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ABSTRACT

Iron-modified attapulgite (Fe-ATP) was successfully prepared via a facile hydrothermal method.
Their structure and properties were studied by Fourier-transform infrared spectrometer, scan-
ning electron microscopy, X-ray diffraction. The chemical element compositions and chemical
bonds of Fe-ATP were detected by X-ray photoelectron spectroscopy. The adsorption kinetics
and isotherm model, the effects of adsorbent dosage, the initial pH value of the tannin solution,
and contact time and temperature on the adsorption capacity of the tannin (TA) were explored.
The results show that the iron modified attapulgite presented excellent adsorption. The adsorp-
tion performance of 30% Fe-ATP was the best and the adsorption capacity reaches 34.86 mg-g™.
When the pH value was 3, the adsorption capacity reaches the highest 40.9 mg-g?. The above
results showed that this could be attributed to the increase of surface area caused by the introduc-
tion of iron hydroxide, and electrostatic interaction may play a key role in the adsorption process.
It can be concluded that Fe-ATP was suitable as an adsorbent material to remove TA from aqueous
solution.
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1. Introduction removing tannin from water include adsorption, coagula-
tion, electrochemical, biological, and oxidation [8]. Owing
to the advantages of high adsorption capacity, ecofriendly
and recyclability, the adsorption method [9,10] regarded as
a feasible approach.

In recent years, attapulgite has attracted much atten-
tion because of its unique structure and adsorption prop-
erties. Attapulgite (also called palygorskite) is a crystalline
magnesium silicate hydrate mineral with an unusual lamel-
lar chain-like crystal structure, a large number of micro-
pore channels, and a relatively high surface area, so it has
a significant adsorption capacity [11]. However, the poor
dispersion and undesirability adsorption efficiency of nat-
ural attapulgite limit its application in water treatment. In

With the wide application of tannin (TA) in pharma-
ceutical, food, and other industries, the discharge of tan-
nin wastewater into the environment has caused serious
environmental pollution [1-4]. Tannin is a natural organic
matter widely distributed in surface water and soil. It has
a well-defined structure and relatively high molecular
weight (average 1,700 g-mol™) in the form of deprotonation
[5]. Tannin could be toxic to aquatic organisms (algae, fish,
plankton, etc.) [6]. Notably, it is the precursor of carcino-
genic disinfection by-products present in drinking water
[7]. Therefore, the removal of tannin from wastewater is
meaningful. At present, the commonly used techniques for
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order to improve its absorptivity, it is often modified, such
as acid modification to remove impurities and increase
specific surface area [12]. In addition, some metal cations
are often present as anion radicals. These negative charges
repel the point charges on the surface of attapulgite, lead-
ing to the weakening of the adsorption of attapulgite on
metal cations [13]. It can be noted that cationic active agent
can be used for modification to enhance the adsorption
capacity of pollutants [14]. Therefore, attapulgite can be
functionally modified in this way to improve its adsorption
capacity for specific pollutants in most environments.

At present, the most widely used cationic surfactants for
the removal of organic contaminants. Therefore, attapulg-
ite (ATP) can be modified by ion exchange between a large
number of cations and anions in ATP, so as to achieve the
purpose of removing negatively charged pollutants from
wastewater [15]. In addition, the catalytic activity and envi-
ronmental function of the catalyst depending on its structure
and morphological characteristics [16]. For example, Zhang
et al. [17] reported a new cellulose/chitosan on adsorp-
tion of methylene blue, it presented excellent adsorption,
but the material was mainly adsorbed by an amino group
rather than the porous material itself. Fu et al. [18] reported
a hybrid method for modifying ATP (without any purifica-
tion) with 3-mercaptopropyl trimethoxy silane. These mod-
ifications are sophisticated. At the same time, iron oxide
as an excellent adsorbent has received extensive attention.
However, due to the aggregation and precipitation charac-
teristics of iron oxides limit their adsorption performance
to pollutants. Lin et al. [19] reported the adsorption behav-
iors of arsenic on the iron modified attapulgite (Fe-ATP).
Iron (hydro)oxides could well disperse inside the pores
and interlayers of ATP to construct the optimum metal-
lic sites, which have good retention for arsenate. Natural
attapulgite has not been purified in the above literature.
The structure of iron hydroxides also needs to be clarified.
In addition, the adsorption mechanism needs to be further
elaborated

In this work, we successfully synthesized iron modified
attapulgite. The special structure of Fe-ATP was confirmed
by X-ray diffraction (XRD) and Fourier-transform infrared
spectroscopy (FTIR). In addition, the surface group and mor-
phology of ATP and Fe-ATP were characterized with FTIR
and scanning electron microscopy (SEM) analyzed kinetics
and isotherm models to determine the adsorption equilib-
rium time of pollutants and the saturated adsorption capac-
ity of the material. In addition, the batch tests were carried
out for test conditions to discuss the influence of the initial
solution pH of, the adsorbent dosage, the adsorbate con-
centration, and the co-existing anions on the adsorption of
tannin.

2. Materials and methods
2.1. Materials

The attapulgite (initial ATP) used in this experiment was
purchased from Huaian Zhongao Mining Co., Ltd., (China).
Sodium salt reagent (>99%) was from Sinopharm Chemical
Reagent Co., Ltd., (Shanghai, China). All other solvents
were obtained from the same commercial source and other
solvents used were all analytical reagent grade.

2.2. Preparation of the adsorbents

The initial ATP was treated at 300°C in a muffle furnace,
and after grounded into a powder. The heat-treated initial
ATP was added to the 2.5 M HCI solution according to the
solid-to-liquid ratio of 1:4, and stirred constantly for 2 h to
remove impurities in the attapulgite pores. Ultrasound for
30 min, the sediment was washed with deionized water
several times until the supernatant pH 6~7, then, it was
oven dried at 105°C. The solids were milled and specified
as purified attapulgite (ATP) [20].

ATP (10 g) and FeCl, with different masses were mixed,
and dissolved in deionized water (50 mL), the mass ratios
of ferric-soil (mFeC13 :m, . | were 0.1, 0.15, 0.25, 0.3, 0.4, 0.5,
0.75, 1 respectively, and recorded as Fe-ATP , ~ Fe-ATP,
[21]. Fully reacted with constant stirring at 80°C for 2 h
at fixed pH 10, and aged at room temperature for 2 d.
Poured off the supernatant, deionized water and ethanol
were used to wash the precipitate until the sediment was
nearly neutral, then it was once again oven dried at 55°C.
The obtained product was Fe-ATP.

2.3. Batch adsorption experiments

0.02 g Fe-ATP with different iron-soil mass ratios (ATP
as control) and the 20 mL tannin solutions (50 mg-L™) were
mixed in a 50 mL centrifuge tube, placed in a thermostatic
oscillator at 25°C and speed of 180 rpm (the external envi-
ronment of all adsorption tests was the same). Samples
were taken at 5, 10, 20, 30, 45, 60, and 90 min, centrifuged
at 4,000 rpm, and the absorbance of the supernatant was
measured at A = 276 nm. Three horizontal tests were set
for each sample, and the control standard deviation was
not more than 5% [22].

For the adsorption isotherms, it was carried out at dif-
ferent temperatures (15°C, 25°C, 35°C) when the initial con-
centration of TA was 10~90 mg-L™. Shaked in a constant
temperature oscillator for 90 min, measured the absor-
bance of the supernatant tannin. Langmuir and Freundlich
adsorption models were used to fit the adsorption data.

2.4. Effect of pH and co-existing anions

The effects of initial pH and co-existing anions on
adsorption of TA on Fe-ATP were studied over an initial
pH range of 3.0~9.0 and co-existing anions (Cl;, NO;, SO}
and H,PO;) by oscillating for 90 min at 25°C. The super-
natant was collected after centrifugation (4,000 rpm) and
the adsorption of the TA was monitored by measuring
the absorbance at A = 276 nm. The initial pH values were
adjusted to desired values with 0.10 M NaOH or HCL.

2.5. Characterization and analysis

XRD patterns were acquired on an XRD-600 X-ray dif-
fractometer (Shimadzu, Japan), the wide-angle XRD pat-
terns of the samples ranged from 10°-80°. FTIR spectra was
carried out on a FTIR spectrometer (Nicolet 5700, Thermo
Nicolet) with a spectral resolution of 4 cm™. The powder
samples were prepared by grinding and pressing with KBR.
The surface morphology of the materials was investigated
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by scanning electron microscope (SEM, JSM-7001F, JEOL,
Japan). Brunauer-Emmett-Teller (BET) values and aperture
distributions were obtained using 2460 V2.01 Instrument
(Micromeritics Instrument Corporation, USA). The zeta
potential was determined by zeta potentiometer (ZS90).
X-ray photoelectron spectroscopy (XPS) was conducted with
a ESCALAB 250 (Thermo Scientific) with Mg-Ka source to
determine the C, Fe, and O atoms present on the surface.

3. Results and discussion
3.1. Analysis of key characteristics

The XRD patterns of the three samples are shown in
Fig. 1a. The peaks at 20 = 19.88°, 20.90° correspond to the
primary diffraction of the (040), and (121) planes of initial
ATP, respectively. The XRD indicated that the heat treat-
ment at 300°C had little effect on the crystal structure of
ATP [23]. Besides, by comparing the characteristic peaks of
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Fe-ATP, the degree at 11.84 and 16.79 were the character-
istic peaks of iron hydroxide, indicating that was present
in it. Also, Fig. 1b shows their FTIR spectra. The adsorp-
tion peaks located at 3,629 and 741 cm™ in the initial ATP
infrared spectrum correspond to the -OH and the O-Al
bond characteristic peak of Si-O-Al [24,25]. After acid
activation, the peaks at 1,455 and 876 cm™ became almost
disappeared. It might be the reason that the carbonate and
Al-Fe-OH bonds were partially destructed during acti-
vation. This indicated that the purification process had
no obvious effect on the structure of ATP but the impu-
rity carbonate decreases obviously [26]. There was a new
adsorption peak at 889 cm™ in the Fe-ATP infrared spec-
trum, resulting from the stretching vibration of Fe-OH
[27]. All these results indicated that iron hydroxide had
been successfully grafted to attapulgite crystal.

Typical SEM images of samples are shown in Fig. 1c—f.
Initial ATP crystals appear as rods or fibers stacked
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Fig. 1. XRD patterns (a), FTIR spectra (b), and SEM images (c—f) of initial ATP, ATP, iron hydroxide, Fe-ATP.
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together into bundles, interspersed with sheets of associ-
ated minerals. The surface morphology of ATP was obvi-
ously different from that of initial ATP. Some octahedral
residues support the tetrahedral sheet, which increased
the number of holes and the specific surface area of
ATP. Moreover, ATP crystals become compact and thin
between layers, tetrahedral plates lose support, struc-
ture collapse, and internal pore channels disappeared
[28]. A small number of spindle-shaped or rod-shaped
iron hydroxide particles could be observed in the SEM
images of Fe-ATP, indicating that modified attapulgite
embedded and mixed well with iron hydroxide.

3.2. Zeta potential of Fe-ATP sample

As shown in Fig. 2, the surface charge of the sorbents
was affected by solution pH to a large extent. Therefore,
zeta potentials of Fe-ATP as a function of solution pH
were determined in the pH range from 2 to 10. The zeta
potential of the Fe-ATP sample was 3.34.
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3.3. Pore structure analysis

Fig. 3a shows the N, adsorption—-desorption isothermal
adsorption curves for ATP and Fe-ATP. From the shape of
the N, adsorption and desorption isotherms of the two car-
riers, it was a typical type IV hysteresis curve, indicated
that there was a strong force between the carrier and the
nitrogen gas. In addition, the hysteresis loop phenome-
non could be observed, which belonged to the H, hystere-
sis loop. Further demonstrated that the nanometer material
was composed of loose flake and slit shaped holes [29]. In
the Barrett-Joyner-Halenda (BJH) pore size distribution
curve in Fig. 3b, the distribution of 2-50 nm was the most,
indicated that the number of this pore size distribution was
the most. It could be concluded that ATP and Fe-ATP con-
tained many micropores (pore size less than 2 nm) and a lot
of mesopores (pore size between 2-50 nm).

Many researches suggested that the carbonate in ATP
was removed by heat treatment and acid activation, more-
over, the octahedral cations produced a certain degree of
dissolution, as a result, the pore opened and the diameter
of ATP was expanded, and the specific surface area was
increased [30]. The pore structure parameters of Fe-ATP and
ATP are shown in Table 1. It could be seen from the data
that the specific surface area of the Fe-ATP increased to
some degree relative to the ATF, but the pore size decreased.
The increase of the specific surface was beneficial to the
adsorption of TA by Fe-ATP.

3.4. Effect of contact time on adsorption kinetics

The dynamic changes of the adsorption of TA by Fe-ATP
are shown in Fig. 4a. At the initial stage of adsorption, the
adsorption capacity of Fe-ATP with different ferro-soil
mass ratios significantly increased for TA. In addition, TA
diffused to the surface of the adsorbent, created a larger
concentration environment, the adsorption force was rela-
tively larger, so the adsorption rate was faster. After 10 min
of adsorption, the adsorption capacity of Fe-ATP exceeded
50% of the total adsorption capacity, but with the extension
of time, the adsorption rate decreased and the adsorption
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Fig. 3. Nitrogen adsorption—-desorption isotherm (a) and BJH corresponding pore size distribution curve of purified ATP and

Fe-ATP (b).
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gradually reached the equilibrium state [31]. It can be seen
from Fig. 4a that the adsorption effect on TA will be better
when the iron loading was increased within a certain range.
However, if the iron loading exceeded a certain value, it
may block the ATP pores, leading to decrease in the avail-
able adsorption sites and the adsorption effect. Therefore,
Fe-ATP with the iron-soil mass ratio of 0.3 was used as
the adsorbent for the adsorption test, and the measured
adsorption capacity of Fe-ATP was 34.86 mg-g™.

Adsorption kinetics was used to study the adsorption
rate and equilibrium time of the adsorption process. From
Fig. 4b and Table 2, it can be seen that the Lagergren pseu-
do-second-order rate equation could reasonably describe
the adsorption process for the adsorption systems, and
the correlation coefficient R* was above 0.99. The experi-
mental measurement value at 25°C was close to the theo-
retical equilibrium adsorption capacity obtained by the
fitting model equation. The second-order kinetic model

Table 1
Results of the structural parameters of samples

showed that the adsorption process depended on chem-
ical adsorption and physical adsorption between the
adsorbent and the adsorbate.

Lagergren pseudo-second-order rate equation inte-
gral formula was used to fit the relationship between the
adsorption amount of TA by Fe-ATP and contact time.
The relevant parameters of the fitting curve are shown in
Table 2. It can be represented as:

t 1 t
—= (1)
q, kg g,
(C,-C,)-V
g =" @)
m

where g, g, are the adsorption capacity of TA by the adsor-
bent at time t and equilibrium (mg-g™); C, and C, were
the concentration of TA in the solution at the initial time
and time f of adsorption (mg-L™); V was the volume of the
solution in the centrifuge tube (L); m was the dosage of
adsorbent (g); K was the constant of adsorption rate.

Sample  Specific surface =~ Pore volume  Average pore
2,51 3.0-1 1
area (m*g ) (cm™g) size (nm) 3.5. Effect of temperatures on adsorption isotherms
ATP 141.77 0.19 5.37
The effect of the equilibrium concentration of TA on
Fe-ATP 190.02 0.20 4.24 . . R
adsorption at various temperatures are shown in Fig. 5a.
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Fig. 4. Effect of contact time on adsorption, ATP and Fe-ATP (a), pseudo-second-order rate equation of TA adsorption on Fe-ATP
= 50 mg-L7, solution volume = 20 mL,

(b) ([TA]initial
adsorbent dose =1 g-L™).

Table 2

= 50 mg-L7, solution volume = 20 mL, adsorbent dose = 1 g-L™") ([TA]

initial

Parameters and regression coefficients for the equilibrium models for TA kinetics adsorption by Fe-ATP

Different iron-soil Theory of Q, (mg-g™) Test of g, (mg-g™) K (mL-(mg-min)™) R?
mass ratio Fe-ATP

Fe-ATP | 32.15 30.50 0.0054 0.9989
Fe-ATP 32.57 31.27 0.0066 0.9992
Fe-ATP, 35.59 34.00 0.0051 0.9976
Fe-ATP , 36.23 34.86 0.0072 0.9997
Fe-ATP,, 34.13 33.09 0.0077 0.9993
Fe-ATP . 30.58 28.90 0.0056 0.9984
Fe-ATP, . 28.17 26.86 0.0062 0.9980
Fe-ATP, 26.25 25.51 0.0079 0.9973
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Fig. 5. Adsorption isotherms for TA by Fe-ATP (a), Langmuir (b) and Freundlich (c) adsorption isotherms model of TA by Fe-ATP

(solution volume =20 mL, adsorbent dose =1 g-L™).

In the range of TA concentration from 10 to 90 mg-L™, the
adsorption capacity of TA by Fe-ATP increased as the equi-
librium concentration of TA increased until it reached
equilibrium, which may be due to the high concentration
gradient and driving force [32]. It could be seen that in
the range of 15°C~35°C, the temperature had little effect
on the adsorption capacity, so normal temperature (25°C)
was selected as the test temperature.

The adsorption isotherm was the concentration rela-
tionship curve when the adsorption process of unit mass
of adsorbent reached equilibrium on the two-phase inter-
face at a certain temperature. In the present experiment,
the adsorption equilibrium data were analyzed by the
virtue of Langmuir and Freundlich isotherm equations.

Langmuir isotherm was perhaps the best known of all
isotherms, which was often applied in describing the sin-
gle-layer adsorption process of molecules with the same
activation energy. It can be represented as:

CE e

C 1
=—*+
Q Q. Qxb

®)

where Q was the saturated adsorption capacity of the
monolayer (mg-g™); C, and Q, was the concentration of
adsorbate at equilibrium (mg-L™) and the adsorption capac-
ity (mg-g™); b was a constant related to adsorption capacity
(L'mg™).

The Freundlich model assumed the multilayer adsorp-
tion occurred on the non-uniform surfaces under non-
ideal conditions, and it has been widely used in the

adsorption process. The linear form of the Freundlich iso-
therm equation was given as:

logQ, = llogQg +logK 4)
n

where Q was the same as defined above; K was the Freundlich
adsorption equilibrium constant; 1/n reflected the inhomo-
geneity of the adsorbent or the strength of the adsorption
reaction.

The linear fitting results of the Langmuir model and
Freundlich model at different temperatures are shown in
Fig. 5b and ¢, and the relevant parameters are shown in
Table 3. The coefficient R? obtained from the Langmuir iso-
therm equation was higher than that from the Freundlich
isotherm equations. At various temperatures, the adsorp-
tion capacities determined by the Fe-ATP test were close
to the theoretical adsorption capacity. According to the fit-
ting parameters of the two models, the Langmuir model
could better represent the adsorption of TA by Fe-ATP
than the Freundlich model and indicate that the adsorption
process was monolayer adsorption.

3.6. Effect of Fe-ATP dosage and TA concentration on adsorption

The influence of adsorbent dosage on the adsorp-
tion of TA is shown in Fig. 6a. The removal efficiency of
TA improved obviously with the increase in the adsor-
bent dosage from 5 to 25 mg (the adsorption rate could
reach 84.8%), while the adsorption capacity of the
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Table 3
Parameters and regression coefficients for the equilibrium models for TA isotherm adsorption by Fe-ATP
Temperature (°C) Langmuir model Freundlich model
Q, (mg:g™) b (L'mg") R K n R?
15 40.16 0.197 0.9978 7.892 2.4612 0.8972
25 40.49 0.222 0.9975 9.563 2.5767 0.8825
35 41.49 0.238 0.9977 10.20 2.6212 0.9022
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Fig. 6. Effect of adsorbent dosage on removal of TA by Fe-ATP
( [TA] initial
adsorbent gradually decreased. However, the adsorption
rate increased slowly when the adsorbent dosage was over
25 mg. The continuous increase of adsorbent dosage dose
resulted in the increase of adsorption sites. Therefore, the
surface sites did not reach the adsorption saturation state,
so the adsorption amount gradually decreased and the
adsorption rate tended to be flat [33].

The effect of TA concentration on the adsorption is
shown in Fig. 6b. As seen, the removal rate of TA decreased
from 85.2% to 35.9% with the increase of TA concentration.
The reason could be that as the TA concentration increased,
the effective adsorption surface of the adsorbent might
reach saturation, thus reduced the removal efficiency of
TA. On the other hand, the adsorption capacity of TA by
Fe-ATP increased from 8.52 to 33.63 mg-g™ as the concen-
tration of TA increased from 10 to 50 mg-L™, which may be
due to the increased opportunities for TA to contact adsor-
bents with the increase of TA concentration. Thereafter,
when the concentration of TA was greater than 50 mg-L™,
the adsorption capacity of Fe-ATP slowly increased to
35.94 mg-g™, which may be that the active site on the sur-
face of the adsorbent was not fully occupied when the con-
centration of TA was low, so the adsorption speed was fast,
although the adsorption amount was low but increased
rapidly. However, when the concentration of TA was
increased, the adsorbent reached saturation state, and the
adsorption amount tended to the equilibrium state.

3.7. Effect of initial pH and co-existing anions on adsorption

The effect of pH on the adsorption of TA by Fe-ATP
is shown in Fig. 7a. It could be seen that as the pH of the

=50 mg-L™, solution volume = 20 mL) (solution volume =

(a), effect of TA concentration on removal of TA by Fe-ATP (b).
20 mL, adsorbent dose =1 g-L™).

solution increases, the adsorption capacity and removal
rate of the adsorbent for TA showed a decreasing trend.
The adsorption capacity and removal rate of TA decreased
to 30.44 mg-g? and 60.9%, respectively. The experiment
showed that the adsorption effect was best when the initial
pH value of TA solution was at 3. Electrostatic adsorption
was one of the mechanisms affecting the adsorption pro-
cess [34]. Then, the pH,,, of TA was determined to be 4.5,
indicated that the surface charges of TA were positive or
negative when the pH was below or above 4.5, correspond-
ing. At pH < 4.5, the surface of the sample was positively
charged, TA appeared as a molecule, and the coordination
and reaction sites on Fe-ATP reacted with TA. However,
the un-dissociated TA molecule was hydrophobic, which
was easier to be adsorbed than when it exists in the form of
ions due to the hydrophobic bond cooperation being used
as the adsorption driving force. The adsorption of Fe-ATP
was less efficient at pH > 8. It was attributed to the dissoci-
ation of the complete molecule of the TA and exists in the
form of anions [35], resulting in the repulsive force between
the dissociated TA and the charge with the same sign on the
surfaces of the adsorbent. Thus, with the increase of pH,
the TA removal rate decreases gradually.

The effect of adding CI, NO?, SOi*, and H,PO; to the
solution on the adsorption of TA by Fe-ATP is shown in
Fig. 7b. The removal rates of TA were 70.0%, 69.9%, 67.0%,
68.2%, and 57.6%, respectively, when no ion (CK), CI, SOZ,
NO?* and H,PO; were added. Within the allowable error
range of 5%, the results demonstrate that the presence of
Cl, NO*, SO did not significantly affect TA removal.
But, H,PO; had significant suppression of the removal
of TA. This may be because Fe-ATP had high adsorption
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selectivity for H,PO;, and H,PO; competed with TA for
adsorption sites on the surface of the adsorbent, resulting in
inhibition of TA adsorption.

3.8. XPS analysis of samples before and after adsorption

The elements contained in Fe-ATP were divided into
peaks, and the analysis results are shown in Fig. 8. The
XPS map of Fe 2p before and after adsorption is shown
in Fig. 8a and b. The satellite peak at 733.6eV was a char-
acteristic of Fe(Ill) in iron hydroxide, and the two peaks of
Fe 2p at 726.2 and 712.3 eV were Fe ZpU2 and Fe 2p3/2. After
adsorption, TA moved to 726.4 and 712.1 eV, and the peak
at Fe 2p,, shifted, which may be due to changes in the ele-
mental chemical environment, indicating the formation
of new chemical bonds between Fe* and other substances,
and the chelation between TA and Fe [36,37].

The C 1s XPS spectra of Fe-ATP composite material
are shown in Fig. 8c and d. Two peaks appear at 289.3 and
285.0 eV, belonging to O-C=0 and C-C, respectively. The
binding energy of C 1s may be decomposed into 285.07 eV
(carbon) and 288.9 eV (standard spectrum of carbon
monoxide in TA), indicating that tannic acid reacts with
Fe-ATP [38].

As shown in Fig. 8e and f, the O 1s XPS spectra of Fe-ATP
composites were applicable to OH-C/C=0 (533.1-533.8 eV),
O-C=0 (532.00 eV) and C-O-Fe (531.2 or 531.7 eV), respec-
tively. The peak at 531.9 eV was C-OH in TA. These results
indicated that there was a strong interaction between
ATP and iron hydroxide, and the Fe-ATP composite pre-
pared by C-O-Fe can promote electron transfer between
iron hydroxide and ATP [39].

4. Conclusions

Fe-ATP was successfully prepared in this study and
assessed the stability of Fe-ATP and its performance con-
cerning the removal of TA. Compared to ATP, The TA
removal by different prepared materials followed the
order of Fe-ATP > ATP > initial ATP. Fe-ATP composites
with an iron-soil mass ratio of 0.3 had the highest adsorp-
tion capacity for TA and the measured adsorption capac-
ity of Fe-ATP was 34.86 mg-g”. Discover the chelation
between TA and Fe by the FTIR spectra and XPS spectrum
before and after adsorption, indicated that Fe-ATP can be
used as an effective adsorbent for TA removal. However,
more research needs to be undertaken, because the actual
removal efficiency of TA in water may also be affected by
factors such as heavy metals and microorganisms.
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