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Fabrication of ZnO nanoparticles by solution-
combustion method for the photocatalytic
degradation of organic dye
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Abstract

ZnO nanoparticles (NPs) were successfully fabricated by simple combustion process, in which Zn(CH3COO)2
precursors migrated with the aid of alcoholic fuel to the top of a burning lampwick and the chemical reactions
occurred at the solvent-air interface of the ignited lampwick, yielding ZnO NPs. Ultraviolet-visible spectroscopic
analysis and energy-dispersive spectroscopic elemental analysis revealed that the fabricated ZnO NPs are comprised
mainly of Zn and O atoms. It was observed that most of the ZnO NPs exhibited an ellipsoidal shape having a
particle size of 100 to 200 nm for short-length axes and 100 to 400 nm for long-length axes. To see the
effectiveness of the fabricated ZnO NPs, it was employed as photocatalytic agent to degrade the organic dye, viz.
Rhodamine B, and catalytic activities under both sunlight and UV light were analyzed and compared with respect
to the commercially available ZnO (Fluka). The initial degradation rate in fabricated ZnO NPs was almost double
than that of ZnO (Fluka). Furthermore, by exposing to sunlight for 1 h, the fabricated ZnO NPs degraded
Rhodamine B dye more than 80%, whereas it was only approximately 35% for ZnO (Fluka). Photocatalytic activities
might be attributed to porous structures with larger active surface area of the nanosized ZnO particles. With this
advantage, 96% of organic contaminants were degraded by the fabricated ZnO NPs upon exposure to sunlight for
2 h.
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Background
Water pollution has been a serious threat to the envir-
onment. The major sources of pollutants are from
manufacturing processing industries, particularly chem-
ical and textile industries in which organic dyes are
widely used. Presently, the perilous effects of organic
dyes to the environment are a particular concern. Con-
ventional treatment methods, adsorptions for instance,
are not always adequate and/or appropriate to remove
organic dyes from wastewater streams in a large scale.
Adsorption is a nondestructive method, which simply
transfers dyes from one medium to another. In recent
years, many researchers are interested in applying
the ‘photocatalytic decomposition process’ to degrade
the hard-to-biodegrade organic pollutants in industrial
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wastewater before discharge into mainstream water
bodies [1].
Nanostructured semiconductors are a potential candi-

date for the mineralization of toxic organic compounds,
hazardous inorganic constituent [1], and bacteria disin-
fection [2] owing to its strong oxidizing ability, i.e., hy-
droxyl radical ( _OH ). Numerous metal oxides such as
zinc oxide (ZnO), titanium dioxide (TiO2) [3], strontium
titanate (SrTiO3) [4], tungsten oxide (WO3) [5], silver
nanoparticle [6], and hematite (α-Fe2O3) [5] are turned
to be potential photocatalysts. ZnO has appeared to be a
prominent catalyst as far as water detoxification is
concerned; on accounting that, it produces H2O2 more
efficiently and shows high reaction and mineralization
rates [7]. In addition, it was reported that ZnO showed
high surface reactivity due to its higher number of
active sites [7]. ZnO has been proven as a superior
photocatalyst compared to commercial TiO2 due to its
higher initial rates of activities and absorption efficacy of
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g/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction
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solar radiations [7]. As a result, ZnO has been widely
used in the treatment of wastewater owing to its excel-
lent chemical and physical properties. A number of
methods have been developed to synthesize ZnO
nanoparticles (NPs), such as, the sol-gel method [8],
evaporative decomposition of solution [9], hydrothermal
[10], wet chemical synthesis [11], and template-assisted
growth [12]. These methods are very expensive and usu-
ally employed to produce highly pure ZnO with desired
shape and crystallinity.
Of these, however, it is still a challenge to find a simple

fabrication process to prepare ZnO NPs with a large active
surface area. In addition, the use in agricultural and envir-
onmental aspect requires a simple, cost-effective fabrica-
tion process to synthesize ZnO NPs, which can provide a
high yield with reasonable purities. Solution-combustion
process is simple and cost-effective, expected to provide
extremely porous structure of ZnO NPs [13]. With this
advantage, the solution-combustion method has been
employed to fabricate ZnO NPs, with a mixture of ethanol
and ethyleneglycol (V/V = 60/40) as the solvent and zinc
acetate as the zinc source, and explore its photocatalytic
degradation effects on organic dye Rhodamine B.

Results and discussion
SEM images of the microstructure ZnO NPs prepared
by the combustion method is depicted in Figure 1,
showing that most particles exhibited an ellipsoidal
shape. Some small particles with a rounded shape and
few large particles were also seen. The bigger-sized parti-
cles ought to be attributed to the aggregation or overlap-
ping of small particles. The particle size measured from
the SEM micrographs was in the range of 100 to
200 nm for short-length axes and 100 to 400 nm for
long-length axes. Thus, the topological images suggested
that particle sizes were not well defined; it might be re-
sultant of uncontrolled ambient conditions.
Figure 2 shows the EDS scan profile of the fabricated

ZnO NPs. The spectrum shows the presence of Zn, O,
and K atom in the sample. Highly intense peaks of O
Figure 1 Typical SEM micrographs of the fabricated ZnO NPs topolog
and Zn were observed, indicating that the NPs were
composed mainly of ZnO along with some impurities. In
the scan profile, the K peak was likely to come from the
cotton lampwick as cotton lampwick contains K atom.
An elemental analysis on the cotton lampwick was
performed to further confirm the presence of K atom.
For the characterization of the fabricated ZnO NPs, in

the present study, an UV-vis spectrophotometer was
employed to record the absorbance spectra in the wave-
length range of 200 to 1,100 nm for dispersed ZnO NPs
in distilled water. The absorbance spectrum of ZnO NPs
is shown in Figure 3. A strong absorption band ranging
from 200 to 400 nm was observed for ZnO NPs due to
the metal ion [13]. The n→ σ* absorption bands
appeared at approximately 295 nm. The n→ π* transi-
tion bands in the ZnO NPs were observed at approxi-
mately 312 nm. This spectrum was consistent with
previously reported data [13]. An absorption peak cen-
tered at 374 nm (3.32 eV) was seen, thus in good agree-
ment with previous work.
ZnO is proven to be a potential photocatalyst and has

widely been used in wastewater treatment. The origin of
photocatalytic process is related with the generation of
electron-hole pairs with the help of bandgap radiation,
thus increasing redox reactions with adsorbed species on
the catalyst surface [1,13]. The hydroxyl free radical ( _OH)
is considered as a driving matter, originated from the oxi-
dation process of OH− or H2O by the photogenerated
electron-hole pairs in the presence of oxygen. The hy-
droxyl free radical ( _OH ) is a strong oxidant and can
decolorize organic dyes by degrading the conjugated
bonds. The possible route of hydroxyl free radical forma-
tion is shown here [2,4]:

ZnOþ hv→e− þ hþ

hþ þOH−→ _OHþ Hþ

hþ þH2O→ _OH

To investigate the photocatalytic activities of the fabri-
cated ZnO NPs, an organic dye, Rhodamine B, was
y. The scale bars in the micrographs represent 10 (a) and 2 μm (b).



Figure 2 EDX elemental analysis of synthesized ZnO NPs.
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employed. Figure 4a shows the UV-vis absorption spec-
tra of Rhodamine B by exposure to sunlight for 30, 60,
90, 120, and 150 min, respectively, in the presence of
ZnO NPs. It was seen that after irradiating for 60 min,
the absorption peak intensity sharply decreased. After
that, it decreased gradually with increasing exposure
time. It demonstrated that the fabricated ZnO NPs has
good photocatalytic degradation efficiency in sunlight.
Figure 4b shows the UV-vis absorption spectra of the
Rhodamine dye irradiated by UV light of 365 nm wave-
length for several time intervals ranging from 20 to
130 min in the presence of ZnO NPs. A similar trend
was found; the intensity of absorbance peak decreased
more rapidly until 30 min compared to that with expos-
ure to sunlight, indicating that UV light enhances the
catalytic activities of ZnO NPs, which might be due to
the bandgap in the ultraviolet region (approximately
3.32 eV) promoting photocatalysis upon illumination
with UV radiation. After 30 min, it decreased slowly
with increasing exposure time.
The maximum absorbance was observed at approxi-

mately 560 nm both in sunlight and UV light, and the
Figure 3 UV-visible spectrum of the fabricated ZnO NPs.
percentage of degradation was calculated considering
the absorbance maxima, equal to [Ai −At] × 100, where
Ai and At denotes the absorbance of Rhodamine B at
time t = 0 and t = t, respectively. In Figure 5, the percent-
age of degradation with time for degradation reactions,
catalyzed by commercial and nanocrystalline ZnO
(Fluka) respectively, are shown and compared for both
sunlight and UV light exposure. Figure 5a shows the
faster degradation rate in the case of the fabricated ZnO
NPs compared to that of the commercial ZnO in the
early stage of reaction. Approximately 90% of the dye
was degraded by the fabricated ZnO NPs, whereas it was
only approximately 35% for the commercial ZnO (Fluka)
after 80 min. The results of the photodegradation exper-
iments on commercial ZnO and fabricated ZnO NPs
catalyst clearly indicated that the fabricated ZnO NPs
are more active than the commercial ZnO in degrading
Rhodamine B. The photocatalytic activity differences can
be attributed to the ZnO NPs' larger surface area with
extremely porous structures, providing an elevated active
surface for the fabricated ZnO NPs. Moreover, as dimen-
sion of NPs are smaller, the photogenerated electron-
hole pairs can rapidly reach the catalyst surface, redu-
cing recombination process probability. The reduced ac-
tivity of ZnO NPs in the whole time course of the
catalyzed reaction can be explicated by photocorrosion
phenomena. This hypothesis explained that, with de-
creasing intensity of irradiation, a higher photocatalytic
rate of the nanosized ZnO compared to the commercial
ZnO was observed, thus omitting an extensive degrad-
ation of the catalyst.

Conclusions
A novel, feasible, and cost-effective process of fabricating
ZnO NPs was successfully demonstrated, which would
be a very promising method for synthesizing other semi-
conductor NPs. The chemical reactions occurred at the
solvent-air interface, yielding ZnO NPs via esterification



Figure 4 Absorption spectrum of Rhodamine B in the presence of the fabricated ZnO NPs. At different time intervals by exposing to (a)
sunlight and (b) UV light.
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of alcohol. The NPs exhibited a nonuniform size and
shape which might be due to the uncontrolled growth;
however, controlled processing parameters might pro-
duce a uniform size and shape of the particles. Import-
antly, the fabricated ZnO NPs exhibited excellent
catalytic properties for the degradation of organic dyes
in the presence of sunlight and UV-vis light. Porous
structures provided a larger surface area with an elevated
active surface, thus attributing better catalytic degrad-
ation properties of nanosized ZnO particles on the or-
ganic dye Rhodamine B over commercial ZnO (Fluka).
More than 95% of Rhodamine B was degraded by expos-
ing to sunlight for 2 h in the presence of the fabricated
ZnO NPs. Therefore, it is very promising and
implementable for the degradation of organic matter for
wastewater treatment in small or large scale.

Methods
All chemicals were purchased from the market and used as
received. In this study, Zn(CH3COO)2.2H2O (0.03 mol) was
dissolved in 100 mL of a mixed-solvent system of ethanol-
ethyleneglycol in a volume ratio of 60/40. A portion of this
Figure 5 Comparison of dye degradation percentage with the fabrica
sunlight and (b) UV-vis light.
mixture was transferred to a spirit lamp including an
absorbent cotton lampwick. The spirit lamp was ignited,
and after a certain time, a yellowish-colored substance
formed around the surface of the ignited lampwick.
When the lampwick was quenched, the yellow-colored
substance turned white. A schematic diagram of the
fabrication process is shown in Figure 6. It has been
reported that the interaction between zinc acetate and alco-
hol under solvothermal conditions follows the esterification
reaction, yielding ZnO, ester, and water [13-15], according
to the following reaction:

Zn CH3COOð Þ2 þ 2R−OH→ZnOþ 2CH3−CO−R
þH2O

The resultant white product was repeatedly peeled off
and dispersed in distilled water to remove the impurity.
For further purification, the synthesized ZnO NPs were
dried at 500°C in a muffle furnace for 6 h (5 h) and fi-
nally preserved in an airtight desiccator. Scanning elec-
tron microscope (SEM) images were taken by a Sirion
ted and commercial ZnO NPs. As a function of exposure time in (a)



Figure 6 The fabrication process of ZnO NPs by a simple combustion method. (a) A spirit lamp containing Zn(OAc)2 and an ethanol-
ethyleneglycol mixture. (b) Yellow-colored ZnO deposited around the burning lampwick. (c) The yellow-colored ZnO turned white, indicating the
formation of ZnO NPs. (d) A separated portion of the lampwick with ZnO NPs. (e) ZnO NPs peeled off, dispersed in water, and dried at 500°C.
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200 field emission scanning electron microanalyzer (FEI
Co., Hillsboro, OR, USA employing an operating voltage
of 25 kV to investigate the particle size and shape. En-
ergy dispersion spectroscopy (EDS) and ultraviolet-
visible (UV-vis) spectroscopy using a Hitachi U-4100
spectrophotometer (Tokyo, Japan) were employed to
characterize the ZnO NPs. To observe the degradation
effects, 1.5 g of ZnO was dispersed in 100-mL aqueous
solutions containing Rhodamine B, an organic dye, and
exposed to sunlight (at a temperature around 30°C) and
UV light for the desired time. Then the decolorization of
the dye was measured by UV-vis spectroscopy.
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