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Carbon substrate-supported nano-TiO2 (a manufactured material) was prepared in this study for arsenic removal. The removal
rates of arsenic were evaluated by batch tests under several simulation conditions including pH, ionic strength, and adsorbent
dosage. Results showed that As(III) and As(V) adsorption reached equilibrium within 10 hours (pH � 8 and ionic strength
0.5 mol/L). At pH � 8, maximum adsorption eﬃciency was discovered for the adsorbent. Removal rate was proportional to the
increase in ionic strength. The removal data were satisfactorily ﬁtted to the pseudo-second-order kinetic model (R2 > 0.9990) and
Freundlich equation (R2 ≥ 0.9600) for adsorption thermodynamic behaviors. New material showed more eﬀective adsorption
performance for As(V) than for As(III). It was found that 15.1800 mg/g As(V) and 13.3800 mg/g As(III) were adsorbed, respectively. In addition, material properties were studied including the structure of crystallinity, surface morphology, functional
groups, and surface texture by XRD, TEM/SEM, FTIR, and BET methods, respectively. XRD result showed supported nano-TiO2
had the anatase phase. The size of the microparticle was around 52 nm. BET results indicated that material surface areas, pore
volume, and pore size diameter were 371.17 m2/g, 0.35 cm3/g, and 11.70 nm, respectively. FTIR spectrum indicated that several
functional groups (OH−, Ti-O) existing in supported nano-TiO2 may facilitate the adsorption eﬃciency. Mechanistically,
supported nano-TiO2 played a key role in promoting adsorption eﬃciency and converting As(III) to As(V). Results indicated that
the investigated adsorbents possessed an excellent arsenic removal capability.

1. Introduction
Arsenic (As) is a metalloid element, which exists in the form
of arsenite As(III) and arsenate As(V) [1, 2] and can be widely
detected in both natural and anthropogenic sources [3]. A
close attention has been paid to its serious threats to humans
and animals due to its high toxicity [4, 5]. In environmental
pollution aspects, both As(III) and As(V) have been discovered in soil, organisms, and water and mobilized through a
combination of natural processes such as weathering reactions, biological activity, and volcanic emissions [6]. For
anthropogenic activities, arsenic contamination has been
mainly caused by combustion of fossil fuels, petroleum reﬁneries, mining, and nonferrous smelting activity [7–9]. In

China, there are diﬀerent degrees of arsenic exposure in the
living environment of residents, and the arsenic pollution in
drinking water has exceeded the threshold level (10 μg/L) [10].
Therefore, how to eﬀectively remove arsenic or make a
conversion from As(III) to As(V) by the highest oxidation
rate for reducing its toxicity and detriments is a key issue in
arsenic pollution control and treatment.
A large number of physical-chemical treatment processes were applied to remove toxicity elements in water
and alleviate water pollution, including in precipitation,
ion-exchange, adsorption, and membrane ﬁltration
[11–16]. Among them, adsorption is one of the most
preeminent removal methods because of the low cost, ease
of operation, and high eﬃciency [17]. Higher eﬃciency of
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arsenic removal can be ﬁnished by adsorbing arsenic or
converting As(III) to As(V) through the preoxidation
process indirectly since As(III) was diﬃcult to remove by
most techniques directly.
Titanium dioxide [18] and its modiﬁed counterparts [19]
showed excellent removal eﬃciencies by adsorbing arsenic
from water. In brief, the mechanism of adsorption can be
attributed to their special physical and chemical properties:
high theoretical adsorption capacity, larger speciﬁc surface
area, oxidation behavior, photocatalytic eﬃciency, and high
aﬃnity of surface hydroxyl groups [20]. In addition, particle
sizes of the adsorbent aﬀect adsorption capacity for arsenic
[18]. Bang et al. [21] found that the arsenic species had a high
aﬃnity with the surface sites of TiO2. Although TiO2-doped
materials have excellent adsorption performance, their
limited load may hinder the extensive application of traditional prepared nano-TiO2-doped materials. Long and Tu
[22] conducted arsenic removal by activated carbon-supported granular nano-TiO2, but they found nano-TiO2
loaded amount was too low to decease the As level. To
improve the loaded amount of nano-TiO2, tetrabutyl titanate
doped with activated carbon powder was produced by the
sol-gel method in our experiment.
In the study, a new adsorbent was prepared and devoted
to remove As(III) and As(V) in aqueous solution. The eﬀects
of pH, adsorbent dosage, and ionic strength are elucidated to
explore the optimum removal conditions. Adsorption kinetics and isotherms were investigated to probe the adsorption eﬃciency and maximum adsorption capacity for
arsenic. The main objectives of this research were (a) to
produce an adsorption material with preloading TiO2 sufﬁciently and good uniformity, (b) adsorb arsenic by the
material and determine its maximum adsorption capacity of
As(III) and As(V), and (c) explain the adsorption mechanism of the material.

2. Materials and Methods
2.1. Materials and Agents. Nitric acid (HNO3), anhydrous
ethanol (C2H5OH), tetrabutyl titanate (C16H36O4Ti), and
glacial acetic acid (CH3COOH) were purchased from
Sinopharm Chemical Reagent Co., Ltd (China). Ammonium
sulfate ((NH4)2SO4, analytical reagent) was supplied by
Tianjin Kermel Chemical Reagent Co., Ltd (China). Activated carbon powder was obtained from Hunan Deban
Activated Carbon Co., Ltd (China). NaAsO2 was a source of
1000 mg/L As(III). 1000 mg/L As(V) was prepared by the
oxidation of stock solution of As(III) using excess potassium
peroxydisulfate (K2S2O8). NaCl, NaOH (0.1 mol/L), and HCl
(0.1 mol/L) solutions were prepared by using deionized
water (18.2 MΩ·cm). Stock solutions were stored in dark
before experiments. Unless otherwise stated, all chemicals
are of analytical grade and above.
2.2. Adsorbent Preparation and Characterization
2.2.1. Adsorbent Preparation. The adsorbent preparation
was based on Rong et al.’s study [23], and the detailed
procedure is as follows:
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(1) Pretreatment of Activated Carbon. Certain amount of
activated carbon powder (16.4 g) was presoaked by
HNO3 and then added into the mixture of 70 mL
anhydrous C2H5OH and 20 mL tetrabutyl titanate
under pH 2-3 (adjusted by glacial acetic acid).
(2) Preparation of Solution A. Anhydrous C2H5OH
(20 mL), 60 mL water, and 2.4 g ammonium sulfate
were prepared in a cleaning breaker, and then acetic
acid was used to regulate pH in the range of 2-3,
getting B solution.
(3) Preparation of Carbon Substrate-Supported NanoTiO2. Solution A was dripped to pretreated activated
carbon in speeded stirring process (200 r/min) and
continued to stir for 2 hours at room temperature
(25∼28°C). These solutions were placed in an oven at
100°C for 24 hours, and after the dried material was
grounded, it was placed in a muﬄe furnace and
calcined at 500°C for 2 hours and then naturally
cooled down to room temperature to form adsorption material eventually.
2.2.2. Material Characterization. New material was characterized by XRD, TEM/SEM, FTIR, and BET methods,
respectively. The X-ray diﬀractometer (XRD, DY2862,
Holland) was applied to explore the crystal structure of
materials. Transmission electron microscope (TEM, JEM2100F, Japan) and scanning electron microscope (SEM,
JSM-6490LV, Japan) determined shapes of the adsorbent.
The functional groups of the adsorbent were observed by the
Fourier-transform infrared spectrometer (FTIR, TENSOR27, Bruker, Germany). 3H-2000IIIA surface analysis
meter (Beishide Instrument Technology Co., Ltd., China)
was used to measure BET (Brunauer–Emmett–Teller) speciﬁc surface area, pore diameter, and pore volume. Titanium
content was determined by ICP-OES (Optima 5300V,
PerkinElmer, USA), and TiO2 loaded amount was
calculated.
2.3. Batch Adsorption Experiments. All glassware and
polyethylene bottles were acid-soaked by 10% HNO3 at
least 24 h before each experiment and then washed three
times with distilled water and dried in the oven. NaCl was
used to adjust the ionic strength of solution, HCl and
NaOH (both 0.1 mol/L) were used for the required pH
adjustment, and pH values were measured by using a pH
meter (3E, Shanghai Leici Inc., China). The zeta potential
was determined by a Zetasizer (Zetasizer Nano ZS, Malvern
Instrument, UK). 1000 mg/L As(III) and As(V) solution
was diluted into the required concentration solutions, then
volume of the reaction was selected as 25 mL, and appropriate dosage of the adsorbents was added, adsorbed for
a proper time at room temperature (25∼28°C), and
centrifuged 30 minutes (4000 r/min) after it settled 20
minutes, equilibrium arsenic solution was moved into
sample vials and analyzed using an atomic ﬂuorescence
spectrometer (AFS 933, Beijing Titan instruments CO., Ltd,
China) and inductively coupled plasma optical emission
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spectrometer (ICP-OES, Optima 5300V, PerkinElmer,
USA). Eﬀects of pH, ionic strength, adsorbent dosage, and
time were evaluated. All adsorption samples were shaken
uniformly on the oscillator (HY-5, Changzhou Huanyu
Scientiﬁc Instrument Factory, China) continuously. Solution samples were analyzed within 24 hours.

2.4. Adsorption Kinetic and Isothermal Tests
2.4.1. Adsorption Result Calculations. Arsenic removal rate
and As adsorbed on manufactured materials can be calculated by the following equations:

arsenic removal rate (%) �

adsorption capacity by a unit mass of adsorbent (As/adsorbent(mg/g)) �

where C1 is the initial arsenic concentration (mg/L), C2
is the arsenic concentration after adsorption (mg/L), V
is the solution volume (L), and M is the adsorbent
dosage (g).
2.4.2. Adsorption Kinetic Test. Two kinetic models were used
to ﬁt experimental data in order to explore adsorption rate
which were the pseudo-ﬁrst-order kinetic model and
pseudo-second-order kinetic model.
The form of the pseudo-ﬁrst-order kinetic model is [24]
dQt
� K1 Qe − Qt .
dt

(3)

The following is its linear equation:
ln Qe − Qt  � ln Qe − ln k1 .

(4)

(5)

Its linear equation is
t
1
t
�
+ ,
Qt K2 Q2e Qe

(6)

where Qe is adsorbed arsenic at adsorption equilibrium (mg/
g), Qt is adsorbed arsenic at any time (mg/g), K1 and K2 are
the adsorption rate constants of pseudo-ﬁrst-order kinetic
(h−1) and pseudo-second-order kinetic models, and t is the
adsorption time (h). K1 is calculated by ﬁtting a straight line
equation of ln (Qe − Qt) − t, and the reaction rate increases in
the rising of the k1 value. K2 is calculated by ﬁtting a straight
line equation of t/Qt and t.
2.4.3. Adsorption Isothermal Test. Langmuir and Freundlich
isotherm equations can be expressed as follows [25].
Langmuir equation:
Ce Ce
1
�
+
.
Qe Qm KL Qm

(1)

C1 − C2 V
,
M

(2)

Freundlich equation:
1
lg Qe  � lg KF  + lg Ce ,
n

(8)

where Qe is adsorbed arsenic at adsorption equilibrium (mg/g),
Ce is the arsenic concentration of adsorption equilibrium (mg/
L), Qm is the calculated constant related to adsorption capacity
(mg/g), KL is the Langmuir adsorption equilibrium constant
related to the aﬃnity of the binding sites and adsorption heat,
KF is the Freundlich constant, and n is the parameter that is
related to adsorption strength. Larger KF and n indicated that
the adsorbent has better adsorption performance.

3. Results and Discussion
3.1. Material Characterization

The pseudo-second-order kinetic model can be
expressed as [24]
dQt
2
� K2 Qe − Qt  .
dt

C1 − C2
× 100,
C1

(7)

3.1.1. XRD Diﬀraction Spectrum. The prepared adsorbent
particles were exposed to complete XRD test. As is shown
in Figure 1, the diﬀraction peaks of two adsorbents were
25.51°, 37.82°, 48.13°, 53.92°, and 75.13°, which showed a
good consistency with the diﬀraction structure of TiO2,
according to the JCPDS standard card (no.71-1167); the
crystal form of TiO2 is anatase [26]. The peak which
appeared at 2θ � 26.6° was matched with the characteristic
diﬀraction peak of SiO2.

3.1.2. Transmission Electron Microscope and Scanning
Electron Microscope Analysis. TEM image of the adsorbent is
shown in Figure 2(a). The powdered activated carbon and
nano-TiO2 are interlaced. They showed an ellipsoid in shape
and had uniform particle size. However, the partial region of
the adsorbent displayed the aggregation of nanoparticles.
From Figure 2(b), it was found that the part of supported
nano-TiO2 attached to the surface of activated carbon, and a
small number of nano-TiO2 entered into the channel of activated carbon. Supported TiO2 exhibited a variety of particle
sizes. Combined with the TEM image of the material, we
concluded that supported nano-TiO2 with the larger size was
produced by agglomeration of small nano-TiO2 particles. The
average particle size of the adsorbent was around 52 nm.
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Figure 1: The XRD pattern of the adsorbent.
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Figure 2: (a) TEM and (b) SEM images of the adsorbent.
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Figure 3: The infrared spectra of the adsorbent.

3.1.3. Fourier-Transform Infrared Spectra Analysis. The
FTIR spectrum of the material is displayed in Figure 3. It
showed the broad characteristic band at 3443.98 cm−1 which
is assigned to O-H stretching vibration [19]. At around
1620 cm−1, free water molecule H-O-H bending vibration was
discovered [27]. Bending vibration of the hydroxyl group on
the metal oxide occurs at 1060 cm−1 [28]. The broad

wavenumber range around 500 cm−1 is attributed to the
characteristic bonds of the Ti-O bond [29, 30].
3.1.4. BET Surface Area Analysis. The surface structure
properties of the adsorbent were examined. The BET (Brunauer–Emmett–Teller) speciﬁc surface area was 371.17 m2/g,
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the pore volume of the adsorbent was 0.35 cm3/g, and the pore
size diameter was 11.70 nm.
3.1.5. TiO2 Amount Loaded Test. After the precise determination and calculation of the load of TiO2, the average
load of TiO2 was 179.50 mg/g (see Table S1).
3.2. Arsenic Removal in Batch Tests
3.2.1. The Eﬀect of pH. The eﬀect of pH on As(III) and As(V)
removal was determined at pH ranging from 3 to 11. In
Figure 4, it can be found that arsenic adsorption was strongly
inﬂuenced by pH. Arsenic removal rate enhanced with
increasing pH and then exhibited downward trends until
pH � 11. pH is one of the important inﬂuencing factors in
arsenic removal process [31]. Surface charge of the adsorbent
and arsenic compound forms would be inﬂuenced by pH
variation, thus aﬀecting arsenic adsorption [32, 33].
There has been a slight rise in the removal rate of As(V)
from 90.88% to 99.00% in a pH range 3 to 8. And then, there
is an obvious decrease of the removal rate of As(V) from
99.00% to 82.39% with increasing pH from 8 to 11. Similar
tendency was shown to remove As(III), and removal rate
increased from 82.05% to 93.78% until pH � 8 and then was
found to slip to 81.07%, respectively.
Figure 5 shows the zeta potentials of TiO2 in the presence
of 50 µg/L As(V) or As(III). The points of zero charge pH
(pHPZC) for TiO2 were obtained around 8.0, which is higher
than pHPZC � 6.8 ± 0.2 reported by Dutta et al. [34]. Dutta
et al. showed that the surface of TiO2 is positively charged
when pH < pHPZC, and it is negatively charged when
pH > pHPZC. The reaction is as follows:
TiIV − OH + H+ ⟶ TiIV − OH+2 ,

pH < pHPZC

TiIV − OH + OH− ⟶ TiIV − O− + H2 O,

pH > pHPZC
(9)

−

2−

It is noted that H2AsO4 and HAsO4 are the main
forms of As(V) at pH 3∼11, while As(III) mainly exists in
the form of H3AsO3 molecules in nonalkaline environments. When pH is relatively low, the adsorption of As by
nano-TiO2 loaded mainly depends on the interaction between the negative charge and the positive charge because
the surface of nano-TiO2 has a positive charge. Therefore,
the adsorption capacity of As(V) is better than As(III). And
in weak alkaline environment, H3AsO3 gradually transforms into anionic H2AsO3− by protonation eﬀect, supported nano-TiO2 will produce more adsorption sites with
positive charge by removing the hydroxyl ion, and thus,
more As(III) was adsorbed [34]. With the increase of pH,
however, the adsorption capacity of As(V) and As(III) is
gradually equal. At pH > pHPZC, the surface of nano-TiO2 is
negatively charged. The advantages of surface charge adsorption gradually weakened, but there was still 80% As(V)
and As(III) removal rate. Thus, it can be inferred that the
surface complexation plays a certain role in the absorption
of arsenic when pH is relatively high [35, 36]. Similar
phenomenon has been observed for the adsorption of

As(V) and As(III) onto nano-TiO2-impregnated chitosan
[37] and nano-TiO2/feldspar-embedded chitosan beads
[38].
When pH > 8, removal rate was decreased because the
portion of positive charge of the adsorbent surface decreases,
and the competitive adsorption of OH− and arsenic compounds occurs, which was expected that arsenic desorption
can be achieved in strong acidic or alkaline solution [39].
From pH 4 to 11, adsorption tendency of As(V) and As(III)
was similar due to photocatalytic oxidation of TiO2 in the
presence of dissolved oxygen and light [40]. Based on our
results, pH � 8 was the optimal adsorption condition for
removing arsenic.
3.2.2. The Eﬀect of the Adsorbent Dosage. The eﬀect of the
adsorbent dosage on the removal result is shown in
Figure 6(a). It can be found that As(III) and As(V) removal
eﬃciencies were strongly inﬂuenced by adsorbent dosage;
0.5 g dosage was suﬃcient to reach adsorption equilibrium
when the initial arsenic concentration was 1.3 mg/L. The
materials were signiﬁcantly eﬃcient in As(V) adsorption
than As(III) in equivalent adsorbent level. The removal rate
of arsenic was enhanced with increasing adsorbent dosage,
but adsorption capacity decreased; a steep change occurred
when adsorbent dosage increased from 0.01 to 0.50 g, and
then a constant removal result was maintained with further
increasing the adsorbent dosage in the adsorption process.
When 0.5 g adsorbent was added into 25 mL arsenic solution, more than 93.00% As(III) and 95.00% As(V) were
adsorbed, but amounts of arsenic adsorption of As(III) and
As(V) were 0.0549 mg/g and 0.0649 mg/g, respectively.
When dosage was less than 0.5 g, amounts of arsenic
adsorbed experienced a sharp decrease and then reached
equilibrium. It can be concluded that a high adsorbent
dosage will lead to a high removal rate and a low adsorption
capacity before adsorption equilibrium is reached, since the
adsorption sites increased with rising adsorbent dosage
which causes higher removal rate, but the total amount of
arsenic adsorption remained unchanged signiﬁcantly during
the adsorption process. More adsorption sites were produced when the adsorbent dosage increased from 0.5 to 3 g,
but these adsorption sites cannot be fully utilized. Genç et al.
observed a similar phenomenon in removing arsenate by
neutralized red mud [41]. Mohan and Gandhimathi [42]
observed that heavy metal removal increased with an increasing adsorbent dose from 0.5 up to 2 g/L and remained
almost constant thereafter and concluded that it was due to
the saturation of the adsorbent sites by adsorbing the metal
ions at the mass of the adsorbent which was 2 g/L, but they
did not realize the opposite variation tendency of removal
rate and adsorption capacity.
3.2.3. The Eﬀect of Ionic Strength. In this section, the eﬀect of
ionic strength was investigated, and the result is shown in
Figure 6(b). It was clear that As(III) adsorption was more
dependent on ionic strength than As(V). In the adsorption
process, arsenic removal eﬃciency had an increasing tendency as ionic strength increases to 0.5 mol/L. The removal
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rate of As(III) increased from 90.89% to 93.98%. The As(V)
removal rate increased from 94.82% to 96.93%. The fact can
be caused by hydroxyl groups of nano-TiO2, and arsenic was
linked by the ligand exchange reaction and formed inner
surface complexes [43]. However, in the experiment for
investigating the inﬂuence of ionic strength on arsenic
adsorption, the opposite result was obtained from other
researchers. (Anirudhan et al.) [19]. They noticed that As(V)
adsorption percentage decreased as ionic strength increased
and deemed the competition of chloride ions with As(V)
which was the primary cause of the phenomenon.
3.2.4. Adsorption Kinetics. Adsorption kinetic experiments
were conducted to determine the rate of arsenic removal.
The experiment results are presented in Figure 7. It was
showed that arsenic removal rate was enhanced with

increasing adsorption time before adsorption equilibrium
was reached. Compared to As(III), As(V) removal rate increased at a quick pace. The As(V) removal rate remains
relatively constant within 70 minutes (1.17 hours) to 1440
minutes (24 hours) under the current experimental system.
The adsorption of As(III) reached equilibrium at about 600
minutes (10 hours).
According to equation (4), graphs of In (Qe − Qt)
against t are presented in Figure 8. Adsorption kinetic
parameters are shown in Table S2. The correlation coeﬃcients of adsorbing As(V) and As(III) were 0.9683 and
0.9366, respectively. The correlation coeﬃcient is in accord
with the following order: As(V) > As(III). The pseudo-ﬁrstorder kinetic model can describe the adsorption data of
As(V) and As(III) at the current environment. Therefore,
we concluded that physical adsorption could not be ignored
in the arsenic removal process. Adsorption rate constant K1
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follows order As(V) > As(III), which reveals that the adsorption rate of As(V) was faster than As(III). Experimental
data were consistent with the information reﬂected by the
K1 value.
The pseudo-second-order kinetic plots are shown in
Figure 9, and related parameters are presented in Table S2.
Adsorption data can be well described by the pseudo-second-order model. The achieved correlation coeﬃcients were
higher than 0.9990. The correlation coeﬃcients were present
in the order As(V) > As(III). K2 follows the order As(V)
> As(III).
Compared to the pseudo-ﬁrst-order model, it is obvious
that the pseudo-second-order model ﬁtted experimental

data perfectly, which reveals that arsenic adsorption is a
complex process because the pseudo-second-order model
indicates the whole process of arsenic adsorption [44].
Excellent eﬀect of adsorbing arsenic was reached by physical
adsorption and chemical adsorption; chemical bonds are the
main inﬂuencing factors in the chemical adsorption process
[45].
3.2.5. Adsorption Isotherms. The adsorption isotherm experiments were carried at diﬀerent initial concentrations
ranging from 0.20 to 562.10 mg/L. The experiment results
are presented in Figure 10. According to isotherm results,
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the maximum adsorption capacities were 13.3800 mg/g
and 15.1800 mg/g in As(III) and As(V), respectively.
Compared to many adsorbents, the new materials had a
more excellent adsorption capacity. Pena et al. [40] found
that 8.30 mg/g As(III) and 11.20 mg/g As(V) were removed by nanocrystalline TiO2. Altundoğan et al. [46]
detected the maximum adsorption capacities of red mud
for As(III) and As(V) at 0.33 mg/g and 0.35 mg/g,
respectively.
The Freundlich and Langmuir parameters are given in
Table S3. The isotherms are shown in Figures 11 and 12. The
results indicated that arsenic adsorption data ﬁtted the
Freundlich isotherm preferably compared to the Langmuir

isotherm, and the corresponding good correlation coeﬃcient values were between 0.9600 and 0.9660, which indicated that arsenic adsorption by two adsorbents was
heterogeneous adsorption on the nonuniform surface. The n
values of the Freundlich equation were larger than 1, indicating that the adsorption of arsenic is favorable on the
adsorbent. KF of As (V) is larger than As(III) which reveals
removal of As(V) is favorable than As(III). This conclusion is
consistent with the results of John’s research (2018).
3.3. Adsorption Mechanism. Arsenic removal from aqueous
solution by the material adapted a process that physical
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Figure 10: Adsorption isotherms of arsenic by TiO2 at pH � 8, adsorbent dosage 0.5 g, and initial arsenic concentration 1.3 mg/L.
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Figure 11: Freundlich model plots for the adsorption of As(III) and As(V) at pH � 8, adsorbent dosage 0.5 g, and initial arsenic concentration 1.3 mg/L.

adsorption and chemical adsorption coexist. From the
perspective of the material itself, the adsorption of activated
carbon on arsenic is mainly physical adsorption and is accompanied by chemical adsorption. Many researchers have
found that the adsorption of nano-TiO2 to As is an endothermic reaction and entropy-driven process [38, 47, 48].
According to the calculation of thermodynamic parameters, it
can be inferred that the adsorption of nano-TiO2 is mainly
physical adsorption [49, 50]. However, the pseudo-secondorder model ﬁtted experimental data perfectly, and the isotherm model also ﬁtted experimental data good which also
indicated the important role of chemical forces in adsorption.
Thus, it can be inferred that there are both physisorption and
chemisorption in the process of carbon-supported nano-TiO2
adsorption of arsenic. Suﬃcient adsorption sites provided a

possibility for arsenic removal. As(V) mainly exists in the anion
group when pH � 8 and was more adsorbed by activated
carbon-supported nano-TiO2 through electrostatic interaction
because the surfaces of this material is positively charged at this
time. Hydroxyl groups on the material surface were involved in
arsenic sorption. The activated carbon-supported nano-TiO2
can produce more absorption sites with positive charge by
removing hydroxyl ion, and thus more As(III) was adsorbed
[34]. At the same time, nano-TiO2 loaded can ﬁnish the partial
conversion of As(III) to As(V) because of the catalytic oxidation activity of TiO2, and arsenic was adsorbed by forming
monodentate or bidentate complexes at the surface of TiO2
[51, 52]. In the adsorption process, As-O-AsO43− and As -OH2AsO4− groups formed in As(V) removal by nano-TiO2 with
the anatase crystal, and As-O-AsO33− and As-O-HAsO42− were
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(ii) Excellent arsenic-removing capacity was observed.
15.1800°mg/g As(V) and 13.3800°mg/g As(III) were
adsorbed by carbon substrate-supported nano-TiO2.
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Figure 12: Langmuir model plots for the adsorption of As(III) and
As(V) at pH � 8, adsorbent dosage 0.5 g, and initial arsenic concentration 1.3 mg/L.

found under light conditions in As(III) removal, both As(V)
and As(III) were absorbed by forming the As-O-Ti and As-O
bonds with TiO2 [18]. In addition, arsenic removal by activated
carbon was not neglected. Therefore, adsorption of arsenic on
the adsorbent was mainly inﬂuenced by complexion formation.

4. Conclusions
The new adsorbent carbon substrate-supported nano-TiO2
was synthesized using the sol-gel method, and its physical
structure was further examined. This material had a high
adsorption capacity for arsenic in weak alkaline solution,
and the maximum adsorption capacity appeared at pH � 8.
Increased amounts of arsenic were adsorbed by increasing
ionic strength. Arsenic removal rate increased with increasing adsorbent dosage before the adsorption equilibrium
was reached. The material exhibited a higher ability in removing As(V) than As(III). Adsorption kinetics and adsorption isotherm can be described well by the pseudosecond-order kinetic equation and Freundlich isotherm
model, respectively. Arsenic adsorption equilibrium was
achieved within 10 hours. The material can directly adsorb
As(III), and it can also adsorb As(V), converted by
photocatalysis.

Data Availability
The data used to support the ﬁndings of this study are
available from the corresponding author upon request.
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(i) The new arsenic-removing adsorbent material with
high Ti loading was synthesized.
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