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ABSTRACT
Development of materials with the ideal black body absorption spectrum are of great interest. Such materials could
improve the efficiency of solar cells, and passive cooling and heat transfer systems as well as the protective and
decorative coatings. Fabricating black anodizing coatings is promising for this purpose because they exhibit low light
reflection from the surface. Such coatings can be produced through successive anodizing and black coating of
aluminum alloys. In this study, the effect of anodizing repetition on the absorption coefficient of the black anodizing
coatings on 2024 aluminum alloy was investigated, as model. All the parameters were fixed in the black coloring stage
to evaluate the influence of the anodizing steps. After a one-step anodizing, the black coatings showed an absorption
coefficient of 0.956 in the visible region and 0.911 in the of 220 to 2200 nm wavelength range, while their absorption
coefficient increased after a three-step anodizing up to 0.982 in the visible region and up to 0.966 in the 220 to 2200 nm
wavelength range. This indicates that anodizing repetition helps the optical absorption of black anodizing coatings to

approach the optical absorption of an ideal black body.

Keywords: Black body, Anodizing, Black anodizing, Solar absorption.

1. INTRODUCTION

A black body is an ideal physical body that can
absorb all the incident electromagnetic radiation at
any frequency or angle. The object does not
reflect the received light and does not let it pass
through. An ideal black body has many potential
applications in solar cells, passive cooling and
heat transfer systems, and protective coatings
against the sunlight [1].

Black anodic coatings are produced through
the anodizing process and the subsequent
precipitation of the organic or inorganic pigments,
including nickel sulfide or cobalt sulfide, inside
the pores of the produced porous anodic oxide
layers. Black anodizing improves the absorption
coefficient of the aluminum surface and increases
the emission coefficient of the aluminum surface
in the infrared range. It is well-known that
anodizing parameters such as temperature, applied
voltage, time, and electrolyte concentration affect
the nanostructure of the grown anodic pores and
change the pore order, pore diameter, and the
thickness of the anodic layer [2]. In this study, the
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influence of the anodizing regime in the
reflectance of the obtained oxide layers has been
investigated, after black coloring.

layer thickness [2]. In this study, the influence
of the anodizing regime in the reflectance of the
obtained oxide layers has been investigated, after
black coloring.

2. MATERIALS AND METHODS

2.1. Surface preparation

The 2024 aluminum alloy samples were surface-
treated before anodizing. First, the 2024
aluminum alloy samples were polished. The
samples were then cleaned according to the
following procedure: 1. Degreasing in trichloro-
ethylene for 30 minutes. 2. Etching in a solution
of: Trisodium phosphate 12,5 (g/l) and Sodium
carbonate 6,2 (g/1). 3. Deoxidizing for 3 minutes
at room temperature in a 50 vol.% solution of
nitric acid in water. 4. Removal of all residues
before anodizing by scrubbing or ultrasonic
cleaning. 5. Rinsing in deionized or distilled
water. Notably, the cleaning treatments shall
immediately precede anodizing to avoid rapid

Journal of Advanced Materials in Engineering, Vol. 40, No. 4, Winter 2022 26



Hashemi Rizi and Nourmohammadi Abadchi

Effect of Multi-Step Anodizing Methods on the ...

Table 1. The parameters selected for anodizing 2024 aluminum alloy in a 150 g/l sulfuric acid bath

Sample name  Number of anodizing

Anodizing time

Electrolyte temperature Current density

steps (min) (°C) (A/dm?)
Al One 50 25 1.7
120 25 3
A2 Two 50 25 1.7
120 25 3
A3 Three 120 25 3
50 25 1.7
contamination or oxidation of the treated 50 ] —
aluminum surface. The temperature of the etchant 45 1 e A2
bath was held at 93 + 2 °C and the immersion 40 1 A3
time was fixed at 5 minutes in the second cleaning a5 1
stage. 0]
2.2. Anodizing process YR 251
The anodizing bath was a 150 g/l sulfuric acid 201
solution in deionized or distilled water. The 154 . e
anodizing bath temperature was kept constant at i, e
25 £ 1 °C. Air agitation of the electrolyte should s (_ . et 7' e
be sufficient to keep the specimen to electrolyte . e ees St

temperature tolerance inside the whole bath below
+0.5 °C. For the first anodizing step, a fixed
current density and anodizing time of 1.7 A/dm?
and 50 minutes were selected, respectively. The
parameters of the second and the third anodizing
steps were selected according to the Table 1. A
0.2 M chromic acid and a 0.5 phosphoric acid
were respectively used to remove the oxide layer
between the anodizing steps.

2.3. Dyeing and sealing process

Two dyeing solutions were prepared which were
consisted of a 50 g/l reagent-grade nickel acetate
solution in deionized water and a 25 wt%
ammonium  hydrosulphide  solution.  The
temperature of both solutions was fixed at 25+2
°C. The anodized samples were immersed in the
nickel acetate solution at 25 & 2 °C for 3 min. The
dyed samples were then rinsed in deionized water
to remove the excess nickel acetate solution, and
immediately immersed in ammonium
hydrosulphide for 3 min. The colored samples
were subsequently rinsed again in deionized
water. The mentioned procedures were repeated
until the surface of the aluminum parts seemed
deep black, which happened after 3 to 5 dips. The
final dyed parts were sealed through immersion in
boiling deionized water for 25 min. Reflective
UV- Vis-NIR-DRS test was used to obtain the

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Wavelength (nm)

Figure 1. Reflectance of the produced black
anodizing coatings on 2024 aluminum versus light
wavelength; the samples are colored after different
anodizing regimes: one-step anodizing (sample Al),
two-step anodizing (sample A2), and three-step
anodizing (sample A3).

absorption rate of the coating. The wavelength
range was from 200 to 2200 nm.

3. RESULTS AND DISCUSSION

In this study, all parameters were fixed in the
black coloring stage to evaluate the influence of
the anodizing steps on the reflectance of the
produced black anodizing coatings. Moreover,
all analyzed samples had similar visual coloring
quality. Then, the reflectance of the samples with
the different anodizing steps was measured after
similar dyeing procedures. According to Figure
1, the optical absorption in both the visible
region and the 220 to 2200 nm wavelength range
was improved with increasing the anodizing
steps. This could be due to more regular growth
of the oxide layer pores. An ordered pore
arrangement inside the aluminum oxide layer
resulted in better deposition of nickel sulfide
inside the pores.
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4. CONCLUSION

The influence of the anodizing regime in the
reflectance of the black anodizing coatings on
2024 aluminum was investigated, as model. It was
found that repeating the anodizing stage can
change the light reflectance in a wide range. The
absorption coefficient of black colored samples
increased from 0.956 in the visible region and
0.911 in the 220-2200 nm wavelength range after
a one-step anodizing process to 0.982 in the
visible region and 0.966 in 220-2200 nm
wavelength range after a three-step anodizing
process. It was observed in this study that light
reflection from the surface can be minimized
through black dyeing and multiple-step anodizing.
It is concluded that multiple-step anodizing helps
the optical absorption of black anodizing coatings
to approach the optical absorption of an ideal
black body.
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