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ABSTRACT

Anodization is widely used to enhance the properties of aluminum, such as hardness, electric resistance,
abrasion resistance, corrosion resistance etc. But these properties can be enhanced with additional process.
According to the partial crystallization of oxide layer with post heat treatment, enhanced hardness can be
expected with partial crystallization. In this study, post heat treatments were applied to the anodized aluminum
alloys of Al6061 to achieve the partial crystallization, and crystallizations were evaluated with the reduced
breakdown voltages. Interestingly, remarkable enhanced hardness (21~29%), abrasion resistance (26~62%),
and reduced breakdown voltage (24~44%) were observed for the sulfuric acid anodized samples when we
annealed the anodized samples with lThour post heat treatment at 360°C. For the Al5052 alloys, a lot of
cracks were observed when we applied the post heat treatment.
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Fig. 1. Flow chart of process and camera images of
sealed anodization samples. (a) Flow chart of
process, (b) camera image of anodized AlI5052 with
sulfuric acid, (c) camera image of anodized Al6061
with sulfuric acid.

Table 1. Measured values of anodized samples after
Li sealing

\Vickers hardness (HV)Corrosion resistance (min.
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Fig. 2. Heat treated sample images of sulfuric acid anodized Al5052 varying heating temperatures, and crack
analysis with light intensities. (a) Flow chart of heat treatment process, (b) sample without post heat treatment, (c)
sample with 1hour heating at 100°C, (d) sample with 1hour heating at 200°C, (e) sample with 1hour heating at
300°C. Inset images are 400x magnified surface images taken by microscope. (f) Gray scale image of inset in fig.
2e. Red arrow represents the vertical direction of crack for the intensity analysis. (g) Plots of light intensity profiles
along the vertical direction of crack for 3 different heating temperatures. Crack positions (~70 mm) and maximum

intensities are normalized for each temperatures.

25 AR 4 Uk G uE g ¥l o}
Uz} AslEe] AA4ste H 2ol dFEY JdE
LoRldl, 7 7HA dde] AT E Sl Wol
Ash= Aol SAeolEk & 4 A [6,10-12]. 31
g go] HAsHAE Wagoly e 549 §4
3t Aslrb o]Fo] A F A7)l FFo] TAEEA
2e 3dxy FAHS PoR I AXE ¢ =
ol HHOZ AlIS052 AlHe| FEAEE Y3}
RARE 27 204 B vpe} ho] #do] WSt

gdxglE MYt A FHoZ 50004 <L
dFuF2 GAHEE A ZAT 6000412 &

A& st Aol F&Este] 2= Al6061 of=T}
ol Aol TIA = Fgsl] 1 AFE AlS052
oF mjwaltt. 1§ 304 Hol= uieh o], &
ko7 FAAZ AIS052 2HslES 360°C 1A 7 #
Aol <3 EH Fdo] AWsiA WAYSA| T
Al6061 AFstES 72 x71e] FAA T L]
2k v dAstE AS HAFIT SR

W oolm Ao gl upeh 2

He, 2339
o] Elo] WASE AeM Y (itting)e]l V=

2

m\l

0 ‘:(i
ol

O

Al Zolus AL e 4 9tk HSe] 1™

Fo] 6000A| XL} ++

Y gtk Zlolt). £

<] 3l7] W=

AET}H 5000492 600049 T o] w}E

12 Goueffon et al.ol <3 A& W&}
Ax3HE AS ¢ F AT [11].

Chang et al.®] Aol =W FIAHZ A3
GdFrg AbslEe] AAsIE sl Ago] FH3HA
74sh7] el [10], 2tslEe] A71d 548 5
8 AAs AeE i & & o FIAHYE
st AAQSIE o]FaL o]E T AHEo Ik

Ao FHol7)d, WA AAstE Ataly] 91s

o
nj
=
¢

QL
fd
A
S
QL
X,
mE

o N2
2
2

(TR r‘E 1R M 12
o
NS
o,
L
=
4
lo
i
e
fa)
1
st
o

o] ZHz; 24, 44% adhes 2SI + A
Ak =, TEAGA o) AbsS Wi
Asl2 Aol FhashH e oF HtoM= A
AZol FH=H= of uwFol WSt At
Aoz ols)At}t. A, ofirio]lq AlHe A
3= 98] g7t AFgE dxa 2740 360°C 1

i)

o rr



Yoonnam Jeon et al./J. Korean Inst. Surf. Eng. 52 (2019) 275-281

279

without heat treatment

Al 5052

Al 6061

; 100fm

100pm

with heat treatment

Fig. 3. Microscope images for 2 different aluminum alloys (AlI5052 and AI6061), before and after the post heat
(360°C 1h) treatments. Inset images are magnifications of the cracks.

Table 2. Measured values of breakdown voltage
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Fig. 4. Property changes by post heat treatment for the anodized AI6061. (a) Vickers hardness, (b) Abrasion

amounts during 1,000 cycles.
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Table 3. Measured values of hardness and abrasion
amount

Al6061 (Sulfuric acid)
heat treatment
t =30um t =43um
Vickers X 404+30 371+16
hardness
(HV) 0 487434 | 479424
Abrasion X 3.8+0.3 3.7
amount
(mg/1,000cycles) O 2.8+0.1 1.4+0.1
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