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ABSTRACT The wear performance of Ti6Al4V alloy for clinical usage was modified by dual-
ion implantation technique. The samples were implanted firstly with silver ions at a dose of 1.0x
10'7 cm™2, then with tantalum ions at a dose of 1.5x10'7 ¢cm~2. Nanoindenter instrument was used
to measure the variation of hardness with displacement into surface of sample, and multi—functional
tribological tester was used to investigate the wear and tribological property. Phase constitution in the
surface layer of Ti6Al4V alloy was characterized by glancing angle X-ray diffraction (GAXRD), the
X-ray photoelectron spectroscopy was used to analyze the chemical states of elements in the surface
layer of sample. The results show that the worn area of Ag+Ta dual-ion—-implanted Ti6AI4V alloy is
decreased by 77% compared with untreated alloy. The improvement of the wear property is related to
the increase of hardness, long holding time of low friction coefficient and solid solution strengthening

induced by Ag and Ta.
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Ti Wi, N BErEAR Ti S8AL WY A LIE d,
N EFENEMEERTEAE 2 RYEAM, BT Ti
R A rE SR E TN Ti6Al4V Ga%
W RCHERF S 1214 ML, SR 4 T HE AR T
NS AT BE S RE A i 5] AR

2 I R 16 SER, Ta BARLFHE
PIAHA RO TR PR ke, Ta MABHNSHAEEH
B A, MORIVESMEHME NP BRAERERE, (HANHE A B Bt
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gz — W19 B U N LAFEAr RIE SN
BRI S, S FEAM L, WG E LR
T ECHEROR. i, ATAEDFE Ag Ml Ta BFRUEAXS
Ti6Al4V & G FEEEEERER S, FIEXT Ag 1 Ta &
FXEN Ti6AIAV 5 4t BE L RE A et ML 2EF T 0 20
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1 ZEHE

BETHEANH Ti6AV SE&mms (RS
¥, %) H: Al 6, V 4, Fe 0.30, Si 0.15, C 0.10, N
0.05, H 0.015, O 0.20, Ti &%&. KR4 10 mmx
10 mmx2 mm. KEFA 400 & 2000 E-ab4edT B R
i, #ETHURMG. IR JoK B A IR TR S T
PR KRR ZERAEZINE FIREAVLET B 0E
N, JEEAFIHEN 1.0x10Y7 em™2 1y Ag B, FEAINE
HUE R 30 KV, SR 26.55 pA/em?, A FE R
30%; JEHEAFAY 1.5x10'7 em™2 #9 Ta B51, AN
HALE R 50 KV, FEHE N 9.55 pA/em?, FEANMAE R
45°. BTN EEEY N 1.8x1073 Pa.

FKHEE MTS 258 Nano Indenter DCM #&igh
KT, MR FENRT . 5 2R T8 5 RE TR
ERARE. R UMT-2 B L2 ThRE AR s i e bk 7R
BEERSLT, YR AT 1N, Wiy 3 mm, i) 1 Hz,
FER SRR E] S 420 s. PEHEREI M EAR 4 mm i) GCrl5
IR, RAER — P B E B2 38 7 B i s
4%, Ff¥eE Taylor-Hobson 2y &) Talysurf 5p—120 %l
FHETES L B PN, JEHES 0 B

FHI#2% Panalytical 249 X’Pert PRO MPD
Al X FEATEHL (XRD) $F5EE FHENGT G aER
HAHZ . XRD 4387 % A7 =X, 3509 /8 0.6°,
EH Cu Ko A X IR, 4 40 KV, & 40 mA, il
R R 0.05°. FIFHZE Thermo Escalab 250 %&£ 1)
REHLFREIE(L, MBS FHEAR. FREMERETEALEE
AT X R T (XPS) 4047, Al K, (1486.6 eV)
H X BRI, P17 150 W.

2 TLRERS5ITI
2.1 EFFAR. 5 Ti6Al4V §&0EE
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19 mN, GFFRFN =R )G, B E R a5 0 i 2
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KA LR RN R AR R IZL. RARE/NF 5 nm
if, Ti6Al4V & el R A BT, k. KR B SRR
Ti6 A4V &1 BE 7 Az B 2% 520, 5 SE 50 T G sl P i
vt P9 2R THI A 38 I R N R 2 A 1 I TR 18 . 24 IR N VR
/NTF 50 nm B, BRSO T RN HORR L
B, BTSSRI A G B E IR, AT
HR AR BRI, FLAE REBARAY IR R A AT RE 2 B FIEAY
FRAT ROV [ &SRR R A T k. M EAGR
JERT 50 nm J5, AN GRRR R BE N TR 1
AR GeNS, FHEARRIRRAE; 78S AR i i 2 Bl
FENTREE 38 A7y SR AR SE 38 I, FENIREAE 100 nm B
JERFNEAE 5.7 GPa, EARE KT 100 nm J5HEAFR
5 DU i s A VR RGN BEAIG, 24 IR AR A F)] 210 nm
JG, BPENG IR RE B R A A B AR e, BB R
SR, HLBS TN A i s B o i sf Ay e B i
KFAREN G 4R 5 2R 1 Fo e 1 A
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Fig.1 Nanohardnesses of un—implanted and Ag+Ta dual—
ion—implanted Ti6A14V samples as a function of dis-

placement into surface
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Fig.2 Curves of friction coefficient vs sliding cycle for un—
implanted and Ag+Ta dual-ion—implanted Ti6Al4V
samples against GCrl5 steel ball
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Fig.3 Cross—section profiles of wear traces on the un—

implanted and Ag+Ta dual-ion—implanted Ti6Al4V

samples
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Fig.4 GAXRD spectra of un-implanted (a) and Ag+Ta
dual-ion—implanted (b) Ti6Al4V samples
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Fig.5 XPS of un—implanted (a) and Ag+Ta dual-ion—implanted (b) Ti6Al4V samples
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Fig.6 High resolution XPS of Cls, Ols, Ti2p, Ag3d and Ta4f of un—implanted and Ag+Ta dual-ion—-implanted
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530.4 eV RyIERIET TiO, a5 TaxOs wpy Ols,
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BT TiO #t#g Ti2ps /2 (455.1 eV) il Ti 2py o, HHLE
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NE&FEFER Ti o Titt f1 TiC, A Rgs & ekt
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b, XERF TiO2 18y Ti2ps o M Ti2p1 /2, BETHEANME
Ak Ti e E 4. Agdd i (& 6g) WK, &4
FRERER Ag Bl AgoO TERTFFAE, HAUENFEG R
Ag3d WeHEs, RUIFERHRE AgoO EHEUR. &
fiff Tadf i (& 6h) KA BFIOEARESRER Ta L)
+5 friy TagOs MHEME Ta LY TaO, FF1E.
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(1) Ag+Ta BFRUENHBEET Ti6AV 54
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