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Application of high-efficiency combinatorial approach in
biomedical titanium alloy

ZHANG Xing-dong', LIU Li-bin"2 WANG Jian-li', XIONG Xiang®

(1. School of Material science and Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Ti-Zr-Nb system with diffusion multiple was manufactured, then annealed at 1273 K for 1800 h, and water
quenched to room temperature. Combining nano-indentation and electron probe micro-analyze (EPMA), the elastic
modulus, hardness as well as composition at each point of the diffusion multiple were determined. Based on the
experimental data, the composition-hardness-elastic modulus database of the Ti-Zr-Nb alloys is obtained. The results
show that the elastic modulus and hardness depend strongly on Zr and Nb content. Ti-41Zr-10Nb has a relative lower
elastic modulus, and a relative larger hardness, which is promising candidates as metallic biomaterials for application.
The high-efficiency combinatorial approach has demonstrated to be an effective tool in accelerating the metallic
biomaterials research and discovery.
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Fig. 1  High-efficiency diffusion multiple of Ti-Zr-Nb: (a) Cross-sectional vies; (b) Inner sleeve perspective view
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Fig. 2 Typical load—displacement curve in nano-indentation
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Table 1 Surface roughness of Ti-Zr-Nb diffusion-multiple

Zone No. Roughness/nm
1 5.6
2 4.2
3 4.3
Mean 4.7
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Fig. 4 BE image and map scanning results of element distribution for Ti-Zr-Nb diffusion multiple: (a) Backscattering electron

image; (b) Nb; (c¢) Ti; (d) Zr



2840 A G A R

2014 4F 11 H

100 ¢
90 -(b)
& 801 Ti %0,
.5 701 %
g
L.;: I
3
s 30+ s
20} Hb ot
10 M

0 100 200 300 400 500 600 700
Distance/um
B5 Ti-Nb i AU 15 B G sy R e iih 2k
Fig. 5 Backscatter electron SEM image(a) and composition—
distance curves(b)

BT LR R TR s RN R BB 0y, it 8 o, [ P A
K, SEPERRLT, it LA i 2 Bl AR R /N mT DL
ANFIMRHB R E AT, T Ti-36%Nb 1) il £ 6L 1
FAIE KT Ti-21%Nb 1, Rt Ti-36%Nb 98 1 45 4
Ti-21%Nb [1¥E P4 7%

Kl 7 By Ti-21%Nb Fl Ti-36%Nb & 4 7
220 mN A NI AK R IR R . B 7 WTLLE
e, FEMRIFEOH, A HEMENATEIRE
I, HESRAERE SR 2 T 8 W RS

FEIR AL B8 EPMA 52 o 383 442K FR SR AT

250

200

150

Load/mN

100

50F

0 400 800 1200 1600 2000
Displacement/nm

B 6 Ti-Nb —Joa&dK R 674 ith 2k

Fig. 6 Typical load—displacement curves obtained from Ti-Nb
alloys: 1—Ti-8%Nb; 2—Ti-21%Nb; 3 —Ti-32%Nb; 4—
Ti-36%Nb

Bl 7 Ti-21%Nb 1 Ti-36%Nb £ & M 40K IR K M 50
Fig. 7 AFM observation after nano-indentation tests for
Ti-21%Nb alloy(a) and Ti-36%Nb alloy(b)

EPMA 454, nTLM3 2| =0 R Ti-Nb K =I5 &
Ti-Zr-Nb [ 43— AR Rl FE i e . 4K R IRy
EWAFA T B s rE i 123.5 GPa, X5
MAJUMDAR %P)(119 GPa) it 453 43230 .

Kl 8 Bz h Ti-Nb £ & AR B i 70 A8 4 19 9K
ZK. HIE 8 iTLUEH, SvERTESLRE Nb 5 E
AN, fEF Nb S ik 2] 15%I0), kR 2|
ILIRA 90 GPa; Bl s PR AR il Nb 5 5 [ kS48
MK, 24 Nb &8k 3] 21%, HpE A 2 KA
Z )5 Nb iy 38%IN, s R A S — A%
fE 73 GPa, SZGRTERBIE A Nb % & 0 b4t
#hn. X5 FEDOTOV ZUMGF| 4 Ml —8: 4
Nb W& &7 0~60% 2 [A] 22 4k I, Ti-17%Nb Fil
Ti-40%Nb [FI#LPER AN (K. DAVIDSON 27y
3 Nb & B A 10%~20%F1 35%~50% ji [ 1,
Ti-17%Nb HI Ti-40%Nb [ 5 AR A 4G, IX LER
FIBI R ARSI v PR FH 0 8 i oo L v
T AT AT R MERA T o e PR IRAE R — AN
BN sER gt RS E AR Z A E 25 A S
TR I 11 45 SAH— 3



524 %5 11

TR, A R R AR T VAR A R e U 1 2841

130

120+

110+

100 -

90r

80

Indentation based modulus/GPa

701

60 0 10 20 30 40 50 60
Mass fraction of Nb/%
8 Ti-Nb T RIFIERE 5 HOCR

Fig. 8 Relationship between indentation based modulus and

Nb content in Ti-Nb system

Nb & # DI, Nb JeRE M IIAEAF Ti-Nb &
xR I WA, (HBEE B RSB CE Nb B
RGN, A R SRR IR — ERD, g RCW
TEARTIALA Ao 3K DR BAGAN R Nb 75 & 1) Ti-Nb
HaH R B O RKVE A S I A AN A AR AR
Fio Hig bl SRVERTEJUE TR Z R AR TS5 5
71, ARG ) 2 RE SR bR, AMEDN F
XA N R, T AR AL A 4, Nb
AR S EOEAS EHCRA, TG | PR A
1, T 20 AHE < AT B R T % FRLAH R S AR i
S E. A SRR AN, WIESERA AR, g
FHRTEEAS Hy 7N T7 S 0P TR AR o A NTT B K
o' BT RA o BHNTT a M pAH. B
A BCC 45k, BN T a(HCPMH, Lk, g AH
HAW o MBS R . S5, oy o o' B
MR AR YR/, H E,=1.5Ep, E,~2E
HAO Z5USIEFF5Y T 75 Ti-29Nb-13Ta-4.6Zr(Jii & 53 5,
%) 4 o AN PR R R, A5 R, o AR
A5 pAM A Rsa AR . KIM 2P0k, 5 B
FHAREL, AR B AHE A AR PR . 1fT Ti-21%Nb
BT L B PR AR S i R, X R e A L 1
o M T8 .

Kl 9 FT 7~ A Ti-Nb 25 4l B2 Bl 3 AR 1K 58 R
M9 FTEUE H, BEE Nb & & 38, Ti-Nb &4 1
TERERWIE R, % Nb X, FEEEH T R
YER, 4 Nb &3 n 3 21%I00, A3k 3 5 KAl 5.1
GPa, X 57 Nb &1k 5 21%I Ti-Nb & 45 VR &
HH IR S5 K D DR — 30, 2 2R DR Ti-21%Nb
e i B AR K 2 i R R AEAH AR TE R T

W ELIER) o Ao BlJS, BUHE Nb & 4REEHR, 1
JEAH AT

W
T

Hardness/GPa
i

2

0 10 20 30 40 50 60
Mass fraction of Nb/%

B9 Ti-Nb _JuARMEZ-Nb 55 fih £k

Fig. 9 Curve of hardness—Nb content in Ti-Nb system
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Table 2 Comparison results of indentation-based modulus of

different alloys from references

Indentation-based

Alloy modulus/GPa Reference
FC wQ
Ti-35Nb-5.7Ta-7.2Zr - 57+3.0 [3]
Ti-13Zr-13Nb 69+8 65+8 [3]
Ti-13Zr-13Nb 67+6.3 70+8.2 [3]
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