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Abstract:

The photoanode of dye sensitized solar cells (DSSCs) have been fabricated as
a double mixture where nickel-oxide (NiO), graphene-oxide (RGO) inserted with
titanium-dioxide (TiO2) using simple chemical methods the sample is coated on
FTO glass by doctor-blade method using platinum as counter electrode. After
constructing TiO2/NiO-RGO photoanode, the photoanode has shown enhanced
light adsorption properties, faster electron transport, lower internal resistances and
lower charge recombination rate, which resulted in high current density. The results
exhibit much better conversion efficiency in comparison to the DSSCs with pure
TiO; and with TiO2/ RGO PE

Keywords: Dye-sensitized solar cells, graphene-oxide/Ti0O,, nickel-oxide (NiO),
titanium-dioxide (TiOz), Photoanode.

227



Journal of Education For Pure Science- University of Thi-Qar
Vol.9, No.1 (March 2019)
Website: jceps.utq.edu.iq Email: jceps@eps.utq.edu.iq

1. Introduction

A new technique has been used to manufacture solar cells known as dye-sensitized solar cell, which is
the solar cell manufactured by organic pigments, is known as DSSC which is a new technology under the
future technologies for the solar cell industry at a low cost. Cells are made of semiconductor material
between an anode and electrolyte .A substance that contains ions that make the material conductive to
electricity. This technology was invented by Michael Gratzel and O'Regan in 1991 and they are also known
as Gratzel cells [ 1]Since then, many workers have been extensively investigating this DSSCs using various
metal complex sensitizers. Several metal oxide materials have been explored for the photoanode such as
Ti02[2]-[5].Zno[6]-[8].NiO[9], [10].RGO[11]-[13].CuO[14], [15].Among these materials TiO, compact
layer receives much discussion becouse it can improved performance of DSSC .
Graphene/Ti0, composite layer and a TiO2 nanoparticles (P25) under layer used as photo anode in 2018
after construction of double layer photoanode with proper amount of graphene .The DSSC exhibited a Voc
0f0.72 V, Jsc of 15.01 mA cm 2, and FF of 0.66 with the energy conversion efficiency of 7.08% in 2018
[11].
DSSCs are consisting three major parts: First part is photo anode which absorber the incident light,
generates free electrons and transfers the electrons to the external circuit. The counter electrode is the
second part which conducts the electrons from the external circuit back to the electrolyte of the cell .The
third part is electrolyte which carries the electrons back to the photo anode to complete the electron
circulation. The photoanode of a DSSC is generally composed of TiO; layer coated on a transparent
conducting glass or plastic substrate that is brought together in a sandwich like architecture [16],[17], [18]as
show in figure(1).
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Figurel: sandwich like structure for DSSC[19]

In brief the basic sequence of events in DSSCs is as the following equations:

TiO»/Dye e TiOx+Dye" (1)
TiO,/Dye* —> TiOy/Dye’ + e(Ti0,) )
e (Ti0)) > ¢ (FTO) 3)
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I3+ 2e (Pt) > 3r 4
1.5I + TiO2/Dyet+ —> 0.515 + TiO2/Dye (5)  [18]

The photon incident on the cell is absorbed by the organic dye, which stimulates the electron from the
ground state to the excited state of dye (Dye"). The exited electrons injected in to the CB of TiO then
assemble in FTO glass after passing through an external circuit, the electron is reintroduced into the DSSC
at the Pt CE. The electrolyte gives an electron to the dye to fill the hole (Dye") and complete the circuit as
shown in fig (2) the efficiency of a DSSC depends on four energy levels of the component: the excited state
(approximately LUMO) and the ground state (HOMO) of the photosensitizer, the Fermi level of the TiO2
electrode and the redox potential of the mediator (I'/I37) in the electrolyte [20]

FTO electrode
Counter electrode

. TiO; nano-particle

. Dye-sensitizer

TiO, Blocking
FTO electrode

Fig(2): The simple structure and operation of DSSC[13].

In this study (DSSCs) have been designed and manufactured based on nanoparticles of titanium dioxide
(TiO») paste deposition on fluorine doped tin oxide (FTO) glass using doctor-blade method ..For counter
electrode Pt were coated on FTO conductive glass, iodide/tri-iodide (I'/137) used as electrolyte and finally
combine the two electrodes together in

a sandwich manner then injected the electrolyte between them. Nickel oxide and graphene
oxide were then added to TiO, of Photoanode with simple chemical methods to improve the
performance of DSSC. Figure (3) shows the cells we designed in this work
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Figure (3): Schematic illustration DSSCs based on the TiO2 nanoparticle, TiO2/RGO and
TiO2/NiO-RGO as photo electrode.

2. Experimental part:
2.1 Chemicals and Materials

In this paper, the materials and solvents were purchased from Sino pharm Chemical Reagent
Company. titanium (IV) isopropoxide (TIP) were purchase from Daejung Chemical and Metals Co. Ltd,
and nickel nitrate as a dopant, and. Graphene oxide (GO) was bought from Beijing Boyu-Gaoke New
Material Technology Co. GO converted into RGO by the annealing process at 500 °C.TiO> paste and
ruthenium 535-bis-TBA (N719) were purchase from Solaronix. FTO glass with a sheet resistance of
8X/square and a thickness of 2.2 mm, supplied by Nippon Sheet Glass, was used for both electrodes .The
electrolyte produced by a solution of 0.05 M 12, 0.1 M Lil (Adamas-beta), 0.6 M 1-methyl-3-
butylimidazolium iodide (TCI), 0.1 m guanidinium thio- cyanate (TCI), and 0.5 M 4-tert-butylpyridine
(TCI) mixed in 3-methoxypropionitrile solution (Alfa Aesar). Millipore water (18.25 MQ cm) was used in
the whole process.

1. Photoanode preparation

The Photo electrode (PE) was coated on Fluorine doped tin oxide conducting glass substrate. Firstly
the glass was cut with area 2 cm width x 3 cm length and 2.2 mm thickness and cleaned with a number of
stages where it is washed with normally water and detergent powder to get rid of the traditional dirt and
then placed in distilled water in ultrasonic for 15 min, finally rinsed with ethanol (CoHsOH) to remove any
traces of greasy stuck and dried.
A thermal blaster has been placed in the edge of the substrate glass covering about Smm of glass to refine
the film on the active area. The TiO» paste was fabricated according to (please see ref.[21]).The TiO»/NiO-
RGO nanocomposite was prepared as follows. By the sol-gel process, Nickel nitrate Ni (NO3), was mixed
with titanium isopropoxide (TIP) solution during of TiO» nanoparticles. The first step, titanium
isopropoxide was hydrolyzed with the help of glacial acetic acid (1-2) at 30 © C with addition of 80 mL of
ethanol, and the mixture was stirred for 20 min to achieve complete homogeneity. The Ni (NO3)2 (0.1wt %)
was ultrasonically dispersed in 80 mL of deionized water. Then, Ni (NOs); solution was added and stirred
for another 10 min to form the suspension solution of TiO nanoparticles. In order to deposit nickel oxide
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(NiO) (0.1wt %) onto the surface of the TiO nanoparticles was used as follows: (2 mL of 0.5M) of Sodium
borohydride (NaBH4) solution was added to the suspension solution of TiO; nanoparticles with stirring at
30°C. The TiO2/NiO was completed with continuously stirring at 50 © C for 10 h. While, the second step,
graphene oxide (GO) suspension (40 mg) and cetyl trimethylammonium bromide (CTAB, 1g) was stirred
in 60 mL of ethanol for 30 min, placed in a 250 mL beaker was added drop wise into the above TiO2/NiO
solution. The gel-containing mixture was formed after complete hydrolysis. The product was dried in a
vacuum oven at 80°C overnight. To obtain mixed oxide nanocomposite, the gel material was then calcined
in air for 5 min at 500°C.

Ti02/RGO nanocomposites were synthesized by the same method as described above, except that there
was no NiO involved. The paste then deposited in the middle of conducting glass by using doctor-blade
method. The paste was propagating using glass rod and repeat this step to obtain a homogenous layer with
slightly thicker. The film dried in air for 15 min and then heated in furnace for 30 min at a temperature of
400-C to obtain a homogeneous crystalline shape. The prepared film is immersed in the dye solution (0.5
mW ruthenium complex dyes prepared by (Di-tetrabutylammonium cis-bis (isothiocyanato) bis (2, 2’-
bipyridyl-4, 4’-dicarboxylato) ruthenium (II)) dye sensitizers. (TBA=tetra-butylammonium) in a mixture
of acetonitrile-butanol for 24 h at 25 °C)[22] then removed,

2. DSSC devices fabrication
To prepare counter electrode ,we used platinum prepared according to (please see ref.[22]) .After

preparation the photoanode and counter electrode we combine the two electrodes together in a sandwich
manner as show in figure(4).The iodide/tri-iodide electrolyte consists of a solution of (0.05 ml) L», (0.1 ml)
Lil, (0.6 ml) 1-methyl-3-butylimidazolium iodide (TCl), (0.1 ml) guanidinium thiocyanate (TCI), and (0.5
ml0 4-tert-butylpyridine (TCl) mixed in 3-methoxypropionitrile solution[22] was injected between them.

Finally the current-voltage (I-V) characteristic of complete solar cell was measured by using keithley
2400 digital source meter (keithley —USA).

Figure (4): the DSSC device which designed in this work
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3. Results and discussion.

The XRD pattern of the TiO,, NiO, GO and TiO2/NiO-RGO nanocomposites shows in Figure (5).
Major XRD peaks of TiO, were observed at 20 of 36.7°, 38.7 © and 53.8 °, representing the rutile phase,
while the peaks at the 20 values 0f 25.5°,37.9 °,48.0 °, 55.1 ® and 62.7 ° indicate the anatase phase of TiO»
nanoparticles [10], [23] .However, the formation of crystalline NiO on to TiO2/NiO-RGO nanocomposite
was revealed by the diffraction peaks at 20 values of 37.2 °, 62.7 ° and 75.3 °, indicating that the NiO
structure was maintained through the sol-gel process and calcination heat treatment. In the XRD analysis
of TiO2/NiO, the rutile and anatase peaks were observed to be less intense than those for TiO». This is due
to their large valence difference between Ni™? and Ti™. In addition , this is can be related to the ionic radius
of Ti"™ which is very close to that of Ni*?, resulting in more crystal lattice distortion in TiO2/NiO than in
pure TiO2[24] .In the XRD patterns of the TiO»/NiO-RGO nanocomposite, no peaks were detected from
the RGO surface, indicating that carbonaceous surface was well-exfoliated and covered by TiO2/NiO metal
oxide. The diffraction peaks obtained for TiO2/NiO-RGO were sharper, reflecting better crystallinity.
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Figure (5): XRD patterns of (A): NiO (B):TiO2, (C): GO, and (D): TiO2/NiO-RGO-PE

SEM and EDX analysis of the NiO/RGO and TiO2/NiO-RGO nanocomposites were shown in figure(6),
The SEM graph of TiO2 is shown in figure (7) which Shows the TiO2 NPs that has a crisscross-like overlapped
pore interceded texture, which is favorable for the absorption and scattering of light [9] TiO2/NiO
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nanoparticles were dispersed and randomly distributed on the surface of the RGO figure 7 (a, b, ¢). It is
suggested that the oxygen-holding functional groups of GO interacted with the OH groups on the surface
of the TiO2/NiO nanoparticles (figure 7d) (before the annealing process) forming the chemically bonded
species. The EDX spectra in (figure 7¢) show all materials elemental peaks of Ti, O, and Ni were attributed
to the TiO; and doping of NiO. In addition, the carbon presents for RGO indicates incorporation of Ti and
Ni deposited onto the RGO surface
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Figure 6: SEM and EDX analysis of TiO2/NiO-RGO nanocomposite

EIS studies were carried out under illumination of AM 1.5 G (100 mW/cm?) and using a frequency response
analyzer to understand the effect of the electro catalytic activities of CE on the I3~ reduction. We focus on
the semicircle in the highest frequency region describing the electron transport at the CE/electrolyte
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interface [4] (Figure8). It's clear in Table (2) that Pt CE has a moderate R (1.7€Q), which cause improved
electro-catalytic activity for redox electrolyte and high electron-transfer kinetics

oo o ®
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Figure (8): EIS spectra for Pt electrode (a potential amplitude of 10 mV with frequencies from 10 mHz
to 100 kHz). The impedance is described either by the real (Z””) and imaginary (Z’) or by its modulus |Z]
and the phase shift ¢.

Table (1): Epp, Ipa and Ipc of Pt electrodes.
CE Epp Ipa (MA/cm?) Ipc (mA/cm?)

Pt 0.23 0.0023 0.0032

Where Epp is peak to peak separation, Ipa is an anodic peak current density, Ipc is peak-current density.
For more understanding of the further the improved DSSC devices with pt-CE we measured CV curves of
the I/13” redox couple on pt- CE. As shown in figure (9), the oxidation of I" ions (an anodic peak current
density) and the reduction of I3~ (a cathodic peak current density). As well as, the CE in the DSSC is
responsible for catalyzing the regeneration of I” from I3~ (I3~ + 2e"— 31)[9]. In addition, it displays a
higher peak current density of Pt CE and has a good electro catalytic activity for I/I3” system
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Figure(9): CV for Pt electrode, the electrolyte was acetonitrile solution containing 10 mM Lil, 5 mM
12, and 0.1 M LiClO4. Pt electrode is used as auxiliary electrode and Ag/AgCl works as reference
electrode, the scan rate is 50 mV s .

Figures 10 and 11, Tables 2 and 3 show I-V curves of the devices based on TiO», TiO2/RGO and TiO2/NiO-
RGO photo electrodes under illumination of AM 1.5 G (100 mW/cm?) respectively. . The H1 device using
pure TiO, shows short circuit current density (Jsc) of (16.47) mA c¢m 2, open circuit voltage (Voc) of
(0.646) V, fill factor (FF) of (0.632) and power conversion efficiency (1) of (6.69) respectively, which are
lower than that of other devices with RGO or NiO/RGO-PEs (Table 2) but H2 and H3 devices performance
parameters including Jsc, Voc, FF, and n are summarized in Table 2. The 1 and FF were calculated
according to the eqs:

FF — Jma.‘i p max
‘]sc Voc 1
V
— Jsc ocFF x100 ) [25]

in
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Where Jmax: 1s the maximum power current density. Vmax: maximum power point voltage. Js: short circuit
current density, Voc: open circuit voltage, n1: power conversion efficiency, Pin: input power. When the H2
and H3 devices have been based on TiO2/RGO and TiO2/NiO-RGO photo electrodes,( Table3) the
performance has improved remarkably, showing Jsc of 16.58 and 17.09 mA cm 2, open circuit voltage Voc
of 0.67 and 0.69 V, fill factor FF of 0.66 and 0.6 , conversion efficiency 7.33% and 7.9 respectively.
The n significantly enhanced from 6.69 % for H1 device to 7.9 % for H3 device. The H3 devices (figure
10) reach the highest power conversion efficiency due to the charge recombination between photoanode
and electrolyte leading to the decreasing performance of devices to a large extent.
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Figure (10): Photocurrent density voltage characteristics of the Pt and NiO-NF/MWCNT.

Table (2): Photovoltaic performance of H1 device.

device PE Jse(mA/em?) | Voo(V) FF n)%( Rs(Q) Re(Q)

H1 TiO2 16.47 0.646 0.632 6.69 15.6 1.7
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Figure (11): Photocurrent density voltage characteristics of H2and H3

Table3: Photovoltaic performance of H3 and HS devices.

device PE Jsc (mA/cm?) Voe(V) FF N (%)
H2 TiO2/RGO 16.58 0.67 0.66 | 7.33
H3 TiO2/NiO-RGO 17.09 0.69 0.67 7.9

3.Conclusion

In this paper, films deposited from TiO», TiO2/RGO and TiO2/RGO-NiO are a prepared by doctor-blade
method as a work electrode. Pt is prepared as CE. The DSSCs based on the TiO2/RGO-NiO
nanocomposite electrodes which showed highest photovoltaic performances 7.9% compared with that of
the DSSCs made with PEs using Ti02/RGO and TiO» and increased a full factor of 0.67.
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