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TiO, Microspheres: Formation and Performance Improvement
for Dye-Sensitized Solar Cells

ZHU Qing™" TU Luo* ZHOU Xing-Fu®
(‘Department of Chemical Engineering of Chengxian College, Southeast University, Nanjing 210088, China)
(College of Chemistry and Chemical Engineering, State Key Laboratory of Material-Oriented
Chemical Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract: TiO, microspheres were synthesized by a facile hydrothermal method using TiCl; and oncentrated
hydrochloric acid (36.5%~38% by weight) as raw materials. The structures and morphologies of the obtained
samples were characterized by scanning electron microscopy (SEM) and X-ray diffraction (XRD). In order to
improve the performance of DSSC, double-layerd photoanode was fabricated by using TiO, microshperes as the
reflecting layer. The result shows that the TiO, photoanode made of TiO, microshperes and TiO, nanoparticles
exhibits an open-circuit photovoltage (V) of 0.74, a short-circuit photovoltage (J.) of 17.64 mA -cm™, a fill factor
(FF) of 0.63, which lead to an overall energy-conversion efficiency (1) of 8.33% under the illumination of one sun
(AM 1.5, 100 mW -cm?). Compared with those electrodes made of TiO, microspheres, enhanced light harvesting
efficiency based DSSC was observed. Dye loading, light scattering property of the photoanodes and electrical

impedance spectra of DSSCs were further analysised.

Keywords: TiO, microspheres; dye-sensitized solar cells; energy-conversion efficiency; reflecting layer

Wk B 41.2016-03-06., W& 2ohi H #1.2016-05-27,
“EAFIE RN, E-mail : zhuging987629@163.com



1320

xoH Ak

#o% 4R %32 %

1991 4F- | Griitzel 2424003 (1 B 58 /N2 A8 G R
Ak 9 oK i K PH BE HL M (Dye-sensitized Solar
Cells, DSSC)HHF 5 i HU AR 8 R 2%, 65, DSSC 1E
o AR PHBE L, T A R R AR
ICHR  TCRE T 5 Ye S5 00 A, T 45 32 AT R T4, 7R
DSSC 1, B 5 A BH S (A4 3k | L 1 T AR
A O T LA OO ORI S FH R FBL 14 ' R A
PEREA R AsE, H AT, 8 W R B Tio, Bt
RO S SOUL S # | B v LW B e ke 7 He
AL L KOG HCSS BE 1 A% AT 4 iR DSSC G HL
HoOR R RIS AR 22— ARk, A E
1 GBABK ) TiO, AR EHE Tio, 49K RS9 Ti0,
YKFET T, IR TiO, Ak IHLL K TiO,
UK A TP IREEARISS = Ti0, 90K UKL 28 /) |
Fe R T AR, PRI I A ) e sk 14 52 o6 AR5 O 1) 4
A, A TR A B R = TR EUN, B
FAE YK ITORL TiO, 22 L A% i 7 5 IR A8 R b
P& 2T DSSCHL G L kR BF SR
4 TiO, MORL IS Jin 21507 30K RSB 23 (56 19 1
SSTRE IR, AR R BE GRS OG Y
W22 ]t R AROK B BROK 90 09 TiO, 1R R
S PR A G AR AR B e O, 2 4R T DSSCs
PERER) — SR A RORTE

A TAEH LA TiCL, R kL, 7 R R 7 AR 2
R K IG B 45 R AEAR 4 404 Tio, sk, b T
P& TiO, TR F T A G L PE R A i T RUZ S5 1
W AR )22 B IO, 48 K /N i 25 B R
FH T 06l 2 B F AT 5 0 0% 2 fh v BEL R R
% (R Ye ks TOUZE & B IO, TR il 45 1 RS | 1 S
S E ARG O C R O 45 R R W XUZ G54 Je k)
N ERIDI R R (W & N -3 = - =P i)
e Gk W B S D' P 72 S S 23 R r 1t 1 Hl A BEL
87— W,

1 SEW#ES

11 ik #
SRR AR, LT YER FTO T HLBY

B5(2.2 mm, H A MG 7R o pt), 2S5 pm,
ZH Dupont), hR , K& F/K(C IR EE F/K T
KT
1.2 EitiE
1.2.1  TiO, K GER I ] £

20 mL /9 37.5%8 2 F1 20 mL KA E Bk
o BEPE 10 min, Bl S 7E IR WO A — 5 =AY
FALBREBERE, BRI AR IR 2% N AT Y
SN ZEHY 180 CF AR AN A RN (3.6.9 .12 hy, ¥
137 B e KBS F K PR 2R L BR 5T, AR
B AT RAR T 24 h, HIAS Tio, Sk 4
1.2.2 TiO, Z0K/NEURL Y il £

R SCHR 9 1 25 5 1612 SR K #k il 45 Tio,
GUK/NRL, TEEIRT, 4 0.6~1.2 ¢ IRE I 0.2~
0.6 g IR 50~80 ml 2 25 F/K i 5 P S fb Bk
BWIRAE BAEEED  THEE 120~180 C1~
FF 12 h, 90K Tio, /MR
1.2.3  TiO, HL it i il &

HRAE SCHk 7 2 & Ti0, HUAR K TiO, Ho i A
£ N719 WBEA WD | 3 DB IR 24 h 5 H0H L
YR ) 48 f R AR T AR LR, AR A
SR AR K oAb AR 5% BRI R e [ | 7
FLIA] B i AR T, R ST A BC T R 20,6 mol - L
-7 BE3- L K e il £ (BMIL),0.03 mol - L7 1,,0.1
mol - L B E MK (GSCN),0.5 mol « L 4-45 T KLk e
(TBP), ¥ 14 S (R TR L 85:15), 4% /5 B 45
) e Ak A BH fil FL L
1.2.4 XUZZ5H DSSC 1 ik

JEAE FHLPCIE 22 B0 4 )2 TiO, 98K /N UK R
FIRJE ARG 78 H L RIZ2 60 2 2 TiO, flERVE S I it
2 LA D BRRN LI 22 BR A0 AR ] | B4R 202 25
1% DSSC(E 1),
1.3 RIEFE
1.3.1 ir5RAET

K 7 [ Bruker 22 Al 1Y D8 Advance 4= H 3l X
St 2R A7 S ASOGE AR B 25 48 1E 4T 43 HT (Cu Ka,A =
0.154 06 nm, B H LN 40 KV, B H ¥R 30 mA, H

I A |

K1 (A TiO, K/ N IE AR, (B) TiO, ORI AR (C) BUZ 4h 1 5 i
Fig.1 Schematic drawing of the films made by (A) TiO, nanoparticles, (B) TiO, microspheres and

(C) TiO, nanoparticles and microspheres
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(e) XRD pattern of the TiO, microshperes
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(a) (b) (¢c) SEM micrographs of TiO, microshperes (d) TEM micrograph of TiO,nanoparticles
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Fig.3 SEM micrographs of as-obtained microshperes of rutile TiO, with different time
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Fig.4 XRD patterns of as-obtained microshperes of
rutile TiO, with different hours
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Fig.5 Cross-sectional SEM images of electrodes: (a) TiO, micropheres; (b) P25; (¢) Double-layerd photoanode

after calcined; (d) Top-view SEM images of double-layerd photoanode after calcined

R1 =HAERMELEEESHILE

Table 1 Performance characteristics of DSSCs based on the different TiO, electrodes

DSSC L./ (mA-cm?) VoIV FF/ % 0! %
DSSC-1 14.40 61.20 6.64
DSSC-2 17.64 63.81 8.33
DSSC-3 4.06 54.05 1.58
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Rt % P U RO L B 0 S8OR A — e B, 1 DSSC-
3 B TiO, ok R B A L, O FL TR AN 4.06
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Fig.6 I-V characteristics of DSSCs based on the different

TiO, electrodes
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Fig.7 UV-Vis absorption of desorbed dye on the different
electrodes: (a) TiO, nanoparticles; (b) TiO,
nanoparticles and microspheres; (c) TiO,

microspheres
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Table 2 Amount of absorbed dye on the corresponding TiO, thin film
Eectrodes A So/ em? C / (mol-cm™)
TiO, nanoparticles (a) 0.150 1 1.27x107
TiO, nanoparticles and microspheres (b) 0.119 1 1.01x107
TiO, microspheres (c) 0.032 1 2.7x10°*
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Fig.8 UV-Vis diffuse reflectance spectra of different
photoanodes without adsorbed N719 dye
(a) TiO, nanoparticles (b) TiO, nanoparticles and

microspheres (¢) TiO, microspheres
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Fig.9 Schematics of light capture into the photoanode
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Fig.10  Electrical impedance spectra of DSSCs based on
different TiO, electrodes
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