Journal of Science and Technology 54 (6) (2016) 737-747
DOI: 10.15625/0866-708X/54/6/7703

A STUDY ON KINETIC AND THERMODYNAMIC ADSORPTION
OF FLUORIDE FROM AQUEOUS SOLUTION ONTO
ALUMINIUM HYDROXIDE COATED RICE HUSK ASH

Tran Ngoc Tuyen', Nguyen Duc Vu Quyen, Ho Van Minh Hai?,
Tran Ngoc Quand, Hoang Trong Sy, Nguyen Trong Lient

'Department of Chemistry, Hue University of Scien¢@Nguyen Hue Str, Hue city
’Department of Environmental Science, Hue Universitgciences, 77 Nguyen Hue Str., Hue
*Hue University of Medicine and Pharmacy, 06 Ngo &u$tr, Hue city
“Medical Center, Ninhhoa district, Khanhhoa province

"Email: trntuyen@gmail.com
Received: 20 January 2016; Accepted for publicaofpril 2016

ABSTRACT

The fluoride adsorption on aluminum hydroxide cdatece husk ash material
(RHA/AI(OH)3) was demonstrated in this study. The isothermia ohalicated that the Langmuir
model well described the adsorption system withrfaimum monolayer adsorption capacity
of 8.2 mg.g. The kinetic results revealed that the pseudorsooder rate model fitted the
experiments data better than the pseudo-first-ovder Furthermore, the adsorption of fluoride
onto this material may be the chemical adsorpfidrermodynamic parameter&G°® andAH®)
in the range of temperature from 30 to°@showed that the adsorption was a spontaneous and
an endothermic process. RHA/AI(OH)could be used for well-treatment of fluoride
contaminated well-water sampling in Ninhhoa dist{liéhanhhoa province). With the initial
content of fluoride of 10.1 mg:tand after 2 hours of treating with the dose of+410 g.L*,
the concentration of fluoride in the samples desedato 0.5+ 1.5 g.L!, that met acceptable
limit of WHO.

Keywords:aluminium hydroxide coated rice husk ash, adsanpfiaoride.

1. INTRODUCTION

With human and animals body, fluorine is an integlement which plays the role of
regulating the metabolism of calcium and phospholtus necessary for the development of
teeth and bone, the formation of teeth’s tusk amah®l. When we lack of fluorine, our teeth
will be decay and the bones will be spongy. HowgevErfluoride concentration exceeds
acceptable limit (1.5 mg:b), the dental fluorosis will appear with main symps are that: teeth
appearance is marred by discoloration or brown mgskand break easily. Besides, the
redundancy of fluoride in human body can make thaebweak, get out of shape, break easily,



Tran Ngoc Tuyen, et al

damage to thyroid gland, endocrine, brain... Nowadtyes fluorosis appears widely in over 25
countries and about 62 millions people catch thégake, especially, in Bangladesh, China,
Mongolia India... [1]. In Vietnam, fluoride contamiteal well-water (3 to 14 mg}) results to
the fluorosis widespread in Khanhhoa, Phuyen, Quamg Thaibinh provinces... [2]. So, the
study on the removal of fluoride from running watean urgent problem. One of methods using
for treatment of fluoride interested most is udiygsorbents such as hydroxyapatite [3], kaoline
[4] or red mud [5] because of its high effect iality.

In previous paper, the preparation of RHA/AI(QHYas studied. The obtained material
exhibited a large amount of amorphous silica artivaed carbon with fine-grained particles,
high porosity and it well adsorbs fluoride.

In this paper, isothermal, kinetic and thermodyreanaisults of the adsorption of fluoride
onto this material were demonstrated.

2. EXPERIMENTS
2.1. Adsorbent

RHA/AI(OH); was prepared from rice husk ash antf #dlution [6]. Rice husk was treated
by 1M HCI solution for 24 hours after being burred700°C for 60 minutes. Rice husk ash
(RHA) was obtained after being washed by deioniwater and dried at 108C. The mixture
containing RHA and 0.1 M Al solution was adjusted to the pH of@and stirred for 30
minutes. The content of AD; in obtained material was 20 %. Al(OH)ould be precipitated
and dispersed on the surface of RHA particles. Sdiiel product was washed and dried at 100
0,

C.

The solutions of fluoride were prepared from NaR,(Bigma-Aldrich). The concentration
of fluoride was determined by molecular absorptgpectroscopy with Zirconyl - Alizarin
chelate using UV-Vis T80 device (Helios) at the elangth of 527 nm.

2.2. Effect of pH

With the aim of assessing the effect of pH to theorfide adsorption, nine samples
containing 100 mL fluoride solution were prepardthwhe concentration of 10 mg'LThe pH
of samples was adjusted from 3 to 11 (with the ttanta of the samples were from pH3 to
pH11), the temperature was fixed at Za Each sample was stirred for 2 hours after adding
RHA/AI(OH); into the solution with the dose of 5 ¢.lin order to reach to the adsorption
equilibrium. The solution was filtered and the flide concentration was determined. The
efficient of the adsorption was calculated by thaation as follows:

H =50~ Ce 00 (1)
C

o

where G and G are the concentration of fluoride in the solutiefdse and after adsorption,
respectively (mg.L).

2.3. Effect of the dose of RHA/AI(OH)

The suitable dose of RHA/AI(OKl)was chosen after investigating the efficient of th
fluoride adsorption of 10 samples containing adsorlvith the dose varying from 1 to 10 g.L
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(notations of samples were from LL1 to LL10). Otlectors were fixed and the practical steps
were described in 2.2 item.

2.4. Adsorption isotherm

The maximum fluoride adsorption capacity,Xgof RHA/AI(OH); was determined by
isotherm survey. Seven samples were prepared, s@ople containing 100 mL of fluoride
solution with the content rising from 5 to 35 mg.{the samples were notated from C5 to C35).
The dose of adsorbent was fixed at 5'g.0ther factors were fixed and the practical stepse
described in 2.2 item.

In this research, the Langmuir and Freundlich isothmodels [7, 8, 9, 10] were used to
evaluated the adsorption.

The Freundlich isotherm model is based on hetemmensurfaces suggesting that binding
sites are not equivalent and independent. The Lamgisotherm model is applicable to the
homogeneous adsorption where the adsorption of adstrbate molecule onto the surface has
an equal adsorption activation energy. The Freahadlnd Langmuir models can be expressed as
follows:

InqezanF+ECe (2)
n

&:&+ 1 (3)

de dn Kxd,

where: Gis the equilibrium concentration of fluoride in thelution after adsoption (mg');
0. is adsorption amount of RHA/AI(OH)(mg.g"), that was calculated by equation:

=M, where: Gis the initial concentration of fluoride (mg?), V is the volume of
m

e

fluoride solution (L), m is the mass of RHA/AI(OH]D); g.is maximum fluoride adsoprtion
capacity (mg.d); K is Langmuir constant which is related to ttresgth of adsorption; Kand n
is Fruendlich constants that are related to theratisn capacity and the adsorption intensity.

2.5. Adsorption kinetic

The kinetics data of fluoride adsorption was olgdiwhen the effect of time to adsorption
capacity of adsorbent was investigated. RHA/Al(@Was added into 100 mL of 10 md.L
fluoride solution with the dose of 5 gL the temperature was fixed at°@5 After 10 minutes,
10 mL of the stirring mixture was separated andflin@ride was determined.

The pseudo-first-order rate model (4) and the psegdond-order rate model (5) [7, 8, 10]
was applied to test the kinetic data.

The pseudo-first-order and pseudo-second-ordetiiaguations are given as:

In(q, —q,)=In(q, ) kit (4)
t 1 t

L - ©
q, kzqi Qe

where: q(mg.g") and g(mg.g") are the amount of fluoride ions adsorbed on tsoebent at
equilibrium and any time, respectively; (t.s*) and k (g.mg".s?) are the pseudo-first-order
and pseudo-second-order rate constant.
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2.6. Thermodynamic studies

In order to understand the mechanism of adsorptlermodynamic parameters such as
AG’, AH° andAS’ were calculated according to the study of effedeafiperature to adsorption.
Five groups of samples were prepared at 5 tempesiutarying from 303 K to 343 K. Each
group including 10 samples that contained 0.5 dRBIA/AI(OH); and 100 mL of fluoride
solution corresponding with the initial concentativarying from 10 to 40 mg:k The mixtures
were stirred for 80 minutes until the adsorptioacteed equilibrium. After that, fluoride contents
of separating solution were determined.

The equilibrium constant of adsorption JKvas approximately calculated by the equation

from the studies of J. Rahchamani [9]:

Ko=ee = e (6)

Ce Ce

where: G.and G are equilibrium fluoride concentration on the atient and solution (mg:});
AG° parameter of adsorption was determined by (7) ésjuaErom the obtained resultaH°
andAS’ parameters were obtained from the correlation énuaetween Inkand 1/T basing on
(8) equation.

AG® = -RTInK, )
nK, =-46 _AS ok @
RT R RT

3. RESULTS AND DISCUSSION
3.1. Effect of pH

Fluoride adsorption behavior of RHA/AI(OHunder different pH was investigated to
determine the optimal pH for removing of fluoridms. The results are shown in Table 1.

Table 1.The influence of pH on fluoride removal capacity.

Notations pH3| pH4/ pH3 pH6 pHY pHB8 pHY9 PpHLPHI11
pH 3.0 4.0 4.8 6.0 7.0 8.0 9.0 10/0 110
C. (mg.LY 1.15| 0.69| 052 041 042 042 041 040 219
H (%) 88.5| 93.1] 948 959 958 958 939 96.0 78.1

As can be seen in Table 1, the adsorption wasdeslé in the range of pH from 4.0 to 10.0
because the fluoride adsorption efficiencies of R&EOH); were always more than 90% and
unvaried, especially, from 6.0 to 10.0. Also, bathstudies of Salifu [10] and Ganvir [1]
expressed that the pH of 7:0@.2) had been the suitable pH for fluoride removVakrefore, the
adjustment of pH was no need in after experiments.

3.2. Effect of adsorbent dose

Table 2 shows fluoride removal capacity of RHA/A{Qwith different doses at pH of 7.0.
Table 2, it has been found that the fluoride adsmmgefficiency increases from 76.7 % to nearly
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100 % correspoding with the rise of adsorbent dasa 1 to 5 g.L". It can be explained that the
adsorption surface increases when the dose of ialdtereases. From the dose of 5 to 107g.L
almost of fluoride was removed from the solutiom, she adsorption capacity varied
unimportant. Hence, 5 g:lof RHA/AI(OH);was chosen as the optimum dose.

Table 2.The influence of RHA/AI(OH)dose on fluoride removal capacity.

Notations LL1| LL2| LL3| LL4| LLS| LL6 | LL7 | LL8 | LL9 | LL1O

Dose of adsorbent 1 5 3 4 5 6 7 8 9 10

(g.LY
Ce(mg.l_'l) 233 1.42| 0.714 056 041 032 025 0323 017 0.15
H (%) 76.7| 858/ 92d 944 o5]9 968 915 977 98885

3.3. Adsorption isotherm study

The correlation between equilibrium concentratidrilworide (G) and adsorption amount
of RHA/AI(OH); (ge) was considered through isothermal adsorptionystlitie data acquired
from experiments of 7 samples from C5 to C35 wiffecent initial concentrations of fluoride
were shown in Table 3. After that, the interactioetween g and G was obtained from
Langmuir 2 and Freundlich models. This result wgzressed in Figure 1.

Table 3.The fluoride removal capacities at different iditancentrations of fluoride.

Notatons | C5 | C10| C15 Cc2d C2%5 C3p C35
Co(mg.lh) | 5 10 15 20 25 30 35
Ce(mg.l?) | 0.222| 0.413] 0.751 1.278 1.984 2.929 4.449
0 (Mg.gY) | 0.956| 1.917| 2.850 3.744 4.609 5414 6.110
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Figure 1.Linearization of the Langmuir 2 (A) and Freundli@) adsorption isotherm models.

As can seen, the correlation coefficient (r) vatdd_angmuir 2 model {r= 0.995) was
higher than that of Freundlich modef € 0.950), which implied that the isotherm data were
fitted to the Langmuir 2 model. Maximum fluoride sadption capacity of material wak2
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mg.g". These results were similar to those in the stoflalifu [10]. Salifu indicated that
among adsoprtion isotherm models, Langmuir 2 moglgbosed the highest correlation
coefficient (F = 0.985) with the maximurfluoride adsorption capacitgf 7.874 mg.g. The
results of Z. Qiusheng also proved the suitabitityLangmuir 2 model with’= 0.968 [11].
According to this model, the fluoride adsorptiortaRHA/AI(OH); is monolayer adsorption
that means the surface containing the adsorbirg &tperfectly flat plane with no corrugation,
all sites are equivalent, each site can hold att mos molecule of adsorbate and there are no
interactions between adsorbate molecules on adjaies.

3.4. Adsorption kinetic

In order to find the kinetic model describing walle adsortion of fluoride onto
RHA/AI(OH);, the effect of time to the adsorption was analysBade amount of fluoride
adsorbed onto the material)(gt different time (t) was determined. The resulése showed in
Table 4. The correlation bewteerand t was obtained from these results in Figure 2.

Table 4.The amount of fluoridedsorbed onto the material at different time.

Notations D10 D20 D30 D40 D50 D6( D70 D8P
t (mintues) 10 20 30 40 50 60 70 8(
C:(mg.L'h) 197 | 164 | 1.34 | 1.08 | 0.86 | 0.68 | 0.54 | 0.42
q (mg.g) | 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 (mintues) 90 100 110 120 13( 140 150 160
C:(mg.L'h) 043 | 043 | 042 | 042 | 040 | 043 | 040 | 0412
q (mg.g) | 1.915| 1.914| 1.917 | 1.916 | 1.92 | 1.914| 1.92 | 1.918

Figure 2 showed that in the first 80 minutes, tager time, the more fluoridadsorbed
onto the material @y After that, the value of;aried around 1.9ing.g"* which proved that the
adsorption got equilibrium.

From the reaction kinetic of pseudo-first-order gs®udo-second-order rate model, the
correlation between Inggy) and t; t/gand t was expressed in Figure 3.

1.95-

1.904 v

1.85 /
1.801 /

1.75- /
" 1.70 /
1.65- /

1.60+ -

q, (mg/g)

0 20 40 60 80 100 120 140 160 180
t (minute)

Figure 2.The relation bewteen gnd t.
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Figure 3.Pseudo-first-order model (A) and pseudo-secondraraelel (B) for fluoride adsorption.

The above results indicated that the adsorptiofluofide onto RHA/AI(OH) obeyed the
pseudo-second-order rate model with high correlatioefficient (f = 0.999). This agrees with
the publication of Ganvir [1], Garcia-Sanchez [Afaiusheng [11].

3.5. Thermodynamic studies

Thermodynamic parameters of fluoride adsorptioro dritiA/Al(OH); were determined by
the investigation of the effect of temperatureite amount of adsorbed fluoride in the range of
temperature from 303 K to 343 K. The results wepresented in Table 5.

From the Figure 4hermodynamic parametengere calculated and showed in Table 6.

Table 5.The effect of temperature to fluoride adsorptiorR6fA/Al(OH)s;.

C. (mg.L?)
Co (mg.L?)
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
m (Mg.g") 8.2 8.4 8.5 8.6 8.7
InK g 1.672 1.754 1.817 1.868 1.911
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Figure 4.Van't Hoff diagram of fluoride adsorption onto RHX(OH)s.

Table 6. Thermodynamic parameters of fluoride adsorptiom & A/AI(OH)s.

TemperaturéK) AG® (3.mol") | AHC (J.mol)
303 -4211.53
313 -4565.09
323 -4879.69 5137.22
333 -5171.87
343 -5449.63

The positive value of enthalpyAl® = +5.14 kJ.mol) proved endothermic nature of
fluoride adsorption, which agreed with the restiatt the higher temperature, the higher
adsorption capacity at equilibrium state, absojut€he chemisorption nature of the adsorption
was also affirmed because of high enthalpie mechanism of the adsorption might be ion
exchange between fluoride ion and Qtoups from=AI-OH sites [11]. In addition, the higher
pH, the higher amount of adsorbed fluoride becélnsgH of the solution was higher than 5.53
[6], the point of zero charge of material. So, amant of fluoride was complexed strongly with
Al**on the surface of rice husk asthe negative value &fG° at different temperatures implied
that the adsorption was spontaneous.

3.6. Treatment of fluoride in well-water

In Khanhhoa province, the fluorosis is so populkcduse of high concentration of fluoride
that exceeds théhe acceptable limif2]. For practical purpose, we sampled well-watér a
Ninhthuong commune, Ninhhoa district, Khanhhoa proe. The samples that are transparent,
colorless, odorless contain fluoride with the comiation of about 10.1 mgl (exceeds the
standard of WHO) and have pH of 8.8.

Ten samples notated from H1 to H10 were preparadh Bample contained 100 mL of
well-water. RHA/AI(OH)was added into the sample with the dose incredsimg 1 g.L* to 10
g.L™. The samples were stirred for 2.0 hours in ordereach to adsorption equilibrium. The
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concentration of fluoride after adsorption wereedsined (G). The results were showed in
Table 7.

Table 7 Fluoride adsorption efficiency of RHA/AI(Oklin well-water.

Notations | D0S€ Of material C. H
QL) (mg.L) (%)
H1 1 3.48 655
H2 2 2.40 76.2
H3 3 1.72 83.0
H 4 1.13 8.8
HS S 0.76 925
HO 6 0.63 938
H7 ’ 0.57 944
H8 8 0.49 95 1
HY 9 0.45 955
H10 10 0.31 96.9

The above results indicate that the fluoride adsmmpability of RHA/AI(OH); in well-
water is well. With the dose of material from 4.0°§to 7.0 g.I', the fluoride concentration
decreases under the acceptable limit of WHO (@5 g.L") that is useful for the development
of teeth and bond. Well-water after treatment i®idess, odorless, has pH of 7.65 and can be
used as running water.

4. CONCLUSION

RHA/AI(OH); containing 20 % AIO; could adsorbed fluoride ion in agueous solutiothwi
the maximum adsorption capacity of 8.2 myg.ghe adsorption capacity was depended on the
solution pH and the adsorbent dose. The adsorptten could be well-described by Langmuir 2
model and the adsorption kinetic followed the psesecond-order model. The positive
enthalpy AH® = +5.14 kJ/mol) proved that the chemisorption prethated. This material could
well adsorb fluoride in well-water that containeidthcontent of fluoride. After treatment with
the dose of material of 4.0 - 7.0 dlfor 2 hours, the concentration of fluoride wasrdased
from around 10.1 mg:tto 0.5 - 1.5 g.[* that was fit for the acceptable limit of WHO.
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TOM TAT

NGHIEN CUU DONG HOC VA NHIET PONG CUA QUA TRINH HAP PHJ ION FLORUA
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Kha ning Hip phy ion florua trong dung idh nréc bing vat liéu tro téu phi nhém
hydroxit (RHA/AI(OH),) da duoc khio sat trong nghiéniaai nay. Két qua nghién ¢u ding nhit
cho thiy mé hinhding nhiét hip phu Langmuir mé 4 tét ban chit cia qué trinh fip phy voi
dung trong Hip phi cuc dai dat 8,2 mg/gDay la qué trinh 4p phy hoa he, toe do hip phy tudn
theo phlrong trinhdong hoc hap phy bac hai béu kién. Khao satanh hrong aia nhit do dén
dung krgng hip ph trong khang nht do tr 30dén 70°C cho thy qua trinh Bp phu 1a tr dién
bién va thu nhgt. Vat li¢u RHA/AI(OH); cd khi nang xir ly rat t6t cac mu nude giéng trong
thuc t# c6 rong do ion florua cao. §i cac miu nedc giéng tai huyén Ninh Hoa (Khanh Hoa) co
nong do ion florua 10,1 mg/L, sau khiaxli véi liéu hrong Vat liéu hap phu tr 4,0dén 7,0 g/L,
sau thi gian 2 gb, néng do ion florua trong méc giéng sau khi ¥ Ii dat tr 0,5 — 1,5 g/L, thd
man tiéu chén aia WHO.

Tur khoa: vat ligu tro téiu phi nhém hidroxit, Ap phy, florua.
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