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Fig.1 Temperature-time curve of sintering process
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Fig.2 Friction coefficients of different titanium matrix composites

(TMCs) under dry sliding condition
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Fig.3 SEM morphologies of worn tracks of different titanium matrix composites (TMCs) under dry sliding condition: (a1, a;) TNZS,
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(bl, bz) TiO/TNZS, and (C1, Cz) HA/TNZS
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Fig.4 3D morphologies of worn tracks of different titanium matrix composites (TMCs) under dry sliding condition: (a) TNZS,

(b) TiO2/TNZS, and (c) HA/TNZS

SisN, P B ER T BE J5 BE R R BRI T AR LB AR
. DA, MERm S, ETEEZMA T, HAITNZS #
B U TR A T B A

2.2.3 EJRKXME EDS 74

5454 7 TNZS. TiO,/TNZS 2 HAITNZS B i
Xt & & & EDS REiE. L/ EDS REWE ] LLE
th, 7E TNZS I B i X BR A U 3 Tiv Nb. Zr. Sn4
Fiot, ERME Si. O JLFE. BT TNZS A F Si
J O ez, WM SikH T X EELE SigN, B & Bk, *
BTE A B R R T R MR R, X2
T TNZS MR TE B LB e, 75 % BEAF SigN, i &
BRAEAE 500 2 BRI A v 52 B BE 4, SigN, M &8 2R 1) B
BARPRLE 9 B8 5 56 7% 31 TNZS £1H I 2 5 216 J5 118
BEEHE . 1M1 O JG 3= HIAETE AT BT B 4 0 2 v B 1) 4
MER, MERAE T RN, AT BB S .

X TiOo/TNZS, &I Tiv Nb. Zr. Sn. O 5 Fc
=, W E Si nk, H O JuR MM & & 5 BB
AL RIS FEHE T . HA/ITNZS (B IX 04 T Tis

Nb. Zr. Sn. Ca 1 P oz, Al Si ju&R A AN
FRIEEN O LEK, H Si TRM G REAE W E AR

RUEEERII D o R, fE T AT, =F#MEI
HHERLE N T, FAL . ORGE I 9 A AR A
2.3 ANIHFREBHEFHTEZERTRE

231 EBER¥

K 6 7~ HI 7 TNZS. TiO/TNZS A HAITNZS 7£ A
AR BE A ST, JBE i 2R B B A5 b IR R AR A O R
HHEWE, 5T BEE &M FAHLL, TNZS. TiO/TNZS
J HAITNZS (1) ¥ R B R AE N TR BE B 26 A
JUFRE 7B RENREN B, BEW BRI
o TNZS WEHE R AR NS, FREER
BN 0.3309, 5 FBEEAMFFHILEMET
23.46%. TiO,/TNZS [ b i P A 08 A T+ = (1 34,
S5 R HE A B N 0.4301, 5 BER S R M L R
K%, )9 23.78%. HAITNZS [ 2 2 % 2 i Bl
T, BECFRR, TIEEEE RECN 0.3840, 5
T BEE %A T AH EE B I > O 11.48% . 5 EEH S A
TAHEL, =FHRMEAEHEAT N REAR, BEEREY
A AR FEE B FEAG . 3X 32 B PR N AR A B 45
IR, A = R Y B — 2K B 1) 5 B 1) R B A
VR, R BER R TR T, e EL A, WA

1200} T al 1200 b | 1200 i ¢
1000} 1000 [
g
> 800 800 +
(%]
[
5 600 L
400} 400 12
200} U\' 200 sn Ui
0 0 i
5 6 7 0 1 2 4 5 6 6 7
Energy/keV Energy/keV

Energy/keV

B 5 T EEEE AT T AN R SR EE A R AT A R R 1 P JR EDS RE 1



<2 G EAE AEN

46 %

Fig.5 EDS spectra of worn tracks of different titanium matrix composites (TMCs) under dry sliding condition: (a) TNZS, (b) TiO2/TNZS,

and (c) HA/TNZS

0.7
0.6}

0.5} Tio/TNzs HAITNZS

0.4}
0.3

0.2 TNZS

Frictional Coefficient

0.1F
0.0

0 260 460 660 860

Timels
Bl 6 AN LRGBS AR T AN [ Bk A 9 I B R PR 5 R 5L
Fig.6 Friction coefficients of different titanium matrix

composites (TMCs) under simulated body fluid sliding

condition
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Fig.7 SEM morphologies of worn tracks of different titanium matrix composites (TMCs) under simulated body fluid sliding condition:

(a1, a) TNZS, (by, by) TiO/TNZS, and (c1, ¢2) HA/TNZS
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Fig.8 3D morphologies of worn tracks of different titanium matrix composites (TMCs) under simulated body fluid sliding condition:

(a) TNZS, (b) TiO2/TNZS, and (c) HA/TNZS
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Fig.9 EDS spectra of worn tracks of different titanium matrix composites (TMCs) under simulated body fluid sliding condition:

(a) TNZS, (b) TiO2/TNZS, and (c) HA/TNZS
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Tribological Properties of TNZS-based Biomaterials Prepared by Milling, Cold
Pressing and Sintering

Wu Liujun, Xu Xiaojing, Chen Tingzhuo, Zhu Lihua
(Engineering Institute of Advanced Manufacturing and Modern Equipment Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: Ti-24Nb-4Zr-7.9Sn (TNZS), TiO2/TNZS and HA/TNZS titanium-based biomedical materials were prepared by powder
metallurgy combined with high-energy ball milling, conventional vacuum and non-pressure sintering. The microhardness and tribological
properties of the three kinds of materials were investigated. The results show that the microhardness (HV) values of TNZS, TiO2/TNZS
and HA/TNZS are 5254.3, 5512.3 and 4792.7 MPa, respectively, and TiO2/TNZS has the highest microhardness value. Under the condition
of room temperature, load of 1 N, frequency of 10 Hz, dry friction and SisN, ceramic ball for 15 min, HA/TNZS titanium-based
biomedical material has the best wear resistance. Friction coefficients of them are 0.4323, 0.5643 and 0.4338, respectively and the average
width of wear scars are 0.33, 0.26 and 0.18 mm, respectively. Their wear mechanism is dominated by abrasive wear with oxidation wear
and adhesive wear. The average friction coefficients and wear resistance of all materials under artificial body fluid are better than those
under dry friction, and wear resistance of HA/TNZS is better than that of the other two. The average friction coefficients of them are
0.3309, 0.4301 and 0.3840, respectively and the average width of wear scars are 0.27, 0.19 and 0.17 mm, respectively. Abrasive wear is
the dominant wear mechanism, accompanied by mild oxidation wear and adhesive wear.

Key words: powder metallurgy; bio-titanium-based material; microhardness; dry friction; artificial body fluid friction
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