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Porous TiO, Film with Scaffold Structure for Enhanced Photovoltaic
Performance of Dye-Sensitized Solar Cells

HE Feng-Long WANG Ping® HUANG Yan-Min
(School of Chemistry, Chemical Engineering & Life Sciences, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The porous TiO, film photoanodes were prepared based on TiO, hollow spheres as the main substrate
and TiO, nanosheets as the scaffold in dye sensitized solar cell by doctor blade method. The results indicated that
the highest photoelectric conversion efficiency reached 4.53% when the amount of TiO, nanosheets as scaffold
was 20wt% in film, which was higher than that of nonporous TiO, film (4.06%) and that of no scaffold TiO, film
(4.17%). Furthermore, the photoelectric conversion efficiency improved to 7.06% when the thickness of the
porous TiO, film with 20wt% nanosheets was controlled 33 pm. The enhanced photoelectric conversion efficiency
can be attributed the cooperation effect of the effective electron transmission and the large adsorption amount of
dye molecules in scaffold structure. This research designed scaffold structure provides a new idea for the

preparation of porous TiO, film to enhance performance of dye sensitized solar cell.
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Fig.1 XRD patterns of the powder samples (a) TiO,-NS,

(b) TiO,-HS and (c) TiO,
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Table 1 Sample important characteristics, including
BET and pore volume

BET surface Pore volume /
Photoanode 5
area / (m*- ™) (em?®g™)
TiO, 41 0.068
TiO-HS 244 0.262
Ti0,-HS-NS(20wt%) 193 0.318
TiO-NS 117 0.490
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B 25 438 fim A bR 3 s 3R R A BT B T R
¥ — 1 BRI BL 7 HE R R0 1AL | B 2 1 AR AL
TRFL 3R 41.17 m?- g™ F1 0.068 cm®-g™', TiO,-HS
B W B A IR 2 IV B SR A H, BL(E 3b),
M HRT DLE 76 AR DX B 2R 3 7 p/
po=0.8~1.0 W BiF & 58 s e . M ALAR 20 18 o) LUR
WAL R S, EEAERTF 20 nm A4
(A FL AN 43 AL, XoF 17 1 b 2 T SR L AAR R 43 Jil)
9244 m?- g H10.262 cm®-g', Kl 3¢ 4 TiO,-HS-NS
(20wt %) FF it B W B 45 R £ 26 5 3 A AHIRD b3k
S FLAEBR 193 m?-g! F10.318 em’- g™, &l 3d
XF R TiO,-NS FE il B W B S5 R 4o V B a8 il 3R Oy
Hy 8, R M5 ALABN 117 m?-g™' F10.490
em®-g, B B ATAL, BEAY TIO-HS 1Y L R A T
TiO,-NS LR, U B 250 8K Ti0, SmA] 3 4
A8 W2 R 5 7 X6 1 6 LA B T AR TR0, B
AR TiO, F 2 1Y B 2540 BA S R FLAR AR R T
fiff T B I 38 M T 98/ T L T A B BE g, T LA THO,-
HS-NS(20wt%) ¥ i 1) b 2% 1w BRI AR LA F TiO,-
HS H1 TiO,-NS Z (8], i W] B 2R 45 M BR 45 5 1 25 0 3K
TiO, KA LL R, CFH T FAR Tio, B2 S #41)
VERT, AT AR AIE T e i) 052 B 52 | ] B 3 om0 1™ H, fig
JE 7 R S5 A R 1) £ i
23 HRHENN-FILERMSH

FET 4 Ay A [] D' IFT AR ik S I o 2 ) 24 b J5 10 5%
AT WLIE G B da A TIO, AR 5 AT
L R G G B HAE T WO XA — W,
ST TiO, BN A 40/ TFL 25 50 W R L
&l 4b 19 7R TiO, ¥R MOR I L Tio, #EIRAR 1% 2
KR TiO, F 23K S5 ToALas i, B 4 9550
BROR 9 TiO, MO AR & | Ul B I N R L £ | A I
KEgekl, 5 BET 45 RAH77, Kl 4d 4 TiO,-HS-NS
(20wt%), Z5H) T A AUAELE 25 O BOIRIE A /IR Tio,

PR 48 BT LAAE W] DL X 2 8 s fe s e, i F
de T 4d 7E 2 AR FUAT LG X0 W SRR 58 T 4a Al
4b, VLW EA Z L4511 TiO0,-HS Fl TiO,-HS-NS
(20wt %) REE A T SR W B[] Bk D AT 60 4d (7
W WL U8 5% T 4, 6B TiO,-HS-NS (20wt % ) ¥ 115 W Ff
JuRlpe Jy g | F 2O T ROIR Tio, 7E 2 fL i
R R EN , fEIY a b e F1d 251X
IV 1) s B R 7o S A 5 1 S 2 T ) DA it R A
YRR it l a 2 b 483 b 2 ¢ AT d B E N
T — 20l B ) R R R 2 L RE T iR 5, 5
Hh=] DL AR 25 SR — S, Tt R BEH 24
PL 20wt% F AR Ti0, hy i BR 4546 1) Z2 £ TiO, B H:

41 000 @

(@ (®) © @

o
+

o
P

Absorbance / a.u.

°
T

300 400 500 600 700 800
Wavelength / nm
P4 FEG Y SR A T I AR O T
Fig.4 UV-Vis diffuse reflectance spectra of (a) TiO,,
(b) TiO-NS, (c) TiO-HS and (d) TiO,-HS-NS

(20wt%)
R B 4 Ik B e £

24 %7 TIiO, HIEXRRE LR EREFR
5 J2 DU [ 5l BH A v 1 2 3 nid i) S i 1k

— (b) 7=4.17%
(c) 7=4.53%
—— (d) 7=4.39%
(a) 7=4.06%
(€) 7=4.01%
—— () 7=3.23%
— () 7=3.98%

Current density / (mA-cm™)
N

0 T T T
0.0 0.2 0.4 0.6 0.8

Voltage / V
5 OGRSV ihZlE
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Table 2 Important cell characteristics, including short-circuit current density (/,.), open circuit voltage (V,.),

fill factor (FF), and light to electricity conversion efficiency (1)

Photoanode Jo ! (mA-em?) Vil V FF 0/ %
TiO, 7.84 0.66 0.780 4.06
Ti0,-HS 9.05 0.65 0.709 4.17
Ti0,-HS-NS(20wt%) 9.74 0.63 0.738 4.53
Ti0,-HS-NS(40wt%) 9.00 0.65 0.750 439
Ti0,-HS-NS(60w1%) 8.38 0.65 0.736 401
Ti0,-HS-NS(80wt%) 8.16 0.66 0.739 3.98
TiO-NS 6.73 0.63 0.762 323
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Fig.6  EIS spectra of DSSCs based on photoanode film
electrodes (a) TiO,, (b) TiO,-HS, (c) TiO,-HS-NS
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Table 3 Important cell characteristics, including film thickness, short-circuit current density (/..),
open circuit voltage (V,.), fill factor (FF), and light to electricity conversion efficiency (1)
Photoanode Thickness / pm Jo ! (mA-cm?) Vel V FF n/ %
Ti0,-HS-NS(20wt%)-h1 10 9.10 0.68 0.747 4.62
Ti0-HS-NS(20wt%)-h2 20 11.70 0.65 0.703 5.38
Ti0,-HS-NS(20wt%)-h3 33 15.10 0.66 0.706 7.06
Ti0,-HS-NS(20wt%)-h4 50 11.90 0.63 0.633 4.77
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Fig.7 Comparison of the J-V characteristics of photoanode
film with different thickness (a) TiO,-HS-NS(20wt%)-
hl, (b) TiOrHS-NS (20wt%)-h2, (c) TiO,-HS-NS
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Fig.8 Schematic diagram of scaffold structure of the

porous TiO, film
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