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Fabrication of gradient oxide layer on aluminum alloy surface and study on its scratch resistance
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Abstract: [Objective] Surface scratching often emerges during the transportation, assembly, and applications of
aluminum alloy materials. A gradient anodic oxide film was fabricated on aluminum alloy through the regulation of
anodizing voltage to improve its scratch resistance. [Method] The phase composition, microstructure, surface roughness,
hardness, and scratch resistance of the anodic oxide layer on 2024 aluminum alloy surface were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), surface profilometry, microhardness testing, and scratch testing.
[Result] The surface morphology of the anodic oxide film was dominated by a clustered structure composed of nanopores,
and the oxide film primarily consisted of amorphous alumina phase. For the anodic oxide films prepared at constant
voltages, increasing the oxidation voltage from 20 V to 60 V led to a gradual increase in surface roughness (Ra increased
from 0.65 um to 1.32 um), a decrease in average microhardness from 417 HV to 221 HV, and a deterioration in scratch
resistance, with the critical load for delamination decreasing from approximately 20 N to 12 N. The anodic oxide film
prepared with a gradient voltage from 20 V to 60 V exhibited the optimal scratch resistance, with a maximum scratch
width of only 0.211 mm and a critical delamination load of 29.5 N. [Conclusion| By adjusting the anodizing voltage, an
anodic oxide film with excellent scratch resistance can be prepared on aluminum alloy. This study provides a new
approach for enhancing the scratch protection of aluminum alloy surfaces.
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Figure 1 Pretreatment process flow and photograph of pretreated aluminum alloy specimen
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Figure 2 Variation of applied voltage with time during anodic oxidation of specimen 6#
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Figure 3 Schematic diagram of the device for preparation of gradient oxide layer on aluminum alloy
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Figure 4 Schematic diagram of scratch resistance testing
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Figure 5 Low-magnification SEM images of anodic oxidization specimens
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Figure 6 High-magnification SEM images of anodic oxidization specimens
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Figure 7 Surface roughness of anodic oxidization specimens
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Figure 8 XRD characterization results of anodic oxidization specimens
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Figure 9 Microhardness of anodic oxidization specimens
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Figure 10 Relationship between frictional force and normal load during scratch tests of anodic oxidization specimens
MR LRI P (I EEE  SiE R AT IR A, R RATHSR A e v EE R DR B AR A e, 4
B 11 P RE S R BE BRI SRR, FLREAE BT A3 KT 2T B AR, HB 2 e 1A, Ui
FEAR B T 1) 2% R BE AR SR A IR 2 (0 R v TR e A RO BRI FLAh FL LS T P 5 FROASE o 1 JRE 4
PRI A IR RRAR S The s S T PRSI R . I A i 7E I 45X 00 5 i B A1 B DRI R
o TR R G B, RZIRBOR, KRR NI B ERERR G BREA LRIFEIEE. YIIRNHT B R H
e, I 2R H B AR AR 2 2 T8 BRI AT AN RIS, SR 1R 2 B O S5 A AN ] R A 72 7t S 3

2 U A KT RE AN ] o

0.6

1I0 2I0 3IO 4'0
i/ N
B EERRd R RRE USRS RENX R

Figure 11 Relationship between friction coefficient and normal load during scratch tests of anodic oxidization specimens
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Figure 12 Metallographs of scratch tracks of anodic oxidization specimens
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