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Executive Summary

Vetiver grass is a tropical plant that is commonly found to grow widely in Southeast
Asia countries. It can be used in many applications such as erosion control, animal
feed and ol extraction for perfumery. Recently, it has been reported that the fresh
vetiver grass can be used for adsorbing some pollutants including, heavy metals and
volatile organic carbons (VOCs) by phytoremediation. In addition, it has been
considered as one of potential low cost biomass precursors to synthesise porous
materials for wastewater treatment. In the present work, mesoporous materials were
synthesised by calcining vetiver leaves at 600°C for 3 hours in natural ambient,
followed natural cooling. Afterwards, the particles were put in ultrasonic bath for 30
minutes. The chemical composition of the particles was examined using X-Ray
Fluorescence (XRF). The morphology of the particles was obtained using Scanning
Electron Microscopy (SEM). The performance of mesoporous materials for removing
dyes in water was evaluated using synthesised water that consisted of 10° M of
methylene blue (MB) solution. The XRF results indicated the main chemical
composition of calcined vetiver grass was ~45% of potassium (K). Others compositions
were 27% of silicon (Si), 11% of phosphorus (P) and small amount of other elements
such as calcium (Ca), magnesium (Mg), sulphur (S) and chlorine (C1). The SEM images
presented that calcined vetiver grass was porous and fine particles, with the particle
size less than 1 micron. The calcined vetiver grass provided >95% of MB removal
efficiency with 0.15 ¢ of calcined vetiver grass per 50 mL of MB solution. In addition,
the results also suggested that the synthesised mesoporous materials provided the
better results compared to commercial activated carbon that can achieve 46% of MB
removal efficiency. Further, after reusing the mesoporous materials for 3 times, the
MB removal efficiency was slightly decreased from 99% to 95%. On the other hands,
after 3 times reuse the efficiency of activated carbon dramatically dropped from 46%
to 29%. In summary, the present work shows that the leaves of vetiver grass can be
used to synthesise mesoporous materials that can be applied for wastewater

treatment.
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Abstract

Vetiver grass is a tropical plant which has a deep thick root system, spreading
vertically. The root densely binds together like an underground wall enabling it to
store water and moisture. The vetiver grass is considered as an effective measure for
soil and water conservation. However, the use of vetiver leaf is limited and it becomes
an agricultural waste. In this senior project, the vetiver leaf was used as raw material
to synthesis an adsorbent for wastewater treatment and water purification. The leaf
was calcined at various temperatures of 200, 400, 600, 800 and 1000 °C to synthesize
the high porous adsorbent. Then the adsorbent was used to treat synthesized dye
wastewater. The results reveal that the highest removal efficiency of ~91% was found
at the 200 °C-adsorbent. It’s kinetic and isotherm of the adsorption were second-order

and Langmuir isotherm.
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Using of TiO,-Coated Mesoporous Particles for Organic
Dye Removal

S.T.T. Le, D. T. T. Trinh, D. Channei, W. Khanitchaidecha, and A. Nakaruk

Abstract—In the present work, mesoporous particles was
produced by ealcining vetiver leaves at 600°C, Then, it was
coated by TiO, using sol-gel method, The crystal structure of
TiO; coated particle was investigated using X-Ray Diffraction
(XRD) technique. The organic dye removal efficiency were
examined using photodegradation of methylene blue (MB)
under UV-A irradiation. The pure TiQ; particle reached only
40% of organic dye removal in 6 hours of irradiation time. On
the other hand, the TiO;-coated mesoporous particles got >90%
of organic dye removal in 6 hour of irradiation time. It can be
said that the organic dye removal efficiency of TiO,-coated
particles was higher than pure TiO; particles. This outcomes
suggested that the adding of produced mesoporous particles
increased the efficiency of MB adsorption, leading fo the
improvement of photocatalytic activity.

Index Terms—NMesoporous particle, vefiver grass, fitanium
dioxide, organic dye.

I. INTRODUCTION

Among of the present advanced water and wastewater
treatment technologies applied, photocatalysis is one of the
most promising techniques due to the high degradation
activity of organic pollutants [1], [2]. Photocatalysis is
referred to the generation of hydroxyl radicals from a
semiconductor under the activation of photonic energy [3].
Hydroxyl radicals is a strong and non-selective oxidizing
species that is the major reactant responsible for the
oxidization of organic compounds [4], [5]. There are metal
oxide semiconductors that can be applied in photocatalysis
including titanium dioxide (Ti0,), zinc oxide (Zn0), and
ferric oxide (Fe,03) [6]. Among above mentioned metal oxide
semiconductors, titanium dioxide (Ti0,) is one of the most
common used catalyst. TiO, has been getting interests
because it has high photocatalytic activity and nontoxicity.
Furthermore, TiO, has the bandgap of 3.0 €V (rutile) and 3.2
eV (anatase) that is possible to apply using natural (solar) UV
light (300 nm — 390 nm) [7], [8].

Vetiver grass is a kind of tropical plant that is usually
cultivated to control soil erosion. Further, the roots of vetiver
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grass are commercially used for oil extraction. The fragrant
vetiver oil is a valuable precursor of perfumery and cosmetics
industry [9], [10]. According to statistics, the oil yicld is
estimated around 1%wt. of the raw vetiver roots while the
annual production of vetiver oil is about 300-350 tonnes [ 1 1.
This means approximately 300 thousand tonnes of vetiver
roots is globally demanded for oil extraction every year. In the
meantime, a huge amount of vetiver leaves are still free at the
point of use and are discarded as agriculture wastes or burned
in the field [12]. Thus, regarding vetiver leaves as a biomass
source, they are a potential precursor to synthesise adsorbents
for wastewater treatment application. In addition, the data
from the previous work by the authors [13] suggested the
vetiver grass had the promising properties as adsorbent
materials for water treatment.

In this work, with the aim of enhancing photocatalytic
activity by improving adsorption effectiveness of catalyst [14],
TiO,-coated mesoporous particles catalyst was synthesized
by the addition of mesoporous particles during TiO, sol-gel
procedure.

II. METHODOLOGY

A. Synthesis of Catalyst

Mesoporous particles were synthesised from vetiver leaves
[13]. After the calcination at 600°C for 3 hours, the calcined
vetiver leaves were naturally cooled and then used as
substrate  te prepare photocatalyst. The catalyst was
synthesised by sol-gel method. In particular, mesoporous
particles were added to a solution containing 12.5 mL of
titanium isopropoxide (TTIP), 80 mL of 2-propanol and 3 mL
of deionized (DI) water. The mixture was stirred aggressively
for 4 hours and then was filtcred to achieve the formed
suspension. After that, the suspension was calcined in a
muflle furnace at 450°C for § hours. The obtained catalyst
was naturally cooled and then stored for use. Pure TiO,
particle was prepared following the same procedure without
adding mesoporous particle. The crystal structure of
synthesised catalysts was examined using X-ray Diffraction
(XRD). Besides, the adsorption and photocatalytic activity of
the catalysts were also investigated.

B. Adsorption of Organic Pollutant

The adsorption cffectiveness of the synthesised catalysts
was tested using methylene blue (MB) dye solution at the
concentration of 10 ppm. In a typical experiment, the catalysts
were mixed with 50 mL of prepared MB solution by magnetic
stirrer. At a specific time, the catalysts were removed from the
solution using vacuum filtration. The concentration of MB

solution  was  then  measured by  UV-visible
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spectrophotometer at Ay = 664 nm. The MB removal
cificiency was finally calculated from the MB concentration
data.

C. Degradation of Organic Pollutant

The photocatalytic activity of the synthesised catalysts was
investigated using 10 ppm methylene blue (MB) solution. Tn a
typical experiment, an appropriate amount of catalysts was
mixed with 50 mL of prepared MB solution under UV-A
irradiation (370 nm). After reaction, the solution was filtered
to remove the catalyst from the solution. The MB
concentration was measured by UV-visible
spectrophotometer at A, = 664 nm.

1. RESULTS AND DISCUSSION

Fig. 1 shows the XRD patterns of the synthesised catalysts
consisting of TiO,-coated mesoporous particle and pure TiO,.
The observed peaks at the plane of [101], [004], [200], [105]
and [211] present the anatasc crystal form of TiO,. The XRD
patterns reveal the crystalline structure of TiQ,-coated
mesoporous particle. The data indicates there are rutile or
other contamination phascs presented in the pure Ti0, and
TiO,-coated mesoporous particles. It has to be noted that the
degree of erystallinity of Ti0,-coated mesoporous parlicles
was lower than the pure TiO, pariicles.
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Fig. 1. The XRD pattemns of TiO; and TiO;-coated mesoporous particle.
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Fig. 2 presents the methylene blue (MB) adsorption
efficiency of the mesoporous (vetiver) particle, pure TiO,,

L' 11254 <]

and TiO,-coated mesoporous particle. The adso: ption time
was varied from 15 minutes to 4 hours. However, the data
reveals that the MB adsorption efficiency reached the
optimum within the first 30 minutes of reaction. Furthermore,
it can be seen that among of the three catalysts, the
mesoporous particle showed the highest MB adsorption
efliciency of approximately 70%. Additionally, there was
about 20% of MB was adsorbed by the TiO,-coated
mesoporous particle, In the meantime, only 5% of MB was
removed by pure TiO, adsorption. These results suggest that
the adsorption effectiveness of the catalyst can be enhanced
by the addition of mesoporous (vetiver) particle.

Fig. 3 presents the changes of MB wavelength under the
photocalal_\mc activity of pure TiO,. In a typical
photocatalytic experiment, before the UV-A irradiation, the
mixture of catalyst and MB solution was mixed by magnetic
stirrer in dark for 12 hours for complete adsorption. Afier the
dark adsorption, UV-A light was turned on for photocatalysis
to occur. As presented in Fig. 3, after 12 hours without UV-A
light, the absorbance intensity of MB decreased
approximately 4%. This result is in agreement with the
adsorption test presented in Fig. 2. After that, under the
activation of UV-A light, MB was removed rapidly. After 6
hours of irradiation, the MB absorbance intensity dropped
from 4% to 50%.
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Fig. 4 shows the changes MB of MB wavelength under the
photocatalytic activity of TiO,-coated mesoporous particles.
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After the dark adsorption process for 12 hours (without UV-A
light), the MB absorbance intensity decreased by 20%, in
agreement with data in Fig. 2. Furthermore, when the UV-A
light was turned on, the absorbance intensity of MB declined
significantly from 20% to 98% afier 6 hours.

In addition, it has to be noted that under the effect of UV-A
irradiation, the peak shifts in MB wavelength were obscrved
(Fig. 3 and Fig. 4). This result indicates the occurrence of
photocatalysis and the generation of by-products.

Fig. 5 illustrates the comparison in MB removal efficiency
between pure TiO; and TiO,-coated mesoporous particle. The
result indicates that TiO,-coated mesoporous particle showed
higher efficiency of MB removal in term of both adosrption
and photodegradation. The increased photocatalytic activity
0f TiOz-coated mesoporous particle compared to pure TiO, is
due to the co-mechanism of adsorption and photocatalysis.
The adsorption mechanism enhanced the probability for the
oxidizing species to interact with MB molecules adsorbed on
the surface of the catalyst, leading to the increase of
photodegradation effectiveness. After the adsorbed MB
molecules were oxidised, free MB molecules in the aqueous
phase were adsorbed, which created a cycle of adsorption and
photocatalysis.
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Fig. 5. The removal efficiency of M3 under the photocatalytic activity of
TiOs-vetiver, pure TiO;, and UV-A irradiation.

In addition, it can be seen that the MB removal efficiency
of TiO,-coated mesoporous particle reached the optimum of
96% after 4 hours of UV-A irradiation, The next 2 hours of
irradiation provided an insignificant of MB removal
efficiency (2%). This observation is due to the low
concentration of MB. After 4 hours of irradition, MB was
removed to the low concentration, at which the probability of
oxidizing species to interact and react with MB molecules was
limited. Therefore, the reaction occurred slowly during the
last 2 hours.

The blank experiment (UV irradiation only) was also
conducted, which presents approximately 8% of MB removal
efficiency.

IV. CONCLUSIONS

In this work, mesoporous particles were prepared by
calcining vetiver leaves at 600°C for 3 hours. Afterwards,
produced particles were used to synthesise TiO,-coated
mesoporous particles by sol-gel method followed by the
calcination at 450°C for 5 hours, The X-ray Diffraction (XRD)
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result indicates the anatase crystallinity of TiO,-coated
mesoporous particles. On the other hand, the MB adsorption
test and degradation test reveals that TiO,-coated mesoporous
particles showed higher efficiency in adsorption and
photocatalytic activity compared to those of pure TiO,. This
result suggests that the addition of produced mesoporous
(vetiver) particles improved the MB adsorption efficiency,
and enhanced the general photocatalytic activity of the
catalyst.
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Abstract

In this work, mesoporous materials were synthesised by calcining vetiver lcaves at 600°C for 3 hours in natural
ambient. Afterwards, the particles were put in ultrasonic bath for 30 minutes and then dried before use. The
chemical composition and morphology of the particles was examined using XRF and SEM, respectively. The
performance of synthesised materials was evaluated using 10° M of methylene blue (MB) solution. The XRF
results indicated the main composition of synthesised materials was ~45% of K. Others compositions were Si,
P, Ca, Mg, 8 and Cl. The SEM images presented that synthesised materials was porous and less than 1 micron
particles. Afler 10 minutes, ~95% of MB was removed using 3 g/I. of mesoporous materials, which remained
relatively stable afier reusing the materials for 3 times. In summary, the present work shows that the leaves of

vetiver grass can be used to synthesise mesoporous materials for wastewater treatment.

Keywords: vetiver grass, mesoporous materials, methylene blue.

INTRODUCTION

At the present time, the huge amount of wastewater
discharged from various industries has led to an
increasing demand of water purification. One of the
most currently common ireatment technologies is
adsorption by porous materials [1,2]. With the
desire of producing low-cost adsorbents, variety
types of agricultural wastes including bamboo [1,2],
sedge weed [3], pokeweced plants [4], sugarcane
bagasse [5] have been used as a precursor to
synthesise porous materials.

Vetiver grass is a tropical piant which origins in
India [6,7]. Vetiveria zizanioides (I.) Nash, also
known as Chiysopogon zizanioides L. Roberty is
recognized as a commonly found species and can
be found throughout the tropical and subtropical
regions [8,9]. Vetiver grass can grow fast through
tillering and usually appears in a dense clump. It
has tall stems, thin and quite rigid leaves, and long
roots. Its height can be up to 2 meter [10]. Two
main utilisations of vetiver grass are erosion
control, and oil extraction from its roots. On
account of the massive and complex root system,
vetiver grass is able to be applied as a low cost and
effective solution for soil/water conservation and
embankment stabilization [11,12]. In addition, the

© Copyright 2015, The Australian Ceramic Society

fragrant and volatile oil extracted from its roots has
been used widely in various industries such as
perfumery, cosmetics, soap, other fragrant materials
production and medicine [13,14]. Recently, the
application of veliver grass in environmental
treatment  has been introduced, typically,
phytoremediation due to its ability to accumulate
and remove a varicly of heavy metals, including
manganese (Mn), iron (Fe), zinc (Zn), copper (Cu),
arsenic (As), chromium (Cr), lead (Pb), cadmium
(Cd) from contaminated soil and water [15,16].
Further, it has been reported that it can use to
phytoremediate persistent organic pollutants (POPs)
[10], phenol [17], and polycyclic aromatic
hydrocarbons (PAHs) [18].

As above mentioned, it is clearly indicated that the
vetiver grass has a high demand for industrial and
environmental applications. However, it has to be
noted that most of applications are about using
vetiver roots. On the other hands, a large number of
vetiver leaves are still free at the point of use and
are discarded as agriculture wastes although a small
portion of vetiver leaves is sometimes used for
feeding cattle [19]. Thus, the intentions of the
present work are to make a use for leaves of vetiver
grass by synthesising mesoporous materials from
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vetiver leaves and use these mesoporous materials
for wastewater treatment application.

METHODOLOGY

Synthesis and Characterisation

Vetiver grass was collected from the field in
Phitsanulok Province, Thailand. Firstly, the vetiver
leaves were cleaned with tap water and then were
cut into small pieces. Afterwards, they were dried at
110°C for 12 h in ambient, this process was fo
remove moisture content. Then, the dried vetiver
leaves were ground and sieved. The fraction with a
-particle sizeranging from—0:1 1o 0.2 mmwas
calcined at 600°C for 3 h using a muflle furnace in
ambient condition, followed by natural cooling.
The calcined vetiver particles were dispersed with
deionised water by using an ultrasonic bath for 30
min. Finally, they were dried at 110°C and stored
for use in dry cabinet. The chemical composition
and crystal struciure of the calcined vetiver
particles was examined using X-Ray Fluorescence
(XRF) and X-ray Diffraction (XRD), respectively.
The morphology of the particles was obtained using
Secondary Electrons Scanning Electron Microscopy
(SEM).

Organic Pollutant Removal

The methylene blue (MB) removal efiiciency of
calcined vetiver particles was investigated using
batch experiment at ambient condition. In a typical
experiment, 0.15 g of calcined vetiver particles was
placed into a 200 mL beaker containing 50 mL of
10° M MB solution. The mixture of calcined
vetiver particles and MB solution was mixed by a
magnetic stirrer for 10 minutes. The solid content
was then removed using filter paper, and the
efficicncy of MB removal was achieved from
measuring the absorbance of the leachate. The
stabilisation of the calcined vetiver particles was
examined by cleaning the used materials with
deionised water in an ultrasonic bath for 30
minutes, and then reusing it. In the meantime, the
MB removal efficiency of a type of commercial
activated carbons (AC) was studied using the same
procedure. The effect of different amount of
calcined vetiver particles on MB removal efficiency
was cxamined by varying the amount of the
materials from 0.02 g to 0.2 g and then following
the above steps.

RESULTS AND DISCUSSIONS
Characterisation of ealcined vetiver materials
The XRF results indicate that the main chemical
composition of calcined vetiver particles is
potassium (K) with 45%, as shown in Table I.
Other compositions are 27% of silicon (Si), 11% of
phosphorus (P) and small amount of other elements
including calcium (Ca), magnesium (Mg), sulphur
(S) and chlorine (CI). Figure 1 shows the XRD
patterns. It can be seen that the major phase of
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calcined vetiver particles could be potassium
sulphate (K,S0,), according to JCPDS no. 00-005-
0613. In addition, there are 2 minor phases which
are silicon dioxide (Si0,) and calcium phosphate
(CaP), according to JCPDS no. 01-082-0512 and
00-016-0728 respectively. These data confirm the
XRF results that the main composition of vetiver
particles is potassium (K). These results are similar
to the other investigation [19].

Table 1: Chemical compositions of calcined vetiver

particles
No. Tested Tested Unit
o Items Results - }
1 K 44.9 % wiw
2 Si 27.2 % wiw
3 P 10.7 % wiw
4 Ca 7.8 % w/w
5 S 3.7 % wiw
6 Mg 2.3 % wiw
7 Cl 2.1 % wiw
8 Fe 0.8 % wiw
9 Mn 0.5 % wiw
) o Jn
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o ¢ 1 :
= #
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Fig. 1: XRD pattern of calcined vetiver particles

Fig. 2: SEM images of dried vetiver leaves and
calcined vetiver particles

Figure 2 shows the SEM images of surface
morphology of calcined vetiver particles. The
images present that calcined vetiver particles are
porous and fine particles. Before calcination
process, the vetiver leaves are solid particle with
0.1-0.2 mm of size. However, after calcination at
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600°C, the particles change to be fine particles with
a size less than 1 micron. It can be said that
calcination process can be used to synthesis fine
particles with high porosity and surface area. The
calcined vetiver particles can be called mesoporous
materials.
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Fig. 3: MB absorbance with different amount of
mesoporous materials

Efficiency of MB removal

The effect of the amount of mesoporous materials
on MB removal efticiency is presented in Figure 3
and 4. It reveals that increase of amount of particles
from 0.02 g to 0.2 g results in the decrease of the
absorbance intensity of MB solution. This means
the amount of particles directly affects the MB
removal cfficiency. The MB removal efficiency
increased dramatically from 66% to 98%, as shown
in Figure 4. It has to be noted that therc is no
significance in the MB removal efliciency between
using 0.15 gand 0.2 g. Then, 0.15 g of mesoporous
materials is used in the next experiments.

]

I P Y T N Y
Amount of Mesoporous Materials (g)

Fig. 4: MB removal efficiency with different

amount of mesoporous materials

Figure 5 and 6 present the comparison of MB
removal efficiency between mesoporous materials
and commercial activated carbons. It proves that the
mesoporeus materials provide the higher MB
removal cfficiency, particularly 97%, than
commercial activated carbons which can remove
only 46% of MB. When reusing the mesoporous

materials for three times, the absorbance of the
treated MB solution fluctuated from 0.0172 to
0.0028, which means there was only a minor
change in the range of 99% to 95% in term of MB
removal cfficiency. On the other hands, the treated
MB solution absorbance when reusing commercial
activated carbons for three times was 0.18, 0.2 and
0.24, respectively. This means the ecfficiency of
commercial activated carbons significantly dropped
from 46% to 29% after three times reuse. These
results suggest that the mesoporous materials are
very stable, easy to desorb in a simple way of using
deionised water, and can be reused several times.
However;-it-has-to be noted that K580; is soluble
material. This property should results of weight
loss during the recycle process.

nas

Absorbunce (arb, units)

Wavelengzsh (rm)
Fig. 5: MB absorbance of three times reusing
mesoporous  materials (V600) and commercial
activated carbon (AC)
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Fig. 6; MB removal ellicicncy of three times
reusing  mesoporous materials  (V600) and
commercial activated carbon (AC)

CONCLUSIONS
The present work has succeeded in synthesis of the
mesoporous materials by calcining

the leaves of vetiver grass at 600°C. The XRF data
indicates that main chemical composition of
mesoporous materials is potassium (K). In addition,
minor compositions of mesoporous materials are
(Si), phosphorus (P), and calcium (Ca), magnesium
(Mg), sulphur (8) and chlorine (CI). The XRD data
indicates that main crystal structure of the



mesoporous materials is potassium  sulphate
(K;S804). The mesoporous materials are found to
have the ability to remove MB with above 95% at a
ratio of 0.15 g of the materials per 50 mL of MB
solution. In addition, the materials were also proven
to be quite stable, easy to desorb in a simple way of
using deionised water, and can be reused many
times with relatively steady performance.
However, the ctfect of weight loss during the
recycle process nceds a further investigation. In
conclusion, the present work suggests that the
leaves of vetiver grass can be used to synthesise
mesoporous materials that can be applied to
wastewater-treatiment.
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