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ABSTRACT

Photovoltaic implies converting photon energy into an electric current using photovoltaic effect. A solar cell or
photovoltaic cell is an electrical device that converts the energy of light directly into electricity by the photovoltaic
effect. Solar cells are the building blocks of photovoltaic modules known as solar panels. It can appear yellow or
red depending on the size of the particles. Cuprous oxide (Cu,O) as an attractive semi-conductor material used as
anode material in thin film lithium batteries and as solar cells. In our research, we used plastic as the cavity
material and ocean water as salt solution (el ectrolyte). We performed our experiment first with pure water and then
with salt water and compared the results. Distilled water was used for this purpose, and then regular table salt
(NaCl) was added to it to prepare the salt water solution. After comparing the results obtained we discovered that
salt water was a better eectrolyte. Hence, we used the aqueous sodium chloride (NaCl) solution as the salt water
electrolyte for our cell. Different concentrations of this solution were used and corresponding results were observed
and recorded. The goal of this project work was to produce alternate solar cells made from cheap materials. We
have succeeded in designing and testing alternative ionic solar cells that could serve as a model for a new solar cell.
It consists of a PN junction made of Copper | and Copper (I1) Oxide along with ionic salt water (NaCl) solution

INTRODUCTION

Solar power involves the generation of electriciging the photon energy of the sun. This power eigmer be
generated using the photovoltaic effect or indlyeesing concentrated solar power. Photovoltaicliespconverting
photon energy into an electric current using phottaic effect, [1]. A solar cell or photovoltaicltes an electrical
device that converts the energy of light directijoi electricity by the photovoltaic effect whichasphysical and
chemical phenomenon. Solar cells are the buildilngkds of photovoltaic modules known as solar pangk
Cuprous oxide is an inorganic compound. Its formsl&€u0. It can appear yellow or red depending on the siz
the particles [3]. Copper oxide is one of the fipbtotovoltaic cells invented, [4]. Cuprous oxideufG) as an
attractive semi-conductor material could be usedraxe material in thin film lithium batteries, [&hd as solar
cells, [6, 7. 8,9]. In 1839, Edward Becquerel disred its semiconductor properties and photovoltdfect.
Cuprous oxide is a p-type semiconductor with direahd gap of 2.0-2.2eV., [10]. This made it suitabbr
photovoltaic conversion. The band gap of nanochisaCu,0 thin film is 2.06eV and the deposited,Ouexhibit a
direct band gap of 2.0eV and shows an n-type behaviien used in a liquid/solid junction, [11]. Cops oxide
attract much interest due to its high optical apson coefficient in the visible region and its atvely good

electrical properties [7]. Cuprous oxide in thenfioof nano particles has all the benefits offeredhéagro technology
[12, 13].
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1.2 Copper oxide coated on copper electrodes
Here, we used Becquerel model of 1839. In our seteglesigned a solar cell that uses materials wéieifound
abundantly in nature and that would eliminate tleedhfor expensive semiconductor materials (suckoped

silicon and germanium crystals, etc.) and hence telreduce the price/watt for our cell.
E.Becquerel (1839)

Galvanometer

e

Electrode: Pt, Au, Ag. Brass,
and Ag coated with Agl, AgBr, and AgCl
Solution:  acid, neutral, basic
Figure 1.1: A.E Becquerel's cell apparatus

In our research, we used plastic as the cavity mahiend ocean water as salt solution (electrolyWég performed
our experiment first with pure water and then vait water and compared the results. Distilled wates used for
this purpose, and then regular table salt (NaCh added to it to prepare the salt water solutiditerAcomparing
the results obtained we discovered that salt wates a better electrolyte. Hence, we used the agusodium
chloride (NaCl) solution as the salt water elegtlfor our cell. Different concentrations of tlsislution were used
and corresponding results were observed and regofdris, the following calculations were made thieee salt
water solution of concentrations 3.5% and 35%

Sodium 23.00g (Molecular Weight)
Chlorine 35.50g (Molecular Weight)
TOTAL 58.50g (NaCl)
To get 3.5% concentration of NaCl solution, we have
% x % = 2.0475g of NaCl (dissolved in 1008w0f water)

For 35%, we have

35 58.5

X
100 1

20.475g of NaCl (dissolved in 100&of water)

To constitute 2000cfrof the above solution,

2.0475g - 100cth
X - 5 2000cm
X _ 2.0475 x 2000
- 100 ) )
= 40.95g of NaCl (dissolved in 2000E0f water)
And,
20.475g " 100cth
Y — 4  2000cni
% - 20.475 x 2000

100
409.5g of NaCl (dissolved in 2000tf water)

We used copper as electrodes. Experiment was ctewitewsee whether the size of the electrodes hpeféect on
the produced potential difference or not. It wasesbed that the surface area of the electrodes divastly
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proportional to the electric power produced. Halskekperiments of 1877 suggested that one of thetreldes is of
pure copper and the other of a uniform coatingupirous oxide on top of it. The oxide layer, whenmed with the
metal itself, helped in creating a P-N junction.isTlsircumstance created a rectifier effect in thesign, and
facilitated the flow of electrons through the etebtte and between the two electrodes.

We applied large amount of heat to the copper piatereate the oxide layer on the copper electréae.that
purpose, this copper plate was heated in a hot plat thermocouple temperature of about 700°Galfoost an
hour. The plate required oxygen from the air ineorth get oxidized while it was being heated. A¢ #nd of this
heat treatment, a reddish-brown layer of cuproudeo¢CuyO) with some black patches of cupric oxide (CuCgsw
clearly observed on the plate. This showed thattpper on the surface had been oxidized to egtherof the two
copper oxides, and the plate was ready to be usad alectrode in our cell. For the second eleetrag used pure
copper plate. The mesh was chosen to be the alecinstead of a regular plate in order to maxinmiee light-
exposed surface area of the metal in the elecaoMte had determined in our initial experiment thagreater
surface area for the electrodes lead to a greatpubpower, and this was the main reason why veel tise copper
mesh as the second electrode.

In our experiment, a 500W incandescent light buis wsed as the external light source, at a cedtsiance from
the container. Its spectrum approximately approsithe spectrum of the sun light. The bulb was medin a
tripod stand so that it was easier to shine it dowrour solar cell. A multimeter was used to measwitage and
current values that we generated. The connectishaan on figure 1.1.

Figure 1.1: Photograph of the set up

We connected our probes to the electrodes and filfethe container with the different electrolytéthenwe used
distilled water as the electrolyte for our systemthe absence light to the setupl@mV voltage was produced
between the two electrodes. This was because fiecplates and the distilled water together formedpacitor in
which the electrodes were initially charged stdlycaVhen light was applied to one of the electrddeom our
500W light bulb, the voltage reading on the multienechanged te30mv. This meant that a total potential
difference of45mV was being produced when we had the distilled wedesur electrolyteVhen we conducted our
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experiment using salt solution. The electricitpguced by the setup depended on the concentratidinify) of the
ionic salt solution and on the intensity of light.

1.3 3.5% NaCl SOLUTION

The concentration of the salt in our electrolytesviimst changed keeping all the other factors amtstA light
intensity meter was used to keep our 500W bulbdistance that resulted in 500lux of intensity. STisi the average
light intensity that reaches the Earth’s surfacergday.

Figure 1.1 below shows the graph of voltage vetsme when the 500W light bulb was switched on ahe t
solution was not stirred. When the light was off,aastant voltage of approximately 14 mV (milli-¥&)l resulted.
The spike in voltage to about 92 mV was observedmthe light was turned on. It was also noticed #mertly
after reaching the peak, the voltage decreasedigligdo reach a constant value of 80 mV. The curuersus time
graph is shown in Figure 1.2. When the light w&s afconstant current of 100 pA (micro-amperes) alaserved
using LabView SignalExpress. The light caused &espi current of 3.8 mA (mili-amperes) and as dystd on, the
current gradually stabilized following an exponahtaw.

The current and voltage generated prior to the kiggre due to a few reasons. The positive and negains in the

salt solution acted as charge carriers to conchantge between the negative and positive coppeacsesf The water
acted as a capacitance dielectric and separatedeshthat are accumulated on the two separatesplEtés showed
the voltage observed while the bulb was off. Furti@e, the concentration of 3.5% matches the ajpmate 3.5%

salinity of ocean water. This concentration wasseimoto meet our goal to simulate copper electrodesean water
for the generation of power.

Voltage (V)

1 1 1 1 1 1
400 600 800 ;i g 1.6k 1.799%
Iteration

Figure 1.1: Graph of Voltage (V) vs Time (millisecads; 1.4k=1.4seconds) with 3.5 % solution
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Figure 1.2: Graph of Current (A) vs Time (millisecands; 1.4k=1.4seconds) with 3.5 % solution

1.4 35% NacCl Solution

The concentration of the solution was changed 8 8y mass of NaCl. The solution was stirred welalow the
salt to dissolve and not saturate the solution. Sdmae procedure was conducted to measure the e@tatycurrent
generated. The two graphs of voltage and currersugetime can be seen in Figures 1.3 and 1.4 ridgplyc The
voltage jump was from 162 mV to 210 mV. Note thatreif the change is only 48 mV, the overall magphét of the
voltage has been more than double with an increasemcentration and can be harnessed.
Also, the initial peak current of 3.7 mA increased.5 mA. This increase of 3.8 mA was observedwasl close to
the increase in the 3.5 % solution. The major diffiees can be seen in the profile of the curves.viditage was
increasing linearly when the light was off. Therasna vertical spike and then a gradual increasted of a
decrease as was the case with the 3.5% solutibe)clirrent profiles are also different. The 35 %itkan creates a
constant current before and after the spike, unhikeresults for the 3.5 % solution.
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Voltage (V)
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Figure 1.3: Graph of Voltage (V) vs Time (millisecads; 1.4k=1.4seconds) with 35 % solution
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Figure 1.4: Graph of Current (A) vs Time (millisecands; 1.4k=1.4seconds) with 35 % solution

Table 1.1: SUMMARY OF OUR EXPERIMENTAL RESULTS

. Current Analysis Voltage Analysis
Solution — - — -
Concentration Initial Final C_urrent Initial Final \(oltage
Current(mA) Current(mA) Rise(mA) Voltage(mV) Voltage(mV) Rise(mV)
3.5% 0 4.1 4.1 14 92 78
35% 3.7 7.5 3.8 162 210 48
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CURRENT VERSUS LIGHT INTENSITY
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Figure 1.5. Current Rise (mA) vs Light Intensity (Klux)

The effect of light intensity on the current wastéel using a Lux meter to measure the light intgrdithe 500 W
light bulb. The light sensor was placed at theaefof our solar cell and the light bulb was motmsdards or away
to obtain the desired intensity in klux (kilo-lux).

Figure 1.5,above shows a bar chart of current in milli-ampdogdifferent light intensities. The concentratioh
the solution was also set at a constant 3.5 % faGiarying intensities.

Intensities in increments of 20 klux were tested e current increased until it reached 90 klux.

Further increasing the intensity i.e. moving tightibulb very close to the solar cell did not steovaise in current.
The current stayed constant instead. Hence, thdu8dlux acts as threshold intensity for the 3.58&tt solution.

CONCLUSION

Our experiments proved to yield results that weghdr than most experiments achieved. In some anpets, the
current generated was 50 microamperes at 0.25 .\@lis light intensities represented the averagarsatensity

that the Earth’s surface receives every day. Tt gbthis project work was to produce alternatlaisoells made
from cheap materials. We have succeeded in degjgmid testing alternative ionic solar cells thatldserve as a
model for a new solar cell. It consists of a PNcpion made of Copper | and Copper (II) Oxide alevith ionic salt

water (NaCl) solution.
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