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Abstract

Black cobalt solar selective coatings were prepared by thermal oxidation of electroplated cobalt metal on copper and
nickel substrates. The optical properties and structure of the black cobalt selective coating for solar energy utilizations
were characterized by glow discharge spectrometry (GDS), ultraviolet-visible-near infrared (UV-VIS-NIR)
spectrometer, atom force microscopy (AFM) and X-ray photoelectron spectroscopy (XPS). The optical properties of
optimum black cobalt selective coating prepared on copper substrate were a solar absorptance of 0.82 and a thermal
emittance of 0.01. From the GDS depth profile analysis of these coatings, the concentration of cobalt particles near
the interface was higher than at the surface, but oxygen concentration at the surface was higher than at the interface.
These results suggest that the selective absorption was dominated by this chemical composition variation in the
coating. The surface of this film exhibited morphology with root-mean-square (rms) roughness of about 144.3 nm.
XPS measurements data showed that several phases of Co coexist (Coz04, CoO) in the film.

Keywords : S 3@ E g X854 (Black cobalt solar selective coatings), €4F38} (Thermal oxidation),
FshA (Optical properties), 41884 (Selective absorption).
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Table 1. Bath composition and deposition conditions for
black cobalt plating.

CuSO4 7THO : - 450 g/l
Boric Acid : -~ 33 g/l
KCl : - 16 g/
PH : ~ 3.56
Bath Temperature : - 20 °C
Current Density : - 300 A/m’
Distance of Cathode-Anode : -~ 5 cm
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Fig. 1. Schematic diagram of the electroplating apparatus
for the electrodeposition of black cobalt coatings.
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Fig. 2. Schematic diagram of the auxiliary electrode for
uniform distribution of current density.
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Fig. 3. Spectral reflectance of the black cobalt solar
selective coating prepared on copper substrate.
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Table 2. Plating conditions and typical result of optical measutements for the black cobalt.

Oxidation Temp. Sample No. Plating Time (min) Abst()z)gance Emitetz)ance
Cu-Co-300-2 2 0.53 0.01
300 °C Cu-Co-300-4 4 0.57 0.01
Cu-Co-300-9 9 0.58 0.01
Cu-Co-350-2 2 0.79 0.01
350 °C Cu-Co-350-4 4 0.80 0.01
Cu-Co-350-9 9 0.82 0.01
Cu-Co-450-2 2 0.74 0.08
450 °C Cu-Co-450-4 4 0.69 0.01
Cu-Co-450-9 9 0.75 0.01
deht wAbgo] efzk wAl Al F4g o Al 2k AFAAR HEFde W
of YA FAH A o] A2 Co uhure] 33t = S8t = BES Aa=0 95 9 F
A wiEelth o] AR AATTae ¥ T AUk o] A= o] Alme A WA
HE 54350 o] 4TS AR ANe o ¢4 vehan
T2 4 FA 9k #E ) Black Co A8 57 gy 4% CuZl3t floll =aA7Es WA
2 Cu-Co-350-9 Al &g th2 daEe]l A 7 350 “Coll A 31 53k 7k AbskA| A A
2+3k black Cr % black Co A&} &4=2t3} 1) 23k black Co A= WHALS W stE UER]

il

A &9t Zajac S%%0] A2 black Cre
a=0.96°1921 300 °C o] &moA
71 ASIAAS W a=0.802 #A3A

283 Smith 57Y o] F71% 400 °Cell A 25
A ZF 7} Ake AJA A ZHeE black Co A9 5
ke 0 =0.87 o9 o Avila 579& SS
71#$]oll spray pyrolisis ¥ 2 & black Co
oxide AEFFES A 2Hste] 550 ‘Coll A 5

N7 Bt dAY 3 F a=0.82, e=0.68
At B Ao A 23 black Co A&

Cu-Co-350-9%= o =0.82, e=0.01 At} u}
ZtA 7k 2bsl A9 black Cr¥BthE &5
go] "ol 1} tp2 A7 A3V plack Cost
H 28k §48&S Holal 9tk

3 Cu-Co-350-9¢F Ni-Co-350-9 (Ni 7]
7 9Jol] =FAIZF 987 Co =Fe F 350 °C
o Al 3AIZE 7HE ARSEAl A Al ZFe A8 g

=
2 AR)e] Co AEFaH A 8e 18X3F &

L

52

ek 2t A7k

e

0.2-1.0 pm FAlA =LA WHa}A

UEAL &

o]
e

grot

Cu-C0-350-99] A5+ 1-25 pm G ellA

AL SEHA S H o FFeol

< 7Fsk T

100 T
—— Cu-Co0-350-2
sol ~— Cu-Co-350-4 i

------ Cu-Co0-350-9

9

Kl

=

s

8

o

=

0
0.20.25 0.5

Fig.

075 1 1.25
‘Wavelength (nm)

25

4. Spectral reflectance of the black cobalt solar

selective coating prepared on copper substrates

with various plating time.

S=EOAREE] ==& Vol. 31, No. 4, 2011



Table 3. Integrated absorptance and emittance for the black cobalt selective coating prepared on nickel substrates.

Oxidation Plating time Absorptance Emittance
Sample No. ]
Temp. (min) () (€)
Ni-Co-350-2 2 0.77 0.04
350 °C Ni-Co-350-4 4 0.77 0.03
Ni-Co-350-9 9 0.80 0.02
100 , I 9o} AlE Ni-Co-350-2 ¢ R &S
Ni-Co0-350-2 _ - _
- - = -Ni-Co0-350-4 0.2 -0.75 um oﬂ ]\1 A= 7]';8- l:"z:_'7'ﬂ :|z__7<6] 31 0_1 :\(:51:‘
L] - Ni-Co0-350-9 A

Reflectance (%)
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g. 5. Spectral reflectance of the black cobalt solar
selective coating prepared on nickel substrates
with various plating time.
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Fig. 6. Spectral reflectance of the black cobalt solar
selective coating prepared on nickel, copper
and stainless steel substrates.
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