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Abstract: In this study, aluminum hydroxide coated 
rice husk ash [RHA/Al(OH)3] was synthesized and used 
for adsorption of fluoride from aqueous solution. The 
amorphous material containing 20% (w/w) of Al2O3 was 
obtained by stirring the mixture of RHA burned at 700°C 
for 60 min and 0.1 m AlCl3 solution for 30 min. This mate-
rial possessed porous ordered structure with uniform 
particle size in the range of 50–100  nm and Brunauer-
Emmett-Teller (BET)-specific surface area of 81 m2 g−1. The 
isotherm data were fitted well to Langmuir model, and the 
maximum monolayer adsorption capacity was found to 
be 8.2 mg g−1 at 25°C. The kinetic results revealed that the 
pseudo-second-order rate model fitted the experiments 
data better than the pseudo-first-order one and demon-
strated the chemical nature of the adsorption of fluoride. 
Thermodynamic parameters in the temperature range 
30–70°C showed that the adsorption was a spontaneous 
and an endothermic process. RHA/Al(OH)3 can be used for 
well treatment of fluoride in contaminated well-water in 
the Ninhhoa district (Khanhhoa province). With the initial 
fluoride concentration (10.1 mg l−1) and the 2 h of treatment 
process with the dose of 4.0–7.0 g l−1, the content of fluo-
ride decreased to 0.5–1.5 mg l−1, which met the acceptable 
limit of WHO.

Keywords: adsorption; aluminum hydroxide coated rice 
husk ash; fluoride.

1  Introduction

The finding of fluorine in teeth enamel, ash of blood, 
and the yolk and shell of eggs has stimulated numerous 
studies on its physiological role [1]. Fluorine is necessary 
for the development of teeth and bone as well as the for-
mation of teeth’s tusk and enamel. A lack of fluorine may 
lead to dental issues, e.g. cavities, and weak bones and 
teeth. However, if fluoride concentration in drinking water 
exceeds the acceptable limit (1.5 mg l−1), dental fluorosis 
may appear. The appearance of the teeth is marred by dis-
coloration or brown markings, and the teeth break easily. 
Tooth undergoing fluorosis becomes discolored and 
brittle. Abnormal level of fluoride in human body can also 
result in other serve clinical issues such as bone weakness 
or deformation and damage to thyroid gland, endocrine, 
and brain. Due to the aforementioned fluoride contami-
nation in water and the health problems that it causes, 
the World Health Organization (WHO) has specified the 
acceptable limit of fluoride content in drinking water as 
1.5 mg l−1 [2]. Nowadays, dental fluorosis appears widely 
in over 25 countries and about 62 millions people are suf-
fering from this disease, especially in Bangladesh, China, 
Mongolia, and India [3]. In Vietnam, fluoride contamina-
tion in well-water (3–14 mg l−1) results to the fluorosis wide-
spread in Phuyen, Quangnam, Thaibinh, and especially in 
Khanhhoa provinces. Due to permanent threat to human 
health, fluoride removal from water containing high fluo-
ride concentration is considered as an urgent necessity. 
Although there have been many methods in the removal 
of fluoride from flowing water such as  coagulation and 
precipitation [4–6], membrane processes [7–10], electro-
chemical treatments [11–14], ion-exchange, and its modifi-
cation [15, 16], the adsorption process is generally known 
as the cheapest and the most effective method for removal 
fluoride from water [1, 15, 17].

Srivastas et al. [18] suggested a new adsorbent being 
one of the forms of hydrous bismuth oxides (HBOs), with 
significant potential for fluoride removal from aqueous 
solution. Metal oxide based sorbents (e.g. alumina, 
calcium, and iron) were also used for fluoride treatment 
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[15, 19, 20]. In addition, using adsorbents abundantly 
existing in nature such as limestone [21], red mud [22], 
kaoline [23], and hydroxyapatite [24] is interesting mostly 
because of its cost-effectiveness.

In this work, the synthesis of aluminum  hydroxide 
coated rice husk ash was shown. In addition, fluoride 
removal from aqueous solution using the obtained hybrid 
material was investigated. The isothermal, kinetic, and 
thermodynamic studies of fluoride sorption were reported.

2   Materials and methods
2.1  Material

The synthesis of aluminum hydroxide coated rice husk ash 
(Phuthuong, Phuvang, Hue Province, Vietnam) (RHA/Al(OH)3) was 
summarized in Figure 1. In brief, rice husk was in a treatment pro-
cess of 1 m HCl solution (PA, Merck, Germany) for 24 h after being 
burned at 700°C for 60 min. Subsequently, the burned rice husk was 
washed with deionized water and dried at 100°C to obtain rice husk 
ash (RHA) that would be in the mixture with 0.1 m AlCl3 solution (PA, 
Merck, Germany). The pH of the mixture was adjusted to 5–6 and 
stirred for 30 min.

The content of Al2O3 in obtained material was 20% (w/w). 
Al(OH)3 would be precipitated and dispersed on the surface of RHA 
particles. The final solid product was washed and dried at 100°C. 
The obtained material was characterized using thermogravimetry-
differential scanning calorimetry (TG-DSC) using Labsys TG/DSC 
Setaram (France), X-ray diffraction (XRD) using Brucker D8 Advance 
( Germany), scanning electron microscopy (SEM) using a Hitachi 
S4800 (Japan), transmission electron microscopy (TEM) using a 
Hitachi S4800 (Japan), energy-dispersive X-ray spectroscopy (EDS) 
using a Hitachi S4800 (Japan), and Brunauer-Emmett-Teller (BET) 
methods using BEL-sorp mini apparatus (Japan).

Fluoride solution was prepared from NaF (Sigma-Aldrich, PA, 
USA). The concentration of fluoride was determined by molecular 
absorption spectroscopy with Zirconyl-Alizarin chelate using UV-Vis 
T80 spectrometer (Helios, USA) at the wavelength of 527 nm.

Figure 1: The synthesis of RHA/Al(OH)3 from rice husk ash.

2.2  Adsorption isotherm

The maximum fluoride adsorption capacity (qm) of RHA/Al(OH)3 was 
determined from the isotherm adsorptions result. Seven samples 
were prepared, each containing 100 ml of fluoride solution with con-
centrations varying from 5 to 35 mg l−1, denoted as C5 to C35, respec-
tively. To the as-prepared fluoride solution, 5 g l−1 of RHA/Al(OH)3 was 
added and stirred for 2 h in order to reach equilibrium state.

In this study, Langmuir and Freundlich isotherm models [25–27] 
were used to the fluoride adsorption of RHA/Al(OH)3.

Freundlich isotherm model is based on heterogeneous surfaces 
suggesting that binding sites are not equivalent and independent. 
Langmuir isotherm model is applicable to the homogeneous adsorp-
tion where the adsorption of each adsorbate molecule onto the sur-
face has equal adsorption activation energy. Both these models can 
be expressed by Eqs. 1 and 2 as follows:
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where Ce is the equilibrium concentration of fluoride in the solution 
(mg l−1); qe is the adsorption amount of RHA/Al(OH)3 (mg g−1) that was 
calculated by Eq. 3; Co is the initial concentration of fluoride (mg l−1); 
V is the volume of fluoride solution (L); m is the mass of RHA/Al(OH)3 
(g); qm is the maximum fluoride adsoprtion capacity (mg g−1); KL is 
Langmuir constant, which is related to the strength of adsorption; 
and KF and n are Freundlich constants that are related to the adsorp-
tion capacity and the adsorption intensity.

The removal percentage of fluoride (H%) was calculated from 
Eq. 4.
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2.3  Adsorption kinetics

Adsorption kinetics data were obtained by plotting adsorption capac-
ity as a function of time. To the as-prepared fluoride solution (100 ml, 
10 mg l−1), 5 g l−1 of RHA/Al(OH)3 was added and the temperature of 
the system was maintained at 25°C. After 10 min, 10 ml of the stirring 
mixture was separated and the fluoride was determined.

The pseudo-first-order rate model (5) and the pseudo-second-
order rate model (6) [25, 27] were applied to test the adsorption 
 kinetics.

The pseudo-first-order and pseudo-second-order kinetic 
 equations are given as follows:
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where qe (mg g−1) and qt (mg g−1) are the amount of fluoride ions 
adsorbed on the adsorbent at equilibrium and given time, respec-
tively; k1 (l s−1) and k2 (g mg−1 s−1) are the pseudo-first-order and 
pseudo-second-order rate constants.

2.4  Thermodynamic studies

In order to understand the mechanism of the adsorption, various 
thermodynamic parameters (ΔGo, ΔHo, and ΔSo) were calculated 
based on adsorption experiments at different temperatures. Five 
experimental batches were carried out at five different temperatures 
varying from 303 to 343 K; each batch has 10 samples, each of which 
contained 0.5 g of RHA/Al(OH)3 and 100 ml of fluoride solution with 
the initial concentration varying from 10 to 40 mg l−1. The mixtures 
were stirred for 80  min until the adsorption reached equilibrium. 
After that, fluoride contents of separating solution were determined.

The equilibrium constant of adsorption (Kc) was calculated by 
Eq. 7 [20]:

 C L mK K q= ×  (7)

where KL and qm are Langmuir constant and maximum fluoride adso-
prtion capacity (mg g−1).

ΔGo of adsorption was determined by Eq. 8, and ΔHo and ΔSo 
were obtained from the correlation equation between lnKC and 1/T 
used in Eq. 9.
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2.5   Assessment of fluoride contamination by Dean’s 
index and Community Fluorosis Index (CFI)

In this work, the degree of dental fluorosis in Khanhhoa was assessed 
by Dean’s Index – 1934 and CFI – 1946.

 – Dean’s index was first described in 1934 and was later modi-
fied in 1942. It categorizes dental fluorosis into six-point ordinal 
scale:
+  Normal (scale 0): the enamel represents the usual trans-

lucent semi vitriform type of structure; surface is smooth, 
glassy, pale, and creamy white translucent.

+  Questionable (scale 1): the enamel discloses slight aberra-
tions from the translucency of normal enamel ranging from a 
few white flecks or occasional white spots.

+  Very mild (scale 2): small opaque paper white area is scattered 
irregularly over the tooth covering <25% of tooth surface. 
Bicuspids/second molars not showing more than 1–2 mm of 
white opacity at the tip of summit of cusps are also frequently 
involved in this classification.

+  Mild (scale 3): opaque white area in the enamel of the tooth 
covers <50% of the tooth surface.

+  Moderate (scale 4): all enamel tooth surfaces are affected, 
and surfaces subject to attrition show marked wear. Brown 
stain may be present.

+  Severe (scale 5): all enamel surfaces are affected and hypo-
plastic brown stains are widespread and teeth often present a Figure 2: XRD diagrams of rice husk ash and RHA/Al(OH)3.

corroded appearance. The major diagnostic sign of this clas-
sification is the discrete or confluent pitting.

 – The CFI was also proposed by Dean. This index awards weights 
to the different scores in the Dean’s index. Normal is awarded 
0.5 to questionable and 1, 2, 3, 4 to very mild, mild, moderate, 
and severe, respectively [28].

3   Results and discussion

3.1  Adsorbent characterization

XRD diagrams of rice husk and RHA/Al(OH)3 samples 
were represented in Figure 2. The result showed that the 
main phases of rice husk ash and RHA/Al(OH)3 were 
amorphous. A broad peak appearing at 25.2° was prob-
ably assigned to cristobalite of amorphous SiO2. In addi-
tion, characteristic peaks of gibbsite (Al(OH)3) were not 
observed in XRD diagram of RHA/Al(OH)3, indicating that 
Al(OH)3 coated on RHA was amorphous.

Atomic ratio of Si/Al calculated from EDS diagram of 
RHA/Al(OH)3 (Figure 3) was 2.6 and calculated Al(OH)3 
content (based on Al2O3) was 20.8% (w/w). This result 
agreed with the initial Al2O3 content of 20% (w/w).

As can be seen from SEM images (Figure 4), RHA 
particles were porous, uniform with the mean size of 
approximately 100 nm. Interestingly, the assembly of 
RHA particles led to the formation of capillary systems. 
However, as Al(OH)3 was coated on RHA, this partly 
blocked the capillary systems, thus reducing surface area 
of RHA/Al(OH)3. Morphology of RHA/Al(OH)3 was shown 
by TEM image in Figure 5.

Specific functional groups of RHA and RHA/Al(OH)3 
were identified by FT-IR spectrum in Figure 6. Stretching 
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Figure 5: TEM images of RHA/Al(OH)3.
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Figure 3: EDS diagram of RHA/Al(OH)3.
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Figure 4: SEM images of RHA (A) and RHA/Al(OH)3 (B).

vibrations of -OH of adsorbed H2O, Si-O-Si, and O-Si-O 
bonds were corresponding to spectrum bands around 
3178–3448, 1095–1111, and 786–794 cm−1, respectively. The 
bands around 1573–1643 and 1404 cm−11 were assigned to 
bending vibrations of -OH groups of adsorbed H2O and 

Al-OH groups, respectively, and the band around 617 cm−1 
was of symmetrical valence vibrations inside of AlO4

5− tet-
rahedron; the band around wave number of 470 cm−1 also 
corresponded to the stretching vibration of Si-O bond in 
SiO4

4− tetrahedron [29].
Figure 7 shows that the nitrogen adsorption iso-

therm at 77 K of RHA/Al(OH)3 was IV type (classification 
of IUPAC). This revealed that the obtained material was 
mesoporous. The pronounced hysteresis confirmed the 
presence of the capillary systems of RHA/Al(OH)3. This 
result was in a good agreement with the observation from 
SEM and TEM images. BET surface area of material was 
estimated to be 81 m2 g−1.
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Figure 6: FT-IR spectra of RHA (A) and RHA/Al(OH)3 (B).

Figure 7: Nitrogen adsorption isotherm type at 77 K of RHA/Al(OH)3.

Figure 8: Linear form of Langmuir (A) and Freundlich (B) adsorption 
isotherm models.

3.2   Adsorption isotherm

The correlation between equilibrium concentration of 
fluoride (Ce) and adsorption amount of RHA/Al(OH)3 (qe) 
was investigated using isothermal adsorption models. The 
data acquired from experiments of seven samples from C5 

Table 1: The fluoride removal capacities at different initial concen-
trations of fluoride.

Notations   C5   C10   C15   C20   C25   C30   C35

Co (mg l−1)   5   10   15   20   25   30   35
Ce (mg l−1)   0.222   0.413   0.751   1.278   1.954   2.929   4.449
qe (mg g−1)  0.956   1.917   2.850   3.744   4.609   5.414   6.110

to C35 were shown in Table 1. The correlation between 
qe and Ce was obtained from Langmuir and Freundlich 
models (Figure 8).

As can be seen, the coefficient of determination (r2) 
values of Langmuir model (r2 = 0.995) was higher than 
that of Freundlich model (r2 = 0.95), implying that the 
isotherm data were better fitted to the Langmuir model. 
Maximum fluoride adsorption capacity of RHA/Al(OH)3 
was 8.2 mg g−1. This result was higher than those in recent 
reports shown in Table 2. This indicated that RHA/Al(OH)3 
was a promising sorbent fluoride removal. The results of 
Qiusheng et al. [20] also proved the suitability of Langmuir 
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Table 2: The maximum fluoride adsorption capacity of various adsorbents obtained from nature.

Adsorbents   Maximum adsorption 
capacity (mg g −1)

  Caculated 
by model

  Reference

Aluminum hydroxide coated rice husk ash  8.2  Langmuir   The present paper
Limestone   1.10  –   [9]
Red mud   0.6  Langmuir   [11]
Kaoline   0.78  Langmuir   [18]
Hydroxyapatite   3.12  Langmuir   [20]
Aluminum oxide coated pumice   7.87  Langmuir   [25]

Figure 10: Pseudo-first-order model (A) and pseudo-second-order 
model (B) for fluoride adsorption.Figure 9: The relation bewteen qt and t.

Table 3: The amount of fluoride adsorbed onto RHA/Al(OH)3 at 
 different times.

Notations   T10   T20   T30   T40   T50   T60   T70   T80

t (min)   10   20   30   40   50   60   70   80
Ct (mg l−1)   1.97   1.64   1.34   1.08   0.86   0.68   0.54   0.42
qt (mg g−1)  1.606   1.672   1.732   1.784   1.828   1.864   1.892   1.916
Notations   D90   D100   D110   D120   D130   D140   D150   D160
t (min)   90   100   110   120   130   140   150   160
Ct (mg l−1)   0.43   0.43   0.42   0.42   0.40   0.43   0.40   0.41
qt (mg g−1)  1.915   1.914   1.917   1.916   1.92   1.914   1.92   1.918

model with r2 = 0.968. According to this model, the fluoride 
adsorption onto RHA/Al(OH)3 is monolayer adsorption. In 
other words, the surface containing the adsorbing sites is 
perfectly flat plane with no corrugation, all sites are equiv-
alent, each site can hold one molecule of adsorbate, and 
there are no interactions between adsorbate molecules on 
adjacent sites.

3.3   Adsorption kinetics

Kinetic model of the fluoride adsorption onto RHA/
Al(OH)3 was investigated. The amount of adsorbed 

fluoride onto RHA/Al(OH)3 (qt) at a different time (t) was 
determined. The results were shown in Table 3. The cor-
relation between qt and t was shown in Figure 9.

The result showed that in the first 80 min, the longer 
the time, the more fluoride adsorbed onto the material 
(qt). After that, the value of qt varied at about 1.91 mg g−1, 
which proved that the adsorption got equilibrium.

From the kinetic study of pseudo-first-order and 
pseudo-second-order rate models, the correlation 
between ln(qe – qt) and t and t/qt and t were expressed in 
Figure 10.
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The above results indicated that the adsorption of 
fluoride onto RHA/Al(OH)3 followed the pseudo-second-
order rate model with high coefficient of determination 
(r2) of 0.999. This is in a good agreement with results in 
recent reports of Ganvir and Das, García-Sánchez et  al., 
and Qiusheng et al. [3, 20, 25].

3.4   Thermodynamics

Thermodynamic parameters of fluoride adsorption of 
RHA/Al(OH)3 were determined by investing the amount 
of fluoride adsorbed at temperatures varying from 303 to 
343 K. The results were represented in Table 4.

From Figure 11, it was easy to realize a good correla-
tion between lnK0 and 1/T that was proven by the high cor-
relation coefficient (r2) of 0.991. This confirmed that the 
enthalpy and entropy of fluoride adsorption onto RHA/
Al(OH)3 would be constant with temperature changes. The 

Table 4: The influence of temperature on fluoride adsorption of 
RHA/Al(OH)3.

C0 (mg l−1)  
 

Ce (mg l−1)

303 (K)   313 (K)   323 (K)   333 (K)   343 (K)

10   0.43   0.41   0.39   0.36   0.36
15   0.82   0.68   0.63   0.61   0.60
20   1.29   1.18   1.12   1.09   1.06
25   2.15   1.94   1.82   1.69   1.60
30   3.02   2.96   2.87   2.51   2.17
35   4.50   4.27   4.02   3.90   3.88
40   6.55   5.72   5.43   5.01   4.90
qm (mg g−1)   8.2   8.4   8.5   8.6   8.7
lnKC   1.672   1.754   1.817   1.868   1.911

Figure 11: Van’t Hoff diagram of fluoride adsorption onto  
RHA/Al(OH)3.

Table 5: Thermodynamic parameters of fluoride adsorption onto 
RHA/Al(OH)3.

Temperature (K)   ΔGo (kJ mol−1)   ΔHo (kJ mol−1)

303   −4.212   5.14
313   −4.565  
323   −4.880  
333   −5.172  
343   −5.450  

negative slope of Van’t Hoff linear (−617.9) resulted in posi-
tive enthalpy (ΔHo) shown in Table 5, which suggested the 
endothermic nature of fluoride adsorption.

The calculated enthalpy (ΔHo) is 5.14  kJ mol−1, sug-
gesting the endothermic nature of fluoride adsorption. 
This agreed well with the fact that adsorption capacity 
increases with increasing temperatures. The chemisorp-
tion nature of the adsorption was also affirmed because of 
high enthalpy. The mechanism of the adsorption is attribut-
able to ion exchange between fluoride ion and OH− groups 
from ≡Al-OH sites [20]. In addition, at pH higher than the 
point of zero of material (5.53), higher amount of fluoride 
was adsorbed. So, an amount of fluoride was complexed 
strongly with Al3+ on the surface of rice husk ash. The nega-
tive value of ΔGo at different temperatures calculated from 
Eq. (8) implied that the adsorption was spontaneous.

3.5   Application of fluoride treatment in 
well-water

The investigation was carried out on 45 water-wells used 
for drinking at three communes in Ninhhoa district, 
Khanhhoa province (Figure 12). They are Ninhthuong, 
Ninhxuan, and Ninhphung communes. These communes 
located in the triangle area formed from lower reaches of 
Cai river and Lot river.

From the result in Table 6, we can see that the content 
of fluoride in all of well-water samples was higher than 
the acceptable limit of WHO (1.5 mg l−1). Especially in Nin-
hthuong communes, 80% of the samples contained very 
high concentration of fluoride (9–14 mg l−1).

The effect of high fluoride content to dental fluorosis 
was investigated on 2647 people in three communes of 
Ninhthuong, Ninhxuan, and Ninhphung by Dean’s index 
and CFI.

The result in Table 7 showed that there were no people 
having dental fluorosis at scale 1. The ratio of people 
having dental fluorosis at scales 2–5 increased. These 
scales were observed on some pieces of evidence shown 
in Figure  13. CFI being higher than 3 presented that the 
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Table 6: Fluoride concentration in surveyed water-wells.

Concentration of 
fluoride (mg l−1)

 
 

Ninhthuong  
 

Ninhxuan  
 

Ninhphung  
 

Total

NW   % NW   % NW   % NW   %

3–5   1   6.6   2   13.4   9   60.0   12   26.7
6–8   2   13.4   10   66.6   3   20.0   15   33.3
9–14   12   80.0   3   20.0   3   20.0   18   40.0

NW, Number of surveyed water-wells.

Table 7: Dental fluorosis assessed by Dean’s index and CFI in 
surveyed area.

Dental fluorosis assessed 
by Dean’s index

 
 

Ninhthuong  
 

Ninhxuan  
 

Ninhphung

NP   % NP   % NP   %

Scale 1   0   0   0   0   0   0
Scale 2   25   3.2   92   7.9   46   6.4
Scale 3   46   6.0   163   14.1   126   17.6
Scale 4   227   29.5   407   35.1   260   36.3
Scale 5   472   61.3   498   42.9   285   39.7
CFI   3.48   3.30   3.09

NP, Number of people with dental fluorosis.

A

B

C

D

Figure 13: Images of children aged 7–15 having fluorosis:  
(A) scale 2, (B) scale 3, (C) scale 4, (D) scale 5.

dental fluorosis of all of people in this area became rather 
strong.

For practical purpose, we collected 10 well-water 
samples at the Ninhthuong commune. Fluoride con-
centration of samples varied from 8.4 to 10.1 mg l−1. We 
chose the sample containing highest fluoride concen-
tration (10.1  mg l−1) to study the adsorption. The suit-
able dose of RHA/Al(OH)3 was in the range from 1 g l−1 
to 10 g l−1. The mixtures were stirred for 2 h in order to 

Table 8: Fluoride adsorption efficiency of RHA/Al(OH)3 in 
well-water.

Notations  Dose of material 
(g l−1)

  Ce (mg l−1)   Removal 
efficiency (%)

H1   1   3.48   65.5
H2   2   2.40   76.2
H3   3   1.72   83.0
H4   4   1.13   88.8
H5   5   0.76   92.5
H6   6   0.63   93.8
H7   7   0.57   94.4
H8   8   0.49   95.1
H9   9   0.45   95.5
H10   10   0.31   96.9

reach adsorption equilibrium. The remaining fluoride 
concentration was determined (Ce). The results were 
shown in Table 8.

Figure 12: Ninhhoa district map.
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The results showed that with the dose of RHA/Al(OH)3 
from 4.0 g l−1 to 7.0 g l−1, the remaining fluoride concentration 
decreases under the acceptable limit of WHO (0.5–1.5 mg l−1).

Table 9 presents the average value of several water 
quality parameters of 10 mentioned well-water samples 
before and after treament with RHA/Al(OH)3 dose of 5 g l−1.

The water before treatment had very high fluoride 
contents as five-fold Vietnam Standard. Fluoride con-
centrations of all samples after treatment met the accept-
able limit of Vietnam standard or WHO (0.5–1.5  mg l−1). 
This quality of well-water is equal to the one of flowing 
water. The fluoride removal of RHA/Al(OH)3 in this paper 
is equivalent to that of iron ore reported by Kebede et al. 
[5]. With the adsorbent of iron ore and its dosage of 5 g l−1, 
all the ground water samples in Rift Valley region were 
fluoride decontaminated from the concentration of about 
14.22  mg l−1–1.77  mg  l−1. The above results indicate that 
RHA/Al(OH)3 is a promising material for fluoride removal 
from well-water.

The primary well-water contains several ions such as 
Cl−, SO4

2−, NO2
−, NO3

−, AsO4
3−, and Ca2+. The anions might 

reduce fluoride adsorption capacity of adsorbent, while 
it is supposed that Ca2+ and Mg2+ increase the fluoride 
adsorption [30]. Some previous publications reported that 
the influence of mentioned anions on fluoride removal 
was ineligible at low concentration [30–33]. With respect 
to interference of AsO4

3−, a concentration of more than 
50  mg l−1 would significantly affect the fluoride removal 
efficiency. However, very low concentration of arsenic 
(<0.005 mg l−1) in all well-water samples given by Table 9 
would not hinder the fluoride adsorption. In the case of 
Ca2+ cation, its initial and final concentrations in samples 
were nearly similar, suggesting that the RHA/Al(OH)3 may 
not adsorb this cation.

4   Conclusion

RHA/Al(OH)3 has been successfully synthesized from rice 
husk ash using hydrothermal approach. The obtained 
material containing 20% of Al2O3 (w/w) was used for fluo-
ride adsorbption in aqueous solution with the maximum 
adsorption capacity of 8.2  mg g−1. The adsorption data 
could be well-described by Langmuir model, and the 
adsorption kinetic followed the pseudo-second-order 
model. The positive enthalpy (ΔHo = +5.14 kJ mol−1) sug-
gested that the chemisorption predominated. This mate-
rial could well adsorb fluoride in well-water in Khanhhoa 
province, Vietnam, which contained high content of fluo-
ride. After treatment with the dose of RHA/Al(OH)3 of 4.0–
7.0 g l−1 for 2 h, the remaining concentration of fluoride was 
reduced from around 10.1  mg l−1 to 0.5–1.5  mg l−1, which 
was within the acceptable limit of WHO. 
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