effect on Escherichia coli and Staphylococcus aureus, and enhanced the corrosion resistance of the alloy in
physiological saline solution. The three alloys had low elastic modulus (67.8-78.9 GPa) and cytotoxicity, but their relationship with Cu content was
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.

Key words: Zr-Ti alloy; Dental implants; Mechanical properties; Corrosion behavior; Biocompatibility
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