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Fig. 3 Surface AFM image of AAO film

4.000 pm

Bl 4 RIE G 08 40K FESR 105 Y IR 1 PR AR

3.2 MRANFMHXEAKRRELR

R A K T 4 SO B 4 oK e IR AR 8 2
G LTk RS SAORRIEEE. B 48
AAO JRAEAF L 47 L85 T 49K IR #1805 1)
AL R, R L ARE T K4 AL
BER/N, K487 M o E D7 . W E A LR
H, R 47 B 48 K Ho IR P 4508 IE =A% 4 Y R
FESL, 0 H R O 3 38 B, AR H B A
LA, DRI IE =ML TS 2R 38 s iy B
BZ N Lhum. BEE K40 AL Y3 K, KRR
SPAEEAR D, i HA B A . 5
Jis 48 75 1 P AT B9 T IR AR 300 B T A oL % 1Y 38
K, Db RO AR, BB B P B
G, W05 B4 J7 1 OR B 45° 7 R P AR AR 34
M mAER, REASHAL.

4.000 pr

4.000 pm

Fig. 4 In — situ AFM impression images at different compression displacements after unloading

A2 (1) AT (2) AT, B A /N T4 e i T S0 8 ot A T 0 A 2R e T8 1y o2
TS R B/, WAL B AR A2, REBEMIRK. B 5 AR AL T AAO Ay fin ki
B, R 1NMMESESE. NEPAE S, RS T e naE s ih Z e,



3 34 YRR, % SRR GRS FAERET 5 739

WL R AEMF AEER T, FIHRER AAO BB, 185 A B RS B/, 4800
B4 3.3 Ml 6.6pm By HE M R TUHEATE S, Freb e BEEAM T, EEMSEAE N 9.9um
N, JFIREVER, HIRAE LA A T B B R AR (WL 4), BT B A B A i
Mg, B R DUR B T — A B R, EHBRENST 05 6.6pm Z . AF 48X
W 3.3 Ml 6.6pum FEAEMLH AU HBIMAR LI, 6.6pum NHHBIMARTH C LI T N7
HER, JFaa A EBEEARTE (LA 4), B AR BE(E L 3.3pm /).

] r'.’).' } -—
7000 |-{ — Original g; 12 et
----- 3.3um g s
6000 [ ------ 66um 3 10
------- 9.9um £ ]
Z 5000 : g ¢
S ; % ' --a— Nanohardness
g 4000 7, 8 & —u—Elastic modulus
R 5 -
3000 ; .§ [
/ ] 4
2000 / ; g I
1000 7 AR w—— i
/ a a0 o 0 2 ) o 1 o 0 oK o & . 1 o

0
0123456 78910
Displacement / nm Compression displacement / pm

B 5 AE RO TR N - ek 28 6 4 DL 5 4H oK F7 < P B il 2%

Fig. 5 Loading-unloading curves at different com- Fig. 6. Compression displacement versus
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Table 1 Nanomechanics parameters of AAQO film at different compression displacements

pression displacements

Compression displacement/pm

Nanomechanics parameters

0 33 6.6 9.9
Contact deepness/nm 472.2 4303 442.2 462.8
Contact rigidity /uN-nm 31.1 296 317 34.1
Contact area/nm> 5.462E4+6 4.536E+6 4.792E+6 5.248E+-6
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Table 2 Nanohardness and elastic modulus of AAQO film at different compression

displacements

Compression displacement/pm

Nanomechanics properties

0 3.3 6.6 9.9
Nanohardness/GPa 1.49 1.79 1.69 1.55
Elastic modulus/GPa 11.79 12.32 12.82 13.19
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Nanomechanics Properties Research of Anodic Aluminium Oxide Film
YAO Su-Wei', ZHANG Lu', ZHANG Wei-Guo', ZHANG Zhen-Yu?, LI Hong-Qi?

(1. SUGIYAMA Laboratory of Surface Technology, School of Chemical Engineering and Technology, Tian-
jin University, Tianjin 300072, China; 2. Department of Mechanics, Tianjin University, Tianjin 300072,
China)

Abstract: The highly ordered anodic aluminium oxide film, namely, AAO film was prepared
with the electrochemical anodization method. On-line nanomeasurement and in — situ scanning
functions‘were conducted by the nanocompression instrument cooperated with nanoindenter. The
results show that the nanohardness of AAO film with 50nm hole at 0, 3.3, 6.6, 9.9um compression
displacement-is-1.49, 1.79, 1.69, 1.55GPa and the elastic modulus is 11.79, 12.32, 12.82, 13.19GPa.
The indentations at 6.6, 9.9um compression displacement appear obvious plastic deformation pro-
duced by the compression force as indicated by the load versus displacement curve and indentation

surface morphology, so the nanohardness decreases while the elastic modulus increases all through.

Key words anodic aluminium oxide film (AAQO); nanocompression; nanoindentation; in — situ

scanning



