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Dye-sensitized solar cell (DSSC) has big merits of simple manufacturing, low cost, and good applications. However, efficiency
of DSSC is quite low compared with other solar cells based on silicon. Ability of electron delivery is important for improving
the efficiency; therefore, CNT used as an electrode and transferring electrons and heat significantly easily can be highly expected
to contribute to increase conversion efficiency of DSSC. In this paper, CNT was loaded on the photocatalyst of TiO

2
thin films

in the range from 0wt% to 0.01 wt%. CNT was treated with 60% nitric acid at 120∘C for 6 hrs and performed on ball milling
process for 3 hrs. Hybrid material was made of TiO

2
paste and CNT predispersed by mixing. To demonstrate the property of each

sample, the analytical techniques including a spectrometer for transmission and surface resistance were used.The sample of higher
concentration of CNT has low transmission but low resistance, besides we have researched a proper amount of CNT 0.001 wt% that
can increase 1.5% conversion efficiency of DSSC.

1. Introduction

DSSCs based on nanostructure materials offer very low cost
and relatively efficient photovoltaic energy conversion, it has
attracted much attention in the last decade. The highest
efficiency, to the best of our knowledge, reported on DSSCs
was 11% obtained on nonporous TiO

2
by using ruthenium

complex dye, containing I−/I
3

− redox couple electrolytes and
platinum counter electrode [1].

There are several important aspects that need to be
considered for a photocatalyst as TiO

2
in DSSC. Firstly, it

must be able to transfer holes from the sensitizing dye after
the dye has injected electrons into the TiO

2
. Next, it must

be able to be deposited within the nanocrystalline layer, and
the methods used for the deposition will not dissolve and
degrade the monolayer of dye on the TiO

2
nanocrystallites

[2].
One of major variants of DSSC is that the dye which

absorbed the light energy receives the electrons after they are
transferred from ground state to excited state. The insertion
of electron is done in such a short time as femtoseconds or

picoseconds, and the oxidized dyes are recycled in nanosec-
onds [3].

The recombination speed of the electrons that are dis-
appeared as electrolytes through surface state is so slow as
microseconds or milliseconds, resulting that most of the
photoelectrons were inserted as the semiconductor does,
while the rest that could not be inserted diminishes the solar
cells’ efficiency as it gets together again with electron holes
[4]. If uses CNT, a composite which is useful for electrical
and heat transmission can expect speed increase of electron
injection speed than recombination speed and increase in
efficiency of DSSC through more movement of electrons.

There had been lots of studies focused on carbon nan-
otube which is widely used in various applications such as
Field Emission Display, Fuel Cell, Biosensor, and Atomic
Force Microscopy [5]. In addition, nanotube has excellent
electrical and mechanical properties and has larger aspect
ratio than other conductive fillers which is proper structure
for incorporating nanocomposites.With these superior prop-
erties, there are lots of trend to develop nanocomposites using
nanotubes in and out of Korea [6–8].
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TheMultiwall Carbon nanotube (MWCNT) can function
as a basic electrode as it can transfer electricity and heat easily.
nanotube functions as an electrode that mutually penetrates
through the wide surface of TiO

2
, as well as helping the

electric charges to be extracted efficiently in dye layers. These
electrodes are advantageous in solar light spectrum as it has
very good transparency in long wavelength.

This paper is aiming at increasing moving speed of
electrons that are generated in the dye using CNT/TiO

2
thin

films in the TiO
2
layers and thus generate current to enhance

the efficiency of DSSC. However, though the more it has
CNT’s contents, the more it decreases the surface resistance,
it should provide the optimum environment as it affects
current generation through reducing the transmissivity. Also,
measure transmissivity and surface resistance of composite
film which is CNT acid treated and TiO

2
; then, apply it to

solar cell to evaluate its properties.

2. Theoretical Background

2.1. DSSC Principle and Structure. Figure 1 shows the oper-
ational principle and structure of DSSC. If visible rays are
absorbed by 𝑛-type nanoparticles TiO

2
that dyemolecules are

chemically absorbed on the surface, the dye molecules gener-
ate electron-hole pairs, and the electronwere injected into the
conduction band of semiconductor’s oxides. These electrons
that are injected into the semiconductor’s oxide electrode
generate current through each nanoparticles’ interfaces. The
holes that are made from dye molecules are deoxidized by
receiving electrons, thus causing the DSSCs to begin to work
[9].

2.2. CNT Dispersion. In the process of synthesis, CNT
aggregation can be observed among each carbon nanotubes’
particles. Also, in physical aggregation of micro level, each
nanotubes as individual particles will be entangled and
wound with each others, whereas chemical aggregation in
nm level can be resulted from surface tension such as Vander
Waals forces amongmolecules. As these kinds of aggregation
hinder 3-dimensional network structures forming that can
enhance mechanical strength and conductivity properties, it
can be said CNT dispersion is a significant process [10].

The dispersion methods are mainly classified into three:
chemical, physical, and solvent agent. First, chemical method
uses mixed acids such as nitric acid or sulphuric acid to
oxidize nanotubes’ tip and surface chemically then intro-
duces functional group that contains oxygen such as –C=O,
–COOH, and –OH [11]. By introducing acid functional group
in nanotubes, it increases attraction with water molecules,
while nanotubes are electrificated negatively resulting elec-
trostatic interaction. With this, we can get nanotube dis-
persion solution that shows no sedimentation and is stable.
Second, there are methods in physical dispersion. The one is
mechanical method that handles ultrasonic waves by mixing
acetone and methanol, and the other one is ball milling that
reduces length and diameter distribution. Final one is using
solvent agents that melt down carbon nanotubes with SDS
(sodium dodecyl sulfate) Triton X-100, LDS surfactant.
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Figure 1: A schematic representation of the construction of a DSSC.
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Figure 2: (a) Process of CNT dispersion and (b) fabricating TiO
2

thin film.

3. Experiment

3.1. CNT Dispersion. Figure 2(a) shows the dispersion pro-
cess to protect CNT’s aggregation. By mixing 60% nitric
acid and distilled water with a proportion of 1 : 3, carry out
reflux work intensely for an hour stirring at 130∘C with an
amount of 1mg of CNT. After completion of this process,
do ultrasonication about 1 hour using lots of distilled water;
then, proceed to neutralization process until pH 7 of aqueous
solution is reached using 1mm diameter of PTFE thin
films and vacuum pump. Acidulation with nitric acid makes
multiple aggregations be released, and do 3-ball milling for 3
hours to reduce length and diameter effectively.

By filtering, get pure CNTs and follow ultrasonication
process in 200mL ethanol then store them. If CNT in ethanol
does not get together and no visible particles are observed,
it can be said the dispersion was successful. If CNT is not
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Figure 3: CNT/TiO
2
thin film according to each CNT wt%.

dispersed, it can cause the powder to be coagulated when it is
mixed with TiO

2
, which may lead to uneven coating on thin

films in the process.

3.2. Manufacturing CNT/TiO
2
Thin Film. Figure 2(b) depicts

composite thin films making process of CNT and TiO
2
. To

identify DSSC’s characteristics according to CNT densities,
mix 1 g of TiO

2
(dye-sol) with variable amount of dispersed

CNT to make paste of 0.001%, 0.002%, 0.005%, and 0.010%.
To make it have 49mm2 active area, carry out silk screening
process until its thickness reaches 21 𝜇m. And to ensure even
thickness, dry it with constant condition once coating is
completed; then, sinter for 30 minutes at 250∘C for 1 hour at
450∘C.

Figure 3 shows coated plates by CNT concentrations,
from which we can see that these plates with high content of
CNT have thicker colors.

3.3.ManufacturingDSSC. Figure 4 shows a table aboutDSSC
manufacturing process. CNT/TiO

2
board that is manufac-

tured through sintering process is digested in N719 dying
agent at room temperature for 12 hours. Using same process,
coat Pt (Dye-sol) on FTO board; then, sinter for 1 hour at
450∘C. With 40 𝜇m Surlyn sheet, two boards are sealed, and
then inject electrolytes.

4. Results and Discussion

4.1. Change of Transmissivity of according to CNT Density.
Figure 5 shows transmissivity difference of CNT/TiO

2
thin

films by CNT contents. And we measured visible rays’
transmissivity using UV/VIS/IR Spectrophotometer (Varian
Cary 5000) in a range of 300 nm∼800 nm. The more it has
lots of CNT contents, it can be seen that the transmissivity is
decreased steeply, and by adding small amount of CNT, there
happens about 20% difference of thin films’ transmissivity
that has no CNT in total.

4.2. Surface Resistance Variance according to CNT Densities.
Figure 6 shows electrochemical impedance spectra (EIS)
using Solar Cell test station (MST-4000A). Impedances
were measured under galvanostatic control of the cell. The
amplitude of the sinusoidal voltage signal did not exceed
1 V.The current values were acquired by changing conditions

Coating TiO2 on FTO membrane
Screen printing CNT/TiO2 (20 𝜇m)

Digesting in dye

N719 (dyesol) For 12 hrs at25∘C

Pt coating on a count electrode

Screen printing Pt sintering (450∘C, 1 hr)

Assembly
Inject electrolyteSealing (Surlyn, 40𝜇m)

Figure 4: Manufacturing of dye-sensitized solar cell.
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Figure 5: Transmission of CNT/TiO
2
thin film.
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Figure 7: 𝐼-𝑉/𝑃-𝑉 curve of DSSC at CNT/TiO
2
0.001%.

from −1 V to 1 V increasing by 50mV intervals. The resulting
impedance was analyzed based on electrical circuit element
model. The value of the model elements was determined by
fitting the experimental data. 𝐼-𝑉 curves for the thin films
with various CNT content are displayed in Figure 4. As the
density of CNT goes high, the slope of 𝐼-𝑉 curve begins to
increase, whereas the resistance value goes down, and the
values are almost proportional to the CNT added values.
At the intermediated CNT loading of 0.01%, the maximum
performance was found over whole current density regimes.

4.3. Efficiency Change according to CNT Densities. Figure 7
shows graphs of current and power according to voltagewhen
the CNT density is 0.001%. The cell’s energy transformation
efficiency when the CNT is 0.001% showed the greatest
efficiency (3.372%) than any other cells. We get voltage
(𝑉MP) and current (𝐼MP) that can generate maximum power
output, and by multiplying its values acquire power output,
then calculate efficiency using ratios between incident rays
energies (𝑃in) and generated electric energies (𝑃out).

4.4. Change by the Difference of 𝐼MP and 𝑉MP. Figure 8 shows
change of 𝐼MP and 𝑉MP according to CNT densities. The 𝐼MP
value at 0.001% cell of CNT was 3.61mA which is higher
than the one (2.54mA) of a cell that did not added CNT.
However, as the density is increased more than that, the
value decreases as 1.43mA, 1.37mA, and so forth, and the
difference was found to be less than that of when it fell from
0.001% to 0.002%.This shows that CNT drops transmissivity
to cause to reduce electron generation ratio whereas transfers
more electrons, and when the CNT density is higher than
0.002%, the larger CNT contents reduce surface resistance,
but the generated electrons becomes less as the transmissivity
is very low. Furthermore, if this kind of trend assumed to be
same as the one of power, we can guess that the current is
more influential than that of voltage. And though𝑉MP values
changes between 0.43V∼0.49V by CNT densities, it cannot
be said that it affects more as it may not differ significantly.
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Figure 8: 𝐼MP and 𝑉MP of DSSC at each cell with different constant
CNT.

Optimum point
CNT 0.001%

Voltage
Current

Efficiency
Transmission

40

60

80

100

120

140

160
(%

)

0.000 0.002 0.004 0.006 0.008 0.010
CNT (wt%)

Figure 9: Determination of best CNT volume of DSSC.

5. Conclusion

Figure 9 shows graphs that compared transmissivity, effi-
ciency, current, and voltage according to CNT densities when
the cell that contains no CNT is to be 100%. This study tried
to find out how tomanufacture CNT/TiO

2
thin films that can

enhance the transferring of electronswhichwere generated in
dye as a variant that affects dye sensitized solar cell’s efficiency
then adopts it to cell to see the efficiency difference between
transmissivity and surface resistance. Through this study, we
derived conclusions as follows.

(i) CNT/TiO
2
thin film reduces surface resistance, thus

enhancing the transfer of electrons.

(ii) As CNT decreases the transmissivity that leads to
reduce the generated electric charges, it is found that
wt 0.001% is most proper.
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(iii) The transforming efficiency of cells showed no signif-
icant difference among voltages, and seeing the same
trend of current, it can be said that the current affects
the efficiency.
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