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Abstract
High recombination of the photoexcited electron–hole pairs leading to a drop in the photocatalytic performance. The pore of
activated carbon (AC) can be act as a trap of the charge of electron/hole (e/h) which can suppress recombination. The objective
in this study maximizing function of the pore of AC for create composite combine with TiO2 that can act in visible light. In the
pore, the reaction occurs between the charge and the H2O or O2 produces OH* radicals. These radicals entering the chemical
site of pollution to break up the bonding with the final product are harmless. The prepared composite TiO2/activated carbon
(TAC)bywet impregnationmethodwere characterized byX-ray diffraction, Fourier-transform infrared, and ultraviolet–visible
spectroscopy. Composite TAC with ratio 0.5:1.5, 1:1, 1.5:0.5 shows degradation 94.06%, 94.91%, and 88.98%, respectively,
for only 45 min irradiation, indicated that the pore successfully suppressing recombination of the charge. We have performed
good efficiency for five adsorption–desorption cycles of TAC. The TAC 1:1 ratio shows the best photocatalyst performance
which degraded 94.91% for 45 min irradiation. The composite TAC shows high potential in suppressing recombination of
charge, means that, effective and efficient ground wastewater treatment materials in future for improvement human access to
the clean water.

Keywords Photodegradation · Composite titanium dioxide/activated carbon · Bandgap · Kinetic study · Fourier-transform
infrared

1 Introduction

Raizada et al. [1] and Zhang et al. [2] reported that the devel-
opment of the textile industry has a significant impact on
environmental pollution and human health. Gaya et al. [3]
reported that the waste produced from the textile industry
consists of organic dyes, inorganic, acids, and heavy metals.
Theerthagiri et al. [4] reported that one of these products is
dye waste, generally non-biodegradable organic compound,
and causes environmental pollution, especially the aquatic
environment. Alinsafi et al. [5] reported that a more effective
and developed system is the photodegradation method using
semiconductor materials. Fayazi et al. [6] reported that the
photodegradation process using energy derived from light
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(sunlight or UV lamps) to activate the catalysis process on
the surface of the semiconductor material. This process pro-
duces hydroxyl radicals OH* to degrade organic pollutants
and dyes. Several studies reported that TiO2 is a promising
photocatalyst for reducing waste due to its photostability,
low energy consumption, low cost, and non-toxicity [7–9].
TheTiO2 bandgap,which only absorbsUV sunlight, requires
supporting materials to increase photocatalytic activity [10,
11]. Khalyavka et al. [12] and Ren et al. [13] reported that
the photocatalytic activity of TiO2 can be increasing bymod-
ifying the structure, surface area, and particle size by adding
dopant ions such as carbon.Matos et al. [14] said that carbon-
doped TiO2 has a higher photocatalytic activity than without
doping.

It has been well reported by several research groups that
the incorporation carbon atoms intoTiO2 lattice is an efficient
method for improving the adsorption capacities in photocat-
alyst system [15]. It has been used for expanding the photon
absorption to the visible region [16] and for increasing the
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TiO2 conductivity, which can help the charge transfer from
the bulk to the surface TiO2 consequently the oxidation reac-
tions at the surface of TiO2 increases [17].

Some studies reported successfully designed photocata-
lyst working at visible light using carbon-doped titania at
low temperature, combination carbon-titania [13], and the
atoms carbon incorporated into TiO2 framework. For acti-
vated carbon (AC) combine with TiO2 for photocatalyst is
used to find possibilities the pore of AC in increasing effi-
ciency of TiO2. In our previous study, our group reported
the materials for photocatalyst which used a combination
some material with activated carbon (AC): Fe3O4–AC [18],
Fe–AC [19],ACplays dual roles of capable electron-acceptor
and charge trap for avoiding recombination, which keeps the
charge react with H2O or O2 to increase efficiency photocat-
alyst TiO2-based. The pore of carbon-based materials also
used the pore in various application including photocatalyst
and energy storage.

Carbon-based materials for supercapacitors application
by electrochemical energy storage through reversible ion
adsorption by the complex structure of the porous carbons
as electrodes. The supercapacitors for the same average pore
size with ordered structure has higher capacitance compared
with that than the disordered structure and a broader pore size
distribution. They reported that the number of ions adsorbed
in the ordered pore carbon shows larger quantities compared
with that of disordered pore carbon [20].

Reference. [21] was reported that the space confinement
in nanopores used in the collision frequency which are
increased linearly with increasing pore size up to 3 nm. The
pore is also efficient reaction space used for reduction of
oxygen.

The existence ionic states of As and surface charge states
of hydrous cerium oxides (HCO) was reported by Li et al.
[22]. The surface of HCO nanoparticles was negatively
charged with no existed repulsive force between surface
HCO nanoparticle surface. For high pH (> 9.2), the sur-
face negatively charged HCO nanoparticle will start to have
the coulomb repulsive force. The electric repulsion increased
with the increasing the pH solution but the As ion removal
continued to decrease [22].

The carbon as a nonmetallic element is used to substitute
lattice oxygen anions of Ti cations to create energy levels
as an active site in the bandgap. This energy level is acted
as an electron trapper to suppress indirect recombination of
charge (electrons and holes). It can be shifts to lower energy
of TiO2 optical absorption edge for extend the photoactive
region in the visible light. For large surface area could pro-
vide the more active sites at the surface and in photocatalytic
centers for suppressing recombination of charge (e/h) lead to
higher absorption of organic pollutants consequently higher
photocatalytic efficiency. For higher crystallinity degree and
low surface defects will facilitating charge carrier transform

and hindered charge (e/h) recombinationwhich beneficial for
increasing photocatalytic efficiency [23].

The surface function of activated carbon (AC) plays an
essential role in the photoactivity of TiO2 as a support mate-
rial to adsorb many organic pollutants. Elshaghi et al. [24]
was reported that the AC has a good surface area and a
porous structure to be used as an absorbent. The nature of
AC can help the absorption process in catalytic activity. For
our knowledge, few reported in references for using pore of
AC as a magnetic trap of the charge (e/h). In our previous
study showed that the pore of AC could be used as a trapped
charge (e/h) and successfully increase photocatalyst perfor-
mance [18, 19, 25]. In the pore, the reaction between the
charge and the H2O or O2 produces OH* radicals. These rad-
icals entering the chemical site of pollution/phenol to break
up the bonding with the final product are harmless. Hence, in
this study, we synthesized TAC by wet impregnation method
with the weight ratio between TiO2 and AC are 0.5:1.5, 1:1,
and 1.5:0.5.We are continue characterizing theTACbyX-ray
diffraction (XRD) for determining the structural properties,
Fourier-transform infrared (FTIR) for bonding characteris-
tics, scanning electron microscope (SEM) image for surface
functional (pore), and kinetic study of composite TiO2/AC
for various ratio between TiO2 and AC using the visible light
and the ability of these materials by the process photodegra-
dation using several theoretical methods.

2 Materials andMethod

2.1 Materials

TiO2 (Merck), activated carbon (AC) (supplied by PT.
Cahaya Indo Abadi Indonesia with sizing an average diame-
ter < 10 μm, purity > 95%, surface area > 240 m/g), Ethanol
(C2H5OH) (Merck), Methylene Blue (MB) (Merck) and
Aquadest.

2.2 Synthesis TiO2/AC

TiO2 and activated carbon were synthesized by wet impreg-
nation method with the weight ratio between TiO2 and AC
are 0.5:1.5, 1:1, and 1.5:0.5 to form TAC. The TAC is added
with 30 mL ethanol then stirring by magnetic stirrer for the
constant speed of 200 rpm at the temperature 60 °C until
form gel, and then calcined by using furnace at 100 °C for
3 h to form powder.

2.3 Characterization

Samples characterized using X-ray diffraction (XRD) (Shi-
madzu 700) with CuKα (λ � 1.5405 Å � 0.154 nm) at an
angle of range 20°≤ 2θ ≤ 70° operating at 30 kV and 10mA)
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to determine the structural properties. Fourier-transform
infrared (FTIR) to determine the bonding characteristics of
the sample and UV–Vis spectroscopy (Shimadzu UV–Vis
Spectrophotometers UV-1800) determines the bandgap and
the absorption properties.

3 Result and Discussion

Figure 1a shows XRD spectra of TiO2/AC composites for
various concentration ratio. The diffraction spectra from the
individual of TiO2 and carbon from AC. The TiO2 diffrac-
tion peaks at 2θ : 25.20°, 32.60° 33.24°, 35.90°, 47.98°,
53.63°, 53.89°, and 64.48° (JCPDS: 01-088-1172) corre-
sponding to the crystalline phase (101), (111), (203), (101),
(212), (105), (211), and (310), respectively (Zhu et al. [26]).
The activated carbon diffraction peaks at 2θ : 26.49°, 26.58°,
29.33°, 30.91°, 42.98°, and 54.51° (JCPDS: 00-050-0926)
corresponding to the crystalline phase (002), (103), (113),
(122), (100), and (103), respectively (Brown et al. [27]). The
XRD spectra show the diffraction intensity decreases and the
diffraction peak is slightly shifted due to the addition of acti-
vated carbon. TiO2/AC shows that the synthesis product is
still in the anatase TiO2 phase, where the anatase phase has
a high activation, a larger surface area and a smaller particle
size.

The crystallite size calculated using the Debye–Scherrer
equation as follows Zhu et al. [26]:

d � 0.9 · λ

βcosθ
(1)

where d is the crystal size, λ is the X-ray wavelength (λ �
1.5406 Å), β is the full width at half maximum (FWHM) and
θ is the X-ray diffraction angle at the highest peak (radians).
The mean crystallite size was found 7.98 nm, 8.31 nm, and
8.19 nm, respectively, for TAC 1:1, 0.5:1.5, and 1.5:0.5. It
is appearing that the lowest crystallite size is for TAC 1:1
may be due to the stable match electronic structure between
TiO2 and carbon from AC [28–32]. Based on our previous
research group, the particle size determining from the quan-
titative analysis of scanning electron microscope (SEM) or
transmission electron microscope (TEM) image showed that
generally two or three times higher than that of crystallite
size for CuO/Carbon [25], Co/Fe2O3/AC [33], and Carbon-
lignin/Zinc Oxide [34]. This proof for the results in this study
the particle size is higher than 20 nm.

Pambudi et al. [35] was reported that the FTIR analysis
in determining the functional groups of materials and for
composites TAC in this study, the wave number in the range
500–4000 cm−1 shown in Fig. 1b. For the wave numbers
538 cm−1 and 906 cm−1 indicated the presence of aromatic
rings in the form of C=C–C bonds bonding with Ti–O caused

by tensile vibrations as reported by Suganthi et al. [36] and
Ulum et al. [34]. Bagheri et al. [37] was reported for the
wave numbers 677 cm−1 and 1446 cm−1 there are C–Ti–O
and O–Ti–O bonds, respectively, which indicated the pres-
ence TiO2 in TAC [38]. Ulum et al. [34] in the 1826 cm−1

wave there is a C=C–C bond. Rauf et al. [39] for the Ti2+

probably bonding with –OH bond appears at the 2343 cm−1

wave number which causes the vibration of the hydroxyl or
water molecule bonds adsorbed on the activated carbon sim-
ilar reported by Eshaghi et al. [24] in the 3844 cm−1 for
OH− bond from the absorbed water molecule as reported
in the wave number 3649–3844 cm−1 by Rizkayanti et al.
[40]. Samsudin et al. [41] for the 2540 cm−1 wave number
there is a Ti–OH bond. Yu et al. [42] and Yang et al. [43]
for the wave number 2910–3041 cm−1 there are –OH bonds.
Munguti et al. [44] reported for a strain vibration from the
C–H bond in the 3421 cm−1 due to the absorption of the
alkane groups. Brown et al. [27] reported for 3682 cm−1

indicated the presence of Ti–OH bonds in the interactions
between the carbon atoms.

The intensity of C=C–C and O–H bonds increases with
increasing the amount of AC contributed to the change’s
crystallinity and surface state of TAC [45]. The FTIR spectra
show some absorption peaks (C=C–C and O–Ti–O) shifts
to higher wave numbers due to the carbon aromatic groups
in TAC contributed in increase oxygen vacancies at surface
state of the pore [46].

The pore and agglomeration of TAC clearly can be seen
in SEM image in Fig. 2. The agglomeration is due to the
small size of particles joint together to form big particle and
the pore come from the AC shows increase disorder size and
shape when the amount of AC decrease from (a) to (c) in
composite TAC. For high amount AC (a) shows some of the
TiO2 particle approach to the surface state of the pore and for
low amount of AC shows TiO2 particle start to bind and filled
the pore of AC. For same amount of TiO2 and AC in compos-
ite TAC (b) shows the TiO2 particle tightly bonded at surface
state of AC probably due to the oxygen vacancies replaced
by C atoms indicated by the pore size increased. For large
surface area could provide more active sites at the surface
and in photocatalytic centers for suppressing recombination
of charge (e/h) lead to higher absorption of organic pollutants
consequently boosting photocatalytic efficiency [23]. Lahrar
et al. [20] was reported for the same average pore size with
ordered structure has higher capacitance (capture ion) com-
pared with that than the disordered structure and a broader
pore size distribution. They also reported that the larger quan-
tities ions adsorbed for AC with ordered pore compared with
that of disordered pore.

From Fig. 2 also clearly agglomeration occurred, and
the shape, the pore size, and particle size distributions are
non-uniform which probably leading to increasing oxygen
vacancies as reported recently by Zhang et al. [47] and
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Fig. 1 a X-diffraction (XRD) spectra and b FTIR spectra for ratio TiO2/AC: 0.5:1.5, 1:1, and 1.5:0.5

Fig. 2 Scanning electron
microscopy (SEM) images of
composites TAC for ratio
between TiO2 and AC: a 0.5:1.5,
b 1:1, and c 1.5:0.5 for the left
side and corresponding zoom in
for right side
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Fig. 3 a–c Bandgap from the analysis of absorption spectra d and e the absorbance spectra for TiO2/AC (TAC) ratio: 0.5:1.5 (left a and d), 1:1
(middle b and e), and 1.5:0.5 (right c and f)

Yakovenko et al. [48]. The charge state from Ti+2 at the sur-
face state of the pore changes due to the oxygen vacancy
content increase and consequence changes electrical prop-
erties and optical bandgap [23]. The oxygen vacancies also
contributed for destroy the grain size and increase unit cell
parameter as reported by Ref. [49], consequently changes in
structure and orientation of the grains size lead to the change
porosity, consequently decrease active site for suppressing
recombination of charge (e/h). Kozlovskiy et al. [50] was
reported that the metal oxide will be influenced to the mor-
phology and electronic properties of the composite TAC due
to oxygen vacancies redistribution, consequently affected to
the ability in hindered charge (e/h) for increase performance
photocatalyst [23].

Bandgap energy is the minimum energy required to excite
from the valence band to the conduction band (Munguti
et al. [44]). Figure 3a–c shows the bandgap of composite
TAC obtained from the absorbance spectrum by applying the

Tauc’s plot method. This method is determining the optical
bandgap by taking the linear graph in the figure relationship
between photon energy on the x-axis and absorption coeffi-
cient (αhv)2 on the y-axis. The bandgap of TAC composite
increases with increasing the amount of TiO2 in TAC com-
posite even the AC higher bandgap than the TiO2 may be due
to the deficiency oxygen atom from the AC [51].

Figure 3d–f shows the absorbance spectra from the
UV–Vis spectroscopy for TAC composite in the methylene
blue solvent during irradiation of visible light for every
15 min. The absorbance values for methylene blue are
in the range of 200–400 nm wavelength. The absorbance
decreases with increasing irradiation time. The maximum
absorbance was observed for methylene blue at the wave-
length of 293 nm.

Figure 4a shows the degradation of TACduring irradiation
time up to 45 min. Ulum et al. [34] reported the calculation
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Fig. 4 a Photodegradation efficiency, b the performance of the photocatalyst, c the kinetic rate, d equilibrium parameter (RL), and e the adsorption
capacity of the TAC Composite for ratio TiO2/AC: 0.5:1.5, 1:1, and 1.5:0.5

of the degradation by:

%D �
(
C0 − Ct

C0

)
× 100% (2)

where % D is the degradation percentage, C0 is the initial
absorbance (before irradiation), and Ct is the absorbance
during irradiation t time. For TAC composite 0.5:1.5, 1:1,

1.5:0.5 shows maximum degradation for 45 min irradia-
tion is 94.06%, 94.91%, and 88.98%, respectively. We have
included in Table 1 the previous reported references using
various type of carbon: activated carbon, carbon nanotubes,
and multi-wall carbon nanotubes (MWCNT) from the differ-
ent synthesized methods for comparison in this study. From
Table 1, clearly the effectiveness composite TiO2/AC (TAC)
synthesized by wet impregnation only 45 min irradiation to
reach degradation 94.06%. The TAC synthesized by sol–gel
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Table 1 The TiO2/activated carbon (TAC) in this study synthesized by wet impregnation, and we have included the composite TiO2/various type
of carbon from the previous published reference for comparison

Material Method Pollutant Efficiency Refs.

TiO2/activated carbon Sol–gel synthetic method Tetracycline (50 mg L−1) 100% in 150 min [52]

TiO2/activated carbon wet impregnation Methylene Blue
(50 mg L−1)

94.05% in 45 min Present
study

TiO2@C Heat treatment and solid-state
method

Tetracycline (20 mg L−1) 97.12% in 30 min [53]

Carbon-TiO2 nanotubes Electrospinning and heat
treatment method

Unsymmetrical
dimethylhydrazine
(50 mg L−1)

90% in 2 h [54]

TiO2/amorphous carbon/carbon
nanotube film

Simple atomization spray method Rhodamine B 91.29% in 120 min [55]

Multi-wall carbon nanotube
(MWCNT)/titanium dioxide
nanocomposites

Low-temperature sol–gel method
and a simple evaporation and
drying process

Bismarck brown R dye
(100 mL; 5 × 10−5 M)

82.7% in 90 min [56]

TiO2/Multi-wall carbon nanotube Sol–gel and ultrasound waves
method

Methylene blue (10 ppm) 61.6% in 70 min [57]

methodswas reported byRef. [52] need 150min for degraded
tetracycline 100%, but Ref. [53] was reported synthesized
TiO2/carbon by heat treatment and solid-state method shows
more shorter which need only 30 min.

Figure 4b and c shows the kinetic rate of the TAC compos-
ite for the photodegradation of methylene blue, in Fig. 4b the
performance during irradiation causes the concentration of
contaminants decrease sharply for TAC 1:1. Figure 4c shows
the kinetic rate of TAC composite (Rauf et al. [39]) by ln
(C0/Ct) versus irradiation time with k is kinetic rate constant
calculated as follows:

ln
C0

Ct
� k · t (3)

where C0 is the initial absorbance (before being irradiated),
Ct is the absorbance after the photocatalyst process at the
time t, t is the time of the photodegradation process and R2

is the correlation coefficient.
The uptake at equilibrium, qe (mg g−1), was calculated

by the following equation:

qe � (C01 − Ce)V

W
(4)

where C01 is the initial concentration of solution (in this
study, 50 mg L−1), Ce (mg L−1) is the equilibrium concen-
tration of solution, V is the volume of solution (in this study
is 0.03 L), and W is the weight of activated carbon.

The absorption capacity at time t, qt (mg g−1) as shown
in Fig. 4, was calculated using the following equation:

qt � (C01 − Ct )V

W
(5)

where Ct (mg L−1) is the equilibrium concentration of solu-
tion at time t (min).

Figure. 4e shows that the adsorption capacity is increasing
for TAC0.5:1.5, this is due to the higher carbon concentration
where the pore use as a trap in adsorption process.

Cheng et al. [58] was reported for pseudo-first order and
pseudo-second order kinetic models by choose the best fitted
model to the correlation coefficient (R2) and the standard
deviation (�q) as follow:

�q � 100

√
1

N − 1

i�N∑
i�1

[
qt , exp − qt , cal

qt , exp

]2
(6)

The (R2) and �q values for adsorption kinetic models
were calculated where qt,cal means calculated and qt ,exp
means experiment adsorption values. The pseudo-first order
model:

Ln(qe − qt ) � lnqe − k1t (7)

and the pseudo-second order model:

t

qt
� 1

K2q2e
+

t

qe
(8)

Benedetto et al. [59] reported diffusion model developed
by Weber and Morris for the adsorption mechanism with the
intraparticle:

qt � Kid
√
t + A (9)

where K id is diffusion rate constant of the intraparticle
(mg g−1 min−0.5) and A (mg g−1) is a constant proportional
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Table 2 Kinetic rate constant
determined by Eq. (3) for k,
pseudo-first order for k1, and
pseudo-second order for k2, and
correlation coefficient (R2) of
TAC composites

TAC k (min−1) k1 (min−1) k2 (min−1) R2

0.5:1.5 0.062 0.025 0.082 0.90918

1:1 0.066 0.031 0.075 0.96061

1.5:0.5 0.048 0.019 0.063 0.99558

of the boundary layer. By plotting qt versus t1/2 will pro-
vide the dependency of adsorption on intraparticle diffusion.
For only intraparticle diffusion is affect to the adsorption
process, the plot produces a straight line but for additional
another phenomena contribution to the adsorption process
will multi-linear lines.

For understand the adsorption behavior, the Langmuir and
Freundlich isotherms models were the most used to analyze
the experimental data.

Langmuir isotherms:

Ce

qe
� 1

KLqmax
+

Ce

qmax
(10)

Freundlich isotherms:

Lnqe � lnKf +
1

n
lnCe (11)

Fernandez et al. [60] was reported that the characteristics
of the Langmuir isotherm in a term of equilibrium parameter
(RL) as follows:

RL � 1

1 + KLC0
(12)

where KL is the Langmuir isotherm constant and C0 is the
initial absorbance concentration. The value of RL indicates
the nature of the adsorption: for irreversible the RL is 0, for
favorable the RL is in between 0 and 1, for linear the RL is
1, and for unfavorable the RL is > 1. In this study shows the
RL is in between 0 and 1 indicated the nature of adsorption
in favorable as can be seen in Fig. 4d.

Table 2 shows the value of the kinetic rate constant and the
correlation coefficient. For the pseudo-second order shows
linear dependent with the amount of AC in TAC composite,
indicated that the AC play an important role in the proses of
adsorption. For another method shows the TAC 1:1 higher
than other TAC indicated that the strong atomic bonding and
very good matching electronic structure between TiO2 and
carbon [18]. Based on the calculated data, the concentra-
tion TAC 1:1 has the highest kinetic rate constant value, this
is related to the efficiency of has a smaller crystal size of
7.98 nm. Based on research conducted by Selvi et al. [61]
showed that decreasing the crystal size has the potential to
increase the specific surface area of the catalyst. This affects
the active reaction in increasing the photocatalytic activity.

Figure 5c shows the results of the catalyst being reused
5 times in a row with the best results on TAC composites
at a concentration of 1:1 with an irradiation time of 45 min.
The catalyst that is used repeatedly in methylene blue dye
is used to see the efficiency as reported by Xu et al. [62]
The percentage of degradation clearly can still reduce the
dye solution, repeated use of the catalyst has decreased the
percentage of degradation, due to the loss of catalyst mass
during the washing process. This shows the efficiency of the
catalyst being reused with a significant reduction. Based on
the results, the concentration of 1:1 TAC in cycle 5, has the
best degradation with a value 71.24%.

The schematic illustration mechanism of methylene blue
degradation using TAC is shown in Fig. 5a and b. The pho-
ton from the UV and visible will transfer their energy to the
electron at the valence band (VB) of TiO2 for jump to the
conduction band (CB) and remain hole at the VB [28]. For
Fig. 5b the electron from CB jump to VB of AC and then
receive energy to jump to the CB of AC, this process for
suppressing recombination of (e/h). The AC as a nonmetal-
lic element is substituted lattice oxygen for TiO2 to create
active site energy levels in the bandgap which acted as an
electron trapper to suppress indirect recombination of charge
(e/h). The active site energy levels are contributed for shift-
ing optical absorption edge of TiO2 to lower energy level for
extend to the visible light of the photoactive region. Refer-
ence. [23] also was reported that for the small amount of N
or Fe ions act as the trap sites for charge (e/h) and inhibit
the charge (e/h) recombination will improve drastically the
photocatalytic performance. For Fig. 5a shows the pore of
AC use as a trap of the charge for reduce recombination [30].
The electron and hole will be trapped in the pore and interact
with O2 and H2O, respectively, for resulting radical’s atoms
O2

− and OH−. These radicals will be processing degrada-
tion by breaking the bond of pollutant (indicated by scissor
in Fig. 5a) with the final product is H2O and CO2 [19].

TheAC in composite TiO2/AC is used to prevent leaching,
recovery, and reuse of the composite for photodegradation
MB by the process as follows:

TiO2
/
AC + hv → TiO2

/
AC

(
e−
CB

)
+ TiO2

/
AC

(
h+VB

)
(13)

at the valence band:

TiO2
/
AC

(
h+VB

)
+ H2O → TiO2

/
AC + H+ + OH−∗ (14)
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Fig. 5 Methylene blue degradation process a the scheme for pore of AC as a trap the charge b for Z scheme photocatalyst using TiO2/AC, and
c The photocatalyst degradation cycle of TiO2/AC (TAC) composites 1:1

at the conduction band:

TiO2
/
AC

(
e−
CB

)
+ O2 → +TiO2

/
AC + O∗−

2 (15)

O∗−
2 + H+ → OOH∗ (16)

O∗−
2 + H2O → OOH∗ + OH− (17)

OOH∗ + H+ + TiO2
/
AC

(
e−
CB

) → H2O2 + TiO2
/
AC (18)

OOH∗ + H2O2 + TiO2
/
AC

(
e−
CB

) → H2O2 + OH− + TiO2
/
AC
(19)

H2O2 + TiO2
/
AC

(
e−
CB

) → OH∗ + OH− + TiO2
/
AC (20)

H2O2 + OH− → 2OH∗ + OH− (21)

H2O2 + hv → 2OH∗ (22)

OH∗ + MB → H2O + CO2 (23)

4 Conclusion

The FTIR showed intensity of C=C–C and O–H bonds
increases with increasing the amount of AC play important
role to the change’s crystallinity and surface state ofTAC.The
ACwas substituted lattice oxygen of TiO2 to create active site
in the bandgap to suppress indirect recombination of charge
(e/h)which contributed for shifting optical absorption edgeof
TAC for extend to the visible light of the photoactive region.
The C=C–C and O–Ti–O absorption peaks shifts to higher
wave numbers due to the oxygen vacancies increase at the
surface state of the pore.

The SEM clearly showed pore and agglomeration of TAC
indicated by increases disorder size and shape when the
amount ofACdecreasing in compositeTAC.For high amount
AC the TiO2 particle approach to the surface state of the
pore and tightly bonded with AC probably due to the oxy-
gen vacancies replaced by C atoms indicated by the pore size
increased. We found that the best samples in this study is for
ratio composite TAC is 1:1, indicated by the best photocata-
lyst performance which was supported by the analysis XRD
spectra showed the smaller crystal size (7.98 nm). The pore
of AC is a trap of the charge (electron and hole) for reduce
recombination indicated by the TAC faster degradation up to
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94.05% for only 45 min and can be reused for 5 cycles with
efficiency higher than 70%. The TAC in this study as a new
composite shows high potentials for effective and efficient
wastewater treatment.
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