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Nanoindenation and Nanoscratch Measurements to
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ABSTRACT : Objective To determine the differences in mechanical properties of TiO, nano-film prepared by the method of anodic
oxidation on different titanium alloy surfaces (TAl, TC4, TC4F136) under the same processing conditions. Methods SEM and
AFM were used to observe morphology and structure of these three kinds of samples. The UNHT nanoindentor was used to test the
mechanical property of TiO, nano-film, and nano scratch was performed to determine the adhesive strength and the friction property
between TiO, nano-films on the three titanium alloy surfaces and the substrate. Nanoindentation was used to test microhardness and
elastic modulus of TiO, nano-films. Results It showed that the structure (tube diameter, wall thickness and length) of TiO, films
formed on different titanium alloy substrate differed from each other although they were prepared in the same electrolyte and other

electrochemical conditions. Conclusion The mechanical properties of TiO, nano-films on titanium alloy substrates which are pre-
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pared by anodic oxidation depend on the micromorphology of TiO, and its adhesive strength with the substrates which ultimately de-

pend on the difference of elementary composition of those alloys.
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Tab.1 The number and shape of titanium alloy samples

N AR JiE)Z
1" TA1 15 mmx20 mmx3 mm TiO,
2f TC4 15 mmx15 mmx3 mm TiO,
3 TC4F136 $25 mmx3 mm TiO,

2 #RE5THE
2.1 TiO, MAKERI MK LGS
B 1 R 13" Tio, MBIES, W

BRI N A P AKAL, 455 57 ) B s i
AU ARG , 5350 W AT LA/, e 1
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Bl 1 iREER I TiO, QUK iIEIE S0 & 4544

Fig. 1 Morphology and structure of TiO, nano-film on the sample

surface
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Fig. 2 Relationship of load, friction force and displacement for samples
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Fig.3 The partial amplified schema of relationship of friction force and displacement
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Fig. 4 Upload/unload-displacement curves of 3 samples
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Fig. 5 Mechanical properties of TiO, film on the sample surface

3 Fig

1) BB AL AR B G SR M 5 Tio, W,
T 4 LAY AR R A Y THO, 499 K T IS RO 35 %
LERANTRL, TR A OO SR S A D e T R Y
“FIERE, 2T A B ) e v RS AR A AR R
BEJRIE KA I K B DI OC

2) TiO, W5 FEAR LS 5 9 B R H ) S R RE,
VIR A PRV BRI T BRI, 5 IR S8 R 45 45
JEA G, TiO, IR B RE 45 5 o R 8 Y FIRPT IR
Y HE T G

Stk

[1] GONG D W,GRIMES C A,VARGHESE O K et al. Titanium
Oxide Nanotube Arrays Prepared by Anodic Oxidation[ ] ].
Journal of Materials Research,2001,16(12) :3331—3334.

[2] MICHAEL Z. Synthesis and Characterization of Anodized Ti-
tanium-oxide Nanotube Arrays[ J]. Journal of Materials Sci-
ence,2009,44(11) ;2820—2827.

(3] SKBUMN,PMH, 3, 45 BRI/ TIO, J0KRE R A Y)
WA ZEMELT]. P EAS T EM,2014,18(3)
335—340.

ZHANG Hang-zhou,SUN Yu, WANG Lin,et al. Biocompat-
ibility of Hydroxyapatite/TiO, Nanotube Composites [ J ].
Chinese Journal of Tissue Engineering Research, 2014, 18



Fa4t Hol

JEZRAP A GO TRIRATRIE U SE TiO, GKIHEIR 19 1 2P hE . 119 -

(3) :335—340.

(4] SRENZAS, WESCEL, BUAM, 2. B S AL 21 45 Tio, JE7E

RAPLR I AR DA TS JE M RE (0] b B 1ok 5 By 4727
#,2013,33(1) ;23—28.
ZHANG Qin-jie, YAO Wen-hong, HE Ben-lin, et al. Corro-
sion Behavior of TiO, Film Prepared by Anodic Oxidation
Method in Simulated Deep Sea Hydrothermal Region[ J].
Journal of Chinese Society for Corrosion and Protection,
2013,33(1) :23—28.

[5] OLIVER W C,PHARR G M. An Improved Technique for
Determining Hardness and Elastic Modulus using Load and
Displacement Sensing indentation Experiments[ J]. Journal
of Materials Research,1992,7(6) ;:1564—1583.

(6] ZRH]EVEHE. 90K IR BORBISHEAN [ )], ML T~
#,2003,39(3) ;142—145.

LI Ming, WEN Shi-zhu. Theoretical Methods on Nanoindent-
ation [ J ]. Chinese Journal of Mechanical Engineering.
2003,39(3) :142—145.

(7] Thud <l Bk U 45 5 o B RAE AP [ )], R4
A,2001,30(5) :15—19.

MA Feng,CAI Xun. Characterization and Evaluation of the
Interfacial Bond Strength Between Coating and Substrate
[J]. Surface Technology,2001,30(5) :15—19.

(8] BHT MR R, T2 56 RN SE TIAIN W2 455
PREERIATSTT). MR 2013 ,42(5) :108—112.
HUANG Ke, YANG Hu-liang, CHEN Li-xue, et al. Study on
the Adhesion Strength of a TiAIN Coating by Scratch Tester
[J]. Surface Technology,2013,42(5) ;108—112.

(9] ke WAL KRB, 55 B9k REER ) 2 M fE
IHKBARWITE[J]. RMHA ,2006,35(4) :77—79.
JIANG Hong-kui, HU Li-guang, ZHU Chun-geng , et al.
Testing Technology of Mechanical Properties of Micro/
nanoscale Camponent [ J ]. Surface Technology, 2006, 35
(4):77—79.

(E#% 114 W)
(91  BfiAHE. BESES [ M. dE st Jbat th kit 1990.
LU Da-xiong. Tribology Introduction [ M ]. Beijing: Beijing

Press, 1990.
[10] ERUZ, XIFR. BEAE OB K R TR M. Jbat . HB
Tl A, 2012.

WANG Cheng-biao, LIU Jia-jun. Tribological Materials and
Surface Engineering[ M ]. Beijing: Defense Industry Press,
2012.

[11] BORSE. BRI M. JE5 . A= Tl kit 2010.
CHENG Da-xian. Mechanical Design Handbook [ M ]. Bei-
jing: Chemical Industry Press 2010.

[12] AR PC, AR, 3D KLKE R 1 i1 K7 AL F iE 15 12 fih R 1
ST ). PHE A R AR 2012(11) :15—22.

[10] 2588 W2, e AR F. TCA B &l /1K Tio, iR

il f B EE PR RE XM [ T]. b1 ORE T4, 2014, 28 (8)
117—120.
YAN Zhi-xing, HU Zhong-ju, LONG Dong-ping. Preparation
and Tribological Properties Analysis of superhydrophilicity/
superhydrophobicTiO, Film on TC4 Titanium Alloy[ J]. Ma-
terials Review,2014,28(8) :117—120.

[11] e B o, 2 & SRR WA P Tio, JKAE IR

B Iy 2P RE S B R R SR T ST [ C /30— T 4
[ BRI 2 KR i 304 ,2013.
LONG Dong-ping , XUE Jian-rong, YAN Zhi-xin. Study on
TiO, Film with High Order Nanotube Arrays and Mechanical
Properties and Tribology[ C]//11th National Conference on
Tribology ,2013.

[12] sRZAE. B 9K Ty A AR B R H [ M. b st HL
ATl H A, 2005.

ZHANG Tai-hua. Micro/Nano Mechanics Testing Technology
and Application| M ]. Beijing: China Machine Press,2005.

[13] skZEME gk R ANMRE R H R [T]. 950 7%,
2004,19(4) .437—442.

ZHANG Tai-hua. Factors Influencing Nanoindentation Test
Data[ J]. Journal of Experimental Mechanics,2004,19(4) .
437—442.

[14] STALLAR D J, POULAT S,TEER D G. The Study of the
Adhesionof a TiN Coating on Steel Andtitanium Alloy Sub-
strates using a Multi-mode Scratch Tester[ J ]. Tribology In-
ternational ,2006,39 ;. 159—166.

(157 gkA, FEIE, 5 E B, %5 Ti, TiN, Ti0, B2 948k 5

SAPEREIN K5 2 Hr [T]. 5856 157, 2012,27 (6) . 721—
726.
ZHANG Xing, WANG He-feng, YUAN Guo-zheng, et al.
Nanomechanical Properties Test and Analysis of Ti, TiN and
TiO, Modified Layers[ J]. Journal of Experimental Mechan-
ics,2012,27(6) :721—726.

YANG Guo-qing, XIONG Mei-hua. Numerical Characteriza-
tion and Contact Performances for 3D Rough[ J]. Journal of
Xi'an Jiaotong University . 2012(11) :15—22.

[13] BRI, B B it RS 3% T s S8 M A A [ ] AL
BT A4, 2007 (13) :1—3
ZHAO Yong-wu, LYU Yan-ming. Elastic Contact Model of
New Rough Surface[ J]. Journal of Mechanical Engineering,
2007(13) .1-—-3.

(147 A B SRS 3 10 B2 A B AU AT 5T [ )], HLARAL 2 5 4
A ,2001(12) :3—5
SONG Min. Contact Mode of Real Rough Surface[ J]. Me-
chanical Science and Technology,2001(12) ;3—S5.



