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XPS study of surface modified layer of Ti6Al4V alloy
implanted with oxygen by plasma base ion implantation

LI Jirrlong, SUN Ming-ren, MA Xirrxin
(School of Materials Science and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: The modified layers by Oy PBII technology on Ti6Al4V alloy surface were studied using X-ray photoelectron spec
troscopy (XPS) . The negative pulse voltage of 10, 20, 30 kV was applied to the sample, which was mounted on an oil cooled
sample holder. The results show that the thickness of the oxide layer increases with increasing implanted ion energy. The oxide
layer is predominantly TiO,, which contains a small amount of suboxides TiO and Ti,03 between the outmost layer and metallic

substrate. The XPS analysis confirms that Al,03 is located mainly in the outer surface of the modified layers, in which vanadium
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and vanadium oxide are not detected.
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ST E Ry« S5 AR A v st o6
TEFENREXN S ZE S - 4518 R D> K,
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PR AR, SEIG R OB B Ty E N REE, T
XPS RGEHA T T B FIHEEE R B Fb 2= 451

1 LS
SZu BT AR A B a+ B B Ti6Al4V & 42,
RN T % d 30 mm x 2 mm [{4, F LS HRTT
BE YOG REE . PBIL SEIRAE AT DLZ 01 4%
B PR FEAREE B, BEAE=E RS 700
mm X 700 mm X 1 000 mm, %8265 499. 999% . £
i FH PR A JBRE 75 s VR S TN LR %, A T
NG, REERMIEE Art JREHEBE 10 min . R
S AEANN T ESHY TR 1. RARXXHEE S
ARG 55 B 4K, FE L B 3 IR A
A,

XPS 7304 7E PHI5S700 ESCA 2047 &R 48 AT, 4
AT A% 1) T 2R £ H SR AR A T, Ag3d5/2 WL T
368.25 eV . KM AR TR sy, I REA
187.85 eV, KK 0.800 eV, Ml 5E R 1M M AN [F] # ik
IS} IE] B Ti2p « Ols ~ Al2p « V2p 104 ISR P f 3 i fig
H29.35 eV . WRFEERCAT TR 4 kV &3S FAE R
b, FTEAR K 4 mm x 4 mm, FLU S5 BEZ1h 30 LA/
em®, FIHGEE A 4 nm/ min, 20475 BIHAS B HEAT .
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Ti2p i W 2 Fizr, ARAFEM 1 5FE MR HATF
FETiO, [ Ti™ WAL, Ti2p3/ 2 A Ti2pl/ 2 WAz 23 547
T 459. 12, 464.83 eV . Fifi %5 W5 B 18] (934 0, Ti2p
W [ IR S5 5 BE T M R 3, Wit 1 min 5 B0 25 U
P EG BT AR AT . B TFEAR 2.3 .4 5FF
R Ti AT 5 AR 1 S FER LLE, 45ARE
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O 2 Tt XA L YR AU B B A X 3
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Table 1 Process parameters of PBII

Sample No Negative pulse Pulse duration/ Pulse frequency/ RF power/ Working pressure/ Treatment time/
B ’ voltage/ kV Hm Hz w Pa h
1 = = = = - -
2 10 30 100 400 0.1 2
20 30 100 400 0.1 2
4 30 30 100 400 0.1 2
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Fig. 1 XPS depth profiles of Ti and O of surface modified layers
(a) —Untreated; (b) —10 kV; (¢) —20 kV; (d) —30 kV
2 TiHMENGE () 2p WAL, 4374.03 eV, HARALHE 1 TR M AR,
Table 2 Contents of different chemical WAL A S RET MBS T 0. 92 eV, X5 &1
state of Ti NG R BRI H5E 07 S sk b fr o0, Wit 1
Chemical Molar fraction/ % Molar fraction min E lll% /fj rlﬂ % é'j:‘: % ﬁ% jj rlﬂ % ﬁj j{j 74.°73 CV, %
olar fraction/ % .
(reisd) % ALOs 1 AT HIHAS . ALOs J2 1B FEL Y 40 nm . 5F
Ti** 25.04 48.72 BHEAN2.3 4 SRR, BEEAET
Ti** 35.42 32.01 REERIE N, SR P ARG K . & 4(b)
T2+ 39. 54 19.27 AR, SAACE Y Al2p W B T AR 3R T ) B
e Wrigb, A 11 min J5 IR TEARAR %, X Ui B Al )
s o RRTRTAK | %530 16) % I XPS
T Ti* VRN ZR i Re 2 — S ALERR I N n
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Al2p B4 4 Fros, RAEFP) 15 FF R,
Al ¥ 2p WEA7 R 74. 95 eV, 72 ALOs H Al IS, Pk
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JE RPN LR IIELRT . B TIEAN 3 SRR, Al

I3 HT HAL S AL TG R TI6AAV & 4R T EIALIE T Al
ITEAS Ao A A — 20 . A58 A R 64 k) 38 T i
BEVERERIAR B, AT Al DLAEAL Y T8 2 A7 78 A R AR
LV LE R 40 M 7 1)

BISHRAN 1.3 5HM V2p il . AT, 1
SREAERTHA 3 54 3R TH 29 3 min (K X ILE
513517 eV diG ez A& A L, V2p 456 fe:
V 4 512 €V; VO 4y 513.5 €V; V,05 4 515
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Fig. 2 Ti2p spectra transition of surface modified layers for different sputtering time
(a) —Untreated; (b) —10 kV; (¢) —20 kV; (d) —30 kV
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Fig.3 Curve-fitting analysis
of Ti2p spectra
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Fig.4 Al2p spectra transition of surface modified layers for different sputtering time
(a) —Untreated; (b) —20 kV
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Fig. 5 V2p spectra transition of surface modified layers for different sputtering time
(a) —Untreated; (b) —20 kV
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