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Abstract
Use simple magnesium salt as raw material, the magnesium oxide precursor powder was synthesized,
and then the spheroidal magnesium oxide (SMO) was synthesized by controlled temperature calcination.
Then lanthanum-modi�ed spheroidal magnesium oxide (LSMO) was prepared by impregnation. The SMO
and LSMO were characterized by X-ray diffraction (XRD), �eld emission scanning electron microscopy
(SEM), N2 adsorption-desorption, infrared spectroscopy (FT-IR) and X-ray photoelectron spectroscopy
(XPS). For the initial �uorine concentration of 10mg/L �uoride solution, the maximum �uoride removal
e�ciency of 15% impregnation ratio lanthanum modi�ed spheroidal magnesium oxide (15LSMO) is
93.1%, which is higher than 82.7% of SMO, far lower than the international standard 1.5mg/L. In addition,
in the pH range of 2-11, and in the presence of interfering ions, the effect of 15LSMO also meets the
international standards for �uoride removal. For the enhancement of �uoride removal effect of
de�uoridation agent, lanthanum modi�ed material de�uoridation mechanism changes have profound
insights.

1. Introduction
In the past decades, due to the excessive use of earth resources by human beings, �uoride ions in�ltrated
into groundwater caused by mineral exploitation, or �uoride wastewater produced by industrial
production have posed great threats to nature and human beings themselves (Nur et al. 2014). Excessive
�uoride uptake by plants will lead to impaired photosynthesis and excessive �uoride intake by humans
will lead to skeletal �uorosis. Therefore, �uoride pollution is generally considered to be a serious
environmental health hazard in the world. The WHO has set �uoride concentrations in drinking water at
less than 1.5mg/L (Ayoob and Gupta 2006), while China has set �uoride concentrations at less than
1mg/L. Subsequently, scientists carry out a large number of experimental studies on �uorine removal,
and developed various methods to effectively treat various �uorine-containing wastewater, such as
chemical precipitation (Turner et al. 2005), adsorption (Maliyekkal et al. 2006), ion exchange (Sairam
Sundaram and Meenakshi 2009). Among them, adsorption method is the focus of �uorine removal
research because of the advantages of simple operation and low cost.

The adsorption method includes carbon-based materials, natural minerals, metal materials, polymers and
resins, biological materials, etc (He et al. 2020). Metal materials stand out because of their easy synthesis
and high e�ciency in �uorine removal, and magnesium oxide as a metal material compared with
traditional activated alumina with high selectivity and high e�ciency in �uorine removal, as well as
reduce the harm of over�ow of metal ions on the human body and become a new green adsorption
material. At the nanoscale, magnesium oxide has highly concentrated structural defects, so magnesium
oxide has the advantages of high porosity, large speci�c surface area, and a large number of hydroxyl
sites (Maliyekkal et al. 2010).Of course, the excellent adsorption performance of magnesium oxide
adsorbent has been widely concerned by scientists. Li et al. successfully prepared porous hollow
magnesium oxide microspheres with a speci�c surface area of 130m2•g− 1 and adsorption capacity of
more than 120mg•g− 1 by using magnesium chloride as magnesium source (Li et al. 2014). In addition,
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Xavy Borgohain et al. synthesized different nano-magnesium oxide structures through different
magnesium sources and different synthesis methods (Borgohain et al. 2020). Zhang et al. successfully
prepared hollow spheres of magnesium oxide using magnesium sulfate heptahydrate, with an adsorption
capacity greater than 182.4 mg•g− 1 (Zhang et al. 2021). Kuang et al. used magnesium acetate and spray
drying to successfully prepare spherical magnesium oxide nanostructures, and they have excellent
adsorption properties for Pb( ) and Cd( ) (Kuang et al. 2019). The above work is su�cient to prove the
excellent adsorption performance of magnesium oxide and the simple preparation process, due to the
size limitation, subsequent work will be affected, so a larger size magnesium oxide adsorbent is required.
In this research, we successfully synthesized a spheroidal magnesium oxide with excellent �uorine
removal performance, stable physical and chemical structure and a diameter of 20–30µm.

Based on the preparation of spheroidal magnesium oxide, in order to further optimize its �uorine removal
performance and meet the requirements of deep �uorine removal in speci�c situations, lanthanum
modi�cation on the surface of magnesium oxide has become our new goal. As a rare earth element,
lanthanum has strong selectivity to �uoride ions due to its hard acidity and the hard alkalinity of �uoride
(Zhang et al. 2016). In recent years, the optimization of lanthanum's �uoride removal performance has
been re�ected in some researches. He et al. successfully modi�ed mesoporous alumina with lanthanum.
Compared with Mesoporous alumina (MA), La/MA signi�cantly improved the �uorine removal
performance, and the adsorption capacity was about 26.45mg•g− 1 (He et al. 2019). Shi et al. successfully
prepared lanthanum modi�ed activated alumina (LAA). Compared with AA, LAA has an adsorption
capacity of 16.9mg•g− 1 (Shi et al. 2013). However, there is no report about the removal of �uoride by
lanthanum-modi�ed magnesium oxide. The current research requires us to deepen the understanding of
the design, synthesis and mechanism of �uorine adsorbents.

Based on the above research, we synthesized spheroidal magnesium oxide SMO and lanthanum-
modi�ed spheroidal magnesium oxide (LSMO). Comparing the adsorption behavior of SMO and LSMO
on �uoride ions in water, the effects of time, initial �uoride ion concentration, pH, and interfering ions on
the ability of �uoride removal were studied, and the adsorption mechanism was understood through
adsorption kinetics and adsorption isotherms. The �uorine removal experiment found that 15LSMO
(LSMO with 15% immersion ratio) had the best �uoride removal effect, so the subsequent analysis and
experiment mainly used SMO and 15LSMO for comparison. Then, SMO and 15LSMO were characterized
by XRD, FT-IR, BET, XPS, SEM and other characterization methods, and the mechanism of �uorine
removal was discussed. These works have enriched and perfected the different interpretations of the
�uorine removal performance and the �uorine removal mechanism of spheroidal magnesium oxide
before and after lanthanum modi�cation, consequently it is conducive to future research.

2. Experimental Part
2.1. Materials
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All the chemicals used in this study were analytical grades, including NaF, MgSO4·7H2O, urea,
La(NO3)3·6H2O, HCl, NaOH, KNO3, Na2SO4, Na2CO3, KH2PO4, NaCl, NaHCO3, all purchased from
Sinopharm Chemical Reagents Co, LTD.

2.2. Synthesis

The synthesis steps of spheroidal magnesium oxide include,10g MgSO4·7H2O, 3g urea and 40ml water
were mixed and stirred for 30min, then placed in a reaction kettle, and reacted in an oven at 100℃ for
12h. The white precipitate was centrifuged and cleaned, and then dried at 80℃. Then the white
precipitate was calcined for 8h at a heating rate of 1℃/min to obtain the spheroidal magnesium oxide
adsorbent (SMO).

The synthesis steps of lanthanum-modi�ed spheroidal magnesium oxide include,1gSMO, La(NO3)3·6H2O
and 10mL water were mixed and stirred for 12h, the precipitation was centrifuged and cleaned, then dried
in the oven, and then annealed at 400℃ for 4h, lanthanum-modi�ed spheroidal magnesium oxide
(LSMO) was obtained. LSMO with different doping amounts was obtained through different
impregnation ratios (mass ratios of lanthanum nitrate and spheroidal magnesium oxide were 5%, 10%,
15%, 20%).

2.3. Characterization

The morphology and EDAS of SMO and LSMO were analyzed by scanning electron microscope (FEI,
Inspect F50). SMO and LSMO were characterized by X-ray diffraction analyzer (XRD, Ultima IV). Fourier
transform infrared spectrometer (FT-IR, Nicolet 5700) was used to characterize the adsorption
mechanism of the materials before and after adsorption. The speci�c surface area and pore size of the
materials were analyzed by automatic speci�c surface and porosity analyzer (BET, Micromeritics 2020).
X-ray photoelectron spectroscopy (XPS, Thermo Kalpha) was used to analyze the surface chemical
properties of the materials before and after adsorption.

2.4. Adsorption Experiments

Add 1000mL deionized water with 2.210 g NaF and con�gure it into 1000mg/L �uoride ion stock solution
and store it in refrigerator. The raw �uoride ion solution was diluted to �uoride ion solution of different
concentrations, 1g/L adsorption material was added to 10mg/L �uoride ion solution and placed in a
centrifugal tube, and stirred in an isothermal (25℃) shaker at 200rpm for 180min. After standing for 1h,
the supernatant was taken and the �uoride ion concentration was measured using F ion selective
electrode (PF-202). The pH of �uoride ion solution was adjusted with 0.1mol/L HCl and NaOH solution,
and then the above �uoride removal experiment was repeated to understand the in�uence of pH on the
material �uoride removal. Use KNO3, Na2SO4, Na2CO3, KH2PO4, NaCl, NaHCO3, con�guration is 100 mg/L
to interference ions concentration of �uorine ion solution, in order to understand interference ions on the
material in addition to the in�uence of �uorine. The remaining waste liquid was collected and �ltered out
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of the adsorbent, and dried for 12h at 100℃ for further experiments. The total adsorption quantity Qe
(mg/g) of �uoride ion is calculated by formula (1):

Qe =
(C0 − Ce)V

m

1
Fluoride removal rate (%) is calculated by Formula (2):

RF =
C0 − Ce

C0
× 100%

2
C0,Cerespectively represent the initial concentration and equilibrium concentration of F− in solution
(mg/L), V and M respectively represent the volume of solution (mL) and the mass of adsorbent (g).

In order to conduct adsorption isotherm studies, multiple initial F− concentrations in the range of 1mg/L
to 200mg/L of F− mother liquor were used for adsorption equilibrium experiments. Other parameters were
set as follows: 50mL �uoride ion solution was added with 50mg adsorbent, adsorption time was 180min,
initial pH range was 7, temperature range was 25℃, stirring speed was 200rpm.

2.5. Isotherm models

In this research, two nonlinear isotherm equations (Langmuir, Freundlich) were tested and the adsorption
mechanism was reasonably predicted (Yin et al. 2018, Tan et al. 2008).

Langmuir equation is shown in Formula (3):

qe =
qmKLCe
1 + KLCe

3
qe(mg/g) is the adsorption capacity, qm(mg/g) is the saturated adsorption capacity, Ceis the equilibrium

concentration of F−, KL(L/mg) is the Langmuir adsorption constant.

Freundlich equation is shown in Formula (4):

qe = KFCe
1
n

4
KF(mg·g− 1) ·(mg·L− 1)−1/n is the binding energy constant, 1/n in Freundlich model is the heterogeneity
factor (Cadaval et al. 2015).
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2.6. Kinetic models

In this research, two nonlinear dynamics models (pseudo-�rst-order and pseudo-second-order) were
tested using these nonlinear dynamics equations to analyze the adsorption rate and predict the
determining steps of the adsorption rate ((1907) (Ho 2000)

The pseudo-�rst-order dynamics equation is shown in Formula (5):

qt = qe
( 1−e −K1t )

5
The pseudo-second-order kinetic equation is shown in Formula (6):

qt =
K2qe

2t
1 + K2qet

6
qe and qt are the adsorption capacity of F− at equilibrium and at time t (min), respectively.K1(min− 1) is

the pseudo-�rst-order adsorption rate constant, and K2(g·mg− 1·min− 1) is the pseudo-second-order
adsorption rate constant.

3. Results And Discussion
3.1. Characterization

3.1.1. XRD analysis

In order to analyze the structural differences between SMO and LSMO, the samples were characterized by
XRD. It can be seen from Fig. 1 that SMO has obvious diffraction peaks at 2θ = 38.1, 42.6, 62.1, 74.2 and
78.3°. According to the literature and the standard card (PDF #45–0946), the above diffraction peaks
belong to the (111), (200), (220), (311) and (222) lattice planes of magnesium oxide, respectively, So the
formation of magnesium oxide was con�rmed (Sutradhar et al. 2011). However, in the XRD spectrum of
15LSMO, the diffraction peaks of 2θ = 38.1 and 74.2°. are not obvious, which belong to (111) and (311)
crystal planes respectively This can be explained by the successful loading of lanthanum on the surface
of magnesium oxide. The three main diffraction peaks of 15LSMO are well matched with SMO, and no
new diffraction peaks are generated, indicating that the lanthanum oxide formed by impregnation and
calcination of lanthanum nitrate is uniformly distributed on the surface of SMO.

3.1.2 Microscopic study

In order to observe the morphology of the formed SMO and LSMO, the product was characterized by
SEM. According to Fig. 2(a), we found that the magnesia precursor powder was calcined to form a
spheroidal oxide packaged by �ake magnesia. Figure 2(b) is the scan image of 15LSMO. After loading,
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there is no change in the size of the morphology. And the Fig. 2(c) and Fig. 2(d) after scanning by EDS
prove that lanthanum was successfully loaded on the surface of SMO. And Fig. 2(d) is the scanning
distribution diagram of 15LSMO lanthanum, which can prove that lanthanum is evenly distributed on the
surface of SMO.

In order to further study the morphological characteristics of SMO, the SMO was characterized by TEM,
and the characterization results are shown in Fig. 3. Figure 3(a) is a TEM image of scattered �ake
magnesium oxide from the assembled spherical magnesium oxide, it can be found that there are many
void sites on the surface of the �aky magnesia, which are caused by the over�ow of carbon dioxide and
water during the calcination process. Of course, this void site provides void sites for the adsorption of
�uorine and the loading of lanthanum. The inset in Fig. 3(a) is the SAED image corresponding to �aky
magnesium oxide, showing that the �aky magnesium oxide has a polycrystalline and crystal structure,
the crystal plane corresponds to the XRD pattern. Figure 3(b) is the edge TEM image of SMO. It can be
seen that the morphology of the �ake-shaped magnesium oxide matches the SEM image of Fig. 2(a).

3.1.3 BET analysis

The microstructure of SMO and 15LSMO is further analyzed by BET characterization. Figure 4 shows the
N2 adsorption and desorption isotherms of SMO and 15LSMO, and the corresponding pore size
distribution curves. According to the classi�cation of the article, the isotherm of SMO belongs to type IV,
H3 type hysteresis loop, the isotherm of LSMO also belongs to type IV, H3 type hysteresis loop (Sing
1985). The hysteresis ring of type IV isotherm is its remarkable feature, which represents the
condensation of the mesoporous capillary, which is a typical mesoporous adsorbent; the H3 type
hysteresis ring represents the abundant �ssure-type pores in it. After comparing the isotherms of a and c
in Fig. 4, it is found that they belong to the same type, because most of the pores are composed of SMO,
while the comparison of b and d shows that the pore peak is at the same 4nm, while d contains more
pores at 17nm. The peak is formed due to the shrinkage of the gaps between the �ake magnesium oxide
due to the loading of lanthanum, which is consistent with the SEM observation. The detailed BET data is
shown in Table 1. The speci�c surface area and pore diameter of 15LSMO have been improved
compared to SMO, which also provides a basis for the subsequent enhancement of �uorine removal
capacity.

3.1.4 FTIR analysis

In order to explain the �uorine removal mechanism of the materials, the two materials were characterized
by infrared before and after the �uorine removal. The results are shown in Fig. 5. Figure 5a is the infrared
spectrum of SMO before and after �uorine adsorption. The peaks at 3430cm− 1 and 1640cm− 1 before
adsorption belong to the stretching vibration of the OH band and the bending vibration of the H-OH band
formed by the adsorbed water in the air (Zhang et al. 2015). The strong peak near 3699cm− 1 after
�uorine adsorption is attributed to the A2u(OH) lattice vibration caused by the formation of Mg(OH)2 (Niu

et al. 2006). Moreover, after adsorption, the peak intensity at 3430 cm− 1 is greatly reduced, which proves
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that the substitution of OH is part of the mechanism of �uoride ion adsorption. The peaks at 1470cm− 1,
1129cm− 1 and 868cm− 1 before adsorption belong to the antisymmetric stretching vibration peak, the
symmetric stretching vibration peak and the out-of-plane bending vibration absorption peak of CO3

2−,

respectively (Xu and Zeng 2003). After �uorine adsorption, the disappearance of the 1129cm− 1 peak
indicates that carbonate also plays a role in replacing �uoride ions. The range of 400cm− 1-800cm− 1

basically belongs to the infrared characteristics of the metal bond. The peaks at 640cm− 1 and 438cm− 1

before adsorption are the signi�cant infrared characteristics of MgO. The peak at 575cm− 1 after
adsorption belongs to the tensile vibration of Mg-F (Jin et al. 2015). It is proved that the �uorine removal
mechanism of magnesium oxide is the result of the combined action of hydroxyl, carbonate and metal
bond adsorption.

Figure 5.b shows the infrared spectra of 15LSMO before and after �uorine adsorption. We can �nd that
the continuous double peak at 1463cm− 1 is the typical infrared characteristic of lanthanum carbonate
(Sun et al. 2020). Compared with the one before the adsorption in Fig. 5.a,the extra peak, t 1069cm− 1

before the adsorption in Fig. 5.b is the infrared characteristic of lanthanum carbonate, The split with the
peak near 1100cm− 1 and 1463cm− 1 indicates the presence of non-equivalent carbonate ions, which
veri�es the successful loading of lanthanum on the other hand, and the peak near 1100cm-1 disappears
after adsorption, which is similar to the carbonate ion in Fig. 5.a. The peak at 3697 cm− 1 after adsorption
is attributed to the A2u(OH) lattice vibration caused by the formation of Mg(OH)2 and La(OH)3. Before

adsorption, 418cm− 1 is the infrared characteristic of MgO, while the peaks near 609cm− 1 belong to the
infrared characteristics of MgO and La2O3 (Chowdhury et al. 2016, Khalil et al. 2021), while the peak at

455cm− 1 after adsorption is the infrared characteristic of MgO covered with F, and the peak at 566cm− 1

is the formation of the bond between metal and F (Mg-F and La-F). In summary, it can be found that the
�uorine removal mechanism of SMO and 15LSMO is basically similar.

3.1.5 XPS analysis

In order to further study the �uorine removal mechanism of the material, XPS characterization was
performed on the material before and after �uorine adsorption. Figure 6 and Fig. 7 are the relevant XPS
spectra of SMO and 15LSMO, respectively. From Fig. 5.a and Fig. 6.a, we can �nd that a new peak of
684.9eV belonging to F1s appears after adsorption, which clearly proves the effective adsorption of
�uorine by the material (Sugama et al. 1998). Figure 6.b and Fig. 7.b are the C1s spectra before and after
the adsorption of SMO and 15LSMO, the peak values are 284.8 eV (after calibration) and 289.6 eV, 284.8
eV and 289.6 eV are organic carbon and carbonate, respectively peak (Jia et al. 2013). Carbonate is the
thermal decomposition of urea in the raw material and the supply of air atmosphere. After adsorption, the
peak of carbonate is reduced to a certain extent, which means that carbonate is consumed in �uorine
adsorption. Figure 6.c and Fig. 7.c are the O1s spectra before and after the adsorption of SMO and
15LSMO, with a total of 529.7 eV, 531.5 eV, 532.3 eV and 533.5 eV peaks. 529.7 eV belongs to the lattice
oxygen atom combined with metal (Wuttke et al. 2008). The peaks at 531.5 and 533.5 eV belong to the
metal hydroxide and the hydroxyl group of adsorbed water, respectively (Benedetti et al. 2011, Newberg et



Page 9/17

al. 2011). The peak at 532.3 eV is due to the presence of oxygen in carbonate (Descostes et al. 2000,
Wang et al. 2017). In Fig. 6.c and Fig. 7.c, we can �nd that the metal-bound lattice oxygen atoms are
transformed into metal hydroxides and hydroxyl groups of adsorbed water after adsorption, which is
consistent with the results of the FT-IR spectrum. The peak of the oxygen atom in the carbonate is also
reduced, which is consistent with the C1s spectrum. In Fig. 7.c, the hydroxyl groups that have adsorbed
water before adsorption may be caused by the lanthanum impregnation process. Figure 6.d and Fig. 7.d
are the F1s spectra of SMO and 15LSMO after adsorption, of which 684.8, 686.5 and 689.4eV belong to
metal complex MF, metal hydroxide �uoride M-FOH and metal �uoride cover, respectively (Wang et al.
2017, Li et al. 2016). Figure 6.e and Fig. 7.e are the Mg2p spectra before and after the adsorption of SMO
and 15LSMO. Both have peaks near 49.1eV and 50.4eV before adsorption, of which 49.1eV is the Mg-OH
peak, and near 50.3eV is Mg-O Peak (Wuttke et al. 2008, Li et al. 2014). After adsorption, the position of
the peak shifts to the left, and the binding energy increases. This is due to the adsorption of �uorine, and
the Mg-OH peak increases signi�cantly, while the Mg-O peak decreases, which proves that the formed Mg-
FOH is the main adsorption mechanism, and Mg-F is auxiliary adsorption mechanism. Figure 7.f shows
La3d spectrum before and after 15LSMO adsorption. The main peaks of La3d5/2 and La3d3/2 before
adsorption are located at 835.7eV and 852.5eV, respectively, and the corresponding satellite peaks are
located at 839.0eV and 855.8eV, respectively. These peaks con�rm the presence of La2O3. After
adsorption, the binding energy of La3d5/2 and La3d3/2 becomes higher, which represents the formation
of new lanthanum compounds (Wu et al. 2017).

3.2. Effect of La impregnation ratio

Fig.S1 shows the effect of different lanthanum impregnation ratios on the removal of �uoride from the
material. In the range of impregnation ratio from 10–20%, the �uorine removal balance tends to be
balanced, and the �uorine removal rate reaches more than 90%. Among them, the material with 15%
impregnation ratio (15LSMO) has the largest �uorine removal rate, which is 93.1%. Therefore, 15LSMO is
used as the analysis model in the experiment. The corresponding SEM images are shown in Fig.S2.

3.3 Kinetic and thermodynamic study

The Langmuir adsorption isotherm is assumed to be a homogeneous adsorption process, while the
Freundlich adsorption isotherm is suitable for the equation of a heterogeneous system. As shown in
Fig. 8, two models are used to �t the adsorption process of SMO and 15LSMO. The relevant parameters
are shown in Table 2. The experimental results of the two materials are closer to the Langmuir adsorption
isotherm, indicating that the adsorption on the surface of the adsorbent is homogeneous adsorption.
However, theoretically, the maximum adsorption capacity of SMO is greater than 15LSMO, indicating that
lanthanum-supported materials are more advantageous for low-concentration �uorine removal.

In order to further study the changes of the adsorption capacity of the two materials with time, the
pseudo-�rst-order kinetic equation and the pseudo-second-order kinetic equation were used for kinetic
simulation. The experimental diagram of the �tted adsorption kinetics is shown in Fig. 9. Table 3 is the
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relevant data of the �tting results of the kinetic model. The correlation coe�cient of the pseudo-second-
order model of the two materials is higher, and the adsorption capacity value calculated by the pseudo-
second-order kinetic model is closer to the actual value, which means that the �uorine removal
mechanism on the surface of the material is mainly chemical adsorption.

3.4 Effect of pH and interfering anions

To investigate the effect of pH on the adsorption performance of the material, set the pH value from 2 to
12, a constant adsorbent dosage of 1g/L, an initial �uorine concentration of 10mg/L, and a contact time
of 180min. The results are shown in Fig. 10. The results show that under acidic conditions, the material
exhibits extremely high stability. Under alkaline conditions, even if the presence of OH- competes with F−

for OH− active sites, However, the material has a signi�cant effect on �uorine removal, when pH is 12. The
�uorine removal performance does not change much in the pH range of 2–11. According to the
comparison of the results of SMO and 15LSMO, it is speculated that the acid and alkali resistance of the
material is derived from the presence of magnesium oxide.

To investigate the in�uence of interference ions on the adsorption performance of the material, set a
constant adsorbent dosage of 1g/L, initial �uorine concentration of 10mg/L, interference ion
concentration of 100mg/L, and contact time of 180min. The results are shown in Fig. 11. The results
show that the interference ion has little effect on the �uorine removal e�ciency of the material (< 4%).

4. Conclusion
In this paper, magnesia precursor powder is calcined to generate SMO, and then LSMO is prepared by
impregnation method. According to the �uorine removal experiment research, it is found that 15LSMO
has better �uorine removal e�ciency, and then a series of characterization analysis comparisons are
carried out through SMO and 15LSMO. BET results show that 15LSMO has a larger speci�c surface area
and average pore size than SMO. SEM results show that lanthanum is successfully supported on the
surface of the material. FT-IR and XPS spectroscopy results show that the �uorine removal mechanism of
SMO and 15LSMO is OH- substitution, metal chemical adsorption (M-F), electrostatic attraction and
carbonate substitution. The kinetic �tting results show that the adsorption rates of SMO and 15LSMO are
closer to chemical adsorption, and the adsorption isotherm �tting results show that the adsorption
process of SMO and 15LSMO is closer to the homogeneous adsorption process. After pH �uctuation and
interfering ion in�uence experiment, for the initial �uorine concentration of 10mg/L, the highest �uorine
removal e�ciency of SMO can reach 82.7%, and the lowest is 77.3%. The �uorine removal e�ciency of
15LSMO can meet the �uorine removal e�ciency of more than 90% when the pH is less than 11, and it
can meet the international standard of 1mg/L. In summary, 15LSMO has improved �uorine removal
capacity and e�ciency compared with SMO, so 15LSMO is a potential candidate material for adsorbent.
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Tables
Table1 BET data of the prepared samples. 

Sample Speci�c surface area
(m2·g− 1)

Pore diameter
(nm)

Pore volume
(cm3·g− 1)

SMO 216.76 4.04 0.23

15LSMO 232.41 17.05 0.66

Table 2 Langmuir and Freundlich adsorption isotherm parameters for �uoride on SMO and 15LSMO.

 Langmuir model Freundlich model

Equations
 

    

Parameter qm (mg/g) KL (L/mg) R2 KF (mg/g) n R2

SMO 171.368 0.0666 0.977 18.581 2.012 0.901

15LSMO 168.689 0.0939 0.977 22.836 2.128 0.917

Table 3 Kinetic parameters for �uoride adsorption on SMO and 15LSMO.
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Pseudo-�rst-order kinetic model Pseudo-second-order kinetic model

Equations

Parameter K1
(1/min)

qe (mg/g) R2 K2
(g/(mg·min))

qe (mg/g) R2

SMO 0.215 7.71 0.941 0.029 8.28 0.998

15LSMO 0.51 8.93 0.975 0.107 9.21 0.999

Figures

Figure 1

The XRD patterns of SMO and 15LSMO (LSMO at 15% lanthanum mass impregnation ratio).
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Figure 2

(a, b) The SEM images for SMO and 15LSMO; (c, d) The EDS spectrum and Scanning image of
lanthanum distribution for 15LSMO.

Figure 3

(a) The TEM image of scattered sheets of magnesium oxide and inside in (a) shows the corresponding
SAED pattern;(b) The TEM image of edge of spheroidal magnesium oxide.

Figure 4

(a, b) N2 adsorption-desorption isotherm and the corresponding pore size distribution of the SMO; (c, d)
N2 adsorption-desorption isotherm and the corresponding pore size distribution of the 15LSMO.

Figure 5

The FTIR spectra of SMO(a) and 15LSMO(b) before and after �uoride removal.

Figure 6

(a) XPS survey spectra of SMO before and after �uoride removal. (b-e) C1s O1s F1s and Mg2p spectra of
SMO before and after �uoride adsorption.
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Figure 7

(a) XPS survey spectra of 15LSMO before and after �uoride removal. (b-f) C1s O1s F1s Mg2p and La3d
spectra of 15LSMO before and after �uoride adsorption

Figure 8

The plots of Langmuir, Freundlich isotherm model for F- adsorption over (a)SMO, (b)15LSMO under
different concentration of F— (C0=1-200mg/L, pH=7.0,  dosage 1g/L).

Figure 9

The plots of pseudo-�rst-order, pseudo-second-order kinetic model for F- adsorption over (a)SMO,
(b)15LSMO (C0 = 10mg/L, pH = 7.0, dosage = 1g/L).

Figure 10

Effect of initial pH on �uoride adsorption capacity of SMO and 15LSMO (dosage=1g/L, C0=10mg/L,
contact time=180min).

Figure 11

Effect of co-existing anions on �uoride adsorption capacity of SMO and 15LSMO (dosage=1g/L,
C0=10mg/L, contact time = 180min, co-existing anions concentration = 100mg/L).
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