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Preparation of Flexible TiO, Nanotube Composite Thin
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Abstract ; In this paper,a hydrothermal method was modified to improve the photovoltaic perform-
ance of flexible dye-sensitized solar cells. TiO, nanotube powders were prepared through hydro-
thermal process,a variety of TiO, nanotubes with different structures and morphologies had been
synthesized by adjusting two important parameters ;the temperature and time of hydrothermal syn-
thesis. These TiO, nanotubes were then doped to the flexible TiO, thin film electrodes, and the
photoelectric conversion efficiency of the corresponding fabricated solar cells had been measured
accordingly. The results showed that TiO, nanotubes prepared under conditions of 150 ‘C and 48h
gained optimal performance parameters ; while the photoelectric properties of the thin film electrode
with 5% nanotube powder doping reached its highest value of 1.37% . In conclusion, with the in-
crease of hydrothermal synthesis time and temperature ,both tube length and tube diameter shows a
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gradual increasing trend , the photoelectric properties of doped TiO, thin film electrodes also increa-

ses gradually. On the other hand,although the dye absorption amount increase with the increasing

TiO, nanotubes doping,the photoelectric performance shows a tendency of first increase and later

decrease.
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Fig.1 EDS spectrum of TiO, nanotubes
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®1 TiO, YARERIITR T

Table 1 Elemental analysis of TiO, nanotubes

TR J k5 5/ % B %
Ti 54.23 27.50
C 5.25 10.61
0 40.28 61.14
Ca 0.24 0.75
Na 0 0

SRR AEFR YR ARt HY Ml Na* 78
Oy A, KA R B JC Na* (A7 7E. il 1 52
B AT LAA B TiO, 40K i, 7E Zead /K e U
fn A & A s il 9T AR OE B R, &t K ke
Na* Y3c 45 AT LT K.
2.2 TiO, #AXE R BET S#7
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J 7 s [V T, i S PR Ak AR
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A& IR R I 150 C 48 h il Tio, 44
KA AR AR 2 I S FLAE R, 0 ~
100 nm, FH4$L4% 14. 1 nm. TiO, 4K K1
FmAATWLF 2,76 150 C 48 h /Y TiO, 44
KA By K T g 2 B A, T 2R T AR GA )
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Fig.2 BET analysis of TiO, nanotubes
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Table 2  Specific surface area and size of P25 and different TiO, nanotubes

RS R E A/ (cm?-g 1) FUARRY (em®-g~!) F-H£L4%E/nm

P25 45.7 0.134 11.8

100 € 24 h 115.0 0.212 7.4

150 C 24 h 184.9 0.451 9.8

150 C 48 h 326.4 1.147 14.1

400 CHELE 150 C 48 h 313.7 1.058 13.5

2.3 TiO, 4K EH) XRD 5317
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Fig.3 XRD spectrum of P25
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Fig. 5 SEM images of TiO, nanotubes
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Fig. 4 XRD spectra of TiO, nanotubes
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Fig. 6 Schematic diagram of TiO, nanotubes syn-

thesis by hydrothermal method
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R R REREA T I B, 1 Je P il H 42
N A, B R B 2R i R A A
TE10% . I FHASTE 2604 ] 5 B0 9 KA A7
1l B VT L AN, T8 3 B A PP KA
[F). 5 J o A5 30 ) v A 2 2 v, vt 00 3P, Yt 1Y
JCRUPERE , DL e s i B PERES L.

7 2 I FH A [R) 40 A A8 ) 2% v R L B 2 )5 4
¢ FDSSC 3 ) Jod [ F 3 2% B — T L R
(Jo = Vo) Bk, i 1 3k i J5 nl LA AS 5
FDSSC P RESH I HOG Ha M RE B, an 3k
3 i,
M3 AT ULE IR HORE &S A
B R AR G R E BB R AR A5 1 150 C 48 h. 7
WA Rl J M v AR e, Hoy ATk
0.80% . iX =K TE 150 T 48 h 544 T #45
AN R AE Y b 2R T AR e K, B R AR 3%
W R Gkt 2 H 7R A1 R A K S S 1%
FH B RE S 8034 0 S A, r LA L) S5 M)
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.
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Fig.7 J_-V_ curves of assembled cells using dif-

ferent nanotubes thin film electrodes

R3 AFEGORE RO ERE

Table 3 Photoelectric properties of different nanotubes thin film electrode

G2 J./(mA-cm~2) V../V BERT FF AR 7/ %
150 C 48 h 2.40 0.56 0.80
150 C 24 h 1.85 0.60 0.67
100 € 24 h 1.54 0.61 0.58
2.5.2  AUORAE AR B 3 ORI AR 19 ¢, =CV/S,. (3)
LM fE AP S, O R A ) JLAT TR R 5 © R Rt

DU A MR GRE & i 20 50k
R OC AR
A =KCL. (2)

VR V Ry A A 14T SR B B 9 NaOH
VSRR A Ay i R 98030 o 00 75 3] A RO
JE 5 K AW BT S 8L 5+ (N719,531 nm)
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Table 4 Absorbance of different thin film electrodes

PR WO FHR
BAK/% Bk BDK BER e
0 0.320 0.324 0.325 0.323

5 0.339 0.243 0.344 0.342

10 0.394 0.396 0.391 0.397

20 0.451 0.452 0.453 0.452

50 0.654 0.648 0. 646 0.649
100 1.361 1.354 1.356 1.357

O [ 8 I L AR 1 4 et R A D 1] 8 T
N TEE 8, AR YR [ i 5 TiO, 400K
TR BN E L, (FJE e BEAS 20 B A5 1
R - i 25 S P A PP THO, 40 KA 43
HCI BN T iy 32 7 348 K. Ak A R 1 3 K
JEN TIO, GKE A 5 [ P25 # AR &
AHE KA LR AL BRSO B R
AR 20 4 TiO, i T MM 7 4%, (e
PHOWRR E FGRE T 4.2 4% (ER Y R
BB YORH T B 4 e A B B,
[RIA 2GR AT I8 T KA L 3 i AR
PS5 YR, TR T YAk i e £

301
251

20

Yl it B/10™(mol-cm™)

0 2IO 4IO 6IO 8IO 1(I)0
R TR 0%
B8 AN [l v fE P A ) SR R
Fig.8 Dye adsorption amount of different thin

film electrodes

19 Sh il [ Rh g oK & s g
KN % FDSSC Y J,, -V, ik, H: FDSSC
IR TE RN 0. 6 cm®, H: FDSSC A9 )6 L
AEW 5.

4

J,/J(mA-cm™)
[\*)

0 01 02 03 04 05 06 07 0.8
V.V

B9 AR B R A R B 4R R
Wi g, - v ek
Fig.9 J_ -V curves of assembled cells from s se-
ries of thin film electrodes with different a-
mount of TiO, nanotubes.
RS IFTR SRR A W R A R G LR fE
Table 5  Photoelectric properties of assembled cells

from s series of thin film electrodes with

different amount of TiO, nanotubes.

KA I/ TR
V,./V /%

OB/ % (mA-cm?) Y FF
0 2.65 0.68 0.65 1.17
5 3.96 0.60 0.57 1.37
10 2.40 0.59 0.56 0.80
20 1.89 0.54 0.33 0.34
50 0.57 0.53 0.51 0.12
100 0.43 0.33 0.27 0.04

NFE S A3 B AT R FE AR R AGE 1Y
YK R R REAE I K FDSSC RYRCR. Bl lne
BA 5% 4K # K i, FDSSC M fES:
B AL, Hi % FDSSC B i J, B3 M
2.65 mA-cm Ft i ] 3. 96 mA - em 7, H
FDSSC i) m WM 1. 17% 253 1.37% , 4
ARSI E T 20% . XA REREH T O
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TiO, HKE 1 LR E R T P25 Hiok, Bl
FDSSC AR YLk B &34 ; @Tio, A
A 224 T E ) A 0 0 T

L =./Dr. (4)
Kb L, WAEREHE; D, Wl FIP HLR
Br, HHETAENAT MR 77212 shad B
HR(AARREER) B —AF 6 [E. Ohsa-
kit IS K B, DR R KA — 4 R B AT
FEEH T frm T A B 29K
We iy 4, o LUAE ATk 2 3 4%, A A 78
FDSSC HHLH H 42 2% 40 K 48 0] LU vl ¢
TLRE R E.

IR TIO, AR HAREF I PERE  (H )2
WARTAE A AL Z | Bt (9 L 7
PERCR MR X 5 Tan™ 4 & BUAH IR 40 L,
FESER AR TP A SR B TiO, 4K
ZEIHEAA T, S FECRIPERES BRI R
FIRAVER. ZE#E L LR T K, H R 25
PR T e 28 5 LR RE ITO/PET (4% B
REs e, BRI FH 2 A T ot ot sl A AL
AR, LA BEA B Tio, K& 3175
BT Bl Tio, 9k R R 5 K& B,
TiO, G4t 5t & A5 A T 9 /IME i fl 1 ¢
REIVER. 2538 75 FDSSC M S Hhiin A £
(A2 KA T 0 H Yl 1) o L B AR R BRAIG,
ATRE S PR Ry W FEL I 0 186 K, S B0 % LR Y
B/,

3 45

(1) BR ¥k 45 TiO, 44K i b J2
—ANWAANE] D AR BEAE TR 2 B A R AR
B Na*, ml AR 3 i 0 947, DLA 28
TiO, K%

(2)100 C 24 h il £ TiO, FKE KK
BB AR FLAR MG TE 0 ~ 15 nm, HOPES L
7.4 nm;150 C24 h £ F & A Tio, 44K
BRI ARILE S ATE O ~43 nm, HF- 4
fLA2K/NA 9.8 nm ;150 €48 h % TiO, 44
KA A AR B 58 1 FLAR A, HAL

A AEAE 0 ~ 100 nm, HOFE B LR & KN
14.1 nm. 150 T48 h il % TiO, 40K E#H K
() R A S B R #1) 326.4 cm®/g.

(3)150 C 48 h il # TiO, KB4
10% 15 0 ™ A5 21 1) 77 5 R AR ' L 14 B i 4
H FDSSC (I 1ERES L., M2.40 mA-cm 2,
V.5 0.59 V,FF }0.56,m 5 0.80%.

(4) B TiO, 94K BT i 4 3
VR PR AN P Gk I R 39 K St L B AR
Jett = I REAR, Hoh A 5% 9K R A
I FL R 1 1 R B g, ' H B R R0 R Gk #)
1.37%.
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