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NEBs (New Energy Batteries) have some advantages that the fossil energy can not match. Dye-Sensitized
Solar Battery (DSSB) as a state-of-art technology will not be directly measured for its intrinsic parameters due
to its immature technology. Based on the Computer Simulation Technology (CST), this paper integrates the
electrochemical and optical processes of DSSBs into account, and conducts a survey on how the externalities
are subject to optical properties. The findings show that: screen printing film can prepare the DSSBs with good
properties; it is found by simulation that the driving force of the battery attributes to the uneven diffusion of
electron concentration distribution caused by chemical action, and the electric field strength and average
electron density in open circuit are higher than that in the short circuit. With the CST, battery output properties
can be simulated regardless of the internal transport mechanism of the charge. The study in this paper
provides the clues to measuring the intrinsic parameters of NEBs.

1. Introduction

Along with the sharp increase of the world's population, fossil energy tends to be depleted. There is a greater
demand for new energy sources such as solar energy and wind energy (Miranda et al., 2018). As a renewable
new energy source, solar energy has the advantages the fossil energy has no equal, for instance, it is
inexhaustible and does not break the earth's heat balance and avails to protect the ecological environment
(Khayyam et al., 2013; Thiedmann et al., 2011). By far, there are newly developed monocrystalline silicon,
polycrystalline silicon thin film, and amorphous silicon thin film solar batteries. In order to scale up the
development of poly-compound thin film solar batteries, the models made from different materials have been
developed one after another (Wang et al., 2017; Sahraei et al., 2012). The indicators for evaluating solar
batteries include photoelectric conversion efficiency, short-circuit current, open circuit voltage, total battery
efficiency, and fill factor, etc. (Shen and Chirwa, 2018).

The new DSSB consists of counter electrode, electrolyte solution, dye, nano-titanium dioxide porous
membrane, and conductive substrate (Esfahanian et al., 2015). We use the nanometer TiO2 film adsorb the
photosensitive dye and take it as the NEB anode assembled with the cathode of the film platinum, and then
the electrolyte is dripped between the two poles to form a novel DSSB (Lin and Tang, 2016). The optical
trapping can be finished by dye molecules. After absorbing the photons, the dye molecules in the excited state
generate charge transfer from the central ion to the ligand. Then electrons are injected into the TiO2
conduction band via the ligand and transported to photoanode via the porous TiOz2 film, further to the counter
electrode from the external circuit via the loads. The dye molecules are reduced by the iodide ions in the
electrolyte to achieve charge separation (Zhou et al., 2018; Mao et al., 2016). Based on CST, this paper
integrates the electrochemical and optical processes of DSSBs into account, and makes a survey on how the
optical properties affect its externalities.
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2. Analysis of discharge process of DSSB
2.1 Development technology for DSSB

In the DSSB, nanocrystalline TiOz film, as an intermediate bridge between dyes and conductive films, has the
function of fixing dyes (Tang et al., 2012). Formulas 1~ 3 represent the process for preparing a nanocrystalline
TiO2 film by the powder coating, screen printing, electrochemical deposition, or the like, and the first two are
commonly used (Liu et al., 2014). As shown in Figure 1, a photocurrent-voltage curve is plotted out for a
battery prepared by different film preparation methods. It is observed that the open circuit photocurrents of the
battery prepared by the screen printing and the powder coating methods are 17.29mA/cm? and 16.76 mA/cm?,
respectively, and the open circuit photovoltages of both are 540mV and 500mV, respectively. As shown in
Table 1, the behaviors of batteries produced by the screen printing and powder coating differ from each other.
By contrast, the battery prepared by the screen printing method has a higher short-circuit photocurrent, open
circuit photovoltage, photoelectric conversion efficiency and fill factor than that by the powder coating method;
the power coating has a simpler preparation process, controllable particle size, but the membrane obtained by
the screen printing can get a larger specific surface area and a better porous property (Gallaway et al., 2016;
Rincén et al., 2018).

nTi(OR)4(g)+4nH20(g)=nTi(OH)4(s)+4nROH(g) (@)
nTi(OR)4(s)=nTiO2-H20(s)+nH20(g) )
NTiO2:H20(s)= nTiO2+nH20(s) ?3)
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Figure 1: Photocurrent-voltage curves of batteries prepared by different membrane methods

Table 1: Difference in performance between screen printing and powder coating

Coating technology Screen printing Coating method
lse(MA/cm?) 16.41 15.86

Voc(mV) 529 489

ff (%) 0.5567 0.5411

n(%) 5.18 451

Surface roughness 411.81 366.34

Film thickness(m) 7.6 6.3

2.2 Charge transfer and recombination in dye-sensitized solar cells

As a new energy battery, the DSSB has three charge transfer processes, i.e. photo-electric generation,
electron-pair separation and circuit transmission (Ruggeri et al., 2016). Under illumination, the sensitized TiO2
film is excited by photon excitation on the film. At this time, charge transfer occurs in the ligand. Electrons are
injected into the TiO2 conduction band via the ligand, enrich on the conductive glass and generate the working
current via external circuit. The whole battery completes one cycle to achieve the process that the raw
material loses electrons to the ground state, and receives electrons for proceeding reduction. The DEEB
charge transfer and recombination process runs like this: dye excitation - photocurrent generation - dye
reduction - electrolyte reduction - electron recombination - dark current - return to the ground state.



1215

3. Computer simulation on electron transfer driving force in porous nanocrystal electrodes
3.1 Electron transfer driving force model

The solar photoelectron is injected into the TiO2 conduction band, and the electrons diffuse to the substrate
via the TiO2 film. When the electrons deposited on the substrate satisfy the open circuit condition, the
photovoltage generates. Then photocurrent generates under the short circuit condition of the photovoltage.
Assume that N(x, t) represents the number of free electrons at x from the substrate, the Fermi level and
current density Jn(x, t) of the nanocrystal network are shown in formulas 4 and 5, respectively:

S A 4)
1 0B n(x,t
3n(xty=hnn( )l =] (5)

Where: e represents the charge quantity; k represents the Boltzmann constant; pn represents the electron
mobility.

If the electric field of driving force is ignored, the concentration of charges at x from the substrate is expressed
in the form of Fick's first law, as shown in formulas 6 and 7:

n(x)-n(d)=22 [ax+e -e %] 6)

1dEF(X) _kT  1-e ™
e dx e ax+e0d-gox ™

As shown in the formulas, the driving force is independent of the incident intensity and the diffusion coefficient,
while the electron current only has a significant correlation with the electron mobility and the charge driving
force. Further, it is considered how the driving force of electron diffusion is subjected to the light absorption
depth. Existing studies show that there is a linear relationship between the driving force and the absorption
depth. As the absorption depth increases, the relative highlight absorption is expressed as:

1dEFq(x) _KT  ox

e dx e d(d-x) (8)

3.2 Driving force simulation and result analysis

In this driving force simulation test, the thickness of the nanocrystalline TiOz2 film is 1um; the absorption depths
take 1 and 10; the incident intensities are 10'°cm?s and 10 cm?s™, respectively, and the diffusion coefficient
is 10-5%cm?s™. The relationship between the charge concentration and position is shown in Figure 2. It can be
seen that electron concentration at the interface of the porous membrane of the electrolyte is zero, and near
this interface, it has a linear relation with x, while at the porous interface of the substrate, it reaches the peak.
When simulating, the Boltzmann constant takes 1.38x1023J/K and the temperature is 300K. The relationship
between the driving force and the position is shown in Figure 3. It can be clearly seen that the driving force
fluid, absorption depth and driving force itself all get higher with the increase of the position x. Given that the
driving force is susceptible to the electric field action, it is only necessary to multiply the coefficient greater
than 1, and there is no substantial change in driving force.
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Figure 2: Schematic diagram of charge concentration Figure 3: Schematic diagram of relationship between
and charge position driving force and position
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4. Computer Simulation on DSSB properties
4.1 Simulation model

The models used in the computer simulation process include both electrochemical and optical transmission
models. In the process, the microscopic electric field in the battery needs to be neglected. Assume the
electron generation rate is independent of the electron relaxation rate, the quantum yield is 1, and the carrier
transport in the battery is shown in Formulas 9-11, and the quasi-one-dimensional model of dye-sensitized
TiO2 nanocrystalline solar battery is shown in Figure 4. When using an electrochemical model, the battery is
regarded as a medium with thickness z, and containing carriers in the middle. Under light conditions, carriers’
non-equilibrium distribution causes the generation of an electric field.

10 00=-Do 5216 00-HNe COE () ©)
o) 00=-D} 520 00-4.n COE(X) (10)
-1 00=-De 5-nc00-H N (IEG) = 0 (12)

In the optical transmission model, the beam is divided into parallel and diffused beams, assume that the
nanocrystalline TiOz film is an isotropic non-luminance medium. A beam of light is incident in parallel from one
side of the battery. After multiple reflections, a portion of the light enters the medium. The beam propagates
via the medium to form diffused light. The other part is directly reflected out, and the following transmission

equation can be obtained:
di,

“e=(k+s)l (12)
dJe _
S =-(ks)Jo (13)
Glass Glass
TiO2/Dye/
Eletrolyte
1 1
4 0

Figure 4: Schematic diagram of quasi-one-dimensional model of dye-sensitized TiO2 nanocrystalline solar
cells

4.2 Battery simulation results under standard parameters

As shown in Figure 5, it is the kinetic process of a DSSB, including the electron loss and dynamic balance
processes in the battery, there are the excitation, transport and recombination in the computer simulation
process. Computer simulation may analyze the changes in various parameters in the battery. Table 2 lists the
standard parameters for some DSSBs, including electron relaxation rate constant, electron mobility, incident
photon flux density, etc. Any parameter available is definite. As shown in Figure 6, the curve of battery output
properties is given; simulated short-circuit current is 15.08 mA; open-circuit voltage is 680 V; the maximum
power displayed in simulation process corresponds to 512.83 V, which can correctly reflect the working state
of the battery. Figure 7 gives a distribution curve of the electric field intensity E in the battery. The electric field
strength at the time of the open circuit is greater than that at the short circuit, that is, the voltage drop caused
by the electric field kinetic action is less than 1 mV, which implies that the DSSB power generation mainly
depends on chemical kinetics. Figure 8 is a distribution curve of the electron density in the battery. Since the
electron relaxation rate is less at the time of short circuit, the average electron density in the open circuit is
much higher than that in the short circuit.
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Figure 5: Kinetic process of dye-sensitized solar cells  Figure 6: Battery output characteristic curve

Table 2: Standard parameters for dye-sensitized solar cells

Parameter name Standard value
Electron relaxation rate constant 10451
Electron mobility 0.4cm?/Vs
Effective relative permittivity 60
Incident photon flux density 90mW/cm?
Battery thickness 11um
Battery area 1lcm?
Voidage 0.35
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Figure 7: Distribution curve of electric field strength Figure 8: Electron density distribution curve in battery
E in battery

5. Conclusion

Based on the CST, this paper integrates the electrochemical and optical processes of the DSSBs into
account, and investigates how their externalities are subject to optical properties. The specific conclusions are
drawn as follows:

(1) Under illumination, the sensitized TiO: film dye is excited by photons, and charge transfer occurs in the
ligand. Electrons are injected into the TiO2 conduction band via the ligand and enriched on the conductive
glass. Then, they generate the working current via external circuit, and the whole battery finishes one cycle to
achieve the process that the raw material loses electrons to the ground state, and receives the electrons to be
restored.

(2) The concentration of electrons at the interface of the porous membrane of the electrolyte is zero. The
concentration of electrons near it has a linear relation with x, and maximum electron concentration appears at
the porous interface of the substrate.
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(3) Power generation of DSSB depends on chemical kinetics. The electric field strength at the time of open
circuit is higher than that at short circuit, so does its average electron density.
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