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Abstract

Transition metals such as V, Fe, and Ni were used to synthesize doped zinc oxide nanoparticles from mixed liquid
precursors by using the flame spray pyrolysis (FSP). The effects of dopants on the powder properties such as
morphology, specific surface area, crystal structure, and light adsorption were analyzed by TEM, BET, XRD, and
UV-Vis diffuse reflection spectrum (DRS), respectively. The results showed that hexagonal wurtzite structured ZnO:M
(M =V, Fe, Ni) nanoparticles were successfully synthesized by the FSP. The transition metal-doping resulted in the
decrease in its particle size and crystallite size. The UV-vis absorption spectra of ZnO:M nanoparticles were also
red-shifted. ZnO:V showed the highest MB degradation of 99.4% under the UV irradiation after 3 hrs.
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Figure 1. A schematic diagram of the experimental appara-
tus for the estimation of photodegradation of methylene
blue.
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Figure 2. TEM micrographs of (a) ZnO, (b) ZnO:V, (c)
ZnO:Fe, and (d) ZnO:Ni nanoparticles prepared by flame
spray pyrolysis while keeping the precursor concentration
and the molar ratios of transition-metals/Zn to 0.1 M and
0.1, respectively.
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Figure 3. XRD spectra of as-prepared (a) ZnO, (b)

ZnO:V, (c) ZnO:Fe, and (d) ZnO:Ni nanoparticles

prepared by flame spray pyrolysis with a standard
pattern of JCPDS card #36-1451.
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Figure 4. UV-Visible spectra of as-prepared (a) ZnO, (b)
Zn0:V, (c) ZnO:Fe, and (d) ZnO:Ni nanoparticles prepared
by flame spray pyrolysis.

C/C, %]

ZnO:Ni®] =M 2 =
= Zno:v B o]

mel Al zpe] A F5
AN oA 7
WAo] Zno el vE
ZnO:vV 4 1 7F =2 M
& A% 5§24 3}disordering)l
A9t dolad =3¢ o3k

Al mIfel] o Aot

A=)
o

t

4. 8 =

gAEFdRAY S ol gsto] AN dA £
faogRE FH 20 m o]3F 7|9 JNEYAR
TAE 444 ZnO:M (M =V, Fe, Ni) 2 ek
o5 sl al, =W E(dopant)e] EHo] wE ®
2o g, vxds, 94, 4448 9 35T 54
< 2AE Y B3 AxE ZnoM 2] FE)
545 54371 dl ALl 24 sl WEd &
F RAEE Frrekdth ZnoM 53 veid 3
d A HolF&e] = R vuwy Su 9
A7 25 xdsder w3 vV T S A
A Ao (red-shift) A ZATE. A9 Z2AL sholl 4] 3AIRE
% 7nO 9 Zn0:V, ZnO:Fe, ZnO:Ni &8 Y29
MBell i3t Bl Z+7F 96.6%, 99.4%, 95.0%,

50

100 150 200

Time, t [min]

Figure 5. Time-concentration profile for the photo-degradation
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V, Fe, Ni) nanoparticles under UV light irradiation.

PAAR Vol. 6, No.1 (2010)



84.7%% ¥ FEHv &A&S YelSlT MB 28
off B3t FFHreS UV E55 W uEdgy £
Al gdo o)t Zolw, zZnOV YT a
2l A Fude] Hy =T

sk, s, Adiad, 2=, ¥xl$ (2007). o] 4tk
3

R

=
8 54, g% 7RIS EIS1ERE] %], 44(6),
541-547

Ao, W., Li, J,, Yang, H., Zeng, X., and Ma, X. (2006).
Mechanochemical synthesis of zinc oxide
nanocrystalline, Powder Technology, 168(3),
148-151.

Carcia, P. F., McLean, R. S., Reilly, M. H., and Nunes,
G., Jr. (2003). Transparent ZnO thin-film tran-
sistor fabricated by rf magnetron sputtering,
Applied Physics Letters, 82(7), 1117-1119.

Chang, H., Kim, S. J., Jang, H. D., and Choi, J. W.
(2008). Synthetic routes for titania nano-
particles in the flame spray pyrolysis, Colloids
and Surfaces A, 313-314, 282-287.

Chen, Z. C., Zhuge, L. J., Wu, X. M., and Meng, Y.
D. (2007). Initial study on the structure and op-
tical properties of ZnyxFexO films, Thin Solid
Films, 515(13), 5462-5465.

Hoffman, R. L., Norris, B. J., and Wager, J. F. (2003).
ZnO-based transparent thin-film transistors,
Applied Physics Letters, 82(5), 733-735.

Jang, H. D., Seong, C. M., Suh, Y. J., Kim, H. C., and
Lee, C. K. (2004). Synthesis of lithium-cobalt
oxide nanoparticles by flame spray pyrolysis,

Particle and Aerosol Research #| 6 @ #| 1%

Aerosol Science and Technology, 38(10),
1027-1032.

Kammler, H. K., Médler, L., and Pratsinis, S. E. (2001).
Flame synthesis of nanoparticles, Chemical
Engineering and Technology, 24(6), 583-596.

Karakitsou, K. E., and Verykios, X. E. (1993). Effects
of altervalent cation doping of TiO; on its per-
formance as a photocatalyst for water cleavage,
Journal  of Chemistry,  97(6),
1184-1189.

Koshizaki, N., and Oyama, T. (2000). Sensing character-
istics of ZnO-based NOy sensor, Sensors and
Actuators B, 66(1-3), 119-121.

Li, X., He, G., Xiao, G., Liu, H., and Wang, M. (2009).
Synthesis and morphology control of ZnO

Physical

nanostructures in microemulsions, Journal of
Colloid and Science, 333(2),
465-473.

Ma, X., Zhang, H., Ji, Y., Xu, J., and Yang, D. (2005).
Sequential occurrence of ZnO nanoparticles,
nanorods, and nanotips during hydrothermal

Interface

process in a dilute aqueous solution, Materials
Letters, 59(27), 3393-3397.

Matsoukas, T., and Friedlander, S. K. (1991). Dynamics
of aerosol agglomerate formation, Journal of
Colloid and Science, 146(2),
495-506.

Minami, T., Yamamoto, T., and Miyata T. (2000).
Highly transparent and
earth-doped ZnO thin films prepared by mag-
netron sputtering, Thin Solid Films, 366(1-2),
63-68.

Moleski, R. Leontidis, E., and Krumeich, F. (2006).
Controlled production of ZnO nanoparticles

Interface

conductive rare

from zinc glycerolate in a sol-gel silica matrix,
Journal of Colloid and Interface Science,
302(1), 246-253.

Mueller, R., Madler, L., and Pratsinis, S. E. (2003).
Nanoparticle synthesis at high production rates
by flame spray  pyrolysis, Chemical
Engineering Science, 58(10), 1969-1976.

Ohta, H., Kawamura, K., Orita, M., Hirano, M.,



dolg4 =3go] Zno e

A

CIE EEEE

o

So) 2o S99 vAE 9 35

Sarukura, N., and Hosono, H. (2000). Current Santos, D. A. A., Rocha, A. D. P., and Macédo, M. A.
injection emission from a transparent p-n junc- (2008). Rietveld refinement of transition metal
tion composed of p-SrCu.0O,/n-ZnO, Applied doped ZnO, Powder Diffraction, Suppl. 23(2),
Physics Letters, 77(4), 475-477. S36-S41.

Osinsky, A., Dong, J. W., Kauser, M. Z., Hertog, B., Suranarayana, C., and Norton, M. G. (1998). X-ray dif-

Dabiran, A. M., Chow, P. P., Pearton, S. J,,
Lopatiuk, O., and Chernyak, L. (2004). New York and London.
MgzZnO/AlGaN heterostructure light-emitting Wan, Q. Li, Q. H., Chen, Y. J., Wang, T. H., He, X.
diodes, Applied Physics Letters, 85(19), L., Li, J. P, and Lin, C. L. (2004). Fabrication
4272-4274. and ethanol sensing characteristics of ZnO

Rodriguez-Paéz, J. E., Caballero, A. C., Villegas, M.,

fraction: A practical approach, Plenum Press,

nanowire gas sensors, Applied Physics Letters,

Moure, C., Duran, P., and Fernandez, J. F.
(2001). Controlled precipitation method: for-
mation mechanism of ZnO nanoparticles,
Journal of the European Ceramic Society,
21(7), 925-930.

84(18), 3654-3656.

Wang, L., Meng, L., Teixeira, V., Song, S., Xu, Z., and

Xu, X. (2009). Structure and optical properties
of ZnO:V thin films with different doping con-
centrations, Thin Solid Films, 517(13),
3721-3725.

PAAR Vol. 6, No.1 (2010)



