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Abstract

Thin films of cadmium sulphide were successfully piesited on polished
aluminium sample plates by solar assisted Eleatssls Chemical Deposition (ECD)
method at ambient temperature of ¥D. The thermal emittance of the sample plates
were measured using an emissiometer before andrafeposition of the thin films.
The average thermal emittance value of the polishgldtes was 0.10+0.01 while the
thermal emittance value of the coated plates randemin 0.21 to 0.24+0.01 depending
on the deposition time. The film thickness of tlseated sample plates value ranged
from 1.273 to 6.825um *0.001. The low thermal ewiite value of the coated plates
compare favorably with spectrally selective surfaeesed in solar collectors.

Key words: Thermal emittance, Emissometer, Eleatsd Chemical Deposition
Method , Thin films, Film thickness, Aluminium .

1.0 Introduction

A spectral selective coating is an important resmient for efficient photothermal converters. Iteisiployed for
effective conversion of solar energy into heat\arious applications such as solar water heaterbdbwater supplies in
homes and hospitals, solar cookers, solar drietar svater distillation for production of salt froeea water, solar thermal
refrigerators, poultry production, e.t.c [1-4]. pestrally selective absorber has maximum absorgtosolar wavelengths
(0.3 to 2.5um) and minimum emittance for thermalelangths (3.0 to 30.0 um) [5]. The amount of selaergy absorbed
by a surface is directly proportional to solar absmce, while the quantity of radiation energy ésxitis proportional to the
thermal emittance, [6]. Selective surfaces are galmgbrbers of solar radiation and poor emittancth@fmal radiation [6-
8].The advantages of using spectrally selectivéasas for solar energy collectors were first repibrdon separate papers by
[9,10]. Prior to their demonstration, black paintfaces that were used in solar energy collect@sevwgood absorbers of
solar energy with solar absorbance of 95% and gdeal emitters of thermal radiation with thermal #amce of 90%. For
typical selective surfaces, solar absorbance % @file thermal emittance is 20% [6]. Selectives@ibers are produced
using different deposition techniques such as glysiapour deposition (PVD), sputtering and cheitieehniques on both
metallic and non metallic substrates.

Electroless chemical bath deposition method of pecod thin films was used in the production of silvmirrors
[11,12].The method is cost effective, simple, caonegat, reproducible and widely studied for preparaof thin films on
both metallic and non-metallic substrates.

The aim of this work is to fabricate a spectraliyestive surface with high corrosion resistance thid enhance the
efficiency of solar energy collector. Such surfaceld be used to provide efficient method for stgrihe excess heat energy
from collectors and extracting them when required.
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2.0 Experimental Studies
2.1 Preparation of sample plates

A large sheet of size 29cm by 22.5cm, thicknessr,was cut into small samples measuring 7.5cmilgrd. The
cutting of the sheet was done by a manual guikotintting machine. The sample plates were cleégegolishing them

with emery papers and gamma polishing alumina usatgpn wool. The polished sample plates were wéstith detergent
solution, rinsed in distilled water and drip dried.

2.2 Preparation of bath solution.

The thin film deposition was done in a 400ml beakemntaining different molar solutions. The batinstituent for
deposition of cadmium sulphide thin film were coppbloride (CuCJ) as source of copper (€ and chlorine ions (Ql
and ethylene diamine tetra-acetate (EDTA) as coxmeagent. Sodium hydroxide and water was addedise the volume
to a certain level. The mass of chemical reagentdhe various molar solutions were calculatedrfrihe expression

M xXVxW

1)
100C
WhereM is molarity,V is volume andVis molecular mass of the chemical salt.

2.3 Deposition Of Cadmium Sulphide Thin Films.
The bath constitution for preparation of cadmiurpkige thin films is shown in Table 1.
Table 1: Bath constitutions for prepanatid cadmium sulphide for different deposition tsne

Sample plate Deposition | 0.3M of 0.2M of NaOH 0.3M of H,O
time T(mins) | Cadmium EDTA 2.0M Thiourea (mi)

Chloride (ml) (mi) (ml)

(CdCh)

(ml)
1 45 75 65 45 70 45
2 90 75 65 45 70 45
3 135 75 65 45 70 45
4 180 75 65 45 70 45
5 225 75 65 45 70 45
6 270 75 65 45 70 45

A cleaned sample plate was immersed in each batB firs at an average temperature SCAfor pretest runs. Then 6
sample plates of aluminium were immersed in ea¢h fmx different deposition time ranging from 3 heudo 18 hours at
ambient temperature of 4D. After deposition the plates were rinsed witstiled water and drip dried.

The most probable reactions for the depositionds ¢hin films is

CdCL" (EDTA) — Cd (EDTA) + CF

Cd(EDTA)— Ccf* + EDTA

(NH,), CS + OH— CH,N," H,0 + HS (2)
HS + OH — H,0 + S°

cd*+$ — CdS

3.0 Measurements
3.1 Measurement of Thermal Emittance

Thermal emittance of the sample plates was measisied emissometer having a detector that is heatetiout 66C
so that the sample whose thermal emittance is toméa&sured does not have to be heated up. Theahemittance is
measured after calibration of the detector witlmgle of a known thermal emittance. The radiatietector is a differential
thermopile. The sensing surfaces are aluminiumdoid brake paint. Their combination of which ensuaenear constant
response to thermal wavelengths of between 3 toni@@ons. The detectors output is 0.93 with a démmabf 0.01 at a
nominal voltage of 2.4mV. Its response time is abti minutes. A heat sink is used in the calibratand in the final
measurements. A scaling digital voltmeter is cated to the emissometer for liquid crystal dispddyutput. Its full scale
of 15mV corresponds to a count of 2000. In catibhtathe emissometer, a standard aluminium platesehthermal
emittance is 0.04 and a standard black plate wtiterenal emittance is 0.93 were used. Thermal entigtaof the sample
plates is determined from the equation:
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E, _V
£ g
p b

Where Esis the emissivity of blackbody Surface (0.93)

E, is the emissivity plate

V, is the voltage emitted by plate

V, is the voltage emitted by black body
3.2 Measurement Of Film Thickness

The mass of each sample plate was determined bysthef an electronic balance before and after sitpo of
film. Film thickness was calculated from [5].

m
t=—— 3
2Ad ©

wherem is the mass of the deposited filthis the density A is the area of sample plate covered by the filnchvis given
by 4.87g/cm.

4.0 Results and Discussion
Table 2: Thermal emittance of polished and coat&idless steel 430 sample plates at different dépogsime.

Plate No Surface Treatment Deposition Emissiometer voltmeter Thermal emittance
time Es+ 0.01

T(min) Black plate Sample plate

Vp £ 0.01 (mV) Vs £ 0.01 (mV)
Polished and - 2.65 0.28 0.10

uncoated

1 Polished and coate 45.0 2.65 0.35 0.12
2 Polished and coate 90.0 2.65 0.46 0.16
3 Polished and coate 135.0 2.65 6.49 0.17
4 Polished and coate 180.0 2.65 0.51 0.18
5 Polished and coate 225.0 2.65 0.59 0.21
6 Polished and coate 270.0 2.65 0.68 0.24

Table 3: Thickness of thin films deposited on d&sia steel 430 sample plates for different deostiime.

Plate No. Deposition Mass of Area of coated | Film thickness Thermal
Time T(min) Deposited film plate t+0.001pum emittance
m+0.01(g) A+0.01(cnf) E+0.01
1 45.0 0.06 48.75 1.273 0.12
2 90.0 0.11 48.00 2.352 0.16
3 135.0 0.14 43.25 3.323 0.17
4 180.0 0.20 44.20 4.646 0.18
5 225.0 0.25 46.80 5.484 0.21
6 270.0 0.33 49.64 6.825 0.21
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Fig. 1 : Variation of thermal emittance of CdS tfilm on aluminium with deposition time.
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Fig.2: Variation of thermal emittance with film thiness of CdS
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Fig. 3: Variation of film thickness of CdS withmisition time.
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The average thermal emittance value of polisheihlets steel 430 is 0.10 + 0.01. These values cosspaell with
thermal emittance of 0.15 + 0.01 for polished d&ais steel 430 [4, 13 - 15] and 0.13 to 0.17 + GddIpolished stainless
steel AISI 321 [16]. Table 2 and Figure 1 showg tha thermal emittance value of coated sampleeplaticreases slowly
from 0.12 to 0.24 + 0.01 with deposition time of #5270 minutes at 4C .These values compare favourably with thermal
emittance value of 0.16 to 0.19 =+ 0.01 for the riowed electroless chemical bath deposition of Eamsteel 430[13] ,
thermal emittance value of 0.16 to 0.18 + 0.01tfer solution growth of stainless steel 430 [14érthal emittance value of
0.15 to 0.19 + 0.01 for improved chemical bath dsan (CBD) method of stainless steel 430 and afs® thermal
emittance of 0.18 + 0.01 for chemically oxidizedistess steel AlSI 321 [5]. Table 3 and Figure 8vehithat the thickness
of the film increases from 1.273 to 6.825um witlpalgtion time of 45 to 270 minutes. The relatiopshetween thermal
emittance and film thickness for various depositiore is nearly linear as shown in Figure 3. Thelthess of the film could
be hardened to withstand adverse weather conditiohat the same time retaining its minimum thermadlation losses to
enhance the efficiency of the photo thermal comvsertSurfaces with poor film thickness are not Higraand cannot
withstand adverse weather conditions while thoseh Wwigher film thickness and higher thermal emit&rcannot retain
much heat to enhance efficiency of photothermaleders.Surfaces with low thermal emittance mayebmployed in the
fabrication of spectrally selective surfaces whaduld be used in poultry production for the condian of solar chick
broader and could provide heat, for warmth andgat@in for young chicks which have little or nouteting feathers from
adverse weather conditions during the day, [1,74, 19].

5.0 Conclusion

Thin films of Cadmium sulphide were deposited oa polished stainless steel 430 sample plates wdéajroplating
technique at 4 for deposition time of 45 to 270 minutes. An esoimeter was used to determine the thermal emittance
values of the sample plates before and after fidpodition. The average thermal emittance of theslpedl sample plates is
0.10 + 0.01. Values of the thermal emittance ofdbated plates vary from 0.12 to 0.24 + 0.01. Tkeiresponding film
thicknesses vary from 1.273 to 6.825 + 040®1 The values of thermal emittance of the coatadpde plates are low and
increase slightly with increase in the depositiomet The surface with the most favourable thernmaittancevalues of 0.12
to 0.18 + 0.01 and film thickness of 1.273 to 4,64 0.001obtained for deposition time of 45 to I8idutes could be
employed to fabricate selective absorbers for thetoal converters.
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