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Peat Water Treatment using Chitosan-Silica Composite as an Adsorbent
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ABSTRACT: The objective of this study is synthesis and characterization of the chitosan-silica composite
(CSC) and use them as an adsorbent material for peat water treatment. The resulting composite was characterized
by Fourier transform infrared (FTIR) spectroscopy, scanning electron microscope (SEM), X-ray diffraction
(XRD), N, adsorption-desorption isotherm and zeta potential. The sorption experiments were carried out in
batch mode to optimize various parameters such as contact time, dose of CSC, pH and temperature. In
addition, adsorption isotherms of humic acid onto the CSC were also evaluated with the Langmuir, Freundlich
and Sips approximations. Kinetic data were tested using the pseudo-first-order, pseudo-second-order kinetic
models and intra-particle equations. The results from this work showed that the adsorption of humic acid was
found to increase with increase in contact time and temperature while acidic pH was more favorable for the
adsorption of humic acid from peat water. The optimum dosage of CSC was 5 g. Equilibrium data were best
described by the Langmuir isotherm model, with maximum monolayer adsorption capacity of 120.2 mg/g at 25
°C and pH 4.12. The kinetics of the adsorption process was found to follow the pseudo-second-order kinetic
model, with arate constant in the range of 0.034 - 0.105 g/mg/min, while intra-particle-diffusion were the main
rate determining step in the humic acid adsorption process. Thermodynamic parameters data indicated that the
humic acid sorption process was non-spontaneous and endothermic under the experimental conditions, with
the Gibbs free energy (“G°) in the range of 1.05-3.89 kJ/mol, enthalpy (“H°) and entropy (“S°) of 24.69 kJ/
mol and 69.62 J/mol, respectively and the activation energy was 23.23 kJ/mol. The CSC investigated in this

study thus exhibited as a high potential adsorbent for the peat water treatment.
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INTRODUCTION

Peat water is a heterogeneous mixture of organic
compounds which vary in terms of molecular weight
(MW), chemical structure and functional groups. Peat
water is often fractioned on the basis of hydrophobicity
and molecular size (Abate and Masini, 2003; Rojas et
al., 2011) and therefore includes a set of hydrophilic
substances, particularly aliphatic carbon and
nitrogenous compounds (sugars, carbohydrates, amino
acids etc.) (Abate and Masini, 2003; Albers et al., 2008;
Rojasetal.,2011), and a set of hydrophobic substances,
consisting principally of humic compounds (humic and
fulvic acids), noted for their aromaticity and carboxylic
and phenolic acid functionality.
*Corresponding author E-mail:zulfikar@chem.itb.ac.id
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Of these substances, hydrophobic humic acid
compounds tend to react with a variety of oxidants
and disinfectants to form carcinogenic disinfection
byproducts (DBPs) such as trihalomethanes and
haloacetic acids during drinking water production. At
the same time, humic acid may cause water to have
color, taste and odor, and bind heavy metals, making
water treatment necessary.

At present, there are several methods used to
remove humic acid as main component from peat water,
such as coagulation-flocculation (Uygunera et al.,
2007; Libecki and Dziejowski, 2008; Park et al., 2009;
Rojasetal.,2011; Sunetal., 2011;), electro coagulation
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processes (Ghernaout et al., 2009; Wang et al., 2011),
oxidation (Uygunera et al., 2007; Libecki and
Dziejowski, 2008), photocatalysis (Sonea et al., 2010)
and membrane technology (Park et al., 2009;
Katsoufidou et al., 2010; Hamid et al., 2011; Rojas et
al., 2011). All of these alternative processes, however,
are high operational cost and none of them therefore,
is considered by industries to be commercially viable
because economically unrealistic.

Due to it’s easy to operate and most effective,
adsorption has been considered as one of the most
economically promising techniques for the water and
wastewater treatments (Gupta et al., 2007). In the past
years, several adsorbents have been employed for
humic acid adsorption including activated carbon
(Garciaetal., 1998; Daifullah et al., 2004; Maghsoodloo
etal.,2011), flyash (Wang and Zhu, 2007; Wang et al.,
2008; Wang et al., 2009), Shorea dasyphylla sawdust
(Kamari et al., 2009), eggshell (Zulfikar et al., 2013a),
zeolite (Moussavi et al., 2011), clay mineral (Peng et
al., 2005; Salman et al., 2008; Doulia et al., 2009; Zhang
etal., 2012), chitosan (Ngah et al., 1998; Ngah et al.,
2011), chitin (Ngah et al., 1998), silica (Liang et al.,
2011) and other adsorbents (Abate and Masini, 2003;
Zhang and Bai, 2003; Anirudhan etal., 2007; Ngah et
al., 2008; Zhaoet al., 2008; Tao et al., 2010; Wang et
al.,2011; Lin and Zhan, 2012).

Chitosan is a nitrogenous polysaccharide
composed mainly of poly (B-1-4)-2-amino-2-deoxy-D-
glucopyranose and is produced through the
deacetylation of chitin (Ngah et al., 2008,;
Maghsoodloo etal., 2011; Ngah etal., 2011. Chitosan
is a natural adsorbent due to the presence of the amine
(-NH,) and hydroxyl (-OH) groups and serve as the
adsorption sites for many adsorbates (Ngah et al.,
2011; Zou etal.,2011; Lin and Zhan, 2012). However,
chitosan is soft and soluble in weak organic acid and
other acidic media which renders it unsuitable for
adsorbing in an acidic environment (Zhang and Bai,
2003; Ngah etal., 2008; Zhaoetal., 2008; Ngah et al.,
2011;Zouetal.,2011; Denget al., 2012; Lin and Zhan,
2012). Alternatively, chemical modification (in
composite form) can render the chitosan to be insoluble
in acidic medium while improving its mechanical
strenght and resistance to chemical degradation
(Zhang and Bai, 2003; Ngah et al., 2008; Ngah et al.,
2011). Different kinds of substances have been used
to form composite with chitosan such as zeolite (Lin
and Zhan, 2012), polyethyleneterephthalate (Zhang
and Bai, 2003), epichlorohydrin (Ngah et al., 2008),
attapulgite (Zouetal.,2011; Denget al., 2012), fly ash
(Wen etal., 2011), epichlorohydrin-clay (Tirtom et al.,
2012), active carbon (Hydari et al., 2012),
montmorillonite (Nesic et al., 2012), silica (Al-Sagheer

688

and Muslim, 2010; Gandhi and Meenakshi, 2012a;
2012b; Zulfikar et al., 2013, and alumina (Gandhi et al.,
2010). Silicon precursor shows quick in situ
development of the silica network in the presence of
ethanol and water via the sol gel route forming glassy,
homogeneous and transparent films compatible over a
wide composition range (Retuert et al., 1997), making
interfacial interaction increased, greater ceramic nature,
and improved thermal, mechanical, optical and
adsorbing properties in form composite with chitosan
(Al-Sagheer and Muslim, 2010). Although chitosan-
silica composite (CSC) has been investigated as an
adsorbent to remove lignosulfonate compound from
aqueous solution (Zulfikar et al., 2013), the study on
the property of CSC for humic acid removal from peat
water has not been reported.

In this study, CSC were synthesized and then used
toremove of humic acid from peat water. The CSC was
characterized by Fourier transform infrared (FTIR)
spectroscopy, scanning electron microscope (SEM),
X-ray diffraction (XRD), N, adsorption-desorption
isotherm and zeta potential. The effects of contact time,
CSC dosage, pH solution and temperature on the humic
acid removal were investigated. The kinetics of removal
process was determined using pseudo-first-order,
pseudo second-order kinetics and intra-particle-
diffusion models. The Langmuir, Freundlich and Sips
isotherm models were used to evaluate the equilibrium
adsorption data.

MATERIALS & METHODS

Sample of chitosan (CS) prepared from shells of
prawns was kindly donated from Organic Synthesis
Laboratory, Department of Chemistry, Institut
Teknologi Bandung, Indonesia. Acetic acid and
tetraorthosilicate (TEOS) were purchased from Aldrich.
Sodium hydroxide and hydrochloric acid used to adjust
pH was purchased from Merck. Water used was
generated from aqua demineralization system. All
materials were used without further purification.
Chitosan was dissolved in 1 % acetic acid solution to
produce a 1 wt% chitosan solution. This solution was
stirred for 24 hours at room temperature to form a
homogeneous mixture. For cross linking chitosan with
silica, a solution of TEOS was prepared by mixing the
ethanol, water and TEOS with the ratio of
TEOS:ethanol:water was 2:2:1. This solution was
allowed stirring for 1.5 hours at room temperature. To
this solution, the previously prepared chitosan
solutions were added with the ratio of chitosan: TEOS
was 1:4 and stirred for 1.5 hour at room temperature.
The resulting solution was cast onto a Petri disk (with
diameter of 10 cm) and dried at ambient temperature
for 24 hours. After that, the resulting CSC was washed
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with aqua dm until neutral and then dried under vacuum
for 24 hours at 100 °C. Finally, the newly formed, dried
CSC were ground using mortar and sieved to a constant
size (~75 pm). The reaction between chitosan and TEOS
to produce CSC could be seen at (Al-Sagheer and
Muslim, 2010; Zulfikar et al., 2013). The peat water
sample was obtained from Rimbo Panjang, a sub district
of Kampar in Riau Province, Indonesia. Before mixing
the peat water sample with adsorbent, its pH value
was adjusted using NaOH and HCI (Merck, Germany)
with 0.1 M in concentration. The pH value was
measured using 300 Hanna Instrument (USA) pH meter.
The characteristic of peat water sample can be seen at
Table 1.

Table 1. The characteristic of peat water sample

Parameters Unit Result
Color Pt-Co 492
Organic compounds  mg/L KMnO, 254
pH - 4.12
Conductivity uS/cm 74
Turbidity mg/L SiO, 7.2
Iron mg/L 0.2
Manganese mg/L 0.1
Calcium mg/L 0
Magnesium mg/L 5.4

In order to identify the presence of functional groups
in the CSC, Fourier transform infra red spectroscopic
model 8300 IR-TF (Shimadzu, Japan) was performed in
the range of 400 —4000/cm using a KBr disc technique.
The surface morphology of CSC was observed using a
scanning electron microscope (JEM-2010, JEOL, Japan).
To examine the crystallinity of the CSC, X-ray diffraction
of sample were recorded using RINT 2000 (Rigaku
Instrument Corp., Japan) with Cu Ka radiation. The
surface area and average pore diameter of CSC were
determined using a Micromeritics Gemini 2370 (USA)
gas adsorption surface analyzer according BET
multipoint technique. The zeta potential of CSC as a
function of pH in 0.01 mol/L sodium chloride was
measured using a Zeta Plus 4 Instrument (Brookhaven
Instruments Corp., USA). For pH determination, 1 g of
the dry, powdered CSC sample was mixed with 100 mL
of bidistilled water and allowed to equilibrium for 3
days in a glass stoppered bottle. The batch adsorption
experiments were conducted to evaluate humic acid
removal from peat water over CSC at pH of 4.12 and
25°C. Typically, 5 g of the CSC were introduced into a
100 mL Teflon-line capped glass tube containing 50
mL of peat water solution (pH 4.12). The tubes were
transferred into a shaker bath (Innova 3000, 3000), in
which the tubes were shaken with shaking speed at
100rpm at 25,45, 55 and 65 °C for 2, 5, 10, 15, 20, 25, 30,
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45, 60, 75, 120, 180 and 240 minutes. At the end of the
predetermined time interval, the CSC particles were
removed by centrifugation and the humic acid residual
concentration was determined using an ultraviolet-
visible spectrophotometer model UV-Vis 1601
(Shimadzu, Japan) with detecting wavelength at A 400
nm (Zhang and Bai, 2003; Doulia et al., 2009; Zhang et
al.,2012; Zulfikar et al., 2013). As the absorbance was
pH-dependent, calibration lines were made for each
required pH in the study. The percent of humic acid
removal from peat water was calculated using the
following equation:

Ci —Ce

Removal (%) = ——— x100 ¢y
Ci

where C, and C,_ are initial and final concentration of
humic acid (mg/L) in solution, respectively. The
adsorption capacity of an adsorbent at equilibrium with
solution volume V, was calculated using the following
equation:

Ci -Ce « )

g, (mg/g) = \Y

where C, and C, are the initial and final concentration
of humic acid (mg/L) in solution, respectively. V is the
volume of solution (L) and m is mass of adsorbent (g)
used.

The effect of solution pH on the humic acid
removal from peat water onto CSC was investigated in
apHrange from 2.0 to 12.0 by adjusting the pH using
0.1 M HCl and 0.1 M NaOH solution and using 5 g of
CSC for 90 minutes at 25 °C and shaking speed at 100
pm.

The effect of CSC dosage on the humic acid removal
was investigated by mixing 50 mL peat water with
different dosages (1, 2, 3, 5,7, 10, 15 and 20 g) for 90
minutes and at pH of4.12, 25 °C and shaking speed at
100 rpm.

Humic acid removal kinetics was performed by
mixing 5 g of CSC with 50 ml of peat water sample at
temperature of 25 °C, 45 °C and 65 °C for 15, 30, 45, 60,
75, 90 and 120 minutes, which other conditions were
held constant at pH of 4.12, particle size of 75 um and
shaking speed at 100 rpm. The experimental data were
calculated to determine the adsorption kinetics by
using the pseudo-first-order, pseudo-second-order
and intra-particle models.

RESULTS & DISCUSSION

The FTIR spectrum of CSC showed the
combination of characteristic adsorption bands
between chitosan and silica groups (Fig. 1). The major
bands for the CSC can be assigned as follows: 3430/
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Fig. 1. FTIR spectrum of CSC adsorbent

cm (-OH stretching vibrations), 1632/cm (-NH, bending
vibration). Other major bands observed at wave
numbers of 2910/cm (-CH stretching vibration), 1377/
cm (symmetric bending vibration of -CH). The
adsorption band at 954 (related to the Si-OH bonds),
1078 and 801/cm (characteristics for Si-O-C absorption)
indicating that there is a definite interaction between
the phases (Al-Sagheer and Muslim, 2010; Zulfikar et
al.,2013).

The surface morphologies of chitosan and CSC at
5000x magnification were shown in Fig. 2. It was
observed that the surface of the chitosan prior to the
cross-linking process was smooth and less porous.
However, after cross-linking, the surface morphology
became coarser and more porous. The silica particles
are in the form of white round beads, and their dispersion
within the matrix is clearly visible.

Zaky

Fig. 2. Surface morphology of CSC adsorbent
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From XRD pattern of silica gel, chitosan flakes
and CSC (Fig. not shown here), it was found that the
silica gel have characteristic peaks at 20 = 11.6°, 20.7°,
25.6°,29.7°,31.7°and 49.22° and chitosan flakes have
characteristic peaks at 20 = 10.1°, 20.3°, 26.0° and 42.0°.
These peaks correspond to a crystalline structure of
silica gel and chitosan respectively (Gandhi and
Meenakshi, 2012a; 2012b). XRD spectra of CSC are
more or less amorphous in nature with small crystalline
area between 20 = 20-29°. The decrease in the
crystallinity may be due to introduction of bulky
chitosan polymeric chain, which demonstrates that the
conjugation of silica and chitosan suppressed the
crystallization to some extent. It suggests that silica
and chitosan polymeric chain were mixed well at a
molecular level (Gandhi and Meenakshi, 2012a; 2012b).

The surface charged characteristics of CSC was
examined by measuring its zeta potential. Fig. 3 presents
the zeta potential of CSC as a function of the pH
solution values. The zeta potentials are positive for
pH below 6.2, which this can be attributed to the
protonation of amino groups in the CSC. Above pH
6.2, the zeta potential of CSC was negative. This may
due to the deprotonation of amino and silanol groups
in CSC. The point of zero zeta potential was obtained
at about pH 6.2 which is close to the pKa value of 6.3-
6.6 for amino groups in chitosan reported by other
(Zhang and Bai, 2003; Zulfikar et al., 2013).

N, adsorption/desorption isotherm of CSC and its
pore size distribution is illustrated in Figs 4a and 4b.
As shown in Fig. 4a, CSC showed a type IV N,
adsorption isotherm shape with an evident hysteresis
loop at relative pressure range of 0.4-0.7, suggesting
the presence of mesopores in CSC (Tao et al., 2010;
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Fig. 3. Effect of pHs on the zeta potential of CSC adsorbent

Lin and Zhan, 2012). Moreover, it can see been that
the hysteresis loop shift approach relative pressure
(P/P ) = 1, indicating the existence of macropores in
CSC (Lin and Zhan, 2012). This conclusion agreed with
the BJH pore diameter distribution of CSC (Fig. 4b),
which showed that the CSC had a wide pore diameter
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distribution in both mesoporous and macroporous
domains. The calculated BET surface area, pore volume
and pore diameter are summarized in Table 2.

The effect of the contact time and temperature on
the percentage of adsorption of humic acid from peat
water using CSC is presented in Fig. 5. The percentage
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Fig. 4. (a) N, adsorption-desorption isotherm and () pore size distribution of CSC
Table 2. Characteristics of CSC adsorbent

Parameters Values
Surface area (m’/g)* 426.76
Pore diameter (nm)b 2.98

Total pore volume (cm3/ 2) 0.50

* Applying BJH model
® Applying BJH model
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Fig. 5. Effect of contact time and temperature on humic acid removal from peat water (volume 50 mL, dosage 5
g, pH 4.12, particle size 75 um, shaking speed 100 rpm)

of adsorption increased with increase in agitation time
and reached a constant value with the increase in
contact time. A rapid increased is observed for the first
25 minutes and it then proceeds slowly until reached
equilibrium. This may due to the increased in the
number of vacant surface sites available at initial stage.
The sorption equilibrium was achieved during the same
period of 90 minutes.

As shown in Fig. 5, the amount of humic acid
adsorption using CSC increases with the increasing of
temperature. This arises from the increase in the
mobility of humic acid molecule with increasing
temperature (Daifullah etal., 2004; Wang and Zhu, 2007,
Doulia et al., 2009; Moussavi et al., 201 1; Rahchamani
et al., 2011) and more molecules across the external
boundary layer and the internal pores of the adsorbent
particles. Furthermore, increasing temperature may
produce a swelling effect within the internal structure
of adsorbent, penetrating the large humic acid molecule
further (Fan et al., 2011; Rahchamani et al., 2011;
Zulfikar and Setiyanto, 2013; Zulfikar etal., 2013b).

To optimize the adsorbent dosage for the
adsorption of humic acid from peat water, adsorption
investigations were carried out with different
adsorbent dosages. The amounts of humic acid
removed by adsorption on CSC are presented in Fig. 6.
It is observed that, the percentage adsorption of the
humic acid increases with increasing dosages. A
significant increase in the adsorption process was
observed, where the adsorption amount increased from
1to5 g, and any further addition of adsorbent did not
cause any significant change in the percentage of
adsorption. Increased humic acid adsorption with
increasing CSC dosage is attributed to the increase of
total adsorbent surface area and adsorption site.
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Almost optimum adsorption was observed in the case
of 5 g of CSC. Thus, in all subsequent kinetic studies,

the amount of CSC was chosen as 5 g.

100

80

% Adsorption

10 15 20

Dosage (gram)

Fig. 6. Effect of adsorbent dosage on humic acid
removal from peat water (contact time: 90 min.,
volume 50 mL, pH 4.12, particle size 75 um,
shaking speed 100 rpm, and temp. 25 °C)

The effect of initial pH of the peat water on the
percentage of humic acid adsorbed was studied by
varying the initial pH of peat water and keeping the
other process parameters as constant. The results are
shown in Fig. 7. As shown in Fig. 7, the increase in
initial pH of the peat water decreased the percentage
of humic acid adsorbed.

It was stated that CSC contain polar functional
groups such as amino and silanol groups in their
molecular structure, which can be involved in
adsorption. At low pH, the concentration of H ion in
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Fig. 7. Effect of pHs on humic acid removal from peat
water (contact time: 90 min., volume 50 mL., dosage
5 g, particle size 75 mm, shaking speed 100 rpm,
and temp. 25°C)

the system increase and these functional groups were
protonated, and the surface of the adsorbent acquiring
a positive charge, as confirmed by zeta potential
measurement (Fig. 3). As previously explained, humic
acid is the main components of peat water, which
consist of many phenolic and carboxylic functional
groups. As known, the phenolic and carbonyl functional
group can be ionized in aqueous medium and may
acquire a negative charge in aqueous medium. On the
other hand, the humic acid molecules became more
negatively charged as pH value increased due to
ionization of carboxylic and phenolic groups of humic
acid (Fig. 3). This ionization would lead to an increase
of negative charge of humic acid molecules, thus the
humic acid ion will be attracted to the surface of the
adsorbent by electrostatic interaction. Meanwhile at
high pH, more hydroxyl ions are present in the bulk
solution and the functional groups on the CSC surface
were deprotonated are, so the surface charge is negative
(Fig. 3). These will reduce the electrostatic attraction
between the CSC surface and humic acid compound
because the less positive or more negative surface
charges. This decreases the adsorption rate of humic
acid. To further understand the adsorption mechanism,
Langmuir, Freundlich and Sips isotherm models were
used to analyze the experimental results. The Langmuir
isotherm model assumes that the forces of interaction
between the adsorbed adsorbate molecules are
negligible and once the adsorbate molecule occupies
the adsorption site no further adsorption will take place.
The non-linear form of Langmuir isotherm is expressed

" g, bC,

RTYS) ©
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where C_ is the concentration of humic acid in
peat water at equilibrium (mg/L), q, is the humic acid
adsorption capacity for absorbent at equilibrium (mg/
g), q, is the maximum adsorption capacity (mg/g) and
K, is Langmuir constants related to energy of
adsorption (L/mg). The Freundlich adsorption isotherm
model is empirical equation applicable for description
of the adsorption process, which based on the
assumption that the adsorbent has a heterogeneous
surface composed of different adsorptive site. The
Freundlich equation can be represented as:
qe = Kfce Hn (4)

where C_is the equilibrium concentration (mg/L),
K. (L/g) and n are Freundlich constants related to
adsorption capacity of adsorbent and adsorption
intensity, respectively. The value 1/n gives an
indication of the favorability of adsorption. It has been
reported that 1/n value between 0 and 1 represents
favorable adsorption (Ghandi et al., 2010; Moussavi
etal.,2011; Rachamanietal.,2011; Wenetal., 2011;
Zou et al., 2011; Gandhi and Meenakshi, 2012a; 2012b;
Lin and Zhan, 2012). Sips model is a three-parameter
isotherm model that is basically a combination of
Langmuir and Freundlich models, having features of
both Langmuir and Freundlich equations. It is
expressed as:

B qm.Keq.Ce

9= . ®)
1+ K, C,

where Keq (L/mg) represents the equilibrium
constant of the Sips equation and ¢ (mg/g) is the
maximum adsorption capacity. The Sips isotherm model
is characterized by the heterogeneity factor, n, and
specifically when n = 1, the Sips isotherm equation
reduces to the Langmuir equation and it implies a
homogenous adsorption process (Chatterjee et al.,
2009; Chatterjee et al., 2011; Zulfikar et al., 2013b).

As seen from Fig. 8, Langmuir isotherm models
are fitting well to the experimental data for humic acid
adsorption than the Freundlich and Sips isotherm
models, indicating that the adsorption of humic acid
from peat water on CSC is a monolayer adsorption. In
addition, the isotherm parameters from the models
indicate that the Langmuir isotherm produces a better
fitting result in terms of regression coefficient (Table
3). Based on the Langmuir isotherm model, the
maximum adsorption of humic acid from peat water on
CSC at pH4.12 and 25 °C was found to be 120.2 mg/g.

In order to investigate the adsorption mechanism of
humic acid onto CSC, the kinetic data obtained were
analysis using the pseudo-first-order adsorption, the
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Table 3. Langmuir, Freundlich and Sips constants for humic acid adsorption*)

Langmuir Model Freundlich Model Sips Model
b G 2 Ks 2 Om Keg R2
(L/mg)  (mglg) (mg/g) (mgg) (mL/g)
0.236 120.2 0.997 3.937 3820 0.966 126.5 0.095 0.864 0.986

pseudo-second-order adsorption and the intra-particle
diffusion models. The pseudo-first-order rate
expression was evaluated with the following equation:
log (g,- g,)=logq,-k/2.303.t ©6)
where ¢, and ¢, are the amounts of humic acid,
(mg/g) adsorbed on adsorbents at equilibrium, and at
time t, respectively and K is the rate constant (min™).
The value of g, k and correlation coefficient were
determined from the linear plots of log (q, - g,) against
t. The adsorption rate constants and linear regression
values for pseudo-first-order under different
temperature were summarized in Table 4. From Table 4,
we can see that the theoretical g, values calculated
from the pseudo-first-order kinetic model did not agree
with the experimental values, and the correlation

coefficients were also found to be slightly lower. These
results indicated that the pseudo-first-order kinetic
model (Fig. not shown) was not appropriate for
modeling the adsorption of humic acid onto CSC.

The pseudo-second-order rate equation assumes
that the adsorption capacity is proportional to the
number of active sites on the surface. The pseudo-
second-order equation is expressed as:
t/g,=1/k.q 2 +t/q, @)

where @, and q, are the amounts of organic
compounds, (mg/g) adsorbed on sorbents at
equilibrium, and at time t, respectively and k is the rate
constant (g/mg.min™). k and g, can be obtained from
the intercept and slope of plotting t/g, against t. Plot

Table 4. The pseudo-first order and second-order kinetic parameters for humic acid removal from peat water

using CSC
Temperature (°C) Pseudo-first-order Pseudo-second-order

K (min”! e, cal R? K (min-! Qe, cal R2 Qe, €Xp

(i) mgig) ) (mglg) (mg/g)

25 0.065 2.602 0978 0.034 3.377 0.993 3.176

45 0.077 2.793 0.990 0.057 3.539 0.998 3.400

55 0.081 2.712 0.984 0.078 3.755 0.999 3.648

65 0.147 3.305 0.994 0.105 3.970 0.999 3.888
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of t/q, against t for pseudo-second-order model under
different temperature are shown in Fig. 9. From the
slope and intercept values, g, and k, were calculated
and the results are shown in Table 4. The linear plots
of t/q, versus t show a good agreement with
experimental data giving the correlation coefficients
close to 1. Also, the calculated g, values agree very
well with the experimental data at all temperature. This
means that the adsorption kinetics of humic acid onto
CSC obeys the pseudo-second-order kinetic model for
the entire adsorption period.

The pseudo-second-order kinetic model cannot
give a definite mechanism of adsorption. Adsorption
kinetics is usually controlled by different mechanisms,
the most general of which is the diffusion mechanism.
The intra-particle diffusion model can be defined as:

g =kts+C ®)

where K is the intra-particle diffusion rate constant
(mg/g min'?) and ¢, is the amount of humic acid
adsorbed at time t (mg/g). The plot of g, versus t'?
would result in a linear relationship. If the lines passed
through the origin diffusion would be the controlling
step. Otherwise, the intra-particle diffusion is involved

50
| A65degC
. 40 ® 55deg C
g A45degC
B 30 - 025degC
g
g
§ 20
10
o f
0 50 100 150
t (min)

Fig. 9. Pseudo-second-order model plots for humic
acid removal from peat water at different
temperature (volume 50 mL, dosage 59, pH 4.12,
particle size 75 um, shaking speed 100 rpm)

in the sorption process but is not the only rate-
controlling step. According to this model, the
relationship between g, against t'?is shown in Fig. 10.
The plot obtained for each temperature may include
two stages: (a) the first part is due to boundary layer
diffusion or external surface adsorption, and (b) the
second stage is a gradual adsorption stage attributed
to intra-particle diffusion. Extrapolating the linear
portion of the plot to the ordinate produces the intercept
(C) which is proportional to the extent of boundary
layer thickness (Taoetal.,2010; Lin and Zhan, 2012;
Zouetal.,2011; Zulfikar et al., 2013a; 2013b; Zulfikar
and Setiyanto, 2013; Fan et al., 2011; Elkady et al.,
2011; Wangetal.,2013).

Since the second stages of plot g, against t"2does
not pass through the origin, the intra-particle diffusion
is not the only rate limiting mechanism in the adsorption
process (Ngah et al., 2008; Doulia et al., 2009; Hydari
et al., 2012; Lin and Zhan, 2012; Nesic et al., 2012;
Wang et al., 2013; Zulfikar et al., 2013a; Zulfikar and
Setiyanto, 2013).

Table 5 shows the intra-particle diffusion constants
(k,,» k,,) and the correlation coefficient (r*). From Table
5, it can be seen that the order of the sorption rate was

45 r
4 [
A A A A
AA 8 3830 o)
3L A ©e A A A A
) A
257 ce,
= 2- Aeg A A65deg C
= sl OA 055deg C
: 6 ® ®45deg C
1 e A A25deg C
0.5
0
0 4 8 12 16

t1/2 (min 1/2)

Fig.10. Intra-particle model plot for humic acid
removal from peat water at different temperature
(volume 50 mL, dosage 5 g, pH 4.12, particle size 75
pum, shaking speed 100 rpm)

Table 5. Parameter of the intra-particle diffusion model for the humic acid removal from peat water using CSC

Temperature (°C) Kat C, RS Kqp C, Ry’
25 0.360 0.327 0991 0.005 3.124 0.739
45 0.447 0.455 0.995 0.002 3.376 0299
55 0.504 0.701 0.953 0.007 3.573 0917
65 0.682 0.628 0.949 0.007 3.806 0.636
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higher in the first stage (k,,) than in the second stage
(k,,)- That gives prediction that the humic acid removal
process may be controlled by the intra-particle
diffusion (Elkadyetal.,2011; Fan et al., 2011; Zulfikar
etal., 2013a; 2013b). The values of k, dan k , for the
adsorption of humic acid slightly increased with
increasing temperature from 25 to 65 °C. This indicated
that increasing temperature slightly increases the
migration of humic acid into the inner structure of CSC.
From Table 5, we also can see that the value of C
increased with increasing temperature. This suggests
that the effect of boundary layer diffusion for the
adsorption of humic acid on CSC probably become
more important at higher temperature because of the
greater random motion associated with the increased
thermal energy (Lin and Zhan, 2012). The
thermodynamic parameters such as the Gibbs free
energy (DG°), enthalpy (DH°) and entropy (DS°) were
also evaluated to understand the effect of temperature
on adsorption process. The thermodynamic parameters
were determined using using the following equations:

DG°=-RTInK, 9)
which

L _AS® AHS .
"NTOROTRT (19

where R (8.314 J/mol K) is the gas constant, T (K)
absolute temperature and K_(L/mg) is the Langmuir
isotherm constant. The value enthalpy (DH®) and
entropy (DS°) were calculated from the slope and
intercept of the plot of In K| vs 1/T. The results were
listed in Table 6. The positive values of Gibbs free
energy (DG°) at all temperatures showed that the
removal process was non-spontaneous. The decrease
of the Gibbs free energy (DG®) change from 3.89 to
1.05 with increase temperature from 25 °C to 85 °C
indicated that the presence of an energy barrier at low
temperature (Wang et al., 2013). The value of DG°
become more negative with the increase of temperature,
which indicates that the reaction is more favorable at
high temperatures. The positive DH° values obtained
indicated that the sorption process was endothermic
in nature. Generally, the enthalpy change (DH°) for

physical is in the range 2.1-20.9 kJ/mol and
chemisorption is in the range 80-200 kJ/mol (Lin and
Zhan, 2012). Since the value of DH° observed in the
system is 24.69 kJ/mol, the removal of humic acid from
peat water using CSC is occurred by physisorption.
The positive value of entropy change (DS°) indicates
the increased randomness at the solid-solution
interface during the adsorption of humic acid onto CSC
(Gandhi etal., 2010; Fanet al., 2011; Liang et al., 2011;
Rahchamani etal., 2011; Lin and Zhan, 2012; Gandhi
and Meenakshi, 2013a; Wang et al., 2013) and also
reflects the greater affinity of the adsorbent for HA
molecules (Liang etal., 2011).

The other thermodynamic parameter is activation
energy (E)). The Arrhenius equation was applied to
evaluate the E_ of the adsorption process:

E a

Ink=InA RT (11)

where K is rate constant of pseudo-second-order
kinetic model (g/mg/min), E_ is the activation energy
(kJ/mol), A the Arrhenius factor, R the gas constant
(8.314 J/mol K) and T is the solution absolute
temperature (K). The linear plot of In k versus 1/T gives
a straight line with slope —E /R. The magnitude of E,
gives an opinion about the mechanism adsorption (Fan
etal., 2011; Rahchamanietal.,2011; Wangetal., 2013).
Physical adsorption typically has activation energy of
5-40 kJ/mol and chemical adsorption has activation
energy 0of40-800 kJ/mol (Fan et al., 2011; Rahchamani
etal.,2011; Wangetal., 2013). The activation energy
obtained in this study was 23.23 kJ/mol (Table 6)
indicating that humic acid adsorption onto CSC
corresponded to physisorption. The positive value of
E, suggests that an increase in temperature favors the
adsorption of humic acid on SCS and the adsorption
process is endothermic in nature (Lin and Zhan, 2012).
A comparative evaluation of the adsorbent capacities
of various types of adsorbents for the adsorption of
humic acid is listed in Table 7. The adsorption capacities
of the adsorbents used in this study were not among
the highest available but a relatively high uptake
capacity of the humic acid could be obtained which
makes the adsorbents suitable for humic acid removal
from peat water.

Table 6. Thermodynamic parameters for the removal of humic acid using CSC

AH® (kJ/mol)  4S° (kJ/mol)  E, (kJ/mol)

Temperature (°C)  K_ (L/mg)  AG° (kJ/mol)
25 0.207 3.89
45 0.361 2.69
55 0498 1.90
65 0.689 1.05

24.69 69.62 2323
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Table 7. Comparison of adsorption capacity of various adsorbent for humic acid removal

Materials Adsorbate Gm Concentration Co_n tact References
(mg/g) range (mg/L) time
Natural zeolite (20 Humic acid Moussavi etal.,
0y 7.7 220 7 - oLl
Greek bentonite Humic acid Doulia et al.,
(35 °C) 10.75 10-200 - 5h 5009
Granular activated Humic acid Maghsoodloo et
carbon 558 10-100 4 . 2L 2011
Humic acid
Unbumned carbon 7 10-100 7 200n  Vangand Zhu,
2007
Shorea dasyphylla Humic acid .
sawdust 68.4 10-80 2 30 min Kamz"’(ﬂ)gt al,
Bentonite Humicacid 53 10-150 3 24h Zhanget al.,
2012
Humic acid .
Chitosan-PET 0.407 10-60 6.5 60 h Zhang and Bai,
2003
Rice husk activated Humic acid ;
carbon 454 20-150 10 . Daifufan etal,
Chitosan-ECH Humicacid  44¢ 10-50 6 Ih Neah et al., 2008
beads
Fly ash Humic acid 36.0 10-100 5 170h  Wang et al., 2008
Fly ash Humicacid 5 10-100 7 200 h Wang and Zhu,
2007
Chitosan Humic acid 289 0-80 307 25min  NEh ?SSSM“SE"
Chitin Humicacid = 57 5 0-80 240 25min R0 Musa,
. Zulfikar etal.,
Eggshell Peat water 126.58 - 4.01 60 min 2013a
Am-PAA-B (30°C)  Humicacid 17403 25-100 ; 4h A“'ruggglé etal.,
Chitosan-H2SO4 Humic acid
beads (at 300 K) 377.4 0-70 - 60 min Ngah et al., 2011
. . Humic acid
Pillared bentonite 537.0 0-1300 4 24 h Peng et. al., 2005
Activated carbon Humicacid 554 0-200 7 24h Tao et al., 2010
SBA-15 Humic acid 8.5 0-200 7 24h Tao et al., 2010
APTS-SBA-15-5%  Humic acid 725 0-200 7 24h Tao et al., 2010
APTS-SBA-15-10%  Humicacid 11746 0-200 7 24h Tao et al., 2010
(,ASP'PANI (@25 Humicacid g, o, 5-60 5 24h  Wangetal, 2011
Chitosan-silica Peat water 120.2 - 4.12 90 min This study
SMCSZ Humicacid 64 0-60 7 24h Linand Zban,
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CONCLUSION

These experimental studies have indicated that
chitosan silica composite (CSC) has the potential to
act as an adsorbent for the removal of humic acid from
peat water. The results from this work showed that the
adsorption of humic acid was found to increase with
increase in contact time and temperature while acidic
pH was more favourable for the adsorption of humic
acid from peat water. The optimum dosage of CSC was
10 g. Equilibrium data were fitt ed to non-linear models
of Langmuir, Freundlich and Sips, and the equilibrium
data were best described by the Langmuir isotherm
model, with maximum monolayer adsorption capacity
0f 120.2 mg/g at 25 °C and pH 4.12. Kinetic data were
tested using the pseudo-first-order, pseudo-second-
order kinetic models and intra-particle equations. The
kinetics of the adsorption process was found to follow
the pseudo-second-order kinetic model, with a rate
constant in the range 0f 0.034 - 0.105 g/mg/min. Intra-
particle diffusion model was applied to identify the
adsorption mechanism and this model indicated that
intra-particle diffusion was the main rate determining
step in humic acid removal process. The value of
adsorption energy, E,, gives an idea about the nature
of sorption. From the value of the activation energy of
the process, it was concluded that the adsorption of
humic acid by CSC is physical sorption. The adsorption
dependence of humic acid on temperature was
investigated and the thermodynamic parameters were
calculated. Thermodynamic parameters data indicated
that the humic acid sorption process was non-
spontaneous and endothermic under the experimental
conditions, with the Gibbs free energy (AG®) in the
range of 1.05-3.89 kJ/mol, enthalpy (AH®) and entropy
(AS®) 0f 24.69 kJ/mol and 69.62 J/mol, respectively and
the activation energy was 23.23 kJ/mol. The results
revealed that the process of humic acid adsorption is
favoured at high temperatures.
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