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Electrochemical Properties of Dye-sensitized Solar Cells

Using TiO2 Paste Prepared by Simple Process
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Abstract: In this work, in order to manufacture the photoelectrode of dye—sensitized solar cells, the

different anatase TiO: paste was prepared by simple route using hydrothermal method. In comparison

with the traditional preparing process, the hydrothermally synthesized TiO: gel was used to make paste

directly. Thus, the making process was simplified and the

solar conversion efficiency was improved. In

comparison with 5.34% solar energy efficiency of HP-1 photoelectrode, the 6.23% efficiency of HDP-1
electrode was improved by 16.67%. This is because hydrothermally synthesized TiO: gel was used to

make paste directly,

the dispersibility between TiO; particles was

improved and get the smoother

network, leading to the charge transport ability of the electron generated in dye molecular was improved.
Further, HDP-2 photoelectrode delivered the best results with Voc (open circuit voltage), Jsc (short
circuit current density) FF (fill factor) and n(solar conversion efficiency) were 0.695 V, 1581 mA cm 2
61.48% and 6.80%, respectively. In comparison with 5.34% of HP-1 photoelectrode, it was improved by

27.34%.
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Az"E F 7FA TiO, #Hol2ELE  squeeze-

WiHe] oste] AHE FHEAEA FTO

(fluorine—-doped tin oxide, 8 Qcm, Pilkington) 7]

Foll 025 cere FVIEZ ZY 3] 450ToA 308

¢ A8t TiO; ¥ehE dlem, N719 4

& SAZF FHst FASFE A FE A
5 7t

TiO; #Z”E 15 & 4 7zt HP-1, HDP-1=2

plating

= =
W3l oW process 119 WHOR 2 3502 =
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Solaronix, Switzerland)& Zd= A Z A AL &3
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emission scanning electron microscope, S4800,
Japan)& A3t FAF9 FREE (UV-Vis
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spectroscopy, Ivium Technologies, Netherlands)
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Table 1. Flow chart of preparation of TiO: paste.

Step Process 1 Process 11

Step 1 Mixing TTIP, DI water and NH4OH at 40C for 2 h

Step 2 Hydrothermal process at 200C for 1 h

Step 3 TiO2 sol

Step 4 Centrifuge at 10,000 rpm

Step 5 Vacuum drying at 100C for 24 h /

Step 6 TiO, powder /

Step 7 Grinding /

Step 8 Crystalline TiO; powder /

Ball milling prepared TiO; powder with DI water, Stirring the centrifuged TiO: sol with DI
Step 9 Acetyl acetone and hydropropyl cellulose at 300 water, Acetyl acetone and hydroxypropyl
rpm for 1 h cellulose

Step 10 TiOy paste TiO, paste

AgolA FIdFIHor AxT TiO.
TZE XRDE #4353l
g 1ol 252, 379, 481, 55.1, 56.6, 62.8, 69.0
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Fig. 1. XRD patterns of prepared TiO: using hydrothermal
method.
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Fig. 2. FE-SEM image of TiO2 surface morphology
prepared by (a) HP and (b) HDP TiO: paste.
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Fig. 3. Transmittance of TiO: photoelectrode prepared by
(a) HP and (b) HDP TiO: paste.
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Charge capabilities of DSSCs measured at different voltages with (a) HP and (b) HDP TiO: paste.

Table 2. JV datas of DSSCs.

arameter Voe Jsc EF 1
Sample (V) (mA/em® (%) (%)

HP-1 0.701 11.50 65.62 5.34
HDP-1 0.694 14.74 61.81 6.23

Z+zy 070 'V, 1150 mA
Ahg 8

conversion efficiency)<
, 65.62% % 534% = YEska HDP-1%
o“?“ 7}7} 0.694 V, 14.74 mAcm % 61.81% 92 6.23%

2 yehyth olye B a g Aol FAF
Aol zpolo A A7IH, kA EAE upe} o]
HDP-1¢] Z-$ HP-1° uls] o Fdsta Eito]
2 Hojglom TiO, YAE 7o d&3 EHAR
A3l HAAFe] FFo] &olstr] wtoltt,

g HDP #lo]~E9] e F3w9 TiO, =t
7He] d8e YEYAES 7utoz Ti0, #FATe F
AL z4dsdh TiO, FAE 2487 98] 72
1,2 % 33w FAFE Az

19 62 HDP #lo]~EE AME3 A xe TiO.
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Fig. 5. Photocurrent density-voltages of DSSCs with
HP-1 and HDP-1 electrode.

Fig. 6. FE-SEM cross-sectional image of TiO: electrode
prepared by (a) HDP-1, (b) HDP-2 and (c) HDP-3.
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Table 3. J-V data of DSSCs prepared using HDP-1,
HDP-2 and HDP-3 electrode.

arameter Voc Jsc FF n
Sample (V) (mA/cm®) (%) (%)
HDP-1 0.694 14.74 61.81 6.23
HDP-2 0.695 15.81 61.48 6.80
HDP-3 0.713 14.24 63.94 6.48
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Fig 7. Photocurrent density-voltages of DSSCs with
HDP-1, HDP-2 and HDP-3 electrode.
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