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Fe3O4 on montmorillonite surface
and its removal of anionic pollutants

Limei Wu, *a Jingwen Liu,a Yan Liu,a Ritong Huang,a Ning Tang,a Xiaolong Wangb

and Ling Huc

An environmentally functional material for the efficient removal of anionic pollutants in water was prepared

for our study. Montmorillonite (M) was modified by hydrochloric acid (HCl) and cetyltrimethylammonium

bromide (CTAB). Fe3O4 was grown in situ to prepare modified Fe3O4/montmorillonite (AC Fe3O4–Mt)

composites. The number of hydroxyl sites on the surface of Mt and the surface tension were increased

by HCl and CTAB modification, respectively, which enabled higher Fe3O4 surface growth, promoting the

multi-directional crystallisation of Fe3O4 and improving reactivity. The XRD results show that Fe3O4

grows on the surface of Mt and has good crystallinity and high purity, meaning that AC Fe3O4–Mt is

more reactive than Fe3O4. When AC Fe3O4–Mt is used to remove anionic pollutants in water, the

removal effect under the synergistic action of adsorption-redox is significantly improved, and the

maximum removable quantities of Cr(VI) and 2-4-dichlorophenol can reach 41.57 mg g�1 and 239.33 mg

g�1, respectively. AC Fe3O4–Mt is a high efficiency and environmentally functional material with green

environmental protection, which can be used in the field of sewage treatment.
1. Introduction

Recent accelerated industrialisation processes have led to
a substantial increase in chemical pollutant wastewater
discharge. For example, industrial wastewater always contains
a large number of pollutants, such as pigments, tanning, elec-
troplating, pesticides, and medicines. Hexavalent chromium
ions (Cr(VI)) and 2,4-dichlorophenol (2,4-DCP) are common
anionic pollutants from these types of industry.1,2 They are
highly destructive to the environment and toxic to humans.
Cr(VI) is the rst type of carcinogen3 which usually exists in
aqueous metal–oxygen anion forms, which are strong irritants
and carcinogenic if entering the human body. 2,4-DCP causes
irritation to human skin and eyes and may damage DNA and
induce mutation.4 Consequently, the United States Environmental
Protection Agency had imposed clear regulations on themaximum
permissible level of the two pollutants in drinking water. The
maximum levels of Cr(VI) and 2,4-DCP in drinking water were set at
0.1 mg L�1 5 and 0.03 mg L�1,6 respectively. Commonly used
methods to remove both pollutants include chemically,7 the Fen-
ton method,8,9 and an adsorption method.10,11 As it is operationally
simple and easily adaptable, the adsorption method is the most
commonly used removal method.
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In the traditional adsorption method, the separation process
involves membrane ltration and centrifugation, which both
increases cost and hinders the large-scale use of adsorption
materials.12 As a type of magnetic nanomaterial, Fe3O4 has
strong reducibility and recyclability, and can improve pollutant
removal efficiency. Montmorillonite (Mt) is a type of clay
mineral with a 2 : 1 layered structure. Its structural layer is
composed of upper and lower silicon–oxygen tetrahedral layers
and intermediate alumina octahedral layers.13 Due to isomor-
phous replacement (for example, the Al3+ of the octahedral layer
being replaced by Mg2+ or Fe2+, and the Si4+ of the tetrahedral
layer being replaced by Al3+ or Fe3+), the number and variety of
hydroxyl groups on the surface will increase. This drives
stronger interactions between Mt and other materials,14 and it
can therefore be used as a good carrier to improve the stability
of composites.15–17 In this study, when Mt is used as a carrier to
support Fe3O4, due to the large amount of hydroxyl groups on
theMt surface, the unidirectional crystallisation of Fe3O4 can be
inhibited to form multi-directional crystallisation, and thus
improve reactivity. For example, Iñigo Larraza et al.18 reported
that magnetite-polyethyleneimine-montmorillonite was used as
a magnetic adsorbent to adsorb hexavalent chromium in water.
The Mt was subsequently stripped off by the amine group, then
the polyethyleneimine-magnetite inserted into Mt layer struc-
ture by cation exchange strategy. Finally, the composite was
used to adsorb Cr(VI), due to its unique magnetism, demon-
strating excellent heavy metal removal capability.

Currently, the common method for inorganic or organic
pollutants in water, is to degrade them into non-toxic ions or
RSC Adv., 2021, 11, 33399–33407 | 33399
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adsorb them into material pores.19,20 In this study, based on the
characteristics of rich hydroxyl groups and high Mt surface
tension, nano-Fe3O4 was grown in situ, with Mt as the carrier, to
obtain Fe3O4–Mt composites. The number and concentration of
hydroxyl groups on the Mt surface were increased using acid
modication, and the surface tension of Mt was improved by
organic modication. Subsequently Fe3O4 was crystallised in
multiple directions on the Mt surface and the degree of
dispersion was simultaneously improved. AC Fe3O4–Mt was
produced, and the removal efficiency of Cr(VI) and 2,4-DCP was
improved. The prepared AC Fe3O4–Mt have potentially excellent
application prospects for the removal of heavy metals and
organic pollutants in water.

2. Materials and methods
2.1 Materials

Ca-based Mt was purchased from Inner Mongolia Ningcheng
Tianyu Bentonite Technology Co., Ltd. CTAB was obtained from
Tianjin Aopusheng Chemical Co., Ltd. Ferric sulfate (Fe2(-
SO4)3$nH2O, n¼ 6–9) was produced by National Pharmaceutical
Group Chemical Reagent Co., Ltd. Ferrous sulfate heptahydrate
(FeSO4$7H2O) was purchased from Tianjin Beichen Fangzheng
Reagent Factory, and sodium hydroxide (NaOH) was purchased
from Tianjin Aopusheng Chemical Co., Ltd. All the reagents
used are analytical grade and can be used without further
purication.

2.2 Preparation of AC Mt

The basic steps to prepare modied Mt are as follows: rstly, 5 g
Mt was put into 100 ml HCl solution of 0.5 mol L�1 and stirred
for 4 hours. Acid-modied polyhydroxy-Mt was then prepared
by centrifugally washing with distilled water three times. Next,
CTAB with 100%CEC Ca-based Mt exchange capacity, was
added to 100 ml distilled water, and acid-modied Mt was
added aer stirring uniformly. The cation exchange reaction
was complete aer stirring for 24 hours. Excess CTAB was
removed by centrifugal washing until Br ions in the solution can
no longer be detected using silver nitrate solution.

2.3 Preparation of AC Fe3O4–Mt

Next, an appropriate amounts of ferric and ferrous sulphates
were dissolved in distilled water, stirred until a clear, brownish-
red solution was obtained. Then enough modied Mt was
added to the solution to load 1 g Fe3O4, stirred evenly before
adding 0.1 mol L�1 NaOH buffer solution to pH 12–13. Aer
static ageing for 24 hours, centrifugally wash to neutral, and
freeze-dry. Finally, the AC Fe3O4–Mt was obtained.

2.4 Material characterization

X-ray diffraction analysis (XRD). The experimental samples
were scanned and analyzed randomly by powder loading in the
range of 4 �to 70 �under the Cu-Kx radiation generated by 40 mA
and 40 kV using Rigaku Ultima IV high-speed array detector.

Specic surface area and pore size analysis (BET). The
specic surface area and pore volume of the experimental samples
33400 | RSC Adv., 2021, 11, 33399–33407
before and aer modication were measured by Micromeritics
ASAP 2020 specic surface area and a pore size analyzer.

Fourier transform infrared spectroscopy (FT-IR). The FT-IR
test of the composites before and aer degradation was
carried out by using a Thermo Scientic Nicolet iS 5 FTIR
spectrophotometer in transmission mode.

Scanning electron microscope (SEM). The Hitachi SU-8020
cold eld emission scanning electron microscope combined
with the Japanese HORIBA EMAXevolution X-Max 80/EX-270
energy dispersive spectroscopy (EDS) in 10 kV accelerating
voltage was used to capture the microstructure image and
element content of the prepared composite material sample.

High performance liquid chromatography (HPLC). The liquid
phase composition of the solution was determined by Japanese Shi-
madzu LC15 high performance liquid chromatography in 282 nm.

UV-visible diffuse reectance spectroscopy (UV-Vis DRS).
The absorbance was measured at the maximum absorption
wavelength of Cr (372 nm) and 2,4-DCP (286 nm). Before
testing, calibrate the instrument with distilled water as a blank
control. The absorbance concentration standard curve is used
to convert the concentration of the sample solution.

2.5 Adsorption experiment

Initially to determine the effect of pollutant concentration on
composite adsorption properties, adsorption experiments were
carried out on Cr(VI) and 2,4-DCP, with different concentration
gradients, placed in conical bottles at 20 �C. The pH of the
solution was adjusted to 5–6. The NaOH and HCl 1 mol L�1

solutions were used to adjust the pH of the solution to between
2 and 14, to ascertain the effect of pH on the composite
adsorption properties. Under different time intervals, adsorp-
tion experiments were carried out, and an equilibrium
adsorption time was established. The removed amounts of
various initial concentration pollutants were measured at 20 �C,
40 �C, and 60 �C, and the thermodynamic parameters were
ascertained.

In the experiment, composite dosages of 2 g L�1 and 1 g L�1 were
used for Cr(VI) and 2,4-DCP respectively, and the pollutants in the
solution were ltered aer adsorption. The concentration of pollut-
ants in the solution was measured by an ultraviolet spectropho-
tometer absorbance test. The amount of pollutant adsorbate on the
composite material can be obtained using the following formula:

qe ¼ ðC0 � CeÞ � V

m

whereas C0 and Ce represent the initial concentration (mg L�1)
and equilibrium concentration in the solution at adsorption
equilibrium (mg L�1); V means that the solution volume (L); m
is the mass (g) of the composite added.

3. Results and discussion
3.1 Preparation and characterization of composites

The phase compositions of Mt and Fe3O4–Mt composites were
characterised using X-ray diffraction (Fig. 1). In the Fe3O4–Mt
composite, the layer spacing of Mt decreased from 1.48 nm to
1.28 nm, proving that part of Fe3O4 entered the interlayer of Mt.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 XRD patterns of Mt, Fe3O4–Mt, AC Fe3O4–Mt.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

2 
O

ct
ob

er
 2

02
1.

 D
ow

nl
oa

de
d 

on
 4

/4
/2

02
6 

3:
06

:2
7 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
The AC Fe3O4–Mt characteristic diffraction peak appeared at 2q
¼ 30.2�, 35.48�, 43.12�, 53.48�, 57.08�, 62.68�of successfully
crystallised and grown Fe3O4 on AC Mt.21 The interface of Mt
modied by HCl and CTAB also increased visibly, pushing more
Fe3O4 to load on the Mt surface which was benecial to the
pollutant adsorption process. This veried that AC Fe3O4–Mt
composites were successfully prepared.

The pore structure properties of Mt, Fe3O4–Mt, and AC
Fe3O4–Mt were analysed by BET specic surface area and BJH
pore volume analysis (Fig. 2). The related data were listed in
Fig. 2 Nitrogen adsorption–desorption isotherm of Mt, Fe3O4–Mt, AC F

© 2021 The Author(s). Published by the Royal Society of Chemistry
Table 1. The nitrogen desorption experiment produced a type IV
isotherm, and the type 2 of the H3 mesoporous hysteresis ring
corresponded with the characteristics of a clay mineral layered
structure. With the addition of Fe3O4, the specic surface area,
pore volume, and pore size of the Fe3O4–Mt increased to 83 m2

g�1, 0.21 cm3 g�1, and 13.70 nm, respectively. This was because
Fe3O4 was loaded on theMt surface and a small amount entered
the interlayer, resulting in more pores, thus increasing the
specic surface area and system pore volume.22 However, the
specic surface area of AC Fe3O4–Mt decreased because Fe3O4

entered the interlayer and Mt micropores due to CTAB action.23

According to the pore volume diagram, the micropore structure
decreased sharply below 2 nm. The mesoporous and macro-
pores increased greatly over 40 nm, leading to the decrease in
pore volume, the rapid decrease in specic surface area, and the
increase in average pore size.

The infrared spectra of Mt, Fe3O4–Mt, and AC Fe3O4–Mt are
shown in Fig. 3. 3423 cm�1 and 1637 cm�1 are Mt interlayer
adsorbed water and surface hydroxyl –OH bending vibrations,
respectively.14 There is Si–O tensile vibration at 1032 cm�1,11 Si–
O–Al bending vibration, and Si–O–Si bending vibration at
518 cm�1 and 463 cm�1,11 respectively. The Si–O tensile vibra-
tion, Si–O–Al bending vibration, and Si–O–Si bending vibration
of Fe3O4–Mt are weakened, and the Fe–O vibration peak at
568 cm�1 does not appear, indicating that there is an interac-
tion between Si–O and Fe–O. This facilitates the stable disper-
sion of Fe3O4 on the Mt surface. However, due to the
modication of CTAB, the AC Fe3O4–Mt exhibits –CH2

symmetrical tensile vibration at 2923 cm�1, –CH3 symmetrical
e3O4–Mt.

RSC Adv., 2021, 11, 33399–33407 | 33401

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra06318a


Fig. 3 FT-IR spectra of Mt, Fe3O4–Mt, AC Fe3O4–Mt.
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tensile vibration at 2851 cm�1 and –CH deformation vibration
at 1474 cm�1.24

The surface morphology and element composition of AC
Fe3O4–Mt were determined by SEM and EDS (Fig. 4). Overall, AC
Fe3O4–Mt had a layered structure, and nano-sized Fe3O4 was
uniformly dispersed on the Mt surface. The EDS test results
Fig. 4 SEM micrograph and EDS of AC Fe3O4–Mt.

Fig. 5 Effect of initial concentration of Cr(VI) (a) (20 �C, pH ¼ 6), 2,4-DC

33402 | RSC Adv., 2021, 11, 33399–33407
showed that the Fe element content was high, conrming the
high loading rate of Fe3O4 on Mt.
3.2 Pollutant removal effect of AC Fe3O4–Mt

The removal process of anionic pollutants by Mt and Fe3O4–Mt
composites was affected by solution concentration (Fig. 5a and
b). As shown, with an increase of the initial concentration of the
solution, the removed amount of Cr(VI) and 2,4-DCP by Mt,
Fe3O4–Mt, AC Fe3O4–Mt increased gradually. This was because
the concentration gradient force increased with the increase in
initial pollutant concentration, thus augmenting the pollutant
diffusion in the solution to the composite, and strengthening
its reaction performance.25 The maximum removable amounts
of Cr(VI) by Mt, Fe3O4–Mt, and AC Fe3O4–Mt were 0 mg g�1,
31.91 mg g�1, and 41.57 mg g�1, respectively, and themaximum
removable amounts of 2,4-DCP were 184.81 mg g�1, 158.84 mg
g�1, and 239.33 mg, respectively. Compared with Mt and Fe3O4–

Mt, AC Fe3O4–Mt showed stronger removal ability and good
stability. The removed amount of Cr(VI) by Mt was zero, in
contrast to the higher removal effect of Cr(VI) by Fe3O4–Mt. The
results showed that Fe3O4 in Fe3O4–Mt played an important
role. The two materials have contrasting effects on the removal
of 2,4-DCP with Mt having a much better removal effect.
Therefore, Fe3O4 in Fe3O4–Mt removed pollutants through
P(b) (20 �C, pH ¼ 6).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Degradation ability of different adsorbents to Cr(VI) and 2,4-DCP

Adsorbents Qm (mg g�1) pH Reference

Cr(VI)
CPC/Keggin-Al30 modied montmorillonite 42.44 2 26
Montmorillonite modied with CTAB and hydroxyaluminum 11.97 4 27
Red mud activated with CTAB 22.20 2 28
Fe–montmorillonite 13.48 4 29
Fe/Zr4:1 pillared montmorillonite 22.34 3 30
This study 41.57 6

2,4-Dichlorophenol
Ammonia-modied activated carbon 285.71 6 31
Biocomposites of polypyrrole, polyaniline and sodium alginate with cellulosic biomass 24.57 6 32
Cyclodextrin-ionic liquid polymer 29.58 6 33
Maize cob carbon 17.94 2 34
Pd/Fe–Fe3O4@MWCNTs nanohybrids 24.45 6.5 35
This study 239.33 6.5

Fig. 6 Plot of ln KC vs. 1/T for estimation of thermodynamic parameters for the adsorption of Cr(VI) (a), 2,4-DCP(b) onto AC Fe3O4–Mt. (a) (pH ¼
6), 2,4-DCP(b) (pH ¼ 6).
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redox, which was effective in removing inorganic pollutants, but
ineffective at degrading organic ones. Compared with other Mt
composites, the AC Fe3O4–Mt prepared in this study showed
better removal ability of Cr(VI) and 2,4-DCP (Table 2).

The thermodynamic parameters were obtained by using the
following equation:

KC ¼ CA

CS

DG ¼ �RT ln KC

ln KC ¼ DS

R
� DH

RT
Table 3 AC Fe3O4–Mt thermodynamic parameters

Thermodynamic parameters of AC Fe3O4–Mt

T/K

Cr(VI)

DH� (kJ mol�1) DS� (J kmol�1) DG� (kJ mol�1

293 3.2677 17.8216 �1.9592
313 3.2677 17.8216 �2.2985
333 3.2677 17.8216 �2.6736

© 2021 The Author(s). Published by the Royal Society of Chemistry
whereas KC is the equilibrium constant, DS, DH and DG are the
changes of entropy, enthalpy, and Gibbs energy, R is the gas
constant, CS (mg L�1) is the equilibrium concentration and CA

(mg g�1) is the amount of dye adsorbed per unit mass of the
adsorbent, and the values of DH� and DS� were calculated by
slope and intercept of plotting ln KC against 1/T (Fig. 6a and b).
The specic parameters were shown in Table 3. The standard
Gibbs free energy, DG, of Cr(VI) and 2,4-DCP was negative at all
test temperatures, indicating that adsorption was spontaneous.
The entropy change of the two materials increased slightly,
indicating that the structural properties of the composites had
2,4-DCP

) DH� (kJ mol�1) DS� (J kmol�1) DG� (kJ mol�1)

13.8279 50.4275 �0.9560
13.8279 50.4275 �1.9360
13.8279 50.4275 �2.9757

RSC Adv., 2021, 11, 33399–33407 | 33403
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Fig. 7 Effect of pH on AC Fe3O4–Mt adsorption of Cr(VI) (a) (20 �C, C0 ¼ 100 mg L�1), 2,4-DCP(b) (20 �C, C0 ¼ 500 mg L�1).

Fig. 8 Effect of contact time on AC Fe3O4–Mt adsorption of Cr(VI) (a) (20 �C, pH ¼ 6, C0 ¼ 100 mg L�1), 2,4-DCP (b) (20 �C, pH ¼ 6, C0 ¼
500 mg L�1).
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not signicantly changed before or aer adsorption. The
enthalpy change of adsorption of 2,4-DCP was greater than that
of Cr(VI). This was due to partial physical adsorption during the
degradation of 2,4-DCP,36 indicating it was highly dependent on
temperature. The degradation of Cr(VI) depended mainly on
a redox reaction, so the demand for heat was lower, and the
temperature effect was only slight.

Additionally, the effect of the solution pH value on the
pollutant removal efficiency of AC Fe3O4–Mt was established
(Fig. 7a and b). In this study, the effect of AC Fe3O4–Mt on the
removal of Cr(VI) and 2,4-DCP was greatly affected by pH value.
The optimum pH value for the removal of 2,4-DCP was 6, while
the maximum removed amount of Cr(VI) appeared when the
solution pH value was 4. When the pH value of the solution was
between 6 to 14, the adsorption capacity of AC Fe3O4–Mt to
these two pollutants decreases rapidly, and the removed
amount was 0 when pH >10. This may be due to the fact that
when the solution was alkaline, the large amount of OH� in the
solution competed with the anionic pollutants and occupied
a considerable number of adsorption sites, resulting in
a decrease in the pollutant adsorption capacity.37 Because of its
33404 | RSC Adv., 2021, 11, 33399–33407
weak acidity, lower pH value had little effect on the degradation
of 2,4-DCP, but in the degradation of Cr(VI), when the pH value
of the solution was 2–6, the main forms of Cr(VI) were HCrO4

�

Fig. 9 FT-IR spectra of AC Fe3O4–Mt after adsorption.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 Mechanism diagram of AC Fe3O4–Mt degradation on Cr(VI).
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and Cr2O7
2� ions. When the solution pH >6, there were mainly

CrO4
2� ions in the solution,38 the adsorption sites occupied by

the same amount of pollutants increase, and more OH� in the
solution would form competitive adsorption with CrO4

2�.
However, when the pH of the solution was less than 2, the
removal of Cr(VI) and 2,4-DCP by AC Fe3O4–Mt decreased, due to
the strongly acidic environment, which destroyed the structure
of AC Fe3O4–Mt composites then oxidised Fe3O4.

Fig. 8 showed that the adsorption capacity of AC Fe3O4–Mt to
Cr(VI) and 2,4-DCP increased with longer reaction times, and the
removal equilibrium was reached at 25 min and 6 min,
respectively. The reaction rate was evidently fast. The adsorp-
tion of Cr(VI) showed three different adsorption rate trends. In
the pre-1 min, there were a large number of reaction sites on AC
Fe3O4–Mt, and Cr(VI) contacted and reacted with Fe3O4 in AC
Fe3O4–Mt rapidly. Removal also increased rapidly, before the
reaction rate slowed down somewhere between 1–10 min. Aer
10 min, the reaction site was almost saturated, due to the large
surface tension of Mt modied by CTAB, physical adsorption
was carried out. AC Fe3O4–Mt had a faster removal rate of 2,4-
DCP, accounting for 81% of the total removal within 30
seconds. Equilibrium was reached at 6 min.
Fig. 11 High performance liquid Chromatography of 2,4-DCP before an

© 2021 The Author(s). Published by the Royal Society of Chemistry
3.3 Analysis of removal mechanism

According to the infrared spectrum of Cr(VI) degraded by AC
Fe3O4–Mt (Fig. 9), there was no Cr–O vibration peak aer the
degradation of Cr(VI). This proved that the mechanism of Cr(VI)
degradation by AC Fe3O4–Mt was not simple adsorption, but
that the modied Fe3O4–Mt initially reacted with Cr(VI) in
solution, and then Cr(VI) ions were adsorbed on the Mt surface.
The degradation of Cr(VI) mainly depends on the ability of Fe2+

to reduce Cr2O7
2�, and the following reactions took place;

Cr2O
2�
7 + 14H+ + 6Fe2+ / 2Cr3+ + 6Fe3+ + 7H2O

The specic reaction mechanism was shown in Fig. 10.
In the process of exploring the mechanism of AC Fe3O4–Mt's

removal of 2,4-DCP, the 2,4-DCP solution before and aer
removal was determined at 282 nm by high performance liquid
chromatography (Fig. 11), to determine whether phenol, 2-CP,
and 4-CP were present in the solution aer the reaction.
Compared with the same concentration of 2,4-DCP solution,
there were no phenol, 2-CP, or 4-CP chromatographic peaks
before 5 min. Combined with Fig. 9, the characteristic C–O and
C–Cl peaks appeared in the removed AC Fe3O4–Mt, and there
d after adsorption.
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Fig. 12 Mechanism diagram of AC Fe3O4–Mt adsorption on 2,4-DCP.

Table 1 Nitrogen adsorption data of Mt, Fe3O4–Mt, AC Fe3O4–Mt

Samples
Surface area
(m2 g�1)

Pore volume
(cm3 g�1)

Pore size
(nm)

Mt 65 0.11 12.06
Fe3O4–Mt 83 0.21 13.70
AC Fe3O4–Mt 37 0.20 22.05
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was no –OH peak, suggesting that there was no de-chlorination
reaction, but a dehydration reaction on the hydroxyl group
occurred in the 2,4-DCP. According to Liu et al.,39 the strong
bond strength of C–Cl was not easily broken. To achieve a de-
chlorination reaction, it would be necessary to reduce the pH
or use a catalyst.

In summary, the degradation ability of AC Fe3O4–Mt on 2,4-
DCP is very weak, with the main adsorption occurring during
removal. A dehydration reaction occurs between the 2,4-DCP
hydroxyl group and the hydroxyl group on the surface of Mt.
Subsequently the original Mt hydroxyl site is replaced and
adsorption occurs on the Mt surface or interlayer. Furthermore,
the combination of 2,4-DCP and Mt loaded CTAB, adsorbs to
the Mt surface or interlayer. The specic reaction mechanism is
shown in Fig. 12.
4. Conclusions

In this study, a new type of Fe3O4–Mt composite material for
efficient removal of anionic pollutants was formed. The Mt was
modied by HCl and CTAB to increase the number of hydroxyl
groups on the Mt surface thus increasing surface tension. This
was benecial in the multi-directional crystallisation of Fe3O4

on the surface of Mt and in avoiding agglomeration. Fe3O4 was
uniformly dispersed on the Mt surface with good crystallinity
and high purity, and demonstrated a strong heavy metal and
organic pollutant removal performance. The maximum
removed amount of Cr(VI) by AC Fe3O4–Mt was 41.57 mg g�1,
and the maximum removed amount of 2,4-DCP was 239.33 mg
g�1, which was both large and reproducible. Additionally, the
reaction rate was rapid, and removal equilibrium was reached
33406 | RSC Adv., 2021, 11, 33399–33407
in 25 min and 6 min, respectively. In addition, the removal
effect was also affected by the ambient temperature and pH
value of the solution. A higher temperature, and acidic condi-
tions facilitate degradation reactions. AC Fe3O4–Mt is a type of
environmentally functional material with excellent application
potential due to its stable structure and effective heavy metals
and organic pollutant removal from water.
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