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ABSTRACT KEYWORDS
In the present work; there are some parameters affected the dye sensitized DSSC;
solar cell efficiency such as: different grain size of TiO,nanopowder paste FlexibleDSSC;
ontwo types of electrodes, glassand polymer, in addition to some additives Additives;
added. The optimum thickness utilized for TiO, paste is (15um) on a TiO, grainsize;
conductive glass, (rigid electrode), which is coated with fluorine doped tin FTOand PET.

oxide (FTO). The best efficiency achieved with grain size (10nm) of TiO, is
(1.95%). While the thickness is (12um) spread over a polyethylene
terephthalate (PET) plastic, (flexible electrode), film coated withindiumtin
oxide (ITO). The best efficiency achieved is (1.62%). Microwave heating
operating at afrequency (2450 MHz) and (1.15 Kw), were applied for drying
the TiO, polymer electrodes pastewhereas, afurnace at (450 °C) was utilized
for glass electrode. Several additives were tested and, the best additive
chosen which gives the best efficiency was Copper (I1) nitrate.

Three particlesizesof TiO,, (10nm, 38nm and 50nm) were considered and,
the best efficiency achieved waswith TiO, (10nm). All the tests were done
under illumination of (40 mW/cn?) mercury lamp.
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INTRODUCTION TiO, deposited asafilm on conductiveglasse ectrodes.
Sofar, thesefilmsareusudly sintered at relatively high

During the last few decades, there have been temperature; 450°C. However, acond derableeffort has

intensiveresearch activitiesto explore green sources of
energy. Andternative solar cell technology isthedye
sensitized solar cell (DSSC) a so known as“Gritzel
cell”, which is characterized as light-weight, portable,
inexpensive, and trangparent rel ativeto conventional
solid statesolar cells.

A mgor component of (DSSC) isnanocrystalline

been maderecently toobtainTiO, filmsonflexible(plastic)
electrodes, sincethiswill increasetherange of (DSSC)
applications. Therefore, it is necessary to develop
procedures of low-temperature TiO, deposition soasto
protect the plastic substrate. Thestructure of a(DSSC)
ismade of three main parts; counter €l ectrode, photo
anode and an electrolyte. Plastic (DSSCs) based on
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the substrates of indium tin oxide (ITO) coated
polyethylene-terephthalate (PET), or polyethylene-
naphtha ate (PEN) instead of arigid glasssubstrate, are
regarded asposs blebreskthroughinthefield of (DSSC)
intermsof commercdization Snceplastic (DSSCs) have
advantagesof low cost production and widegpplications.
Largescalerall-to-roll printing process can be applied
to fabricate a plastic substrate (DSSC), making its
commercidizationmoreviabl€?.

Number of methods hasbeen done concerned with
the preparation of nanoporous TiO, films at low
temperature. These methodswere; low temperature
hesting, compression, microwaveirradiation, e ectron-
beam annealing, chemical -vapor deposition with UV
irradiation, and hydrothermal crystallization®4. A
photopl atinization technique was proposed on athin
TiO, layer modified (ITO/PEN) substrate at low
temperature (about 50°C after 1 hr. of UV irradiation)
for thefirst time®. By replacing the glass substrates
withflexibleplastics, mesoporousTiO, filmshavetobe
prepared at low temperature and also with
nanocrystdlinedimendonsfor better efficiency toenergy
conversion’®. Oneof the problemswith plastic substrate
(DSSCy) isthat, they havelower efficiency than that of
glass substrate. The plastic substrates have thermal
instability at high temperature (450-550)°Cwhichis
required for sintering of TiO, photo electrodes of
DSSC!. Thetransparent conductive oxide (TCO) at
the counter electrodeis coated with few atomic layers
of carbon or platinum in order to catalyze the redox
reactionwith the el ectrolyte®.,

TheDSSCseffeciniciesarethicknesslimited, typicd
filmthicknessesare5-20 pm, with TiO, mass 1-4 mg
cm 2,

Itisessintily knownthat, thepostionof theCBinthe
TiO, dependsstrongly onthe surface chargesaswell as
the adsorbed dipolar molecules. Theseadditivesinthe
electrolytesare expected to be adsorbed onto the TiO2
surface, thus affecting the CB in the TiO2 strongly
associated with the photocurrent and photovoltage.
Therefore, theintroductionsof additivesintotheliquid
electrolyteshave been effective strategiesto enhancethe
photovoltaic performancesof DSSC[62]. Thedifference
isthat thefunction of eectric additivefor optimizingthe
photovaltaic performanceof DSSCsismoreeffident than
that of thedonor number of solvent®.
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EXPERIMENTAL

Materials

Anatase titanium dioxide powders (10nm) and
(50nm) were purchased from (MK nano, Canada).
Conductiveglass, fluorinedopedtinoxide (FTO), with
sheet resistance (7 /cm?), and Indium Tin Oxide/
polyethylene-terephthalate (PET/ITO) with sheet
res stance (60 (/sq) weresupplied from (Solaronix SA,
Switzerland). Ethylene glycol was purchased from
(Sigma-Aldrich). Acetic acid solution from (SCR,
China), lodine (1) and Potassium lodide (KI) were
purchased from (Erftstadt, Germany). Nitric Acid
(HNO,), purity 65%, supplied from (Merck Co.). Dye
[Ruthenium (RU) (N719)] was purchased from
(Solaronix S.A., Aubonne, Switzerland) whichisused
asasengtizer. Ethanol was purchased from (HukaCo.).
Titanium tetraisopropoxide (TTIP), TI{OCH (CH,).] .
purity 97% was purchased from (Sigma-Aldrich Co.).

Procedure

The synthesis procedure for nano TiO, sol isas
follows: Titaniumtetrai sopropoxide (T TIP) wasmixed
with ethanol then distilled water was added drop wise
under vigorousstirring for one hour. Thissolutionwas
peptized using nitric acid and refluxed at (80°C) for (8
hours). After thisperiod, the TiO, sol had been prepared.
The nonporous TiO, films were dye-sensitized by
soaking the films for (5.5 hrs.) in adye solution of
ruthenium (I1) (N719) suspendedinethanol. TiO, (10nm
and 50nm) powdershavebeen grinding by us ng mortar
and pestlefor (20 minutes) in order to reduce powder
aggregation.

Suspensions of TiO, powders were prepared as
follows

Adding drops of nitric acid solution to (6ml) of
ditilled water until the solution becomesacidic with
pH (3-4). Thissolutionisadded to (6 gm) of colloidal
TiO, powder, then adrop of transparent surfactant was
added to ensure coating uniformity, adhesion to
electrodes, and to avoid cracking of thedeposited film.
Finally, wefollow doctor blade method for coating TiO,,

Dyesensitization of TiO, films

TheTiO, films prepared by the above procedure
on (FTO) glassor (ITO-PET) plastic substrateswere
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immersed into an (5x10*) [M] ethanol solution of [Ru
(N719)] dyeand werekept therefor (5.5) hours. The
dye coated electrodes were carefully washed with
ethanol.

Theelectrodeswereleftintheoven at (50°C) for
(2hour), before use them in DSSC, to remove any
ethanol or humidity that could be exist in the pores of
thefilms. Findly, thedlectrodesweredried through two
categories; theglasselectrode using 450°C hot plate
device, whereas the plastic electrode drying was
achieved using 1.15 Kw, 2450 MHz microwave oven.

RESULTSAND DISCUSSION

TheTiO, sol prepared by the above procedurewas
coated on both electrodes and then tested by XRD
which showsthat itsgrain szewas (38nm).

AFM test

Anaysisof AFM images confirmed that the root
mean square (Rms) vauesfor the TiO2 films (10nm),
(38nm) and (50nm) are (11.2nm, 3.6nm, and 1.15nm)
respectively asshowninFigure (1). The highest value
of (Rms) associated withthelowest TiO, grain size,
sncethesurfaceareawasincressed with theincressing
of (Rms) valueasaresult of reductioninthegrainsize,
yielding enhancement of the dye adsorption capacity
onTiO, and hence, enhancing thesolar cell efficiency.

Absor ption spectrum of ruthenium (N719) dye

The ruthenium dye has an intense absorption band
at (355and 385) nm. Both of themareinthe UV region
of solar spectrum. Theinterested absorption peak of
(N719) dyeisat (535 nm) because of itsbig matching
withthesolar spectrum. Theruthenium (N719) dyehas
absorption spectrum extends only to (700nm); so that
it has nearly no absorption band intheinfrared region
which causeslimited solar cell efficiency!™.

Influence of thicknesson efficiency

The DSSC performance largely depends on the
thickness of TiO, film because changing the film
thicknesswill changethe amount of dye adsorbed on
TiO,. Increasing thethickness of thefilm|eadsto reduce
transparency and hencereducelight harvesting. The
optimum thickness adopted in glass electrode was
(15um), while for the polymer electrode was (12 um)
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Figurel: AFM imagesfor: a) TiO, (10 nm) after annealing
at 450°C b) TiO, (38 nm) after annealing at 450°C c) TiO
(50 nm) after annealing at 450°C
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which givesbest efficiency asshownin Figure 2.
I nfluence of additive on efficiency

Additives play an important role to enhance the
photovoltaic parametersin liquid el ectrolyte-based
DSSC. It has been found that the photovoltaic
performance of DSSC can be enhanced substantialy
by addingasmall amount of different additives. The
enhancement in both current and voltageisdueto the
increasing in electron transfer speed, since adding
Copper (I1) nitrate will increase the electrical
conductivity of the electrolyte. TABLE 1 showsthe
effect of added additive solar cell for both plastic and
glassusing TiO, (10nm, 38nmand 50 nm).

Copper nitrate Cu (NO,), asanew eectric additive
for enhancing photovoltaic performance of dye-
sensitized solar cell (DSSC) was studied. It showed
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high efficiency for enhancing both open-circuit voltage
and short-circuit current density of DSSC when the
suitable amount of Cu(NG,),, 0.002 (¢/10ml), was
addedinliquid electrolyte.

The energy conversion efficiency of DSSC
increased from 1.6%t0 1.8% for flexibletype of solar
cdls, whiletheglassconductivetypeefficiency of DSSC
increased from 1.95% to 2.3%. Therefore, it is
consdered ashighly efficient e ectric additivefor DSSC.
Theessentiad reason isowing to the special molecular
structureof Copper nitrate, which containstwo different
polarity groups. Asasurfactant, Cu(NO,), couldform
ordered arrangement inliquid € ectrolyte, which affects
thediffusing ability and the redox reaction of (I7/1,),
and further affects the photovoltaic performance of
DSSC.
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Figure?2: Glassand plastic thicknessfilm vs. efficiency
TABLE 1: Solar cellsfilmwith and without additiveof Cu (NO,),
TypeTiO,nm PLASTIC CELLS12um GLASSCELLS 15um
I« Ve FF% n% I Voo %FF 1%
10 nm (before Additive) 1.6 0.52 76 1.62 1.7 051 90 1.95
After Additive 18 0.55 74 18 2 0.57 80 23
38nm (before Additive) 14 0.52 64 1.16 16 055 73 16
After Additive 13 0.48 79 1.23 162 053 78 1.67
50nm (before Additive) 1.2 0.45 74 0.99 145 055 73 1.45
After Additive 13 0.51 68 1.13 149 055 77 1.58
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I nfluence of additiveconcentration on efficiency

In order to study the additive concentration onthe
performancefor both glassand plastic DSSC, Copper
(1) nitrateat fixed concentration of (0.002 ¢/10ml) was
selected. Theefficiency for glasssolar cell was(1.95%),
and thenimproved to (2.3%), whiletheefficiency for
plastic solar cell was (1.6%), and then improved to
(1.8%), soitisbetter than therest additivesselected as
showninFigure3.

Theresultssummarizedin TABLE 2 showed that
theefficiency increased asthe concentration gradually
incressed till (0.002 g/10ml). After that, any increasein
the concentration causesadecreasein efficiency.

th
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Influence of additivetypeon efficiency

Severd metdlic additivesweretested inthiswork
such as Cu (NO,),, AICI,, CO(NO,),, CaSO,, Ni
(NG,),, Cul, (NH,),Cr,O,, NaBr and Nacl. Thefinal
efficiency of Ruthenium (N719) dye cells after the
addition of theabove materidsarelistedin TABLE 3.
The additives showed almost fixed voltagewhilethe
vaueof thecurrent variesdepending onthekind of the
additive. It hasbeen generaly observed adistinct group
of single additivesisused to enhancethe performance
of eectrolytes.

Influenceof grain sizeon DSSC efficiency
Wehaveobtained abetter efficiency in TiO, (10nm)
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Figure3: Additiveconcentration of Cu (NO3)2 on officiency
TABLE 2: Influence of additiveconcentration on efficiency
PLASTIC CELLS GLASSCELLS
Additive Concentration g/10ml

I« Ve FF% n% I« Ve FF% n%

0.00025 0.43 0.3 55 0.2 0.5 0.4 45 0.22

0.0005 0.92 0.4 62 0.6 1 0.6 53 0.8

0.001 12 05 72 11 15 045 63 11

0.002 18 0.55 74 1.8 2 0.57 80 23

0.003 1 0.4 66 0.7 13 045 82 12

0.005 0.6 04 48 0.3 13 0.5 55 0.9

0.01 0.51 0.31 38 015 06 0.5 90 0.45
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Ruthenium and type

For plastic solar cells

For glass solar cells

additive (0.002 g/10ml) le Ve n% le Voo n%
Without additive 16 0.52 16 1.7 0.51 1.95
Cu(NOs), 18 055 18 2 057 23
ALCI;3 15 0.55 1.63 1.8 0.55 1.98
CO(NO3), 2.2 0.52 17 35 05 19
CasO, 0.24 0.33 0.05 0.4 04 015
Ni(NOs), 12 04 09 14 04 1.05
Cul 13 0.52 12 16 0.55 1.56
(NH2),Cr,0; 11 04 08 13 0.68 11
NaBr 0.4 0.47 0.19 0.6 0.5 0.4
Nacl 1 0.4 0.56 1.2 0.5 9.0
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Figure4: a) glasssolar cell (beforeadditives). (b) glasssolar cell (after additives) (c) plastic solar cell (beforeadditives). (d)

plastic solar cell (after additives)
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duetothesmadler grain sizewhichis(1.95%) for glass
cell and (1.6%) for plastic cell, whilein case of using
TiO, (38nm), the efficiencies are (1.6% and 1.14%)
respectively. Whereasin case of using TiO, (50nm),
theefficienciesare (1.45% and 0.99%) respectively as
showninFigure4.

CONCLUSIONS

There are several parameters affected the
performance and efficiency of aDSSC such as the
thickness, additives and grain size in both types of
electrodes, glassand polymer. Thedectrodethickness
should be within an optimum vaue for keeping the
desired efficiency. With and without additives, the
flexible dye-sensitized solar cells (PET/TiO,)
demonstrate | ess efficiencies compared with (FTO/
TiO,). Titaniumdioxideparticlesizeplayssignificantrole
incontrollingtheefficiency vaue.
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