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Abstract

A flat plate of stainless steel AISI 304 BA 2B wast into 6 sample plates
measuring ( 7.8cm x 7.7cm x 1.05cm) and polishesthg emery paper of grit numbers
100, 150 and 320 respectively, and vim polishingvder until their mirror finishing
were obtained. The polished sample plates weredhghly washed rinsed with distilled
water, drip dried and were numbered. Each of thagls was chemically deposited in
each freshly prepared solutions of 79 to 99% bfamic acid at 48C for deposition
time of 10 minutes. Hemispherical thermal emittanealues of the polished plates were
measured before and after chemical deposition pseThe hemispherical thermal
emittance were found to increase slightly dependioig the percentage concentration
of the chromic acids in the solutions. The averagemispherical thermal emittance of
the polished plates was found to be 0.15 + 0.01e Hiemispherical thermal emittance
values of the sample plates deposited in differgercentage concentrations of the
acids vary from 0.16 to 0.17 + 0.01. The electrodgifion technique of stainless steel
AISI BA 2B produced a spectrally selective surfacgith optimum values of
hemispherical thermal emittance of 0.16 + 0.01 ointafor 79% concentration of
chromic acid with film thickness of 1.308 + 0.001urfhis surface could be employed
in fabrication of spectrally selective surface talgance the efficiency of flat plate solar
collector.

1.0 Introduction

The application of solar energy are numerous andr@mment friendly when it is converted to heateatticity or
biomass. The devices for the conversion of sat@rgy into heat and electricity are photo thermsaldr thermal) devices
and photovoltaic or solar cells, respectively. Aficeent photo thermal device requires the presesica spectral selective
absorber. A spectral selective absorber is a sutfzet was maximum absorption of solar wavelen{tsto 2.5 um) and a
low emittance for thermal wavelengths (3.0 to 3@Qjjil] .Advantages of using spectral selective @b in solar energy
collectors were first introduced by Igbinovia ardnikhena [2].Several methods have been used tocéae selective
surfaces on metallic substrates such as coppevargaéd iron, steel and aluminum substrates. Mdsthe selective
absorbers were found to suffer atmospheric degmadaind corrosion at elevated temperatures [3-dfeRtly, there is a
wide spread of research on the fabrication of seke@bsorbers on stainless steels to overcomesatimeoic degradation and
corrosion affecting selective absorbers at highpenatures. Choudhury et al [5] reported colouratibstainless steels by
aluminium anodizers in Australia using hot chromaied sulphuric acids to produce selective absorb®ranziera [6]
produced selective coatings on stainless steelbg3themical and thermal oxidation processes. Shatnaa [1] produced
selective surfaces on stainless steel AISI 321 tymdcal oxidation process. The electroless chentiedh deposition
(ECBD) technique was predominantly employed in pmtidn of silver mirrors. It is a simple, cost effike and
reproducible method of producing compound semi aotat metal halide and chalcogenide thin films othbmetallic and
non metallic substrates [7-9]. This films produdgdthis technique have comparable structural aridedgctric properties to
those produced using other sophisticated thin €lposition technique such as chemical vapour déposind sputtering.
The technique has also been applied in producirergimg materials for solar cells, protective cogginsolar collectors and
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solar thermal controls in buildings. It is now bgiadopted by some industries [10-14]. Its techgwlis based on slow
release or controlled precipitation of the desicechpound from its ions in a reaction bath. A corxiplg agent or liqguand
acting as a catalyst is usually employed to coritrelreaction in a suitable medium as indicatedhleypH to obtain crystal
growth. Otherwise spontaneous reaction and sedatientof materials will result.

The aim of this research is to fabricate a spdygteallective surface. The objectives which aremipriove the efficiency
of solar collectors are.

1. To provide more efficient methods of storing éixeess heat energy from the collectors
and extracting it when required.

2. To enhance the operating temperatures of fiaeolar collectors to provide solar heat
energy for heating and cooling purposes.

2.0 Experimental Studies
2.1 Sample plate preparation

A flat plate of stainless steel AlISI 304A BB was cut into 6 sample plates measuring (7.8chivcm x 1.05cm) and
polished using emery paper of grit numbers 100, 450 320 respectively, and vim polishing powderiluheir mirror
finishing were obtained. The polished sample platese thoroughly washed rinsed with distilled watkip dried and were
numbered.
2.2 Preparation of chromic acid solution
The mass m of chromium oxide was calculated usiegdrmula;

_ M xWxV

100C (1)
where M is the required molar concentration,
W is the molecular weight of the reagent,
V is the volume of the required solution.

A metra electronic precision balance of model TIO-Gihd a capacity of 600g was used to measure ttamam
trioxide for the preparation of chromic acid byatik/ing it in a 5 litre beaker containing distilleater. This solution was
then used in the first stage preparation of thetedbtic bath where the different solutions reedirfor the 6 conditions
required different percentage concentration of eticcacid ranging from 79% to 99%.

2.3 Basic formulation for the bath solution

The volumes of each of the prepared molar solst@frchromic acid and sulphuric in the electrolytath solution for
various percentage concentration of chromic acgbintion is shown in Table 1. For each bath sofytfour polished
stainless steel AlSI 304 BA 2B were bright chrortatqa for 10 minutes. This was done for 99, 95,8%],83 and 79%
concentration of chromic acid in solution bath.

Table 1 Bath solution constituents for bright cheophating.

Bath solution serial | Volume of 1M Volume of 1M Total volume of Percentage of
number chromic acid sulphuric acid bath solution (cr) chromic acid in the
(cn?) (cn?) solution
(%)

1 297 3 300 99

2 285 15 300 95

3 273 27 300 91

4 261 39 300 87

5 249 51 300 83

6 237 63 300 79

2.4 Preparation of the anodes

The anodes were made of lead stripes about 5ci fhife lead stripes were cut and formed into tlygiired lengths of
101.6m each. Lead is attacked by chromic acid anidsulating layer of lead chromate (yellow in aalpwill be formed if
the anodes are not first treated. This lead chrem@erferes with the plating current flow, butist easily avoided by
transforming the working surface of the anodes leéa peroxides. The oxide prevents the formatfdead chromate, while
allowing the passage of the plating current.

25 Peroxidizing the anodes

The lead anodes used in the electrolytic bath wermxidized to ensure constant flow of currentimyrthe
electroplating process.
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The stages of peroxiding the anodes are as follows:

(i) 5% solution of sulphuric acid was made in water

(ilThe lead anodes were scraped by cleaning.

(ii)The lead anodes were then connected to a D@epsupply, one positive, and one negative.

(iv)The current was adjusted with a rheostat tca®d this was maintained at 12V for 15 minutes.

(v)The polarity of the DC supply was reversed aAdiMas maintained for 15 minutes

(vi)Finally, the polarity of the DC supply was resed one more time and was maintained for anotheni@utes.

A dark brown coating on the anode indicated tles@nce of the protective layer of lead peroxide piepared anodes
were dried and put aside ready for use. The progassrepeated on any anodes which tend to develibgpawyspots during
use because of lack of the lead peroxide coating.

2.6 Electrodeposition process

Electrodeposition also called electrochemical d@mm or cathodic deposition is the method of tfilm deposition
used to produce bright chrome. The electroplatinacgss was carried out in a 500dneaker containing the required
chromic acid. In the first stage of the experimeét@7cn? of the prepared 1M Chromic acid was added to>3cfmiM
sulphuric acid. This gave a 99% concentration ofoBtic acid solution of 300ctof the bath solution. The lead strip was
used as the anode while sample plate 1 was ugsbé aathode. The set up was arranged as showiyumefi.

DC Power Supply

Rheostat ——>

Voltmeter —:®—

Ammeter - ﬂ)
Sample /,

—‘ / Bath Solution (Chromic acid and sulphuric acid)
Lead Strip

z

Z

- 3
500cm” beaker

//// /(—-Water Bath

Fig. 1 Schematic representation of the electrocbaindieposition process.

plate

The beaker containing the solution of acids (chmamid sulphuric acids) was placed in a hot watén béth at 45C.
For chrome plating direct current is required thason is that chromic acid has a strong itchingmaan most metals when
no current is flowing and chrome is deposited anglece only when the current is flowing. The cotnesed for the chrome
plating was 2+0.1A and the voltage was maintairet?& for 99, 95, 91, 87, 83 and 79% sulphuric d0id10 minutes. A
voltmeter was used to monitor the voltage whileaammeter was used to measure the current and ataheess used to
adjust the current. The voltage was maintaine®#tdnd the current was adjusted with the rheostabtain 2A. A constant
temperature of £& was maintained and this was checked continuauistya thermometer inserted in the water bath.ob st
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watch of sensitivity 0.2 seconds was used to riealeposition time. At the end of the depositiomcpss which lasted for 10
minutes, the sample plate was quickly removed ftbensolution of acids and transferred into a boiulistilled water at
room temperature and rinsed in it. It was rinsediragn another bowl of distilled water to removeétedces of the acids and
finally left to dry. A bright film of chromium oxid was found on the cathode (sample plates) asuét célectrolysis that
occurred in the bath solution when current flowedti Similarly, 285cr of 1M chromic acid was added to 15tof 1M
sulphuric acid making a total volume of 30Gcand this contained 95% of chromic acid. The sotutiontaining the chromic
acid and sulphuric acid was used as the electrdliidang the lead as the anode, plate 2 was corthast¢éhe cathode and 10
minutes at 4% at a voltage of 12V when a current of 2A flowhtbtigh it. Bright chrome of chromium oxide was afvse
at the cathode (sample plate). The plate was agaed with distilled water and allowed to drip dijhe experiment was
continued under the same condition using:

(a) 91% chromic acid in the total bath solutiongample plates 3

(b) 87% chromic acid in the total bath solution $ample plates 4
(c) 83% chromic acid in the total bath solution $ample plates 5
(d) 79% chromic acid in the total bath solution $ample plates 6

At the end of the experiment, the film thicknessd hemispherical thermal emittance were calculated

2.7 Reaction equation of thin film

H,Cr0,— (HCrQ,) + H' 2
When chromic acid is added to water there is arrgemee of a purple colouration given by equation (3
CrO; + H,O — H,CrO, 3)

3.0 MEASUREMENTS
Several measurements were carried out in the cofithés research and these include the following:
3.1.1  Measurement of hemispherical thermal emittance
The hemispherical thermal emittance of the samialie fpefore and after deposition was measured @sirgmissometer
with blackbody sample as standard as shown in dlaléhe output of the emissometer was connecteddigital voltmeter.
Hemispherical thermal emitance of the sample plate determined using equation (4).
E V
E, V,
WhereE, is the hemispherical thermal emittance of samfaéepE, is hemispherical thermal emittance of black pl&feis
the voltmeter reading of the sample plate ¥pts the voltmeter reading of the black plate.

Plate 1: Emissometer and gltal Voltmeter
A = Emissometer detector

B = Heat sink
C = Digital Voltmeter
D = Black plate

E = Sample plate
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3.2 A measurement of film thickness
The film thickness was calculated from equation[(})

-_m (5)
2dA

Wherem is the mass of film deposited on a sample plattgined from the difference in mass of each samlate before
and after film depositior is the area of film of the sample plate @hid the density of film on the sample plate.

4.0 Results and Discussion

Table 2 shows the hemispherical thermal emittaofcpolished stainless steel plates at for diffeneéitcentage
concentration of chromic acids for deposition tiafel0 minutes, while Table 3 shows the correspandiim thickness of
coated sample plates for different percentage edratéon of chromic acids for deposition time of rhihutes.

Table 2: Hemispherical thermal emittance of bright chromated stainless steel AISI 304 BA 2B for differeetrgentage
concentration of chromic acid in the solution ofarhic acid and sulphuric acid for 10 minutes.

Plate Surface Treatment Percentage concentration  Emissiometer voltmeter Thermal

No of chromic acid in solutio emittance

(%) Black plate Sample plate E+0.01
Vp£0.01 (mV) | Vs+0.01 (mV) P

Polished and uncoated - 3.52 0.573 0.15
1 Polished and coated 99 1.580 0.275 0.16
2 Polished and coated 95 1.580 0.282 0.17
3 Polished and coated 91 1.580 0.285 0.17
4 Polished and coated 87 1.580 0.283 0.17
5 Polished and coated 83 1.580 0.285 0.17
6 Polished and coated 79 1.580 0.270 0.16

Table 3: Film thickness of bright chrome films deposited sminless steel AISI 304 BA 2B for different perzage
concentration of chromic acid in the solution ofarhic acid and sulphuric acid for 10 minutes.

Plate No| Percentage concentration|ofass of deposited Area of coated plate Film thickness| Hemispherical
chromic acid in solution film m+0.01 A+0.01 t+0.001 thermal emittance
(%) (9) (cn?) (um) of coated plate
E,+0.01
1 99 0.05 35.625 0.256 0.16
2 95 0.06 37.500 0.280 0.17
3 91 0.02 37.500 0.380 0.17
4 87 0.03 38.44 0.513 0.17
5 83 0.04 30.28 0.920 0.17
6 79 0.07 37.50 1.308 0.16
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Fig.2: Variation of Hemispherical thermal emittanegh percentage concentration of chromic acid epasition time of
10minutes.
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Fig.3: Variation of film thickness with percentagencentration of chromic acid at deposition timé ominutes.

The average hemispherical thermal emittance vafueolished stainless steel AISI 304 2B BAG45 £ 0.01. This
value compares well with thermal emittance of Qt1%.01 for polished stainless steel 430 [15-18a] 0.14+0.01 for the
polished stainless steel AlSI 304 2B BA [19]. TaBland Figure 2 show that the hemispherical théemittance value of
coated sample plates increases slowly from 0.16.1@ + 0.01different percentage concentration of chromic doid
deposition time of 10 minutes this values comparetirably with thermal emittance value of 0.16 tH90 + 0.01 for the
improved electroless chemical bath depositionahtss steel 430 [15], thermal emittance value.b6 to 0.18 + 0.01 for

Journal of the Nigerian Association of Mathematic&hysics Volume 25, No. 2 (November, 2013), 1564 1
162



Investigation of Hemispherical Thermal... Akhabue, Damisa, Abiola and Ojo Jof NAMP

the solution growth of stainless steel 430 [16§rthal emittance value of 0.15 to 0.19 + 0.01 fopriaved chemical bath
deposition (CBD). Table3 and Figure 3 show that ttiiekness of the film increases from 0.256 to 88 at different

percentage concentration of chromic acid for dejmstime of 10 minutes. The thickness of the fitould be hardened to
withstand adverse weather condition and at the sam retaining its minimum thermal radiation losge enhance the
efficiency of the photo thermal converters. Surfawdth poor film thickness are not durable and cawithstand adverse
weather conditions while those with higher filmdkmess and higher thermal emittance cannot retaithrheat to enhance
efficiency of photo-thermal converters. Surfacethvow thermal emittance may be employed in thei¢altion of spectrally

selective surfaces which could be used in poultodpction for the construction of solar chick breadnd could provide
heat, for warmth and protection for young chickdalthave little or no insulating feathers from acheeweather conditions
during the day [19-20, 1].

5.0 Conclusion

Thin films of bright chrome were deposited on thalighed stainless steel AISI 304 BA 2B sample glatising
electroplating technique for different percentagmaentration of chromic acid for deposition time W minutes. An
emissiometer was used to determine the hemisphéhieamal emittance values of the sample platesrbedind after film
deposition. The average hemispherical thermal ami# of the polished sample plates is 0.15 + O\Gflues of the
hemispherical thermal emittance of the coated platry from 0.16 to 0.17 + 0.01. Their correspogdiim thicknesses
vary from 0.256 to 1.308 + 0.0(d. The values of hemispherical thermal emittarfab® coated sample plates are low and
increase slightly with increase in percentage comadon of chromic acid. The surface with the mdatourable
hemispherical thermal emittance values of 0.16+10abd film thickness 1.308um + 0.001 were obtaifi@d 79%
concentration of chromic acid could be employethtwicate selective absorbers for photothermal edpys.
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