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Abstract−We synthesized pillar and microsphere-like MgO particles and their fluoride removal performance. Sam-
ples of MgO were synthesized by calcination of precursors derived from MgCO3·3H2O and characterized using field
emission scanning electron microscopy, X-ray diffraction, and N2 adsorption-desorption isotherms. The fluoride
removal performance of the MgO samples was investigated in terms of adsorption kinetics and adsorption equilib-
rium. The effects of pH and the presence of other anions on the fluoride adsorption were also considered. The adsorp-
tion capacities of pillar and microsphere-like MgO particles were 151.51 and 166.66 mg/g, respectively. The pH of the
aqueous solutions did not significantly affect the fluoride adsorption at pH 9 or lower. Except for phosphate, the effect
of co-existing anions on fluoride adsorption was not considerable. Fluoride removal occurred through the substitution
of hydroxyl groups on the surface of MgO with fluorides.
Keywords: Magnesium Oxide, Synthesis, Fluoride Removal, Adsorbent, Particle Morphology

INTRODUCTION

The types of mineral ions and their concentration in ground-
water are important factors that determine the water quality. Fluo-
ride ions, especially, in groundwater have attracted considerable
attention because they are closely related to human health. Exces-
sive fluoride intake causes serious dental and skeletal fluorosis and
also damages the DNA structure [1-3]. According to the World
Health Organization (WHO) guidelines, the concentration of flu-
oride in drinking water must be less than 1.5 mg/L [4]. Treatment
of fluoride ions in industrial wastewater is also an important and
long-lasting issue. Technologies such as chemical precipitation, ad-
sorption, membrane processes, and ion exchange have been devel-
oped for the removal of fluorides from aqueous solutions [5]. Of
these, adsorption has been an economical and effective method
[6,7]. Various adsorbents have been studied for fluoride removal
[8-15]. Among the available adsorbents, metal oxides with high
surface areas have attracted significant attention in water treat-
ment [16-21]. In particular, magnesium oxide is a nontoxic and
environmentally friendly material that has shown excellent perfor-
mance for fluoride removal from contaminated aqueous solutions
as well as other pollutants [22-30].

Recently, studies on the preparation of MgO with large surface
areas and excellent adsorption performance have been conducted.
Qu et al. reported flower-like MgO microspheres with a specific
surface area of 43.6 m2/g, which were prepared by calcination of
flower-like hydrated magnesium carbonate hydroxide formed by
the hydrothermal treatment of a mixture of MgCl2 and Na2CO3

[31]. According to Zhou et al., hierarchical hydromagnesite micro-
spheres could be prepared by the hydrothermal treatment of a
mixture of MgCl2 and Na2CO3 in the presence of sodium poly(4-
styrenesulfonate). After calcination, the specific surface area of the
obtained mesoporous MgO microspheres was 72.1 m2/g [32]. Li et
al. reported the synthesis of porous hollow MgO microspheres
with a specific surface area of 130.0 m2/g, which were prepared by
calcination of the microsphere precursor formed by hydrothermal
treatment of a mixture of MgCl2 and urea in a solution of water
and ethylene glycol [27]. Purwajanti et al. reported the synthesis of
MgO microspheres with a specific surface area in the range of 16-
194 m2/g by adjusting calcination temperatures [33].

Previous studies focused on the specific surface area and adsorp-
tion characteristics of microsphere-like MgO particles. In contrast,
studies on the adsorption performance of pillar-like MgO have been
relatively rare. Furthermore, there is no report comparing the fluo-
ride adsorption performances of pillar and microsphere-like MgO.
Herein, we report the synthesis of MgO by calcination of pillar
and microsphere-like precursors and their fluoride removal per-
formance. Both MgO samples and their precursors were charac-
terized by field emission scanning electron microscopy (FE-SEM),
X-ray diffraction (XRD), and N2 adsorption-desorption isotherms.
The fluoride removal performance of samples was also investi-
gated in terms of adsorption kinetics and equilibria, and various
experimental conditions such as pH of aqueous solutions and the
presence of other anions.

EXPERIMENTAL SECTION

1. Synthesis
Magnesium chloride hexahydrate (MgCl2·6H2O, 98%) and so-

dium carbonate (Na2CO3, 99%) were both analytical grade and
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used without further purification. In a typical synthesis of pillar-
like precursors, MgCO3·3H2O, a 200 mL aqueous solution of 0.63 M
Na2CO3 was added dropwise into 600 mL of 0.21 M MgCl2·6H2O
with vigorous magnetic stirring at 30 oC for 1 h. The mixed solu-
tion was then kept in an isothermal state for 24 h without stirring.
After reaction, the precipitate was washed with deionized water
and dried under vacuum at 60 oC for 48 h. In a typical synthesis of
microsphere-like precursors, Mg5(CO3)4(OH)2·4H2O, the mixed
solution described above was transferred into a Teflon-lined stain-
less steel autoclave with a capacity of 1,000 mL. The autoclave was
sealed and heated to 80 oC using a convection oven and kept in an
isothermal state for 24 h. The precipitate was washed with deion-
ized water and finally dried under vacuum pressure at 60 oC for
24 h. To obtain MgO, the as-synthesized precursors were calcined
in an electrical furnace at 500 oC for 6 h.
2. Characterization

FE-SEM images were taken with a JEOL JSM-6700F instru-
ment operating at 10 kV. Powder XRD patterns were obtained by
using a Rigaku D-MAX-2200V X-Ray diffractometer and Cu Kα
radiation (wavelength λ=1.5418 Å) at room temperature. X-ray
photoelectron spectroscopy (XPS) was performed using a KRA-
TOS AXIS NOVA with an Al-Kα X-ray source at 15 keV operat-
ing at 150 W. Transmission electron microscopy (TEM) images
were obtained with a JEOL 1200 EX II operating at 80kV or a Phil-
lips 420 operating at 120 kV. Energy dispersive spectrometer (EDS)
measurements were obtained by using a Bruker Quantax 200 with
a Si drift detector. The specific surface areas of the samples were
measured by Brunauer-Emmett-Teller (BET) method by record-
ing nitrogen adsorption/desorption isotherms at 77 K (Couter
Omnisorp 100CX). The pore size distributions were calculated by
Barret-Joyner-Halenda (BJH) method.

3. Fluoride Adsorption Experiments
Batch adsorption experiments were conducted to examine the

performance of MgO samples as fluoride adsorbents. All experi-
ments were in 100 mL polypropylene flasks containing 50 mL of
fluoride solution at 25 oC and in triplicate. After adding 0.05 g of
as-synthesized precursors or MgO particles to the fluoride solution,
the mixture was stirred magnetically for 3 h. After the adsorption
experiments, the adsorbent was separated using a PVDF filter and
the concentration of fluoride ions in the filtrate was measured
using a ion selective meter (Star A214, Thermo Scientific Orion)
with the fluoride ion selective electrode (9609BNWP, Thermo Sci-
entific Orion). Sodium fluoride (NaF, 99%, Sigma-Aldrich Korea)
aqueous solution with fluoride concentration of 100 mg/L was used
in the adsorption kinetics studies. The adsorption equilibria were
investigated by using NaF aqueous solutions having various fluo-
ride concentrations (5, 10, 20, 30, 50, 100, 200, 300, 500, 700, and
1,000 mg/L).

The effect of pH on fluoride adsorption was studied after ad-
justing the pH of the fluoride solutions with an aqueous solution
of HCl or NaOH. The effects of other anions, such as carbonate,
bicarbonate, and phosphate, on adsorption were examined at neu-
tral pH condition. The concentrations of anion in the fluoride solu-
tions were adjusted to 0.1 mM, 1 mM and 10 mM, respectively. In
these experiments, the initial fluoride concentration was fixed to
10 mg/L.

The fluoride adsorption capacity was calculated by using the
following equation:

(1)

where C0 and Ce represent the initial and equilibrium fluoride con-

qe = 
C0 − Ce( )V

m
-------------------------

Fig. 1. SEM and TEM images of precursors produced at 30 oC (a), (c) and 80 oC (b), (d).
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centrations (mg/L), respectively, V is the volume of the fluoride
solution (L), and m is the amount of adsorbent (g). The removal
percentage of fluoride was calculated from the following equation:

(2)

The used adsorbents were washed with deionized water and dried
under vacuum pressure at 60 oC for 24 h. Then adsorbents were
calcined in an electrical furnace at 500 oC for 3 h for regeneration
and recycling experiments.

RESULTS AND DISCUSSION

1. Synthesis and Characterization of MgO Adsorbents
To investigate the effect of adsorbent morphology on the fluo-

ride removal efficiency from aqueous solutions, two different types
of MgO precursor were prepared from hydrothermal process. Fig.
1 shows SEM and TEM images of precursors produced at 30 and
80 oC. At the lower reaction temperature, pillar-like precursors,
which were about 20µm in length and 2µm in diameter, were
obtained as can be observed in Fig. 1(a). According to TEM image
shown in Fig. 1(c), their surfaces were smooth and non-porous. In
contrast, the microsphere-like precursors consisted of assemblies
of flakes were produced at 80 oC. The microsphere-like precursor
particles showed uniform particle size of around 46µm, and their
surfaces were rough but non-porous, as shown in Fig. 1(b) and 1(d).

When mixing MgCl2·6H2O with Na2CO3 solution at low tem-
perature, for example at 30 oC as practiced in this study, pillar-like
precursors were formed immediately. It was found that longer iso-
thermal treatment at low temperature did not change the morphol-
ogy of precipitated pillar-like precursors. In contrast, the reaction
temperature was an important variable to modify the morphol-
ogy of precursors. Fig. 2 shows SEM images of samples treated at
80 oC after different time intervals. During the hydrothermal treat-
ment, the pillar-like structures changed to microsphere-like struc-

tures as reaction time increased. Microsphere-like precursors can
be observed in Fig. 2(c), which corresponds to a reaction time of
120 min. After about 160 min, all pillar-like precursors were com-
pletely transformed into the microspheres-like precursors.

Morphology transition from pillar-like precursor to microsphere-
like one was explained by considering the change in crystalline
structure of precursor [31]. Fig. 3 represents the XRD patterns of
samples collected at different time intervals during the hydrother-
mal treatment at 80 oC, showing the systematic transformation of
the chemical structure. Clearly, the pillar and microsphere-like pre-

% removal = 1− 
Ce

C0
------

⎝ ⎠
⎛ ⎞ 100×

Fig. 2. SEM images of samples collected after isothermal treatment at 80 oC for different amounts of time: (a) 0, (b) 60, (c) 120, (d) 140, (e)
160, and (f) 180 min.

Fig. 3. XRD patterns of pillar-like precursor formed at 30 oC and sam-
ples collected after being held at 80 oC for different amounts
of time.
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cursors have different crystalline structures. Samples prepared at
30 oC and collected at the earlier state in hydrothermal treatment
at 80 oC show the typical XRD pattern of MgCO3·3H2O. XRD
patterns related to Mg5(CO3)4(OH)2·4H2O can be observed after
140 min, and these peaks become more intense as reaction time
increases. After approximately 160 min, XRD patterns related to
MgCO3·3H2O have almost disappeared. These results give a good
indication that the change in the morphology of the precursor at
80 oC shown in Fig. 2 was a result of transformation from MgCO3·
3H2O to Mg5(CO3)4(OH)2·4H2O.

The hydrothermal treatment for synthesis of microsphere-like
precursors of MgO has been usually conducted at a higher tem-
perature above the boiling temperature of water under high pres-
sure [27,31]. In this study, we observed that microsphere-like pre-
cursors could be synthesized at much lower temperature. It is surely
advantageous in many practical aspects such as equipment design
and process safety. The morphology of microsphere-like precur-
sors obtained in this study is almost the same as that prepared at
the higher temperature reported in literature [31], except the size
of precursors. On the other hand, there is a considerable differ-
ence in the time required for complete transition from pillar-like
to microsphere-like morphology, that is, it took more than 2 h at
80 oC whereas less than 1h at 120 oC. Therefore, hydrothermal treat-
ment at higher temperatures has an advantage only from a kineti-
cal point of view. The minimum temperature for the hydrothermal
treatment aiming preparation of microsphere-like Mg5(CO3)4(OH)2·
4H2O from MgCO3·3H2O can be speculated by considering solu-
bility and stability of MgCO3·3H2O in aqueous solution. It was
reported that MgCO3·3H2O is stable in pure water up to 50 oC
and the presence of salts such as NaCl, NH4Cl, KCl or MgCl2
affects the stability of MgCO3·3H2O [34].

As a next step to prepare efficient adsorbents for fluoride re-

moval, the as-prepared pillar and microsphere-like precursors were
calcined in air at 500 oC for 6 h. Fig. 4 shows the XRD patterns of
the calcined materials. Five significant diffraction peaks were ob-
served at 2θ=36.8, 42.8, 62.2, 74.6, and 78.5o, corresponding to (111),
(200), (220), (311) and (222) planes of MgO. Meanwhile, the aver-
age crystallite size (D=9.4 nm) of microsphere-like MgO deter-
mined by Scherrer’s Equation (D=0.89λ/βcosθ) using full width at
half-maximum (β) of the XRD spectrum at 2θ=42.8o was slightly
smaller than that of pillar-like MgO (D=10.4 nm).

Fig. 5 shows SEM and TEM images of the pillar and micro-
sphere-like MgO prepared by calcination of precursors. After the
calcination process, the surface morphology of the pillar-like MgO

Fig. 5. SEM and TEM images of pillar (a), (c) and microsphere-like MgO (b), (d).

Fig. 4. XRD patterns of MgO prepared from the calcination of pil-
lar and microsphere-like precursors at 500 oC for 6 h.
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of the microsphere-like MgO, the sample had a specific surface area
of 120.74 m2/g. The pillar-like MgO showed a set of nanopores
with a pore size of 6.26 nm, as can be seen in the pore size analy-
sis of the sample in Fig. 6(b). Compared to the pillar-like MgO, the
microsphere-like MgO showed two sets of nanopores with sizes of
3.34 and 5.12 nm. In addition, larger pores associated with pack-
ing voids are observed. The mesoporous structures of the samples
contributed to the increase in the specific surface areas. High sur-
face area MgO derived from calcination is a promising candidate
for various applications, including superconductors, paint, cataly-
sis, and toxic waste treatment. In this study, adsorption of fluoride
from aqueous solutions was examined.
2. Fluoride Adsorption

The kinetics of fluoride adsorption onto as-prepared samples
was studied and the results are shown in Fig. 7(a). MgO samples
showed higher fluoride removal efficiencies than their precursors
with different chemical structures and specific surface areas. It took
about 50 min to reach the adsorption equilibrium in the cases of
MgO. It can be found that the fluoride adsorption capacities as

became rough, and a porous structure can be observed in the TEM
image (Fig. 5(c)). In the case of microsphere-like MgO, the size of
the microspheres and plicate flakes decreased in comparison with
the corresponding precursor. As shown in Fig. 5(d), the flakes clearly
exhibit a porous structure.

The changes in the specific surface area of the pillar and micro-
sphere-like samples before and after calcination were measured
using BET gas sorption analysis as shown in Fig. 6. The pillar-like
precursor had a specific surface area of 7.08 m2/g, while the micro-
sphere-like precursor had a specific surface area of 31.36 m2/g (Fig.
6(a)). As expected, the thin plicate flakes of the latter sample likely
contributed to the high surface area. After calcination, the pillar-
like MgO had a specific surface area of 99.44 m2/g, which is 14
times greater than that of the corresponding precursor. In the case

Fig. 6. (a) Nitrogen adsorption-desorption isotherms of as-prepared
samples and (b) pore size distributions of pillar and micro-
structure-like MgO samples.

Fig. 7. (a) Kinetics and (b) pseudo-second-order plots of fluoride
adsorption by samples before and after calcination: (■) Pil-
lar-like precursor, (●) microsphere-like precursor, (□) pil-
lar-like MgO, and (○) microsphere-like MgO (C0=100 mg/
L, adsorbent dosage=1.0 g/L).
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well as adsorption kinetics of the pillar and microsphere-like MgO
were almost the same. To describe the kinetics of the fluoride ad-
sorption in a better manner, adsorption data were fitted using
pseudo-first-order and pseudo-second-order-equations. The kinetic
parameters obtained from models are summarized in Table 1.
According to the results, kinetic data fit relatively well with the
pseudo-second-order equation, which is evident from high R2. The

kinetic plots generated by pseudo-second-order equation are given
in Fig. 7(b).

We also investigated the fluoride adsorption equilibria in the
range of fluoride concentrations from 5 to 1,000 mg/L. As shown
in Fig. 8, the adsorption capacities of the MgO samples exhibited a
similar value when the equilibrium fluoride concentration was less
than 300 mg/L. Above that concentration, a noticeable difference
of adsorption capacities between two samples was observed. The
microsphere-like MgO exhibited an improved adsorption capac-
ity compared to pillar-like MgO because of the larger specific sur-
face area. The adsorption equilibrium was analyzed using various
isotherm models, including the Langmuir, Freundlich, and Dubi-
nin-Radushkevich isotherms [35,36]. In addition, the chi-square
(χ2) was calculated for all adsorption isotherms using the follow-
ing equation:

(3)

where qe, cal is the calculated capacity (mg/g) obtained from the ad-
sorption model and qe, exp is the equilibrium capacity (mg/g) from
the experimental data.

The calculated isotherm parameters from the three models are
given in Table 2. According to the results, the fluoride adsorption
of the pillar and microsphere-like MgO fitted relatively well with the
Langmuir model, which is evident from high R2 and low χ2. In
addition, the maximum fluoride adsorption capacity of pillar and
microsphere-like MgO was 151.51 and 166.66 mg/g, respectively.

Fig. 9 shows SEM images of the samples after fluoride adsorp-
tion. As shown in Fig. 9(a), assembled plicate flakes were observed
on the surface of the pillar-like MgO. On the other hand, the pli-
cate flakes of the microsphere-like MgO were significantly smaller
than those observed before fluoride adsorption. A comparison of
the plicate flakes of the two samples reveals that the flakes formed
on the pillar-like MgO were both smaller and denser. Considering
this surface change in the pillar-like MgO after fluoride adsorp-
tion, we assume that the adsorption capacity of the pillar-like
MgO can be attributed to the occurrence of plicate flakes.

MgO adsorbents remove fluoride ions from aqueous solutions
by a surface ion-exchange process that can be expressed by Eqs.
(4) and (5) [8,27,37].

MgO+H2O→Mg(OH)2 (4)

χ
2

 = 
qe, cal − qe, exp( )2

qe, exp
----------------------------------∑

Table 1. Kinetics parameters for fluoride adsorption

Equationsa
Pseudo-first-order equation

Pseudo-second-order equation

qe, exp k1 qe, cal R2 k2 qe, cal R2

Pillar-like precursor 24.42 0.0198 007.75 0.9693 7.16×10−3 24.87 0.9999
Microsphere-like precursor 09.33 0.0127 008.33 0.9638 1.90×10−3 10.72 0.9868
Pillar-like MgO 74.72 0.0166 009.31 0.6866 2.13×10−3 76.34 0.9986
Microsphere-like MgO 74.85 0.1093 144.88 0.9600 2.16×10−3 76.92 0.9989

aqe, exp and qe, cal are the experimental adsorption capacity and the calculated adsorption capacity (mg/g), respectively. k1 is the rate constant of
pseudo-first-order equation (1/min). k2 is the rate constant of pseudo-second-order equation (g/(mg∙min)). R2 is the coefficient of regression

qe − qt( )  = qeln  − k1tln
t
qt
---- = 

1
k2qe

2
---------- + 

t
qe
----

Fig. 8. (a) Adsorption isotherm and (b) Langmuir plots for fluoride
adsorption by (□) pillar and (○) microsphere-like MgO (ad-
sorbent dosage=1.0 g/L).
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Table 2. Adsorption isotherm parameters for fluoride adsorption by pillar and microsphere-like MgO with various isotherm models

Isotherm modelsa

Langmuir Freundlich Dubinin-Radushkevich

kL qm R2
χ

2 n kF R2
χ

2 kD qm R2
χ

2

Pillar-like MgO 0.071 151.51 0.9988 51.00 2.644 17.069 0.8987 60.34 0.0008 113.79 0.9417 059.55
Microsphere-like MgO 0.047 166.66 0.9980 28.26 2.383 14.113 0.9397 55.19 0.0009 102.52 0.8488 145.86

akL is the Langmuir constant related to the adsorption energy (L/mg) and qm is the maximum fluoride adsorption capacity of the absorbent
(mg/g). kF is the Freundlich constant related to the relative adsorption capacity of the absorbent (mg/g), and n is the adsorption intensity. kD

is the Dubinin-Radushkevich isotherm constant related to the adsorption energy (mol2/kJ2) and ε is the Dubinin-Radushkevich isotherm
constant defined as ε=RTln(1+1/Ce), where R is a gas constant (8.314 J/mol K) and T is absolute temperature (K)

qe = 
qmkLCe

1+ kLCe
----------------- qe = kF Ce

1/n
⋅ qe = qm − kD ε

2
⋅( )exp

Fig. 9. SEM images of (a) pillar and (b) microsphere-like MgO after fluoride adsorption.

Fig. 10. (a) XRD patterns of pillar and microsphere-like MgO after fluoride adsorption, (b) XPS survey spectra and (c) EDS spectra of pillar-
like MgO before and after fluoride adsorption.
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Mg(OH)2+xF−→Mg(OH)2−xFx+xOH− (5)

To confirm the presence of adsorbed fluorine, samples before and
after fluoride adsorption were characterized by XRD, XPS, and
EDS. Fig. 10(a) shows the XRD patterns of the MgO samples before
and after adsorption of fluoride. It is obvious that the diffraction
peaks relevant to MgF2 were not seen, and only the peaks associ-
ated with Mg(OH)2 were detected. On the other hand, the exis-
tence of fluorine in the sample after adsorption could be confirmed
by EDS analysis (Fig. 10(b)). Furthermore, the XPS survey spec-
trum shows a peak located at 684 eV after fluoride adsorption
(Fig. 10(c)). This new peak can be assigned to the F1s spectrum.
The results demonstrate that fluoride removal occurred via substi-
tution of hydroxyl groups in the Mg(OH)2 lattice by fluoride, as
shown above in Eqs. (4) and (5).

The effect of pH on the fluoride adsorption onto the MgO sam-
ples is shown in Fig. 11(a). Fluoride removal efficiencies gradually
decreased with increasing pH from 3.0 to 9.0. Significant reduc-
tion in fluoride removal efficiencies was observed at higher pH. It
is well known that positive or negative surface sites are developed
on the surface of oxides or hydroxides in aqueous suspensions due
to the protonation-deprotonation behavior, which can be charac-
terized in terms of the point of zero charge (pzc). In the case of
MgO, pzc values ranged from 10 to 12 depending on the meas-
urement methods [38-42]. Therefore, the positive surface charges
of MgO decreases as the pH increases and negative surface charges
are developed at higher pH above the pzc. Although ion exchange

between hydroxide and fluoride is the main mechanism of fluo-
ride removal by MgO as mentioned previously, this result indi-
cates that the ionic interaction between fluoride ions and surface
charge of MgO is also important in the adsorption process.

Fig. 11 also shows the effect of other anions on the fluoride
removal. In this study, we considered the effect of HCO3

−, CO3
2−,

and PO4
2− on the fluoride adsorption. The fluoride removal effi-

ciencies of the MgO samples were slightly decreased as the con-
centration of CO3

2− or HCO3
− increased. The presence of PO4

3− pro-
duced a negative effect on fluoride adsorption. The removal effi-
ciency of the pillar and microsphere-like MgO samples decreased
abruptly in the presence of 1 mM PO4

3−. Furthermore, when the
concentration of PO4

3− was increased to 10 mM, both samples
hardly adsorbed any fluoride.

Finally, the regeneration and recyclability of MgO samples were
examined, and the results are shown in Fig. 12. Experimental con-
ditions for fluoride adsorption were identical to those described in
the adsorption kinetics experiments. Five consecutive adsorption-
regeneration cycles were carried out. The removal efficiency of pil-
lar-like MgO at the initial fluorine concentration of 100 mg/L de-
creased from 75.0% to 40.0% after the first cycle. After five cycles,
the removal rate decreased to 26.1%. The removal efficiency of
microsphere-like MgO showed a similar value and trend to the
results with pillar-like MgO. Deteriorated adsorption performance
of regenerated adsorbents is commonly reported in the case of
MgO [23,27]. Significant reduction of fluoride removal efficien-
cies observed in regenerated MgO adsorbents is also an evidence

Fig. 11. Effect of pH (a) and the presence of other anions (b), (c), and (d) on fluoride removal efficiency of pillar and microsphere-like MgO
(C0=10 mg/L, adsorbent dosage=1.0 g/L).
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indicating the mechanism of fluoride removal is destructive chem-
isorption resulted from substitution of hydroxyl groups by fluo-
ride ions on the MgO surface.

CONCLUSIONS

Pillar and microsphere-like MgO particles were obtained by
calcination of precursors derived from MgCl2·6H2O at 30 oC and
80 oC, respectively. The pillar-like MgO was approximately 20µm
in length and 2µm in diameter. In contrast, the microsphere-like
MgO consisted of an assembly of flakes and had a diameter of
about 30µm. The specific surface areas of pillar and microsphere-
like MgO were 99.44 and 120.74 m2/g. These MgO samples were
applied to the fluoride adsorption process. The adsorption iso-
therm could be accurately described by the Langmuir model for
both samples. The adsorption capacities of pillar and microsphere-
like MgO adsorbents were 151.51 and 166.66 mg/g, respectively.
Solution pH had little effect on fluoride adsorption below pH 9.0.
The study on the effects of various other anions indicated that most
of the anions had little effect on fluoride removal efficiencies of
both MgO samples, with the exception of phosphate.
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NOMENCLATURE

C0 : initial fluoride concentration [mg/L]
Ce : equilibrium fluoride concentration [mg/L]
k1 : pseudo-first-order rate constant of adsorption [1/min]
k2 : pseudo-second-order rate constant of adsorption [g/(mg∙

min)]
kD : Dubinin-Radushkevich isotherm constant [mol2/kJ2]

kF : Freundlich isotherm constant [mg/g]
kL : Langmuir isotherm constant [L/mg]
qe : adsorption capacity at equilibrium [mg/g]
qt : adsorption capacity at time [mg/g]
qe, exp : experimental adsorption capacity [mg/g]
qe, cal : calculated adsorption capacity [mg/g]
qm : maximum adsorption capacity [mg/g]
m : amount of adsorbent [g]
n : Freundlich adsorption intensity
R2 : coefficient of regression
V : volume of the fluoride solution [L]
ε : Dubinin-Radushkevich isotherm constant
χ2 : chi-squared distribution
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