Korean Chem. Eng. Res., Vol. 44, No. 2, April, 2006, pp. 179-186

Aol AR AL

730 AHslA] EAIE i waL

. = o= S- [m] =
TiO,S 0|88 =S EHUTR|2| M= H |Y
UUN - ABE - UV - M| - Yom* - AEA!
ABTISt SSHRE: MU, S EA S AE]

T =
AFA G2 E3F 171 664-14

A4, 2006 19 202 A=)

561-756 A%
(2005 12 2o

The Preparation and Property of Dye Sensitized Solar Cells using TiO,
Gil-Sung Kim, Young-Soon Kim, Hyung-Il Kim, Hyung-Kee Seo, O-Bong Yang* and Hyung-Shik Shin’

Thin Film Technology Laboratory,

*Center for Advanced Radiation Technology, School of Chemical Engineering, Chonbuk National University, 664-14, 1 Ga, Duckjin-dong,

Duckjin-gu, Jeonbuk 561-756, Korea
(Received 2 December 2005; accepted 20 January 2006)

e o
TiO,E Y=F-H (nanotube)?} =3I 2K (nanoparticle)?] 7 74 FENZ Alz=sto] HE] Belo]= W} 450 °CollA
o 27 T Bl Ao ® AXSISiTt. o] thaduhE AR ARESle] AR BlAE Azt

1 1 54E ARG Tio, WWeSiRRes 48} Elee] e RHE 180 °CollA] 24A13F B1t 7wl Aeghe.
24 338t o] Tio, WA thaduho® ARgste] AlRtet A5ih8E BleFiA L oA &)y 8.07%°]
w, 7)1 open-circuit potential, Vi), T2 (short-circuit current, Ig-)2} fill factor(FF) #2212} 0.81V, 18.29 mV/em?
9} 66.95%°130 T}, WeFE Tio,S A% 9ol NaOH £919] 555 3 My} 5 M2 H3MA AT 71 43 3M
NaOH g-HollA] A E L H Tio, S thadute® ARg-ato] Aldke d87hed elokd=e ouA a&m)
6.19%°19.°™, V., 162} FF 32 212 0.77 V, 12.41 mV/em?9} 64.49%©] 31T}, BFe]l 5 M NaOHoll A= Al
Aol FA ol F80] 4.09% % A3k & A A3 s ol Q8 Alxst Tio, WAk Alxst s
73 gloFA ] gago] 7P =9t

Abstract — Two types of TiO, nanotube and nanoparticle, were used for the mesoporous coatings by doctor blade
technique followed by calcining at 450 °C. The coatings were used as working materials for dye-sensitized solar cells
(DSCs) later on and their photovoltaic characterization was carried out. The nanoparticle was synthesized from hydro-
gen titanate nanotube by hydrothermal treatment at 180 °C for 24 hr. The solar energy conversion efficiency (1) of DSCs
prepared by this nanoparticle reached 8.07% with V- (open-circuit potential) of 0.81 V, I (short-circuit current) of
18.29 mV/cm?, and FF (fill factor) of 66.95%, respectively. For the preparation of nanotube, the concentration of NaOH
solution varied from 3 M to 5 M. In the case of DSCs fabricated with nanotubes from 3 M NaOH solution, the n reached
6.19% with V. of 0.77 V, Igof 12.41 mV/em?, and FF of 64.49%, respectively. On the other hand, in the case of 5 M
solution, the photovoltaic n was decreased with 4.09% due to a loss of photocarriers. In conclusion, it is demonstrated
that the solar energy conversion efficiency of DSCs made from TiO, nanoparticle showed best results among those
under investigation.

Key words: Dye-sensitized Solar Cells, Solar Energy Conversion Efficiency, Hydrothermal Treatment, TiO, Nanotube,
TiO, Nanoparitcle
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Fig. 1. The synthesis steps of (a) nanoparticle and (b) TiO, nanotube.
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Fig. 2. XRD patterns of nanotubular TiO, materials treated with 0.1 M
HCl solution and calcined at 450 °C for 1 hr, which is obtained
from sodium titanate nanotube synthesized at different concentra-
tion of NaOH solution at 150 °C for 48 hr: (a) 3 M NaOH, (b)
5M NaOH (@ Anatase, ll Rutile and O brookite).
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Fig. 3. FE-SEM images of various TiO, films prepared by nanotubular TiO, (anatase) materials. 3 M NaOH(a, b) and 5 M NaOH (c, d). Cross-sec-

tion images of 3 M NaOH(e) and 5 M NaOH(f).
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Fig. 4. 1-V curves of two types TiO, films prepared by anatase phase
nanotubular TiO, materials at 3M NaOH and 5M NaOH solu-
tion.
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Fig. 5. Power-V curves of two types TiO, films prepared by anantase
phase nanotubular TiO, materials at 3 M NaOH and 5 M NaOH
solution.

Table 1. Photovoltatic performance of DSCs fabrication with 3M, SM
NaOH concentration and Ru-dye

Conditions Vo (V) Ig-(mA/em?)  FF (%) n(%)
3 M, 450 °C 0.77 12.41 64.49 6.19
5M, 450 °C 0.82 7.25 68.69 4.09
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SEM3} TEM micrographs H.o] 31 QJt}. Fig. 6(a)c Fig. 3(b)2}

180 °C for 24 hr.
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Fig. 7. XRD patterns and FE-SEM images of TiO, fims prepared by nanostructured TiO,(anatase) paricles synthesized hydrothermal treatment
with 0.1 M HCI solution at 180 °C for 24 hr as a function of calcination temperature. XRD patterns (a) FTO glass, (b) nanoparticle TiO, calcined
at 450 °C for 1 hr, (c) mesoporus coating of room temperature, (d) Cross-section image (e,f) Surface image of nanoparticle TiO, calcined at

450 °C for 1 hr, (@ Anatase, O brookite, and [] PEG)
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