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Thermal Degradation of Black Cobalt Solar
Selective Coatings
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Abstract : Black cobalt solar selective coatings were prepared by using an electroplating method. The changes in
the optical properties of the black cobalt selective coating due to thermal degradation were analyzed by using the
Auger electron spectroscopy (AES) and spectrophotometer. The black cobalt selective coating was prepared on
a copper substrate by using a synthesized electrolyte with CoCly and KSCN at a current density of ~ 0.5A/dm’
for 45s ~ 60s. Its optical properties were a solar absorptance () of the order of 0.80 ~ 0.84 and a thermal
emittance (€) of 0.01. From the AES depth profile analysis of heated sample, thermal degradation of the black
cobalt selective coating heated for 33 hours at temperature of 350 °C occurred primarily due to interdiffusion at
interface of cobalt and copper substrate. This results were predictable that the « decreases due to the thermal
oxidation and diffusion.
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XA1-337d2 147 1(X-ray photoelectron spectroscopy),
o|AFAAFE B4 7 (secondary ion mass spectrometry),
AL =7 A 33 -2 A 9] A 73371 (UV-VIS-NIR
spectrophotometer) 52 238 X & A}1-83}4
Aelgaute] FEAded digh A7 B9 skA
FEo] grp? Ay AeFe S F
TFA-ALA ] At il S22 (black chrome)
7} S FE (black cobalt) 4
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W|eafos SATRES A w) AR8Sh=
A3 H-& cobalt sulphide, cobalt oxides—hydroxides,
thermal cobalt oxides 5 o 2] 7}#] =5 4¥0]
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Table 1. Bath composition and deposition conditions
for black cobalt plating.

KSCN ~ 2B g/1

CoClz ~ 25¢g /1
Current density ~ 05 A/dm®
Distance between the 5 em

anode and the cathode

Ratio of the anode to 91

the cathode

Anode material 5% Sn + 95% Pb
Temperature ~ 20 °C

Plating time 30 - 60 sec.

Ab 1S 47] $938] Buehler polishing paste
0.05 pm ALOs= HF vwhzkAlg] stdvh A=

o 47 BE7e ANEFHATE A4 o

5% ¥
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37] (Auger electron spectroscopy, Perkin

Elmer, PHI 700)2 ®}9to] Zlojo] wh& 3 HEZ
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FA = g Eage 2
th Al5e] a= A -TRA -2 A 9 &
7] (Varian Carry 5000)2 o] &3} 2 &
(Diffuse Reflectance Accessory, DRA-2500)
S F-zate] v 02 - 25 pm GGl A wkAL
Z8kaL, air mass 2 2% E ¢ 3} Duffie'”

= ol-&3ato] Asth e Aol A
A9l #337] (Fourier Transform Infrared
Spectroscopy, Bruk, IFS 66/S)S A-&3}o] 1}
A9 25 - 25 pumF oA AWALE: (specular
reflectance) S 433 100 T SA| HAF o)
al 244 skt

459

3. Az #H =9

Table 2= HA A g-dS A7) S8 +
g 71 Yol dA4F AFLE~05A/m* <
EE25~20 T oA =aAIZHS Wsha71H
A Az SMIRE B AEFSte W
AHgE SAske] ANE adt eo] Afelrt?

Table 2. Plating conditions and typical result of optical
measutements for the black cobalt selective coatings.

g‘liitlls g( sec) « € Film

30 0.72 0.01 RCuCo30
45 0.80 0.01 RCuCo45
45~ 150 0.84 0.01 RcuCodba
60 0.81 0.01 RCuCo60
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Foll A & = %ol EaAIZE 45-60s (second)
oA A&E A8 RCuCodba ¢ RCuCob07}
242t o =0.84 ¢=0.01, a=0.81 e=0.01<
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3 A= a=0.70, e =0.04= 4& F AU
Aoz gl 3 4 YAk

Fig. 12 A 2¥ Al=9] 34 0.2~25um
Aol A S43 ALS Wiste] AP AQ gk o & 1}
ERd Zlolo) o] W2 X Elq = 0.80, ¢ = 0.017}
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Fig. 1 Spectral reflectance of the back cobalt solar selective
coating electrodeposited on copper substrate.
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Fig. 2 Spectral reflectance of the back cobalt solar
selective coating electrodeposited on copper substrate
before and after heating in air.
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Table 3. Integrated absorptance and emittance for black
cobalt coating before and after annealing in air.

Sample Annealing o | € A«
. None,
RCuCo45a 0.84] 0.01 0
As-prepared
RCuCol2H | 250°Cx9h+350°Cx3h | 0.80| 0.04 -0.04
250°Cx9h+350°Cx3h
RCuCo42H +350°Cx30h 0.62] 0.09 -0.22
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Fig. 3 Auger electron spectrum of the back cobalt
coating electrodeposited on copper substrate before heat
treatment in air.
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Fig. 4 Auger electron spectrum of the back cobalt
coating electrodeposited on copper substrate after heat
treatment (sample: RCuCo42H).
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Fig. 5 Depth profile of the back cobalt coating
electrodeposited on copper substrate after heat
treatment (sample: RCuCo42H).
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