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ABSTRACT

Copper oxide thin film coatings have been successfully coated on reflective
aluminium substrates via facile sol-gel dip-coating route for spectrally selective
absorber (SSA) application. For quantitatively analysis, the reflectance spectra
obtained from UV-Vis-NIR and FTIR equiped with the integration spheres were
used to measure the absorptance and emitance values, respectively. To optimize
the performance, relevant parameters such as the concentration of sol precursor
and the dip-drying cycle were investigated. The increase of the concentration of
copper sol precursor in range of 0.1 - 0.3 M increased the absorptance value,
likewise with the increase of the dip-drying cycles. The maximum absorptance of
a=72% with a spectrally selective absorber profile was achieved by a SSA
material synthesized using 0.3 M copper nitrate, 0.3 M propionic acid, and 8
times dip-drying cycles. The emitance value of £¢=6.63% for this coating was
recorded. Good optical performance of spectrally selective absorber and the
operational simplicity of the synthesis process make this coating have high
prospect as spectrally selective absorber material.

Keywords: copper oxide thin film; sol-gel dip-coating; absorptance — emittance,
optimization

1. INTRODUCTION

There are, at least, two approaches to convert solar radiation into electricity,
namely direct approach using photovoltaic (PV) devices and indirect approach
using photothermal conversion. Photothermal collectors convert solar irradiation
to the heat, which is in turn, will be converted into electricity through the
thermoelectric generator (TEG) or power steam generator (concentrator solar
power (CSP). The efficiency of photothermal conversion is widely known much
higher compared to photovoltaic [1]. Other applications for solar thermal collector
are for solar water heater, solar air conditioner (solar AC), hybrid solar
photothermal-photovoltaic (PV/T), solar dryer, etc. The key component of solar
thermal collector is the solar-absorber surface which strongly affects the
efficiency of the solar thermal conversion. Ideally, the surface absorps as much
as possible incoming solar (UV-Vis_NIR) radiation (high absorptance) but rejects
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the mid-far infrared (MFIR) to minimize heat loss from the heated surface (low
emittance) or welknown as spectrally selective absorber (SSA) surface.

Most widely-used industrial SSA in recent years are metal particles in ceramic
(cermet)  structures  produced by electroplating/electrochemical  or
sputtering/vacuum deposition methods. However, the
electrochemical/electroplating processes are not environmentally friendly [2]
while sputtering/vacuum deposition processes are technically complicated and
necessitates high cost [3]. There is, therefore, a need for cost-effective and
environmentally-friendly production of high quality SSA materials. In this context,
sol-gel techniques meet these criteria and they are potentially very promising
techniques. The sol-gel methods are well-known, simple, low cost, and
environmentally friendly thin film fabrication techniques resulting in a uniform
chemical thin film composition.

Cobalt copper oxides (CusCo,O,) are versatile materials which have been
used in a number important catalytic reactions such as conversion of syngas to
higher alcohols [4, 5], oxidation of carbon monoxide (CO) by O, [6], oxygen
evolutions reaction (EOR) [7], for Fischer-Tropsch synthesis [8] and for
thermoelectric power generation material [9]. Numerous studies have been
conducted to characterize the physicochemical, magnetic, conductivity,
electrochemical and thermal properties of copper-cobalt oxides. However, solar-
based optical properties of copper-cobalt oxides thin film coating are
comparatively less studied [7]. In previous work we have synthesized the copper
cobalt oxide based SSA [10, 11] using simple and environtmentally sol gel
process. Our SSA coating showed promising material for spectrally selective
absorber coating application.

For cost minimizing, stand alone copper oxide is worth considering. Some
researches have explored the copper oxide spectrally selective absorber
material, even though they were produced using a not environtmentally friendly
processess [12, 13]. In this study, we prepared copper oxide thin film coating
deposited on highly reflecting aluminium substrate using simple and
environmentally sol-gel dip-coating, and investigated the surface electronic
structure and the optical (absorptance and emittance) properties. The
parameters studied are concentrations of copper nitrate concentrations and the
dip-drying cycles whereby they were directly correlated to the thickness of the
thin films which ultimately influences their solar absorptance.

2. EXPERIMENTAL

2.1. Preparation of thin film coatings
Copper (Il) nitrate trihydrate (Cu(NO;),.3.H,O (Merck), propionic acid
(C,HsCOOH) and absolute ethanol (Merck) were used as received. The cleaned
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FRPPHUFLDO DOXPLQLXEDWL]HVHG PPV VXEVWQDWUWDWHRSSH
SRZ®H FRSOH[LQJ DJHQW SURSLRQLF DFLG MLQBGDEVROX
WRIJHWKNWIDULQGIG IRWR IRRPUD VHULHV RI 0 0 DQG
FRSSHU QLWUDWH VKO ROROPMEIME@MKHQ XVHG IRU WKLQ |
GHSRVLWLRQ RQ DOXPLOLXPRENE\QN UDWHLWKGUDZDO UDV
PP PLQ DQG VXEVHTXHQWO\ KHDWHG DW -FRRDRVY W RLQ XV
ILOPV ZLWK YDU\LQJ WKLFNQHVVHV ZHUHKISDWEQ U HGFPHUH
EHIRUH ILQDO DQQHDOLQJ LQ RYMHRKBWUWHPSHUDWXUH

2.2. Characterisations

6ROMEVRUSWDQFH ZDV FDOFXODWHG EDVHG RQ WKH {
VWDQGDUG YLD KHPLVSKHEFRELORBHIOWRWDQRHBIXVLQJ
9L-¥,5 -DVFR 9GRXEOH EHDP VSHFWURSKRWRPHWHU ZLWK
VSKHUUHUDUHG UHIOHFWDQFH VSHFWUD LQ WKH ZDYHOHQJ\
ZHUH REWNVIL@QHGD U-HRIIOH¥FVBHGRI 3HUNLQ (OPHU 6SHFWUXP
VSHFWURPHWHU ZLWKLQ WKH UDQJKHIFRPWLQVURVXUIBPH Z
FRQWDFWHG RQ WKH @OUWUIDHFPRQOQ & XDOUBSDMMHVVXUH DUP ZDV SRV
ORFNHG DW IRUFH RI 1 WR PDLQWDLQ KRPRJHQRXV DWYV
7KH UHIOHFWDQFH VSHFWUXP ZDV REWDLQHG DIWHU IRXU \
%DFNJURXQG FRUUHFWLRQ ZDV SMWUWRQY RH G EFHK RUSH PV B XPR

3. RESULTS AND DISCUSSION

3.1. Absorptance properties
7KH DEVRUSWD@Q WKH VRODU ZDYHOHQJIH WKLY DMKH RRVW

LPSRUWDQFH SURSHUWLHV WR PHDVXUH WKH RSWLFDO
$EVRUSWDQFH LD ZHILXXWEGHOGVIUDFWLRQ EHWZHHQ DEVRUEL
LQFRPLQJ URGLODWLBQPKH VRODU DERRUWSWXQRRILDOP
VXEVWUDWB HWDIQUPHQHG LQ WHUP RI UHIOHFWDQFH DV GH
%HFNPD@YV VHHQ LQ (TXDRZLRQHFWUDO UHIOHFWDQFH LQC
DEVRUSWDwgéwrdaQ G

S5HIOHFWDQFH VSHERWWX LK) WO FREIWXPLQLXPVVXEVWUD!
SURGXAHGK YDULDWIIRQFOHGDIH VKRZQF¥HQ\)YUSHFWUXP
KDV ERWUHVSRQGLQJ VRODU DEHWRHIBALDAEHSYDEXH VD OO\ E
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