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gstract: Carbon nanodots (C-Dots) of frying oil could be a
[otocatalyst for the degradation of methylene blue solution with
assisted solar light irradiation. C-Dots of frying oil were resulted from
the heating process at T = 300°C for 2 h. C-Dots of frying oil were used
as a catalyst in methylene blue solution with variations the number of
BDots and the time of solar light irradiation. The results of
photocatalytic process show the degradation of concentration from
[fAethylene blue solution. It was observed from the color change of the
solution and the absorbance intensity decreases with increasing time of
photocatalytic process. FTIR spectra showed that the hydroxyl
functional group -OH changes and more widened at wavenumber 3468
em' because the result of photocatytic process of methylene blue
solution is water (H>0) and carbon dioxide (CO;). Meanwhile, the
intensity of the alkene functional group C = N at wavenumber 1650
cm ' decreased during the photocatalytic process. These results indicate
that C-Dots of frying oil have an excellent potential to be developed as
a photocatalyst materials.

Introduction

Carbon nanodots (C-Dots) is the new material in a
group of carbon nanomaterials which have the properties
of fluorescence, low solubility in water and nontoxic.
Currently, C-Dots becomes an attraction because it has a
very large potential for application of photocatalysis,
bioimaging and optoelectronic (Li ef al., 2012). C-Dots
can be produced simply through the process of
hydrothermal with various types of sources of carbon
such as citric acid, soy milk, orange juice, ginger, food
waste, waste paper etc (Rahmayanti ef al., 2015; Zhu ef al.,
2012; Sahu et al., 2012; Li et al., 2014; Park et al., 2014;
Wei et al., 2014). The process of hydrothermal cause
carbon chains suffered the polymerization processes
and forming particle C-Dots. C-Dots also found in
frying oils that have undergone the heating process.
The bond of carbon chains that are abundant on the
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frying oil is easily broken as a result of the heating
process and suffered the reorganization of carbon
chains to form a particle C-Dots (Aji ef al., 2015).
C-Dots of frying oil have the potential application
as photocatalyst materials because the material has a
lower density than water, so C-Dots have a role as a
catalyst that can effectively absorb photons from UV
light or solar light irradiation. The C-Dots density
from frying oil is lower than photocatalyst materials
that has been commonly used for the degradation of
methylene blue such as titanium dioxide (TiO,). At
the time of photocatalytic processes complete, the
next process is TiO, particles separated from the
treated water. The separation processes of TiO:
particle which became one of the problems are quite
complex. To be effectively used for photocatalytic,
TiO, particles require modification by way of
immobilization of TiO, particles on a polymer with a

@ 2016 Mahardika Prasetya Aji, Pradita Ajeng Wiguna, Siti Aisyah Suciningtyas, Susanio, Nita Rosita and Sulhadi. This
open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0 license.
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low density and transparent (Aliah er al., 2012;
Subianto et al., 2013; Isnaeni er al., 2013;
Nogueira and Jardim, 1993). In the present work, we
report on the use of C-Dots from frying oil as catalyst
for degradation of methylene blue under solar light
irradiation. This works have an important benefits as a
solution to the environmental problems of water
pollutant degradation.

Materials and Methods

C-Dots of frying oil were resulted from the heating
process at a temperature 300°C for 2 h (Aji ef al.,
2015). C-Dots were used as catalyst in aqueous
methylene blue test of 250 mL (100 ppm). The
different number of C-dots were used as catalyst for
10, 20, 30, 40, 50 and 60 mL, as shown in Fig. 1.
Meanwhile the test time of the photocatalytic process
assisted solar light irradiation for 5, 10, 15, 20, 25 and
30 h. The results of photocatalytic process were
observed by measuring the absorbance spectrum with
the UV-Vis- NIR Ocean Optics type USB 4000. In
addition, measurement of the absorbance spectrum
supported by device FTIR type Frontier FT-NIR/MIR
Spectrometers L1280034 aims to observe the functional
group which was present on the solution offthe
photocatalytic process results. The effectiveness of C-
Dots from frying oil as a catalyst were observed from
the absence elements of methylene blue in the water.

Results and Discussion

The results of photocatalytic in a solution of
methylendflplue with C-Dots from frying oil were
shown in Fig. 2. The color change of methylene blue
solution occurs during the [Fhotocatalytic process. It
was caused by the different number of catalyst C-Dots
that used. The number variation of catalyst C-dots by
the number of 10 mL are more effective for
photocatalytic it shown by the color change of
methylene blue solution that decrease significantly.

This is due to the layer of C-Dots on the top of
methylene blue solution is thin so that photons from
solar light can be effective as an energy source in the
photocatalytic process. But the greater number of C-
dots on methylene blue solution will form the
thickness layer of C-Dots so that photons from the
solar light are not effective for the photocatalytic
process. Besides the nunfer of catalyst C-Dots, the
photocatalytic process in methylene blue solution was
influenced by the length of time the solar light
irradiation. The results of the time variation during the
photocatalytic process showed that a solution of
methylene blue degraded. These was indicated by the
blue color of methylene blue solution is decreasingly
fading away with the increasing time of the
photocatalytic process. These results vifie supported
by water absorbance spectrum from the results of

photocatalytic process where the intensity of
absorption of methylene blue particles increasingly
decomposing.

The results above show t the photocatalytic
process is strongly influenced by the number of catalyst
C-Dots and the time during the photocatalytic process. A
simple illustration that describe the process of
photocatalytic was affected by layers thickness of
catalyst C-Dots shown in Fig. 3.

The thickness of catalyst layers could be likened as
C-Dots were layered. The photocatalytic process begins
from photons of solar light irradiation with energy hv
crash into the surface of the catalyst C-Dots and produce
pairs of electron ¢ and hole /', with the equation: C
Dots + hv — C Dots (€ +h* ). The pairs of & and h" were
E)ways produced during solar light irradiation crash into
the surface of the C-Dots. The pairs of e- and 4+ e
the major agent in the process of photocatalytic. The
thickness of the catalyst C-Dots 14Ers made the pairs of
e and &' were generated on the surface of the C-Dots
could not be directly crash into the contact area with a
solution of methylene blue so that the photocatalytic
process were observed slower.
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Fig. 1. (a). Methylene blue solution and methylene blue solution with catalyst C-Dots : (b). 10 mL, (c¢). 20 mL, (d). 30 mL, (e). 40
mL, (f). 50 mL and (g). 60 mL
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Fig. 2. Degradation methylene blue due to photocatalyst C-Dots with variation: (a). Volume and (b). Time process: and (c).
Absorbance spectrum of methylene blue with time variation
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Fig. 3. lllustration of catalyst C-dots with different thicknesses of layers on the methylene blue solution

The decomposition of methylene blue solution on the dc - -
; L —=-VeJ (1)
photocatalytic  pro@s occurs by the  diffusion dt
mechanism. Change of the concentration C of methylene
blue was proportional to the diffusion current density .J,
as shown in Equation 1:

with J =-DVC and D is the diffusion constants. From
the illustration in Fig. 3 was obtained assuming that
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the increase number of catalyst C-Dots causes the
diffusion current density of ¢” and & getting lower so
that the rate of change in the concentration of
methylene blue in water was getting smaller. This
assumption was corresponds to the observations
results, as shown in Fig. 2a. In addition, the
photocatalytic process in a solution of methylene blue
with catalyst C-Dots were affected by exposure time
from solar light irradiation, as shown in Fig. 2c.
Degradation intensity of the absorption spectra in Fig.
2¢ represent a decreasing in the concentration. The
relationship between the intensity of the absorption
and concentration parameters could be estimated from
the linear equation of Lambert-Beer, as shown in
Equation 2 (Rity et al., 2003):

7 :]ue-m.'['\

: o
log%:aﬁC:A )

with absorption coefficient @, path length [,
absorption A, {, and [, are the intensity of initial light
and the intensity of transmission light. While the
degradation mechanism of concentration from
methylene blue solution during the photocatalytic
process could be estimated from the model Langmuir-
Hinshelwood where reaction rate », was proportional
to the change in concentration as shown in Equation 3
(Lotfy et al., 2012):

— E =kCt
dt 3)
C =Ce"

r=

with k is the reaction rate constants and 7 is the reaction
time.

Methylene blue solution have the highest peak of
the absorption spectral at wavenumber about ~664
nm. By analyzing the maximum inteffity at the peak
of the highest absorption spectra, the degradation
concentration of methylene blue solution from the
photocatalytic process with catalyst C-Dots were
shown in Fig. 4. The result showed that the ratio of
decrease in concentration of methylene blue solution
were observed sharply with estimate of reactif rate
constants k~0.16. These results indicate that C-Dots
from frying oil could be used as a catalyst for the
degradation of methylene blue solution.

A simple scheme that dfferibes the process of
photocatalytic C-Dots in the methylene blue solution
was shown in Fig. 5. The photocatalyst process was
identical to the process of photosynthesis in plants.

Both of these processes use energy from the solar
light irradiation, but the difference lies on the
substances produced. If the process of photosynthesis
will be releasing O, as one of the results of the
reaction, while the photocatalytic process will be
releasing CO,. The reduction and oxidation reactions
continue to occur during irradiation beam of solar
light so that the photocatalytic process continues
during there was solar light irradiation.

The solar light as a source of photon hit on particles
C-Dots. Photon will excite electrons from the particles
which have low energy to higher energy. These electrons
react with oxygen O, to form free radicals oxygen
(superoxide) and produce hydrogen peroxide H>Os. This
process corresponding with the equation 2e” + 0, + H,0
— H30;. In addition, the other processes produce
hydroxyl radicals (OH-) from the reaction: h+ + H,0 —
OH- and H.0, + e — OH + OH. These free radicals
have a quite high potential to oxidize the organic
substances thus produced hydrogen dioxide H>O and
carbon dioxide CO; gas (Aliah er al, 2012). The
reduction and oxidation reactions which cause the
degradation of methylene blue intensity due to the
catalyst C-Dots. In the photocatalytic process,
methylene blue solution will decomposes into water,
acid and carbon dioxide gases. In the Fig. 6 was shown
the reaction that occurs in the process of photocatalytic
methylene blue with oxygen. Catalyst C-Dots have a
role as a medium that produces free radicals such as
superoxide and hydroxyl radicals. These elements
which have a role in the decomposition process of
methylene blue solution with the short relatively
photocatalytic process.

10p Fitting Equation
c~0.88e0-16t

08} \
\
£} \
s 0.6 \-
8
o 04t \
T
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O_D 1 1 1 1 1 1
0 5 10 15 20 25 30
time (h)

Fig. 4. Decreasing in concentration ratio of methylene blue
solution
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Fig. 5. Scheme of photocatalytic mechanism in C-Dots
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Fig. 6. Decomposition of Methylene Blue
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Fig. 7. The FTIR spectra of methylene blue solution of photocatalytic process results with time variations of solar light irradiation

5

Decomposition o.f methylene blue solution on the
photocatalytic process as shown in Fig. 6 corresponds
with the results of FTIR measurements, shown in Fig. 7.
Photocatalytic process in a solution of methylene blue
caused functional groups —OH more widened. This was
due to the products of photocatalytic processes in the
form of water. The longer time of the solar light
irradiation made the concentration of free radicals —OH
higher so that at wavenumber 3468 cm !
widened. This condition caused acid levels decreased or
increased levdfl)of weat in solution. At the wavenumber
of 1650 cm™', the intensity of the alkene functional group
C = N decreases with increasing the length time of
photocatalytic processes. However, the absorption peaks
in the FTIR spectrum were observed identical with
methylene blue solution. These observation corresponds
with the results which obtained by many researchers on
photocatalytic processes methylene blue with solar
light irradiation. This condition was one of the
characteristics of photocatalytic processes methylene
blue (Aliah ef al., 2012; Subianto ef al., 2013).

was more

Ccac]usion

C-dots made from frying oil could be used as a
catalyst in the photocatalytic process of methylene blue
solution. C-Dots could effectively decompose the
methylene blue solution. Photocatalytic process \n1
catalyst C-Dots from frying oil were influenced by the
number of C-dots and the duration of solar light
irradiation. The number of catalyst C-Dots determining
thickness of catalyst layer in the solution methylene
blue. Photocatalytic process could effective with a layer
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of catalyst C-Dots were thin so that photons from solar
light could be used as an energy source in photocatalytic
process. Besides that, duration on the photocatalytic
process in the solar light irradiation were greatly
affects. The longer time of photocatalytic process
made the higher decomposition of methylene blue
solution with the reaction products such as water and
carbon dioxide gas. Effectively of the d@bmposition
process of methylene blue solution using C-Dots from
frying oil become C-Dots have great potential to be
developed as a catalyst material.
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