CHAPTER §
APPLICATION OF PURE ZnO AND Nb-DOPED ZnO
FOR USE AS PHOTOCATALYSTS

5.1 Introduction

Zn0 is a well known to be one of the important photocatalysts because of its
unique advantages, such as its low price, high photocatalytic activity, high stability
and nontoxicity. According to these properties, ZnO has attracted a great deal of
attention for use as a catalyst in photooxidation of organic pollutants [1-3]. The
photocatalytic degradation of various organic compounds catalyzed by ZnO has been
widely studied [4-9]. It has been suggested that ZnO is a low cost alternative
photocatalyst to TiO, for removal of organics in aqueous solutions [10-19], as it has a
similar band gap energy (3.2 eV) [20-21]. Bandgap energies of common
semiconductors are given in Figure 5.1. Photocatalytic efficiency has been reported
[22-26]. ZnO absorbs ultraviolet (UV) light through a process of electronic excitation
between the valence band and conduction band. In conjunction with its high chemical
stability and low toxicity, this property of ZnO renders its suitability for use as a UV-
screening agent in a diverse range of applications, which include sunscreens and
protective wood coatings. In such applications, ZnO is superior to TiO, due to its
broader absorption of UV-light (ZnO absorbs both UVA and UVB whereas TiO; only

absorbs UVA are shown in Figure 5.2) and its lower refractive index.
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Figure 5.1 Bandgap energies for some common semiconductor materials at 0 K [27].
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Figure 5.2 The eletromagnetic spectrum [28].

It is well known that the surface characteristic of ZnO determined by different

fabrication processes can influence the photocatalytic property as well as the final
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degradation efficiency. This suggested that the photocatalytic activities of ZnO are
directly related to its preparation, particle size, morphology and dopant
concentrations.

Various methods have been employed to prepare ultrafine ZnO. By using the
flame spray technique, ultrafine ZnO particles with high surface area and controlled
size and crystallinity can be obtained [29]. The process has been demonstrated as one-
step dry synthesis of high surface area, and highly efficient noble metal catalysts
allowing rapid production of nanomaterials and versatility in material compositions.
These advantages prompted us to apply FSP for production of pure ZnO and Nb-
doped ZnO nanoparticles as photocatalysts in the organic compounds degradation.

In order to obtain the highly effective ZnO photocatalyst, doping of metal ions
into ZnO particles is usually performed, since the presence of metal dopants in ZnO
crystalline matrix can significantly affect the photocatalytic activity, charge carrier
recombination rate and interfacial electron transfer rate [30]. Various metal dopants,
especially the transition metals (e.g. Co [31-33], Mn [33-34], Ti [35], La [36], Fe
[37], Ni [38]) have been used and their photocatalytic activities have already been
examined. However, to the best of our knowledge, the photocatalytic activity of Nb-
doped ZnO has not been reported. The aim of this chapter is not only preparation of
high surface area Nb-doped ZnO catalysts by FSP technique but also to investigate
the catalytic performance of these materials on photodegradation of organic

contaminants (i.e. ethanol, methanol, sucrose and glucose) under UVA irradiation.
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5.1.1 Function and principles of photocatalysts [39-42]

Semiconductors are primary light absorbers. They are used in photocatalysis
because of a favorable combination of electronic structure, light absorption properties,
charge transport characteristics, and excited-state lifetimes [39]. The principal
mechanism of a semiconductor photocatalytic reaction is as follows. When a
photocatalytic surface is illuminated by light with energy equal to or larger than the
bandgap energy, AEy,, it excites the electrons in the valance band to the conduction
band, resulting in the formation of a positive hole (p*) in the valance band and an
electron (¢") in the conduction band. The process of transfer of electron from the
semiconductor to the adsorbate is called the reduction mechanism and the process of
transfer of electron from the adsorbate to the semiconductor is called the oxidation
mechanism. These processes are described illustratively in Figure 5.3. The positive
hole oxidizes either pollutant directly or water to produce OH™ radicals, whereas the
electron in the conduction band reduces oxygen adsorbed to photocatalyst (ZnO). In
the photocatalysis with ZnO under aerated conditions, active oxygen species such as
superoxide radical (*0,7), hydroxyl radical ("OH), and hydrogen peroxide (H,0,)
have been noticed as key species to initiate the reactions [40—41]. These species are
produced photocatalytically as shown by the following equations [42].

The photocatalytic process begins with absorbtion of photon.

ZnO + ho — (ZnO)e +h" €R))
Reactions involving conduction band €™ are

ZnO(e’) + O, R ZnO +°0y (5.2)

ZnO(e) +°0,; +2H" ——»  ZnO +H,0, (5.3)

ZnO(e) + H,0, —>  ZnO+°OH+OH (5.4)
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'Oy +H0, ——*  °‘OH+OH +0, (5.4)
‘0, +H' B *HO, (5.5)
ZnO(e’) + "HO; ——» ZnO + HOy (5.6)
HO, +H' —  H,0, (5.7)
2 *HO, —>  0,+H0, (5.8)

Reactions involving valence band h* are

ZnO(h") + HyOugs ——* ZnO + "OH,y + H' (5.9)
ZnO(h") + 2 HyOpgs —* ZnO + 2 H' + H,0, (5.10)
ZnO(h") +OH s ——> ZnO + "OHy, (5.11)
Adsorbed H,O
Adsorbed z

L

UV Irradiation
A<390 nm

Degradation

Adsorbed pollutant

% Adsorbed pollutant (P)

Adsorbed H,0, OH-

Figure 5.3 Schematic representation of the mechanism of photocatalytic activity. On
absorption of photon of energy hv, electrons are excited from valence band (VB) to
conduction band (CB). There is a transfer of electron to oxygen molecule to form
superoxide ion radical ("O™) and a transfer of electron from water molecule to VB

hole to form hydroxyl radical ("OH) [42].
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The above-mentioned sequence of chain reactions describes more or less the
biocidal activities when ZnO is exposed to UV radiation in the presence of HO and
dissolved O,. Thus, illuminated ZnO can decompose and mineralize organic
compounds by participating in a series of oxidation reactions leading to carbon

dioxide and water.

*OH + O, + organic ——» CO, + H,0O (5.12)

5.1.2 Photocatalytic oxidation [43]

The most powerful advanced oxidation systems are based on the generation of
hydroxyl radicals. The hydroxyl radical is an extremely powerful oxidizion agent,
second only to Fluorine in power (2.23 in relative oxidizing power). Table 5.1 shows
the common chemical oxidants placed in the order of their oxidizing strength.

Table 5.1 The common chemical oxidants, placed in the order of their

oxidizing strength.

Relative Power of Chemical Oxidation
Compound Oxidation Potential Relative Oxidizing Power
(volts) (ChL=1.0)

Hydroxyl Radical 2.8 2.1
Sulfate Radical 2.6 1.9
Ozone 2.1 1.5
Hydrogen Peroxide 1.8 1.3
Permanganate 1.7 1.2
Chlorine Dioxide 1.5 1.1
Chlorine 1.4 1.0
Oxygen 1.2 0.90
Bromine 1.1 0.80
Iodine 0.76 0.54
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Utilizing the strong oxidation strength of hydroxyl radical, photocatalytic
oxidation can effectively disinfect, deodorize, and purify air, water, and different
surface area.

5.1.3 Photocatalytic reduction [44]

Photogenerated electrons at the conduction band of ZnO are relatively weaker
reductants. However, the presence added electron donor as organic hole scavenger is
important in photocatalytic reduction process because it can be enhanced the reaction.
In addition, hole scavengers, or some organic compounds could form reducing
intermediates upon reacting with the hydroxyl radicals which could enhance the
reduction reactions [44].

5.1.4 Effect of surfuce area on photocatalytic activity [45]

In several photocatalytic reactions, a linear relation between the rate of
photocatalytic reaction and amount of substrate(s) adsorbed on the surface of
photocatalyst has been reported. When the Langmuirian adsorption isotherm was
expected, this behavior was sometimes calls Langmuir-Hinshewood (L-H)
mechanism even if only a kind of adsorbed substrate was assumed. Strictly speaking,
however, this is wrong, because L-H mechanism involves the surface reaction of two
kinds of adsorbed species, which is not realized in photocatalytic reaction systems.
However, the linear relation can be rationalized by taking into account the reaction
between e and/or h* with the surface-adsorbed substrate. When the specific surface
area is increased, i.e., particle size is decreased, without changing the surface
properties. If one assumes the enough (saturated) substrate is adsorbed on the surface,
the rate should be enhanced. Of course, it is impossible to adapt a general kinetic
consideration of ordinary thermal catalytic reaction, where the constant surface

density of active sites makes the rate in proportion with the specific surface area, to
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the photocatalytic reaction. In the photocatalytic reaction system, only a portion of the
photocatalyst particles or an outer part of bulk materials can adsorb incident photons,
and the remainder of the photocatalyst does not take part in the reaction. However, the
total number of absorbed photons should be constant if a sufficient amount of
photocatalyst absorb all the incident photons and, therefore, the total number of e ~h*
pairs is expected to be independent of specific surface area.

Large surface area with constant surface density of substrate leads to faster
rate of " and h" reaction with substrates, because of the larger number of substrates
surrounding the e ~h" pairs.

5.1.5 Effect of electron-hole recombination on photo catalytic activity [45]

The rate of e~h" recombination must be an alternative decisive factor in
photocatalytic activity, since the photogenerated e~h" pairs recombine to give no
chemical reaction unless they react with the surface adsorbed substrate. Unlike the
rate of reaction e —h", it is very difficult to evaluate the recombination rate directly.
One of the most probable structural features related to e~h" recombination is
crystallinity. It is assumed that the recombination occurs at crystal defects.

In fact, amorphous ZnO showed negligible photocatalytic activity, presumably
due to the defects in the particles. Surface of crystal is, in a sense, a defective site
where continuity of crystal structure is terminated, and thereby, the larger the surface
area, the faster the recombination. Since the surface area also a positive influence, i.e.,
in a reversed, estimation of overall photocatalytic activity should be made carefully;
when the surface reaction predominates the recombinate, the photocatalyst of larger

surface area is better, and vice versa
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5.1.6 Design of photocatalysts of high activity [45]

The structural characteristics, e.g., crystal structure, particle size, surface area,
ect, of photocatalysts determine their photocatalytic activities. However, the relation
between the physical properties and the photocatalytic activities is not so simple, and
at least two parameters related to the surface reactions and recombination of e~h"
must be optimized to obtain highly efficient semiconductor photocatalysts. The larger
surface area and high crystallinity are minimum requisites of photocatalysts. This is
based on the larger surface area corresponds to higher rate of surface reaction of e and
h', and the high crystallinity, i.e., little crystal defects to slower rate of e-h"
recombination. Of course, the enhancement of photocatalytic activity depends on
many factors such as particle size, surface area, amount of OH surface groups,
crystallinity, and band gap. However, the preparation method is one the most
important parameters for the best photoactivity. Moreover, photoactivity of doping
materials depending on the type of transition metal ions doping, calcination
temperature and the concentration of transition metal ions as reported by many
researchers [45].

5.1.7 Increasing efficiency by incorporation of metal nanoparticles
[46-50]

Given that charge separation requires a great deal of effort, incorporation of
metal nanoparticles (as well as increasing visible light activity) is to facilitate charge
separation. One way of doing this is to incorporate noble metal nanoparticles such as
silver or gold into the ZnO material. As an example, incorporation of a small amount
of silver (1-5%) [60] results in increased efficiency in photocatalysis. Silver has a

“Fermi level” or electron accepting region at an energy just below the conduction
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band. Therefore, after light absorption and charge separation, the electron in the
conduction band can be effectively trapped by the silver, while the hole oxidises water
and forms hydroxyl radicals, without the threat of recombination. Various researchers
[46—50] have shown that there is an optimum amount or “Goldilock’s zone” of silver
to add-just enough is needed so that there are silver sites dispersed through the
material to rapidly trap electrons, but that too much silver may cover ZnO and prevent
light absorption. In addition, too much silver may mean that the silver acts as a
recombination site itself-essentially it will form a bridge between an electron and a
hole.

The emission of ZnO can be interpreted as a measure of the recombination
efficiency. Studies examining the emission of these metal oxides have demonstrated
that the emission intensity reduces on increasing amounts of silver-indicating that the
silver is trapping electrons and reducing electron-hole recombination, as indicated in

the diagram below.

A

Energy

Zno

Figure 5.4 Incorporation of silver nanoparticles facilitate longer charge separation by

trapping photogenerated electrons [51].
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5.1.8 Literature review [52—60]

Photocatalytic activity based on pure ZnO and metal-doped ZnO have been
investigated by many researchers.

The photocatalytic activity of Methyl orange (MO) and rhodamine 6G (R6G)
in various semiconductors such as titanium dioxide (TiO,), zinc oxide (ZnO), stannic
oxide (Sn0O,), zinc sulphide (ZnS) and cadmium sulphide (CdS) was investigated by
Kansal et al. [52]. It was found that ZnO is the most active photocatalyst for
decolorization of MO and R6G the decolorization of dyes is facilitated in the presence
of catalyst and was favorable in basic region. The initial rate of photodecolorization
increased with increase in catalyst dose upto an optimum loading. Further increase in
catalyst dose showed no effect. Moreover, photocatalytic activity of ZnO is greater in
the presence of solar light as compared to UV light.

Metal and metal oxide such as Ag, Pd, Fe, Cd, Nb and W had been shown to
have a beneficial influence on the photoactivity of nanocrystalline semiconductor
photocatalysts. The photocatalytic degradation of phenol solution using ZnO
nanoparticles that were modified by depositing different amount of noble metal Ag or
Pd on their surfaces with a photoreduction method was reported by Ligiang et al. [53].
The results showed that an appropriate amount of noble metal Ag or Pd modification
could greatly enhance the photocatalytic activity of ZnO nanoparticles for degrading
phenol solution. In addition, for 0.5 wt% noble metal deposited ZnO samples, the
effects of Pd deposit were greater than that of Ag deposit, which was closely related
to the increases in the surface hydroxyl content as well as charge separation rare.

Bailie et al. [54] reported the hydrogenation of but-2-enal over supported Au

catalysts and characterization study using X-ray diffraction, infrared spectroscopy and
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transmission electron microscopy. A series of ZnO supported Au catalysts with Au
metal loadings of 0.25, 0.5, 1, 2, 5 and 10 wt%, were prepared by coprecipitation
method. A mixed solution of Zn(NOs),.H,0 and HAuCl4.H,0, which contained the
calculated amounts of the Zn and Au salts required to give the desired Au loading on
ZnO, was heated to 80°C. Auw/ZnO catalysts were found to be selective for the
formation of the unsaturated alcohol, but-2-en-1-ol rather than the saturated aldehyde,
butanal. In general, the addition of thiophene was found to enhance the yield of the
unsaturated alcohol. Detailed transmission electron microscopy and infrared
spectroscopy studies showed that thiophene modification of Au/ZnO catalysts does
not affect the Au-particle size or morphology; rather, thiophene undergoes irreversible
dissociative adsorption giving a surface in which the Au sites are electronically
promoted by sulfur. It is observed that thiophene modification does not give any
marked effect on catalyst performance for the catalysts that contain large Au-particles
(210 nm) and, hence, it was considered that the sulfur promotion observed was
associated with smaller Au nanoparticles. The highest but-2-en-1-ol selectivities
(~80%) were observed for 5 wt% Au/ZnO catalysts reduced at 400°C prior to
reaction. It was proposed that the origin of high selectivity is associated with large Au
particles (10-20 nm in diameter) that were present in this catalyst.

Al-Sayari et al. [55] reported the preparation of Au/ZnO and Au/Fe,03
catalysts using two coprecipitation methods. The important factors that control the
synthesis of high activity catalysts for the oxidation of carbon monoxide at ambient
temperature were investigated. The results presented in this study of the preparation
of two materials AwZnO and Au/Fe,0; showed that high activity materials for the

oxidation of CO at ambient temperature could be readily prepared for both calcined
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and non-calcined materials using two different coprecipitation procedures. These
results were comparable with the results obtained from the standard catalysts supplied
by the World Gold Council tested under the same reaction conditions. In particular,
the factors involved in the preparation of catalysts which active without the need for a
calcination step were evaluated. The two preparation methods differ in the manner in
which the pH was controlled during the precipitation, either constant pH throughout
or variable pH in which the pH was raised from an initial low value to a defined end
point. Non-calcined Auw/ZnO catalysts prepared using both methods were very
sensitive to pH and ageing time. Catalysts prepared at a maximum pH = 5 with a short
ageing time (ca. 0—3 h) exhibited high activity. Catalysts prepared at higher pH gave
lower activity. However, all catalysts required a short operation period during which
the oxidation activity increased. In contrast, the calcined catalysts were not
particularly sensitive to the preparation conditions. Non-calcined Au/Fe,0O; catalysts
exhibited high activity when prepared at pH > 5. Calcined Au/Fe,03 prepared using
the controlled pH method retained high activity, whereas calcined catalysts prepared
using the variable pH method were inactive. The study showed the immense
sensitivity of the catalyst performance to the preparation methods. It was therefore not
surprising that marked differences in the performance of supported Au catalysts for
CO oxidation that were apparent in the extensive literature on this subject, particularly
the effect of calcination, could be expected if the preparation parameters were not
carefully controlled and reported.

Wu et al. [56] investigated the photocatalytic activities of the nc-Aw/ ZnO
nanorod composites in comparison with those of the ZnO nanorods and the ZnO film.

The ZnO nanorods and the ZnO film were deposited on the Si substrates using
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chemical vapor deposition. Photosynthesis of Au nanoparticles on the ZnO nanorods
were conducted in HAuCly/ethanol solutions under 365 nm irradiation. The diameters
and the densities of the Au nanoparticles formed on the surface of ZnO nanorods were
tunable through varying the HAuCl4 concentration and the irradiation period. The
enhancement of the photocatalytic activity for degradation of methyl orange (MO)
was achieved by loading Au nanoparticles with sizes smaller than 15 nm on the ZnO
nanorods and was more pronounced as the size of the Au nanoparticles was reduced
to 5 nm. However, the photocatalytic activity of the nc-Au/ZnO nanorod composite
was much lower than that of the ZnO nanorods when the diameter of the nc-Au was
enlarged to 30 nm. The photocatalytic activity of the nc-Auw/ZnO nanorods for
degradation of MO was dependent on the diameter and the density of the nc-Au.

Zhou et al. [57] synthesized Ag/ZnO nano-composites via the coordination
homogeneous co-precipitation method. The precursor was the mixture of Ag,CO; and
Zns(OH)s(CO3),. The particle size of the product increased with increasing calcining
temperature and the dynamic growth index was 1.32. The photoreduction made
Ag/ZnO and the Ag/ZnO photocatalyst prepared by the coordination homogeneous
co-precipitation method were compared. The results of the photocatalytic degradation
of methyl orange (MO) in aqueous solution indicated that the Ag/ZnO photocatalyst
prepared by the coordination homogeneous co-precipitation method exhibited better
photocatalytic performance than that prepared by the photoreduction method,
especially the photocatalyst calcined at 300°C, and the photocatalytic performance
decreased when the calcining temperature increased from 300 to 700°C.

The size of photocatalyst is one of the most important factors. Hariharan [58]
compared the photocatalytic activity between bulk ZnO and ZnO nanoparticles, the

results indicated that ZnO nanoparticles exhibited higher activity than bulk ZnO.
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Moreover, the photocatalyst preparation process is another important factor. Wang et
al. [59] compared photocatalytic activity of ZnO powder with various size scales
(mean diameter size: 10, 50, 200 and 1000 nm) preparing by two different preparation
processes as thermal evaporation process and chemical deposition process. ZnO
nanoparticles with diameter size 50 nm prepared by thermal evaporation process
showed the highest photocatalytic activity. However, the smaller 10 nm ZnO
nanoparticles prepared by chemical deposition process showed the lower efficiency
contrast to 200 nm ZnO powders prepared by thermal evaporation process, indicating
that preparation process was the decisive factor rather than size and morphology.

The photocatalytic degradation of 10 ppm methylene blue (MB) solution that
was used to evaluate the performance of FSP-made Ag-ZnO and compared to wet-
made Ag-ZnO was reported by Height et al. [60]. The results showed that the
photocatalytic activity of FSP-made Ag-ZnO was much better than that of wet-made
Ag-Zn0O. Moreover, FSP-made 3 at% Ag-doped ZnO exhibited the best photocatalytic
performance. This result could be confirmed that the preparation process is very

important factor for photocatalysts.

5.2  Chemicals and equipments
Ethanol: C;HsOH (99.8% Lab-scan, MW. 46.1)
Methanol: CH30H (99.8% Lab-scan, MW. 32.04)
- Glucose: C¢H1206 (99% Ajax, MW. 180.16)
Sucrose: C1;H2,041 (995 Ajax, MW. 342.3)
- Spiral photoreactor
- UV-lamp — NEC 20 watt T10 black light blue

Solar light — Oceanlife, 50% natural daylight 6000K-50% actinic 03
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blue, 18 watt
Peristaltic pump — Masterflex Model 7553-79

Conductivity meter — JENWAY 4330 and EUTECH PC 5500

5.3  Experimental

5.3.1 Calibration curve measurement

The spiral photoreactor was calibrated to obtain a relationship between the
conductivity value and the amount of organic degraded. A suspension of Degussa P25
as a catalyst loading (1 g/L) was used during the calibration. The photocatalyst was
circulated through the reactor and subjected to carbon burn off. After carbon burn-off,
a known amount of carbon was added as sucrose (100-2000 pg of carbon) to the
system and the lamp switched on. The conductivity value increased and the final
conductivity reading was recorded as previous section which, corresponding to the
known amount of carbon added. Calibration was relied on the establishing of the
relation between carbon mass in the sample and the conductivity measurement values.
For calculation, at the end of each run the recorded data which consisted of the
increased in conductivity value was converted to the amount of carbon interpolated
from the expression obtained from the calibration curve.

5.3.2 Preparation of photocatalyst suspension and operation

A schematic diagram of the spiral photoreactor was given in Figure 5.5. The
spiral photoreactor consisted of (I) 70 cm long spiral reactor. The spiral reactor was
made out of borosilicate glass tube with an outside diameter of 5 mm and the wall
thickness of 1 mm. Photocatalytic reaction was initiated by illuminating the
suspension inside the tube with (II) UV-lamp (NEC 18 watt T10 black light blue).

The glass spiral filtered with the lamp was covered with aluminum foil to prevent
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both the intrusions of ambient light and the emission of the harmful UV from the
lamp. The attachments to the photoreactor were (III) a peristaltic pump (Masterflex
Model 7553-79) (IV) a conductivity meter EUTECH PC 5500 and (V) a gas-liquid
separator. All components were connected together using masterflex flexible tubing

which was resistant to leaching of any organics.

spiral borosilicate
glass tube

Figure 5.5 Schematic diagram of spiral photoreactor.

A 50 mL suspension of pure ZnO and Nb-doped ZnO nanoparticles having a
loading of 1 g/ was prepared and its pH was about 7.0. The suspension was
dispersed in an ultrasonic bath for 20 min before it was discharged into the spiral
photoreactor. The suspension was circulated through out the spiral photoreactor. The
suspension was subjected to a “carbon burn off” period, when it was illuminated to
remove any contaminants adsorbed on the photocatalyst surface. The carbon dioxide
generation was monitored using the conductivity meter (IV) in unit uS/cm. During
carbon burn off, the conductivity reading increased to a constant value which was an
indicating or that all impurities were removed. The system was then slowed to
equilibrate at ambient atmospheric conditions by opening a valve at an exit port of a

gas liquid separator (V).
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Various organic carbon load (500 pg of carbon (500 pg C)), as glucose,
sucrose, ethanol and methanol were injected into photocatalyst suspension through the
inlet port (V). The catalyst-organic substrate mixture was circulated for 5 min
without light illumination to ensure dispersion of the organic compound throughout
the slurry. The lamp was then switched on. Subsequently, the increase in conductivity
value was recorded every 1 second until the reaction ended. At the end of the
photoreaction, the lamp was switched off and the system was flushed several times

with Milli-Q water. All experiments were repeated at least twice.

54 Results and discussion

The 50% mineralization rate of methanol, ethanol, sucrose and glucose as a
function amount of Nb loading using pure and Nb-doped ZnO nanoparticles
photocatalyst containing 0.25, 0.50, 0.75 and 1.00 mol% Nb were shown in Figures

5.6-5.9 respectively.
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Figure 5.6 Photocatalytic degradation rate of methanol on pure ZnO and Nb-doped

/n0 nanoparticles with different Nb loading.
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Figure 5.7 Photocatalytic degradation rate of ethanol on pure ZnO and Nb-doped

Zn0 nanoparticles with different Nb loading.
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Figure 5.8 Photocatalytic degradation rate of sucrose on pure ZnO and Nb-doped

Zn0 nanoparticles with different Nb loading.
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Figure 5.9 Photocatalytic degradation rate of glucose on pure ZnO and Nb-doped

Zn0O nanoparticles with different Nb loading.

It can be seen from Figures 5.6-5.9 and Table 5.2 that 0.50 mol % Nb-doped
Zn0 shows the highest photocatalytic activity among all samples and took shortest
time to complete methanol, ethanol, sucrose and glucose degradation processes. The
results clearly suggested that the photocatalytic activity of ZnO nanoparticles is
greatly improved by doping an appropriate amount of Nb. The optimal amount of Nb
was found to be 0.50 mol% for degradation of all organic compounds tested in this
research. An enhanced photocatalytic activity of Nb-doped ZnO nanoparticles
compared with that of the pure ZnO nanoparticles could be ascribed to Nb particles
acting as electron traps, retarding the recombination of electron-hole pairs, and thus,
promoting the photocatalytic activity. If the amount of Nb loading is higher than the
optimal value, the activity of ZnO nanoparticles will begin to go down inversely. This
is probably because an excess amount of Nb may become the center for recombining

photoinduced electron and hole pairs.
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Table 5.2 The comparison of time for completing the degradation process of

methanol, ethanol, glucose and sucrose of different types of photocatalyst.

Photocatalyst Completed Completed Completed Completed
type Methanol ethanol sucrose glucose
degradation degradation degradation degradation
time time time time
(min) (min) (min) (min)
Pure ZnO 39.9 35.2 55.8 69.1
0.25 mol% 35.1 2. ik 63.5
Nb-doped ZnO
0.50 mol% 25.6 19.3 343 47.6
Nb-doped ZnO
0.75 mol% 344 215 439 S35
Nb-doped ZnO
1.00 mol% 42.8 28.9 44.1 57.5
Nb-doped ZnO

5.5  Conclusions

Nb-doped ZnO nanoparticles were successfully synthesized via the FSP
technique by using zinc naphthenate and niobium (V) ethoxide as precursors in
ethanol. The particle size of Nb-doped ZnO nanoparticles was found to decrease with
increasing the Nb content. The photocatalytic activity of Nb-doped ZnO nanoparticles
containing 0.25, 0.50, 0.75 and 1.0 mol% were investigated by UV-induced
degradation of ethanol, methanol, sucrose and glucose in aqueous solution in the
photocatalytic reactor. The results showed that the appropriate amount of Nb loading
could greatly enhance the photocatalytic activity of ZnO nanoparticles for degrading

ethanol, methanol, sucrose and glucose. An appropriate amount of Nb loading (0.50
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mol%) over ZnO nanoparticles could greatly enhance the photocatalytic degradation
of all organic compounds tested in this study. The photocatalytic activity under UV
illumination of 0.50% Nb-doped ZnO on the organic compounds could be ranged in
the following order Ethanol > Methanol > Sucrose > Glucose. This improved activity
could be due to Nb particles acting as electron traps, retarding the recombination of

electron-hole pairs, and thus, promoting the photocatalytic activity.





