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TREATMENT OF METHYLENE BLUE BY TITANIUM DIOXIDE SUPPORTED
CHARCOAL FROM CORNCOB (TiO,/C)
Sdian fiudar mauius awlandsana, endgs saziau

Rassaniya Tabpla,Chalermpan Ngamsopasirisakun, Apisit Songsasen
Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of
Science, Kasetsart University, Chatuchak, Bangkok, Thailand, 10900

vanage: Tnmitlonlaeen ladsamzuusuanndadnning (TiO./C) ensamseonldanitlua -
wavedlnmudlen (V) TeTaTnsnenledluanneiifiomey vazihlwnfigangd  300°C &
500°C ifunm 1 %1 msasandeudnyuzves TiO,/C Taeinses Thermal Gravimetric
Analyzer (TGA) mrnininves TiO,/C fsil ﬁqmwgﬁ 300-450°C a1nmaila X-ray power
diffraction (XRD) wuilassad1eves TiO, azeglugi anatase Tunsdives TiO,/C ksl

a @ qgj 9 - {1 { a Yo o a
gutifil 400°C uaz 500°C duindels TiO,/C frnumswniigarigil 400°C Ti/ldrinTammiaan

Q U

Yy 9 g’ ! Yo o ' . o w A 9
ug Wudu 20 ppm Twiihi pH 2 meldsewansi T Teaa wud Tio/C aunsathiammiaduug 14

Y q'; & - a A o @ a 1 .
Sowaz 77.88 molua 4 %11 &4 TiO/C Hilszansnmlumsiiniammiaduugani TiO,

Abstract: Titanium dioxide supported on charcoal from corncob (TiO,/C) was prepared by
the sol-gel method. The method was performed by mixing titanium (IV) isopropoxide with
charcoal from corncob. The TiO,/C was calcined at different temperature from 300 to 500°C
for one hour. From the Thermal Gravimetric Analysis (TGA) result, weight of TiO,/C was
constant at 300-450°C. X-ray powder diffraction (XRD) data showed anatase phase of TiO,
in the TiO,/C calcined at 400°C and 500°C. Specifically, the TiO,/C calcined at 400°C was
used for treatment of 20 ppm of methylene blue in aqueous solution at pH 2 under UV
irradiation. The removal efficiency was 77.88% within 4 hours, which is higher than that of
TiOs,.

Introduction: Recenly, environmental pollution by various organic compounds in natural
water has been concerned as they can pose a high threat to human health. There are so many
methods developed for pollutant detoxification and photocatalytic degradation. TiO, is
widespreadly introduced in photocatalytic degradation to completely remove such poisonous
substance because many organic compounds can be decomposed and mineralized by the
proceeding oxidation and reduction processes on TiO; surface [1]. The most commonly tested
compounds for decomposition through the photocatalysis are phenol, cholophenol, methylene
blue etc., which are carcinogenic agents [2].

The different ideas for improving TiO, photocatalytic propoties have been widely
investigated. One of methods to obtain such photocatalytic degradation is TiO,-carbon
composites, including mounting of TiO, on activated carbon or coating of anatase with
carbon layer [3].

TiO, provides not only an effective photocatalytic property, but also low cost and
production of less toxic substance [2]. Hence, the present research studies about preparation
TiO,/C for treatment of methylene blue in aqueous solution.
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Methodology: Preparation of the catalyst: The titanium dioxide supported on charcoal from
corncob (TiO,/C) was prepared from Titanium (IV) tetraisopropoxide by sol-gel method in
the presence of charcoal from corncob. The charcoal (1g) was suspended in titanium (IV)
tetraisopropoxide (5ml) under stirring condition. Isopropyl alcohol (20ml) was subsequently
added and was stirred of the mixture for an hour. TiO,/C was dried for an hour and was
calcined for an hour at temperature at 300,400 and 500°C

Characterization of the catalyst: TiO, was characterized by X-ray powder diffraction
(XRD), Thermal Gravimetric Analysis (TGA) and Scanning Electron Microscope (SEM).

Photocatalytical degradation of methylene blue: Photoactivity of the catalyst (TiO,/C)
was determined by methylene blue degradation under UV irradiation. The reaction was set up
by adding 0.1g of catalyst into 50 ml of 20 ppm methylene blue solution at pH 2. The solution
was stirred in the dark one hour after the addition of catalyst. After that the ultraviolet light
was activated, 5ml of sample was collected every hour for 3 hours to determine the
concentration of methylene blue by a UV-vis spectrophotometer at 664 nm. The methylene
blue removal efficiency of the TiO,/C was compared with TiO, and charcoal from corncob.
Methylene blue was also carried out in the reactor without catalyst to observe the photolysis
effect of the methylene blue degradation.

Results, Discussion and Conclusion
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Figure 1. TGA diagram of TiO,/C

Figure 1 shows weight loss of TiO,/C, which is divided into three ranges. The first
drastic loss between 50-100°C is due to water evaporation. Next, the removal of organic
solvent occurs between 100-250°C. After that, the weight of TiO/C is constant from 300 to
450°C and above 450°C the weight decreases slightly by the oxidation of charcoal.
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Figure 2. The X-ray Diffraction patterns of TiO,/C:
(a) TiO,/C was calcined at 300°C (b) 400°C (c) 500°C

Figure 2 shows the XRD pattern of TiO,/C, which was calcined at temperature of 300,
400 and 500°C for one hour. The XRD pattern indicates that TiO; in TiO,/C exhibits anatase
phase with elevating temperature up to 400 and 500°C. Due to the loss of the charcoal in
TiO,/C via oxidation reaction at temperature higher than 450°C, TiO,/C calcined at 400°C
was, therefore, selected to use in the removal process of methylene blue in solution.
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Figure 3. SEM micrograph of TiO,/C calcined at 400°C

SEM micrograph of TiO, particles supported on charcoal from corncob is shown in
Figure 3. The image suggests that the carbon and TiO, are evenly distributed.
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Figure 4. Methylene blue removal efficiency of TiO,/C at pH 2:
(a) Photolysis, (b) TiO,-P25, (¢) TiO,, (d) The charcoal, (e) TiO,/C

Percentage of Methylene blue removal by TiO,/C was compared with TiO,, TiO,-P25,
the charcoal and photolysis of methylene blue are 77.88%, 72.81%,62.63%, 78.13% and
4.12%, respectively. Which shown in Fig.4, Charcoal from corncob has the highest methylene
blue removal efficiency. On the other hand, the removal of methylene blue by the charcoal
due to the adsorption of methylene blue unlike TiO,/C, that has both adsorption and
photoactivity.

In conclusion titanium dioxide supported on charcoal from corncob has been
synthesized for removing methylene blue from aqueous solution. The catalyst is more
efficiency than TiO, for the reason that it included photoactivity of TiO, and adsorption
activity of charcoal from corncob. However, for the higher removal efficiency, the more
suitable condition have to be investigate.
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