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Effect of rare earth Y,0; additions on corrosion behaviors of
biomedical f-type titanium alloy

SONG Xiu', WANG Lei', NIIOMI Mitsuo®, NAKAI Masaaki®, LIU Yang', WANG Ran', ZHU Miao-yong’

(1. Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education, School of Materials and Metallurgy,
Northeastern University, Shenyang 110819, China;
2. Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan;
3. School of Materials and Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: The rare earth Y,0; was added to TNTZ titanium alloy to improve the corrosion resistance and enhance the
mechanical properties of this alloy. ZAHUER IM6 electrochemical station was used to measure electrochemical
impedance spectroscopy (EIS) and polarization curves of the testing alloys in simulated body fluid (SBF). The results
show that corrosion resistance of TNTZ alloy is improved by adding Y,0;. The corrosion current decreases, and the
corrosion potential moves to the positive direction. In addition, the impedance value also decreases. This improvement
can be controlled by the diamenter and distribution of Y,0O; particles in the alloy, and it ascribes to the following two
ascpects. On one hand, dispersive Y,O; particles with small size can protect the matrix from being corroded as cathode
corrosion phase; on the other hand, if Y,0; particles grow up or accumulate, the cathode area becomes larger, thus the
galvanic corrosion may occur in the local area between the Y,O; particles and the matrix, restulting in the increased
corrosion rate. The corrosion resistance of TNTZ alloy with 0.10% Y shows the best value among the alloys with
different Y,0O; additions.

Key words: Ti-29Nb-13Ta-4.6Zr alloy; corrosion behavior; Y,0;; polarization curve; SBF

EEWME: ERARRPAIESHFRESIH (51301037); e w BAEARMINL 55 9 % B (N120310001); [ 58 1 J5RL24 5L 421 B30 H (2012M510820);
LA ML R854 H (20131036)

WimBHA: 2013-07-28; 1EiTHHA: 2013-10-10

BIEEE: £ %, 3, Wt il 024-83681685; E-mail: wanglei@mail.neu.edu.cn



%23 B 1 K F5, A Rt Y05 IO BEH] B R & S AT N IR 52 ) s321

B FH S @ AARL T AT (R e IR« 2R
BRI 57 40 B 45 7 27 B DA S A S5 (e PR S 4 i e
&, R BRI R N )2 R K ) RN
R SR, S B E AR B EMRILCE, ik
i) KRS B 4 e A RS, B p Ak 4
HF IR AR A R e BN, AT B 8 s (A
S8 VR R ok, IF DAL R AR AR, ok H
TS 2 U T A MR A R R A . NG
S N ARG AH SV ACHIME 5 d HL R i S i) = M
*’I’ [4-5] .

SR, CATFURIE B RS SR NP
AL GRS IV ha SR e
117 B0 1) A 2 A N AR A 5 b A T R RS 5
(FHEEAL) BN AT HPIRAS, H T I 2 Blidk 2 AR,
KIAAAAE T N A rh oA 52 B PR BE DR 385 (411 4 1 77
PEESEAE N SRS #ITE 70 A
O T IR, B G R A, P A A AR B
s, Bom S E . DIUR: R e (2
TN BOCR A B T2 AR B R),
fHERA SR A S — E B 2, AT sk
E A, SRS AT, SR, R
PEZFEA L B S s G 21, USRS
THI AR SUR W A A g 2 Ve TR, T HLZREUH R AL
7519045 v P A 1K S (A P D P =1
B B ERE GAE AR i A58 (i ol vk e 7 2 H
T A AR R SR ) JL . —

R B TR A 2 21 R B v < e 1
BEA T VL AR R I T # AR T R R )
J, AR 52 B0 (1 A . T LA
Yok NARTG 75 HEAT S0 e 4 M S5 R ik AR 1 E T
AN R AFI AR AR o A 4 rh S D0 sk e 1A B Rp
i a1 12k e KR . TR W L
VS I3 B 4 v R RS 2 SO I Tk BB R TR, AR
ME4 Ak, W L esGs BE B AR it il e e PR
FUREATRE, BRI A BT R A B gAY
ERA 4 JE b AT A O FHRLBE B A PEE T o DRI, A SO
FH LB B 7Y Ti-29Nb-13Ta-4.6Zr(TNTZ) 45 4 N 5T
WE, EEETRIARSEN Y05, WidHRE
SAEBAUNAR P R A 24T R, 7R Y05 %
e B 2R it JE5 AT Sk IO BSORAE F L, LASEE Ay
WM B ARG G R A4 B K4 5 HR
I

7t TNTZ & &P A [ & =2 0 1 Y,05, KH
B BT R G, B4 5EAE 1 273 KRB Ml
N EAT d=20 mm [FFEA. TNTZ G4 sy
(TR %) A C: 0.006; N: 0.009; O: 0.071;
Zr: 4.72; Nb: 30.0; Ta: 13.5; Ti: f&E. A&TY
F TR B WA 0.05%. 0.10%A1 0.20%. Kf Lik
B4 WAy TNTZ. 0.05Y. 0.10Y F10.20Y

EELHWAEFE(790 °C, 1h, K% &, BEE
2 mm JEHHH, FHEXE FEA 2mm, BEFEY
Hy 87%. KH OLYMPUS GX71 %444 & 5 (OM).
JEOL 7001F R 44 i+ W A B (SEM) M 42 5 < I 2 21
B3 RAVEE ZAHUER 722 584577 IM6 Hifk2 1T
Sl I A 4 A2 NS 1) Ak 22 BE Bt L R )
HLA AR AL 2k, SRR = ARy, BT 2t Ha il
AN H R AR(SCE), i Bl R A Fr AR o T RIS
R AN I 1) 258 7/K 700 mL; 2)
NaCl 8.035 g; 3) NaHCO;0.305 g; 4) KC10.225 g; 5)
K,PO,-3H,0 0.231 g; 6) MgCl,:6H,0 0.311 g; 7) HCI({£&
¥k 38%) 7.4 mL; 8) CaCl,0.292 g; 9) Na,SO,
0.072 g: 10) Tris(=F¢ HIEZIEH SE) 6.118 g; 11)
HCI(AFA > %0k 38%) 1~2 mL. W& BIAWRT, B
e AT 700 mL 28K, PR A E T 37
C I E IR T o RRELEEASE JS LT 2)~9) Ik ¥ 24
LD TN P 1 1N GLP AT [ S 787, E 176 2 38 O 1]
Ja I 100 11 LLATS %W pH, H 4 pH=7.45. )5
WA NN 253 F/K 2 1L, B 20 CTLLF
R .

2 MIRGER

5t

2.1 AR

ANF Y,0; B G th & an il 1 s it
M2k b PR P SR AR P s 0 I () FELASE ARk JE e LAV
H Qoo T e BERHBIUZFIH Tafel Zod SN AR
A 2 (R BIAR AR AL DX BRI AR X AL T4 350 53 23 3]
YEVIZ, PRDIZRAS s . () FEL AL 2% R A JE3 it F 2%
FE, HH Joon e B 1(0) W 7R T A AR AL th 273 3]
(1) Poor AN Jeon B 4571 Y, 05 WS DI R AL RIARE o H 1]
1AW SETRIN Y2055, ¢on BIIERTS), 2]
BT 02 V, {HAH Y,0; TR, geon EAYE



s322 A G A R

20134512

FEANAL o RN [F] 2 5K Y05 VS 0132 e il o ol s )3
(I BARRIL AR A G B A RS BT AR (R BEL T 35
Joowr BLEEVLIA T 5 &2 JE DR S, TR N, &
SIS N, IR R REAR B T . Wl 1) AT
Ry B Y,05 SN, Jeom JE0N, 29 Y TR SY
A 0.10% B, BAG RN REE, Jo=
1.02X107 A/em?, {H4Y i 500 0.20%0), Juon
RN, #es2, B Y0, s 5isim, &4
(TS FE ol B S v i 5 S BRI

-3
(a)
_4 N
= -5
8
26
S H
B ~7f ;
- . B °o—0.05Y
-8l - ; c—0.10Y
s +—0.20Y
_9 1 1 L 1 1
-1.0 -0.5 0 0.5 1.0
Potential, E/V
of® .—
. Peorr -5

corr

Potential, ¢/V
S
i

s <4

oo o)}
T T T
L |
|

3

-1.0

0 0.05 0.10  0.15 0.20
w(Y)/%

1 AN Y05 75 i TNTZ 454210 8h i R AE

Fig. 1 Potentiodynamic potential characteristics of TNTZ

alloys with different Y,0; additions: (a) Polarization curves;

(b) Peorr and J, orr VS Y content
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Fig. 2 Impedance spectra as Bode plots of TNTZ alloys with
different Y,0; additions: (a) Impedance plot; (b) Phase angle
plot
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Fig. 3 SEM images of alloys before or after corrosion: (a) TNTZ-before corrosion; (b) TNTZ-after corrosion; (c¢) 0.10Y-before

corrosion; (d) 0.10Y-after corrosion
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Fig. 4 SEM images of Y,0; particles in TNTZ alloy with
different Y,0; additions: (a) 0.05Y; (b) 0.10Y; (c) 0.20Y
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Table 1 Fitted EIS parameters of TNTZ alloy with different

Y,05 contents

Alloy (9%1/112) (Q*‘%::m*z) p (9%1;2)

TNTZ  7.552  1.114X10* 09006 1.182X10°

0.05Y 6073  7.373X10° 09074 1.532X10°

0.10Y  7.660  2.704X10° 09111 2.569%10°

0.02Y 14270 5349X10° 0.8444 2.212X10°
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