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ABSTRACT:

An ideal solar absorber surface coating must
have good optical properties like high solar
absorptance with minimum solar emittance.

Development of new coating is fabricated by
embedding metallic particles composed of a nickel-
aluminium (NiAl) alloy into the black paint as well as
solar  selective black nickel-cobalt (NiCo)
electroplating on aluminium alloys with nickel
undercoat is done. Characterization of such solar
selective surface coatings are done and compared
with commercial black paint. A new and affordable
solar selective surface coating having higher
absorption efficiency with low in-frared em
compared to the commercial black paint cg
in most ordinary solar water heating €yste
been developed. Characterization of coating inc
Optical properties studies of coatings,
morphology and XRD studies, 3
performance with new coatix
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around 300 days in a
have focused on how t

re sunny. Many researchers
improve already existing solar
water heating system by minimizing the thermal loss by
providing the insulating material around the storage tank.
Also, by providing the better solar selective coating on the
solar collector surface efficiency can be improved with
some previous research. The recent study on solar water
heater shows that, the materials which are having good
thermal conductivity like copper, aluminium or stainless
steel when used for tubing purpose in solar water heaters
act as a weak absorber for solar radiations. So, solar
selective coatings are necessary to get best results in solar

ve coatings must have good
|1 solar selective coating have

atings frequently
rent materials. For example,
orptivity are blended with

ive paints with good efficiency
SA), Solarect-Z (Slovenia) and

s (Ehab AlShamaileh, 2010).

Scanning electron microscopic studies showed that
the particles in the coatings are of dentritic structure. The
high degree of solar absorptance is related to the
irregular dentritic structure and surface roughness of the
coatings (A.R.Shashikala, et al, 2007).

Solar selective black chrome coatings are widely
used for decorative as well as functional applications
because of their durability and excellent optical
properties. Though black chrome coatings provide
excellent properties, the use of toxic hexavalent
chromium and requirement of high current densities are
the major drawbacks in producing these coatings (J.K.
Dennis, et al, 2003).

Several alternatives to black chrome plating like
black nickel, black nickel-cobalt, black brass, and black
cobalt have been studied by several investigators (S.Jhon,
et al, 1997), (N. Karuppiah, et al 2000), (Purnima
Richharia, 1996), (Enrique Viveros, 1998). Recently,
metallic and non-metallic nanoparticles have been
applied in solar- energy applications by the researchers
like absorbing films consisting of nickel nanoparticles

embedded in dielectric matrix of alumina AlI203
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(Bostrom T, et al, 2008). Carbon nano-particles in NiO,
ZnO, Si0 matrices (Katumba, G, et al, 2008). But these
selective coatings have not been experimentally tested
on solar heaters. The surface morphology of black
nickel, black nickel-cobalt coatings and its relationship
with optical properties have been studied on zincated
substrates (N.C. Mehra, et al,1989).

2. MODIFIED/NEW SOLAR SELECTIVE COATINGS:

NiAl coating on Al substrate. Individually, nickel
and aluminium have interesting thermal and spectral
selective properties. Also, nickel shows good corrosion
resistance and when nickel particles are added to other
coating materials it will improve their heat resistance and
durability. Nickel exhibits high solar absorptivity.
Aluminium has high reflectivity in the infrared region of
the spectrum from 0.3pm to 2.0um which exhibits low
thermal emissions produced by infrared radiant emission
from the collector to the ambient air. Therefore, it makes
a lot of sense to try a new coating formula based on NiAl.
a) REQUIREMENTS OF MATERIALS:

Black paint (cellulose nitrate resin, Duco), Acetone
(Duco), nickel-aluminium alloy (50:50, Vineeth Preg
Catalysts P.Ltd), hydrochloric acid, sodium chlg

b) NIAL COATING PROCESS:

An electric mixer shown in fig 2.is used to mix the paint
with the Ni-Al particles to produce homogeneous mixture
of coating. A coating mixture produced by various
percentages of NiAl alloy particles and the black paint.
This mixture is then diluted with acetone of 50 ml in order

to have uniform layer of paint with the help of brush
painting on base metal of aluminium (alloy 6061). The
painted layer of black paint (unmodified) and NiAl alloy

powder is blended with black paint (modified paint) in
various percentages of compositions has a paint layer
thickness of 10um on aluminium plate.

ompositions

positions for samples

Ni-Al % Acetone (ml)
0 50
3 50
6 50
9 50

T

Sample No.1 . ample No.2

Sample No.3 Sample No.4
Fig.3 Photograph of Samples of NiAl coating.

c) OUTDOOR EXPERIMENT:

An experiment is conducted on five 15mm aluminium
tubes filled with stationary water and fitted with a
thermometer to compare the different compositions’
absorbance to sunlight. The first tube was painted with
commercial black paint and the other three were painted
with the various compositions of the modified paint
shown in Table 1 (samples 2-4). The temperature was
monitored over a period of 1 day. The preliminary results
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of testing shows that, as the Ni-Al% by mass in black

Time Inlet water Temip. In Temp. n

paint increases, the solar heat absorbance also increases. temperatur | collectorwith collector with

X K . L. einlc unm odified paint modified paint

By visual inspection of prepared sample, it is seen that °c °c)

there is no any facial crack on samples to be 700 A 23 z8.0 280
. . . .00 AM 23 26.0 26.1
prepeared.there is no any visual defects present in the oo AT == == ==
samples.Hence, out of samples 2, 3 and 4, the optimum 12.00 Noon EE] s25 55.2
composition of 6% Ni-Al by mass is selected for further Zoog™ 22 =00 =se
3.00 P.M 23 &0.5 &4.0
testing of solar water heater system. The performance T00 EM z3 E95 620
study of solar water heater is done by degreasing the s-00 . =3 e 28
700 P14 Z3 3Z2.5 3Z.8

aluminium pipes used in solar water heater by using
acetone and further tubes are etched with help of diluted
hydrochloric acid (HCL) followed by washing of tubes

llector in April-2016.

Time In | Temp. In
collector
with

Modified

with pure water. The sand paper in fine grit is also used
for good paint adherence treatment on tubes. After this
sequence of operations, aluminium tubes are painted to
give thin uniform homogeneous layer by brush painting.

Painted tubes are left to dry in air for 48 hours away 31,’!\5

from dust. A photograph of the experimental setup is 39.0

shown in Fig. 4. It consists of two identical simple SWHSs 46.0
where each is made of a flat plate collector and a storage 48.0
tank. 47.0
40.0 41.0
315 32.0

solar flat plate collector can
iciency, which can be calculated

= Useful Heat Gain (Qw) / Heat supplied (Qs) (1)
Amount of useful heat gain can be calculated by

Qw =m x Cp x AT (2)

Total heat supplied to the collector is depends upon solar
intensity (It) and collector area (Ac) is given by,

QS= ItxAc(3)

Table 4 Efficiency of flat plate collector in May-2016.

-y

Time Inlet water | Efficiencyin % of Efficiency in
A Photograph 0 imenta[etup temperature in collectorywit}f) % of ’
ure measureme are done by using 0c unmodified paint | collector
bes were immersed (°Q) with
inside the tubes ets and the outlets of m(_’diﬁid
the collectors. The eratyre inside and outside of =50 am 23 o2 paglzt (%)
tubes and the ambient perature are measured. All |[gooam 23 6.2 65
temperatures are recorded every hour from sunshine to 10.00 AM 23 30.383 31.21
sunset (e.g. 8 am to 7 pm in the summer). The 12.00 Noon 23 61.80 63.27
measurements were carried out regularly from May 2016 | 2.00P.M 23 77.52 83.80
and Aprll 2016. 3.00 P.M 23 78.57 85
Observations for flat plate collector in May 2016 and +00PM 23 7647 8171
. . . 6.00 P.M 23 37.71 38.76
April 2016 are given in below table. 00 PM 3 1590 5053

Table 2 Observations for flat plate collector in May-2016.
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Table 5 Efficiency of flat plate collector in April-2016

Time Inlet water | Efficiencyin % of | Efficiency in
temperature in | collector with % of
Oc unmodified paint collector
(°Q) with
modified
paint (°C)
8.00 AM 20 24 24
10.00 AM 20 36.66 39.80
12.00 Noon 20 47.14 54.47
2.00 P.M 20 50.28 58.66
4.00 P.M 20 49.23 56.57
6.00 P.M 20 41.90 44.00
7.00 P.M 20 24.09 25.14

d) LABORATORY MEASUREMENTS:

i) Surface morphological studies for the different
coating samples of NiAl (10um) carried out with
scanning electron microscope (SEM) on SPPU-JEOL .

ii) X-ray diffraction (XRD) patterns of the NiAl coatings are

obtained by SPPU-JEOL..
NiCo coating on Al substrate.
a) REQUIRED MATERIALS:
Aluminium alloy 6061 (Al-97.9, Mg-1.0, Si-0.6, Cu-
0.25, Cr-0.25%) specimens of the size 100x50x2mpa
are processed for black nickel-cobalt plating at
Engineers (R.R.Enterprises) chikkali, Pune.
b) NICO COATING PROCESS:

As per the following sequence of operations:
i) Solvent degreasing in trichloroethylene
ultrasonic bath for 5-10 min at rog

Fig.6b) Micrographs Ni-Al modified coating on Al substrate

iii) Chemical polishing in a solution containing
orthophosphoric acid 80%, nitric acid 3.5% and copper
0.01% for 20-25 s at 90 1C followed by hot waterrinse.

iv) De-smutting in an acid solution containing 10 ml/L
sulfuric acid, 12 ml/L hydrofluoric acid and 25 ml/L nitric
acid for 2-3 min at room temperature followed by water
rinsing and air drying.

v) Nickel plating using watts bath.

vi) Black nickel cobalt plating in a solution containing

cobalt sulphate, nickel sulphate, ammonium acetate and

sodium thiocyanate at 28-30
c) IMAGES OF ELECTRQ
ALUMINIUM ALLOY 6§

ATING OF BLACK NI-CO ON

Sample No.2

dbtained by Philip
iii) UV-VIS Spectrophotometer used for absorbance and
ansmission Studies of NiCo samples conducted in
ii Ustiversity, Kolhapur.

SULT AND DISCUSSIONS:
OR NIAL COATING

a) SURFACE MORPHOLOGY (SEM) AND XRD STUDIES:

Below fig.6 represents micrographs of surface of the

black paint shown in fig. (a) And the Ni-Al alloy modified
coating on aluminium surface shown in fig. (b).For the SEM
testing component size of Smmx5mm is required for both
paint. The uniform dispersion of the Ni-Al particles is a
major factor in the enhancement of the solar absorptivity
and the reduction of thermal losses.
X-ray diffraction (XRD) pattern of black paint coating on
aluminum sample is shown in fig.7. Testing of XRD is done
on a specimen size of Immx1mm at Department of Physics,
in SPPU.

12000
10000
8000
6000

Relative
Intensity, Counts/Sec

4000

2000
i )

o] 20 40 60 80 100

Angale 2 theta

Fig.7 XRD pattern of black paint coated sample.
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X-ray diffraction (XRD) pattern of Ni-Al coating on | gq
aluminum sample is shown in fig.8, clears that the | 80 -
modified coating contains Ni and Al with no oxide | 70 \
detected. gg \
Fig.8 XRD pattern of Ni-Al coated samples. 40 / \
30 , —o— unmodified paint

b)SOLAR  COLLECTOR  TEMPERATURE  AND | 20 /

EFFICIENCY STUDIES: 18 | - 0000000000000

From below fig.9&10, it is clear that the NiAl-modified 7 81012 2 3 4 6 7
paint always gave higher temperature for the water inside
the collector compared to commercial black paint.

70 Fig.10Efficiency vs time
paint on solar co
60 % FOR NICO COAT,
50 A) EFFECT OF
—~ / OPTI
O 40
< 100
[<5]
§ 30 80 -
S 20 A 60
S —&— Unmodified Paint 40
2 10 — - ’ —— unmodified
—=— Modified Paint 20 paint
0 0—".—{
S xXzx%gazzzzaaa 7810122 3 4 6 7
88888=z888838838
N 00 OO O o N d N OO < n O N~
Tin@ ofthé Day in hours y 4
60 8
6
50 /\
4
8 40 ~ )
£ 30 - / 0
o
“é.’_ 20 T T ]
F 10 —&— Unmodified Paint 0 5 10 15
0 Modified Paint Undercoat Thickness in pm
0@ 0@ \?~® ) % °Q®°Q®QQ® Q® Q® Q® Q® Fig.11 Effect of under coat thickness on the optical
c5~° o,Q ,\90 ,\/r\, '\;-0 '\,0 050 vo <9° <o° /\0 properties (ratio of absorptivity to the emissivity).
Tlme of the Day in hours
Fig.9 Temperat ve for and unmodified Fig.11. shows that the influence of the thickness of

paint on solar co in May-2016 & April-2016

80
60
40 *— unmodified paint
—&— modified paint
20 -
0 — T T T T T
8 1012 2 4 6 7

nickel undercoat on the optical properties of the black
nickel cobalt(NiCo)coatings.

The nickel undercoat thickness was varied from 2.5
to 10 um. Lower nickel undercoat thickness resulted in a
gray colored black nickel cobalt coating with low
absorptance to emittance ratio. At 5.0-7.5 pm undercoat
thickness a good black Ni-Co coating with high
absorptance to emittance ratio (5.57) is obtained on UV-
VIS Spectrophotometer at shivaji university, Kolhapur.
Further there will decrease in absorptance to emittance
ratio with increase in undercoat thickness.
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XRD pattern in Fig.13 shows the presence of FCC
structure with major intensity Ni (1 1 1) peak and very
small intensity Ni-Co peaks.

4. CONCLUSIONS

This paper concludes,

1) The new coating, comprising NiAl alloy particles, shows
that the solar water heater system collect thermal energy
more efficiently than ordinary black paint.

2) An outdoor experimental study of flat plate collector
shows that, the new syste ing NiAl coating always

nickel plated aluminum alloy 6061.

produce warmer water.
3) Black nickel cobalt
process provides hi

Fig.12.shows the surface morphology of black nickel-
cobalt coatings on nickel-plated aluminum substrates.
Surface morphology of the coatings affects the solar
absorptance of the coatings. The enhancement of solar
absorptance may occur either by an array of fine particles
causing intrinsic adsorption or by reducing the front
surface reflections from an absorber surface. The particles
have irregular needle like shape shown in fig.12, also the
grains are compact, have more uniform structure in
nickel-plated substrate. The irregular and needle like
structure facilitates trapping of radiation so that the sola
energy is absorbed by the black coating to a greater e

X-ray diffraction (XRD) is a powep
destructive technique for characterizing
materials. It provides information on crystal
phase, preferred crystal orientation (texture), and
structural parameters, such as
crystallinity, strain, and crystal de
The peak intensities are detep
atoms within the lattig

oplating on aluminium alloys
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