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Abstract

This paper proposed an alternative source of carbmaterial from Gum Arabic
for the fabrication of TiO-Roselle dye sensitized solar cell. Traditional Ara Gum-
ink made with gum acacia used to fabricate the aadle part of 2 x 2cfTiO,-Roselle
dye sensitized solar cell using Doctor-Blade methdtdis then tested using keithley
2400 source meter under AM 1.5 (100mW/ drillumination from a Newport class A
solar simulator. The result shows that by using Aia Gum-ink an open circuit
voltage, 4= 0.83V, short circuit current density,sg& 50pA cmi?, fill factor, ff = 0.13
and energy conversion efficiency,= 0.006% was produced.
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1.0 Introduction

In today's society, it is becoming ever importanfihd alternative sources of energy that are lobibap and efficient. To
date, fossil fuels, namely, coal, oil, and natgas$, which were formed millions of years ago fréma tossilized remains of
plants and animals are the main energy sourcesEMgn before the industrial revolutions human Lfigality is greatly
affected by the availability of energy. The eseadadnd savage consumption of conventional sourfoesengy are leading to
forecasted energy and environmental crises[2]. Rehke energy sources such as solar energy aredeoedias a feasible
alternative because “More energy from sunlightkegiEarth in 1 hour than all of the energy consulmgdiumans in an
entire year[3]. As international concerns aboutrgnend climate change increase, solar cells hacerbhe one of the most
widely-researched methods of obtaining energy reé€ger" ways than burning fossil fuels [4].

One of the new variants on the solar cell thauisently being researched is the dye-sensitizear @il (DSSC), which was
invented by Micheal Gratzel in 1991, where convamdl systems take advantage of the semiconductabgorb light and
transport charge carriers, DSSCs separate theséutwtions[5].DSSC Solar cell is a semiconductovicke that converts
solar energy into electricity. This conversion &led the photovoltaic effect, and the field ofaach related to solar cells is
known as photovoltaics. Photovoltaic cells havengdiwidespread acceptance as a source of cleareaaediable energy.
Although the cost of crystalline silicon solar sefflas dropped significantly over the past decdusset devices are still too
expensive to compete with conventional grid eleityri A promising alternative to conventional siit cells is given by the
Dye Sensitized Solar Cells (DSSC). A sensitizerictvhis anchored to the surface of a wide band semdiector, absorbs
sunlight. When light is incident on the dye, eleos are injected from the dye into the conductiandoof the solid,
accounting for the charge separation. The electapaghen transported in the conduction band osé#miconductor to the
charge collector. Using sensitizers with a broasgogition band along with nanocrystalline oxide §lifmost commonly
titanium dioxide) allows for the efficient captuséa large fraction of sunlight over a large spaiatange.

First and second generations photovoltaic cellsyaimly constructed from semiconductors includingstalline silicon, Ill-
V compounds, cadmium telluride, and copper indiwterside/sulphide [3]. Low cost solar cells haverbdee subject of
intensive research work for the last three dec&jleAmorphous semiconductors were announced agfthe most
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promising materials for low cost energy producti@nHowever, dye sensitized solar cells DSSCs eatkasg a new class of
low cost energy conversion devices with simple nfacturing procedures

Basically a solar cell, SC, consists of a junctidrp- and n-type semiconductors. At the interfdue Eermi levels of both
semiconductors are the same, generating depletgarr, and therefore, a charge separation[8]. Wihertons are absorbed
in the p-type region, an electron-hole pair is t@df]. Each electron is then injected in the netypgion and the hole goes
across p-type region. In the case of TFSCs thetitotes of material for the SCs production is cdesably less, thus it
reduces costs[10]. Some other advantages consish@npossibility of working with lighter materialand flexible
substrates[11].

Most solar cell characteristics can be obtainethfsimple 1-V measurements. Fig.1 shows the |-V abi@ristics of a typical
solar cell under forward bias and illumination. Téteort circuit current {}) is the current through the solar cell when the
voltage across the solar cell is zero. The opetuitivoltage (Voc) is the voltage across the salkel when the current
through the solar cell is zero and it is the maximeoltage available from the solar cell. The maximpower point (R, is
the condition under which thesolar cell generatesnaximumpower; the current and voltage inthisdition are defined as
Imax @aNdVinax (respectively). The fill factor (FF) equation @nd the energy conversion efficieney équation (2)are metrics
used to characterize theperformance of the solarTdee fillfactor is defined as the ratio of,Rdivided by the product of
Voc and L. The conversion efficiency is definedas the rafi® g, to the product ofthe input light irradiance (Eplahe solar
cell surface area 442].

FF = Dmax_ (1)
R
_ YocXIsc
T Ex4¢ 3

AV
l“I /jj.r:n.lsc

Voltage Vimax Voo

Fig.1: Typical I-V forward bias characteristics of a satatl (Agilent Technologies, 2009) [12].
Although there are a variety of methods to obtajpaRd R, one of the most straightforward techniques isnasure the

slope of I-V characteristics as shown in Figure 1.
AVse

Rep = — Mg, 3)
AVoc
S= T, (4)

R, andRgcan be obtained from Equation (3) and (4) respelstiv

2.0 Experiment

2.1 Materials

Titanium Dioxide TiQ (79.89Mw, 99%), isopropanol, ethanol were procufr@in Tofel Ltd, Kano-Nigeria, Indium tin
oxide coated (ITO) glass slide (25mm x 25mm withfate resistivity 1@/sq) obtained from Techinstro Ltd-India, silver
paste from ENSON Japan Ltd/I T was prepared based on the Nanolab procedurehédet materials are analytical grade
and used as received without any further purifaoati

2.2 Preparation of Gum Arabic

Gum acacia was obtained from Jigawa state, Nigditie samples were pulverized with the aid of memdshrblender
(liquidizer). 20g of each pulverized sample wasghed using Adventure OHAUS Electronic weighing bak model
AR2740 mixed with 50g of well blended powderedaatitd carbon soot and boiled with distil water3drours. The extract
of the sample were decanted to remove the respghutbf the samples as shown in Fig.2.

Journal of the Nigerian Association of Mathematic&hysics Volume 34, (March, 2016), 405 — 410
406



Fabrication and... = Adamu, Babaji,Hafeez,Muhammad,Shitu,Musaand Gidado J of NAMP

Fig.2: Gum Arabic

2.3 Fabrication of DSSC

In this work, the deposition of our counter eledgmn indium doped tin oxide (ITO) glass substveds enabled through the
doctor- blading method. The conducting side of B x 2.5cm ITO was identified and covered on eafcthe parallel
edges with a single layer of sellotape to contnelthickness of the Tidilm. The covered ITO edge measuring provided the
electrical contact area. Before deposition, thegjkubstrates were cleaned with isopropanol, thiesnBl. The carbon paste
(Arabic Gum) which was prepared through Doctor-blgdnethod was applied at one of the edges of ¢inelacting glass
and distributed with a squeegee sliding over tipe-4zovered edges. The electrodes was kept on fae side for about
24hours before removing the adhesive tapes. Thesedgre cleaned with ethanol. Nanocrystalline ititan(iv) oxide was
used as photo-electrode. The same blade methocdamgded in depositing the TiQayer and the film was allowed to dry
naturally for five minutes before removing the asltie tapes. The edges were also cleaned with dthem® electrodes was
sintered for 30 minutes at a temperature of’@00sing the Vecstar LF2 MOD furnace. The contailigaid of the paste
burns away, leaving the Titania nanoparticles saateogether. This process ensures electrical cbh&ween particles and
good adhesion to the TCO glass substrate[13]. Tineate was allowed to cool down before removing dheealed
electrode. This is because a sudden change in tatape can cause the glass to break. The resuitingporous layer made
from the sintered particles was stored in a sealedronment to avoid moisture absorption from ambigir. The TiQ
photo-electrodes were immersed into a solutiorheflocal dye for 15 minutes. The binder clips wigsueed with ethanol
before it was rightly placed on the dyed workingotiode. The conductive side of the transparertreldes was gently
placed on top of conducting carbonized side of ¢hanter electrodes. We introduced 0.5ml drops ef ¢tectrolyte
(lodide/triiodide) through one of the gap left betm the two glass plates by capillary action. Hieaitcontacts were made
by applying the silver paste (ENSON, ENO6B8) altimg conducting side of electrode. The active serfaea oRoselle
dyed cell was 4cfishown in (Fig.3).

Fig.3: Typical picture of front and back view of Titaniubioxide-Roselle DSSC

3.0  Photovoltaic Performance of DSSC

The performance of the DSSCs was determined usinglibrated AM 1.5 solar simulator Controller (Newp Oriel
instruments, Model: 69922) with a light intensitly 30 mWcn?and a computer controlled digital source meter ifiey,
Model: 2400).
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4.0 Results and Discussion
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Fig. 4: J-V characteristic curve of TiRoselle Dye Sensitized Solar Cell
4.1  J-V Output Parameters of TiQ-Roselle Dye Sensitized Solar Cell
The short circuit current density, open circuittage and the maximum output power density obtadiesttly from Fig.4
are;
Jsc = 50pdcm™2atl,, = 0 and
V,c =083V af,, =0
Praxoutput = 5529121 x 10°Wem 2.
Also, A = 4.0cm?*E =1000Wm™2 = 100mWcm™2, (PDensity) mpye = (E X A.)/4.0cm? = (100mWcm™2 x 4.0cm?)/
4.0cm? = 100mWcem™2
using equation (1) and (2)
(Powerdensity),qa,  5.529121 x 107

FF = =0.13
Voo X Jow 0.83 x 0.05 x 103
(Powerdensity) . 5.529121 x 107
= X 100% = = 0.00559
(PDensity)imput % 100 x 103 %

The results of this experiment includes shoduit current density (Jsc), open circuittagle (Voc), fill factor (FF) and
energy conversion efficiencyn) for Titanium Dioxide-Roselle DSSC are listedTirable 1.
Table 1 J-V result of dye sensitized titanium dioxideasatells using Arabic ink

Size of the cell ¥, (v) Jc (MA/CnT) Poax(MW/cnf)  FF n
2 x 2cnf 0.83 50 5.529 0.13 0.0055

In this research work the energy conversion eficy DSSC, after annealing at 400°C generatedpitsnam value of,
0.005%, which is reasonably good when compared withk of [14] who investigated the performance obisicuss
sabdariffa (Roselle/Zobo) and Azardirachta Indidartree) TiQ, DSSC with solar energy conversion efficiency;02 @6
and 0.00017 %.

5.0  Conclusion

Dye-sensitized solar cells (DSSCs) are considergmoaising future source of low-cost solar powet[1At present,
however, the most efficient DSSC designs utilizéide-based electrolytes, which are highly corrosind absorb strongly in
some regions of the visible spectrum[16]. Howears efficiency (0.0055%) may appear to be low &y practical
application, the cell performance is comparablsitailar low-cost DSSC technology available today.
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