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Abstract In the present work, we synthesize nano-sized ZnO, SnO,, and TiO, powders by hydrothermal reaction
using metal chlorides. We also examine the energy-storage characteristics of the resulting materials to evaluate the
potential application of these powders to dye-sensitized solar cells. The control of processing parameters such as pressure,
temperature, and the concentration of aqueous solution results in the formation of a variety of powder morphologies with
different sizes. Nano-rod, nano-flower, and spherical powders are easily formed with the present method. Heat treatment after
the hydrothermal reaction usually increases the size of the powder. At temperatures above 1000°C, a complete collapse of the
shape occurs. With regard to the capacity of DSSC materials, the hydrothermally synthesized TiO, results in the highest
current density of 9.1 mA/cm? among the examined oxides. This is attributed to the fine particle size and morphology with
large specific surface area.
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Table 1. Composition and heat-treatment condition of examined
systems (the hydrothermal reaction was carried out at 150°C for
24h).

Starting aqueous Concentration of

Post heat treatment

solution additive solution
ZnCl, (0.1 M) 3.0 M NaOH 400°C, 1h, Ar
ZnCl, (0.1 M) 5.0 M NaOH 700°C, 1h, Ar
ZnCl, (0.1 M) 8.0 M NaOH 1000°C, 1h, Ar
SnCl, (0.1 M) 1.0 M NaOH 400°C, 1h, Ar
SnCl, (0.1 M) 3.0 M NaOH 700°C, 1h, Ar
SnCl, (0.1 M) 5.0 M NaOH 1000°C, 1h, Ar
TiCl, (0.1 M) 3.0 M NaOH 400°C, 1h, Ar
TiCl, (0.1 M) 5.0 M NaOH 700°C, 1h, Ar
TiCl4(0.1 M) 8.0 M NaOH 1000°C, 1h, Ar
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Fig. 1. SEM images of products formed after hydrothermal
reaction of ZnCl,: (a) without NaOH, and with additive
solution of SM at 100°C(b), 150°C(c), and 200°C(d).
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Fig. 2. XRD patterns of products formed after hydrothermal
reaction of ZnCl, and 5M NaOH solution at different
temperatures.
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Fig. 3. SEM images of products formed after hydrothermal
reaction of ZnCl, with different concentration of NaOH
solution: (a) 3M, (b) SM and (c) 8M solution.
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Fig. 4. BET surface area of ZnO with different concentration
of NaOH solution.

Fig. 5. The SEM images of SnQO, particles obtained at
different concentration of additive NaOH solution: (a) 1M,
(b) 3M and (c) SM.
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Fig. 6. BET surface area of SnO, with different concentration
of additive NaOH solution.
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Fig. 7. The SEM images of TiO, particles obtained after
hydrothermal reaction with different concentration of
additive NaOH solution: (a) 3M, (b) 5M and (c) 8M.

34

gk

g2 FAH Sn0, = 7 £ S 7HH T NaOH7F ¥
3} ol wg} o] vpHAo] 7AasiHoen, sMe| 4
$- 1 o] A F2EH o] AT a3l A
AEL BE 2AoA XRD #4247 Sno, ©|%leH, &
TES UER A gttt

Al AR 2218 Al Tio,J . TiCl, -89 NaOH
FEHE F7Fst 150°CA 24A13T Bt FENHS o
A E2] o] 17 70 oAl E o] Tt ARRlo| A A F
NaOH9| F&= WH3slol| wte} &do] & Zol7t Yehstth
3MS! A A~ nm =2719) 2 Fer Yehgr] Al
2t ey JRte] @Ade] FElEAle ¥4t NaOH
FEd9] F=r) SME I71ePE & dgE vAgE b
o] Y Fe7t FA4EHAY NaOH 899 525
SMZ 718 749 B8 gAbe] o] FHo =z W)
Futo] BET HIEWZE NaOH SM= 718l 48 A%k
2 moko] AT} 520735 m¥gE 7P o S RojF
AHH 8). o] ZHE] P3HE F8-9o] NaOHS F7} ¢
o2 AEES] Y dEa7] 9 w37 34 GRS
oS ok 5= Utk XRD #4] A3 AAES RE
el A TiO, oF-FEFA] (anatase) g0 AT

I~

BN

3.2. TYUEHN Bro| Sx{2| Pst

J A g dstE
400°C~1000°C, Ar ¢
Z1e1A AR B9t & EAE] st BT AN 37
TR 32 Gxg]o] L7} 400°C~500°C ©]&te] &
A2ofM= 8 F9E Fde] dAZE FA =AU 1
U 1000°C F5-9] 1120 A= o] Fido] T+
YslE= Aol AT olH g HFe ZnO E SnO,°l
Ax FARILEH 2" 99l g8 3 Aojz sno, B

a 14 i

b=

w ...

212 =

E e ?

5

Bl o 3M
8 s B
5 8|® .- = ="
@ a =

® -

o 6 n "

E L]

= ]

o

b&

z &M
LA A A, A A A A 4 4 .

A A
0.0 0.1 0.2 03

Relative Pressure(P/Po)

.

Fig. 8. BET surface area of TiO, obtained after hydrothermal
reaction with different concentration of additive NaOH
solution.
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Fig. 9. The morphological changes of hydrothermally processed
SnO, particles after a subsequent heat-treatment at different
temperatures: (a) un-treated powders, (b) 400°C, (c) 700°C and
(d) 1000°C.
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Fig. 10. The XRD patterns of hydrothermally processed SnO,
particles after a subsequent heat-treatment at different
temperatures.
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Fig. 11. The XRD patterns of hydrothermally processed
TiO, particles after a subsequent heat-treatment at different
temperatures.
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Fig. 12. The morphological changes of hydrothermally processed
TiO, particles after a subsequent heat-treatment at different
temperatures: (a) un-treated powders, (b) 400°C, (c) 700°C
and (d) 1000°C.
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Fig. 13. Photocurrent density-voltage (Jc-V) curve: (a) the
values of current density, and (b) open circuit voltage of
DSSC made by hydrothermally synthesized ZnO particles
obtained with different concentration of NaOH solution.
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Fig. 14. Photocurrent density-voltage (Jc-V) curve: (a) the
values of current density, and (b) open circuit voltage of
DSSC made by hydrothermally synthesized SnQO, particles
obtained with different concentration of NaOH solution.
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Fig. 15. Photocurrent density-voltage (Jc-V) curve: (a) the
values of current density, and (b) open circuit voltage of
DSSC made by hydrothermally synthesized TiO, particles
obtained with different concentration of NaOH solution.
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Fig. 16. Photocurrent density-voltage (Jc-V) curve: (a) the
values of current density, and (b) open circuit voltage of
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