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ABSTRACT

The coating Fe3O4 using humic acid (HA) to form HA-coated Fe3O4 (Fe3O4/HA) was conducted and applied for
phenol sorption. Fe3O4/HA was prepared using co-precipitation method in an alkaline condition using ammonium
hydroxide and the addition of HA with mass ratios of Fe3O4 and HA = 20:1, 10:1, 10:2, 10:3. The HA from peat soil in
Sambutan village, East Kalimantan, Indonesia and was extracted in NaOH 0.1 M solution. The FT-IR
characterization indicated that the coating of HA on the surface of Fe3O4 was successfully synthesized by forming a
bond between the carboxylate group of HA and iron of Fe3O4. The coating of HA on the surface of Fe3O4 did not
change the crystal structure of Fe3O4, but had lower peak intensities than Fe3O4 if added with HA with mass ratios
20:1, 10:1, 10:2, 10:3. The saturation magnetization of Fe3O4 decreased with the increased content of HA. SEM
image indicated the magnetic particle size was almost homogenous by 10-18 nm. Iron and HA in Fe3O4/HA
materials synthesized using different mass ratios were stable in pH range of 3.0-11.0 and 1.0–11.0, respectively.
The phenol sorption on Fe3O4 was optimum at pH 5.0 and on Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2, 10:3
were optimum at pH 5.0-6.0. The kinetics model for phenol adsorption on Fe3O4 and Fe3O4/HA with mass ratios of
20:1, 10:1, 10:2, 10:3 could be described using pseudo second-order equation and was in accordance with the
Langmuir isotherm model with maximum adsorption capacity of 0.45 mmol/g for Fe3O4 and 0.55, 0.56, 0.58, 0.56
mmol/g respectively for Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2, 10:3. The adsorption capacity increased with
the increased content of HA, but the adsorption energy decreased except Fe3O4/HA with a mass ratio of 10:3.
Generally, the performance of Fe3O4/HA materials was much higher than of bare Fe3O4.
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ABSTRAK

Telah dilakukan penyalutan Fe3O4 menggunakan Asam humat (AH) membentuk adsorben Fe3O4/AH dan
diaplikasikan untuk adsorpsi fenol. Penyalutan Fe3O4/AH dilakukan dengan metode kopresipitasi dalam kondisi basa
menggunakan ammonium hidroksida dan adanya penambahan AH dengan perbandingan massa Fe3O4 dan
AH = 20:1, 10:1, 10:2 dan 10:3. AH diperoleh dari tanah gambut daerah Sambutan, Kalimantan Timur, Indonesia
dan dilakukan ekstraksi pada larutan basa NaOH 0,1 N. Karakterisasi spektra FT-IR terlihat bahwa penyalutan AH
pada permukaan Fe3O4 telah berhasil disintesis dengan adanya pembentukan ikatan antara gugus karboksilat pada
AH dengan Fe pada Fe3O4. Penyalutan AH pada permukaan Fe3O4 tidak mengalami perubahan struktur kristal
namun memiliki intensitas puncak lebih rendah daripada Fe3O4 jika ditambah AH perbandingan 20:1, 10:1, 10:2 dan
10:3. Harga Kemagnetan Fe3O4 turun dengan penambahan AH. Foto SEM menunjukkan bahwa ukuran partikel
magnetik relatif homogen sekitar 10-18 nm. Kestabilan ion Fe pada Fe3O4/AH adalah pH 3,0-11,0 sedangkan AH
pada Fe3O4/AH dengan perbedaan perbandingan massa adalah pH 1,0–11,0. Adsorpsi fenol pada Fe3O4 optimum
pada pH 5 sedangkan pada Fe3O4/AH optimum pada pH 5,0-6,0. Model kinetika adsorpsi fenol pada Fe3O4 dan
Fe3O4/AH dengan perbandingan massa 20:1, 10:1, 10:2, 10:3 dapat dijelaskan dengan persamaan model kinetika
pseudo orde-dua dan sesuai dengan persamaan isoterm Langmuir dengan kapasitas adsorpsi maksimum sebesar
0,45 mmol/g untuk Fe3O4 dan berturut-turut 0,55, 0,56, 0,58, 0,56 mmol/g untuk Fe3O4/AH pada perbandingan
massa 20:1, 10:1, 10:2, 10:3. Kapasitas adsorpsi meningkat dengan meningkatnya jumlah AH tetapi energy
adsorpsi semakin turun kecuali pada Fe3O4/AH dengan perbandingan massa 10:3. Secara umum, kinerja adsorben
Fe3O4/AH lebih baik daripada Fe3O4 tanpa penyalutan AH.

Kata Kunci: penyalutan; asam humat; Fe3O4; adsorpsi; fenol
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INTRODUCTION

Phenol is extremely toxic to the environment and
this pollutant released from oil refineries, pulp and paper
mills, pharmaceutical, and pesticides. Phenol is
classified as a carcinogenic compound and at a certain
level can have adverse effects on human health [1]. As a
result, the European Union has included phenol in the
list of priority pollutants. The European Community sets
the maximum amount of phenol in wastewater by lower
than 1 ppm [2]. Several methods have been proposed to
separate phenol from wastewater such as membrane
techniques [3], solvent extraction [4], biological
treatments [5], heterogenous photocatalysis [6] and
adsorption [7-8]. Adsorption is one of the methods that
are efficient, low in cost and high in capacity [9].

Nowadays, magnetic nanomaterials derived from
certain iron oxides (Fe3O4, γ-Fe2O3, α-Fe2O3) are
increasingly popular used as nano sorbents not only in
water-treatment technologies [10] but also in biomedical
applications [11] or in analytical chemistry [12] due to
their excellent sorption ability, good mechanical
properties and facile separability with a simple magnetic
process [13]. Fe3O4 nano particles attract pollutants
significantly due to their advantages in recovering and
recycling [14]. They are widely used in manufacturing
magnetic recording devices, protective and sensitive
coating, pigments, catalyst and applications in
biomedical fields [13]. They have unique properties due
to their response to the magnetic field, high saturation
magnetization, non-toxic and high biocompatibility [15].
The magnetite nanoparticles are easily oxidized and
agglomerated in aqueous solution. Therefore, stabilized
magnetite is desirable [16].

Several researchers have focused on the
modification of Fe3O4 which has specific surface
combined with organic materials such as polyacrylic acid
[17], chitosan [18], alginate [19] or humic acid [20] for
pollutant removal. Humic acid (HA) is a natural organic
macromolecule made of decomposed plant and animal
materials in soil [21]. Chemically, it is a heterogeneous
compound that has multiple functional groups containing
carboxyl and hydroxyl groups as its predominant
functional groups. The functional groups of HA have
different ability to bind metal ion in forming a complex of
metal-HA [22]. HA in Indonesia has functional groups of
which oxygen content specifically distributed into COOH,
phenolic OH and alcoholic OH. The oxygen containing
functional groups is mostly in the form of carboxyl and
phenolic OH. The composition of oxygen in the
functional groups of HA is highly dependent on its origin
[23]. The interaction of HA and Fe3O4 surface can
effectively prevent the collision of particle adhesion
during the heating process. The modification of humic
acid on the surface of Fe3O4 can change its properties

entirely or partially depending on its chemical
properties and amount adsorbed. The binding of HA on
Fe3O4 effects the adsorbing properties of Fe3O4

because HA bond produces a polyanionic organic
coating on Fe3O4 and thus essentially changes the
surface properties of Fe3O4. Recent research indicated
HA has high affinity to Fe3O4 nanoparticles and
enhances the stability of nanodispersion by preventing
agglomeration [24-25].

Recently, several researchers have been
conducted to examine the possibility of Fe3O4/HA to be
used as an efficient material for removing heavy metal
[20], serving as a catalyst for mineralization of
sulfathiazole [26], removing rhodamine B [27] and
adsorbing methylene blue [28]. The novelty of this
research compared to previous studies is that the
adsorbent of Fe3O4 nanoparticles was coated using HA
extracted from peat soil from Sambutan village, East
Kalimantan. The previous researchers used
commercial HA taken from Acros Organics and Aldrich
[20] or Humatex [28]. The materials of Fe3O4/HA were
developed by differentiating mass ratios of Fe3O4 and
HA = 20:1, 10:1, 10:2, 10:3 and then applied to phenol
sorption in aqueous solution. The physical and
chemical characterization was examined in Fe3O4 and
HA-modified Fe3O4 (Fe3O4/HA) and the calculation of
adsorption kinetics and isotherm of phenol sorption
were evaluated on Fe3O4 and Fe3O4/HA.

EXPERIMENTAL SECTION

Materials

The reagents of analytical grade from Merck
(Germany): FeCl3.6.H2O, FeSO4.7.H2O, NH4OH 25%,
C6H5OH, HCl, HF, NaOH, N2. CH3OH,
4-aminoanthypirine, K4(FeCN)6 and Humic acid (HA)
from peat soil of Sambutan village, Samarinda, East
Kalimantan was extracted by recommended procedure
International Humic Substances Society (IHSS).

Procedure

Preparation and characterization of Fe3O4/HA
Fe3O4/HA was synthesized using co-precipitation

method. 1.525 g FeCl3.6.H2O and 1.05 g FeSO4.7H2O
were dissolved into 25 mL of distilled water and heated
to 90 °C. NH4OH 25% was added to the mixed solution
until pH 11 and then 0.25 g of humic acid was added
rapidly in 1 M of NaOH and 12.5 mL of distilled water.
The mixture was stirred at 90 °C for 30 min and then
cooled to room temperature. The black sediment
resulted was separated from the solution and washed
to neutral using distilled water. Fe3O4/HA was prepared
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using different mass ratios of Fe3O4:HA=20:1, 10:1, 10:2
and 10:3.

The bare Fe3O4 magnetite nanoparticle was
prepared using the same method as the synthesis of
Fe3O4/HA without adding HA. The functional groups of
Fe3O4/HA and Fe3O4 were characterized using a
Shimadzu 8201 PC Fourier transform spectrometer (FT-
IR). The crystal structure was analyzed using Shimadzu
X-ray diffraction (XRD) and using CuKα radiation  
(λ = 1.5406 Å) operated at 40 kV and 30 mA. Vibrating 
sample magnetometer was used to measure
magnetization curve. The surface morphology and
particle size were examined using a JEOL SSM-6510 LA
Scanning electron microscopy (SEM).

Stability of Fe ions and HA contained in Fe3O4/HA
Two series of solutions were prepared for stability

test of Fe ions and HA contained in Fe3O4/HA. 10 mg of
Fe3O4/HA was added to 10 mL of distilled water and the
acidity was adjusted from pH 1.0 to 13.0 by using HCl or
NaOH solution. The mixture was stirred for 60 min and
after 24 h the supernatant was then separated from
Fe3O4/HA. The HA dissolved in the supernatant was
analyzed using UV-Spectrophotometer (1601 PC UV-Vis
Double Beam) and then Fe ions in the supernatant were
determined using Atomic Absorption Spectrophotometer
(AAS-Analytik Jena).

Procedure for phenol sorption in Fe3O4/HA
Adsorption experiments were carried out at room

temperature using a shaken batch process. 10 mg of
Fe3O4/HA and 1 mL of H2O2 0.5 M were added into
10 mL solution of phenol 100 mg/L. A series of
experiment was conducted to evaluate the effects of pH
ranging from 3.0 to 8.0 with the addition of HCl or NaOH.
The adsorption kinetics was measured at an initial
phenol concentration of 100 mg/L with interaction time of
0, 30, 60, 90, 120, 180 and 240 min. The equation
models of Lagergren’s pseudo first-order, Ho’s pseudo
second-order and Santosa’s first-order were used to
analyze the adsorption kinetic model. The adsorption
capacity was also measured using the batch method in
the concentrations of phenol solution of 30, 50, 80, 100,
150 and 200 mg/L. After the supernatant was separated,
the concentration of phenol was determined using the
4-aminoantypirine method and analyzed using Visible-
Spectrophotometer (Optima SP-300 Spectrophoto
meter). The blank solution was also analyzed under the
same condition as the sample solution. Based on the
data obtained, the capacity and equilibrium constant (K)
of adsorption were calculated based on the Langmuir
isotherm adsorption model and the energy (E) of
adsorption was calculated using the equation of
E = RT ln K.

RESULT AND DISCUSSION

In this research, HA and Fe3O4 were successfully
coated using the coprecipitation method in alkaline
condition at pH 11 and heated at 90 °C. The interaction
of HA and Fe3O4 is able to be conducted under acidic
or alkaline condition because Fe3O4 is amphoteric
which can develop charge in the protonation and
deprotonation reaction on the surface site of Fe-OH. At
above the pH of pZc, the surface charge Fe3O4 is
negative, the binding of HA in Fe3O4 in alkaline
condition is dominated by the interaction between HA
and Fe3O4, namely the reaction of ligand-exchange with
the surface of hydroxyl [24,29].

The spectroscopic analysis of HA from Sambutan
Village, East Kalimantan, on Fe3O4 and Fe3O4/HA with
the mass ratios of 20:1, 10:1, 10:2, 10:3 is shown Fig.
1. FTIR spectra of HA indicated the presence of O-H
stretching vibration at 3425 cm-1, the wave number of
1720 and 1629 cm-1 attributed to the C=O stretching
vibration on COOH and COO- asymmetric stretching
vibrations and aromatic C=C stretching vibration
respectively [19,28]. Both of Fe3O4 and Fe3O4/HA
centered at 586 cm-1 were attributed to the stretching
vibration of Fe-O bond [25]. The successful coating of
HA on Fe3O4 showed the C=O vibration at 1404 cm-1,
indicating that the carboxylate anion interacted with the
Fe3O4 surface as the C=O vibration in free carboxylate
acids and this suggests that carboxylate groups indeed
play an important role in the bonding between HA and
Fe3O4 [30]. It is believed the bonding between HA and
Fe3O4 surface is mainly done through ligand exchange
[20].

Fig 1. FTIR Spectra of HA extracted from peat soil of
Sambutan village, East Kalimantan, Fe3O4 and
Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2 and 10:3
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Fig 2. XRD pattern of HA from peat soil Sambutan
village, Samarinda, East Kalimantan, Fe3O4 and
Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2 and 10:3

Fig 3. Magnetization curve of Fe3O4 and Fe3O4/HA with
mass ratios of 20:1, 10:1, 10:2 and 10:3

Fig 4. SEM image of HA, Fe3O4 and Fe3O4/HA with mass ratios of 20:1 (a) 600× magnification (b) 50.000×
magnification and (c) analysis of Energy Dispersive X-Ray of C, O and Fe

The XRD measurement was used to identify the
crystallinity of a product. The XRD patterns of HA was
amorphous. Meanwhile, Fe3O4 and Fe3O4/HA with mass
ratios of 20:1, 10:1, 10:2, 10:3 showed similar diffraction

peaks at 2θ = 30.1°, 35.4°, 43.1°, 57.0°, 62.68° and 
74.5° (Fig. 2). The XRD peaks are accordance with the
peaks characteristic of inverse cubic spinel structure
(JCPDS 65-3107) [15,31]. This result indicated that the



Indones. J. Chem., 2017, 17 (2), 274 - 283

Soerja Koesnarpadi et al.

278

Fig 5. Effect of medium acidity on the stability of (a) Fe ions and (b) HA in Fe3O4/HA

Fig 6. Effect of medium acidity on adsorption of phenol
by Fe3O4, and Fe3O4/HA with mass ratios of 20:1, 10:1,
10:2 and 10:3

crystal structure of Fe3O4 did not undergo any changes
after being modified using HA [15]. The coating of HA on
the surface of Fe3O4 with mass ratios of 20:1, 10:1, 10:2,
10:3 decreased the XRD peak intensity of bare Fe3O4

and this indicated the crystallinity of Fe3O4/HA became
lower.

The results of measurements of the specific
saturation magnetization (Ms) of Fe3O4 was 71.25 emu/g
and of Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2,
10:3 were 63.31, 57.80, 46.20 and 38.39 emu/g
respectively (Fig. 3). The presence of HA in Fe3O4

affected the magnetic properties of the adsorbent. The
saturation magnetization decreased with the increased
content of HA, but such decrease was still effective for
the separation using magnetic field [32].

The SEM analysis of HA, Fe3O4 and Fe3O4/HA is
shown in Fig. 4. SEM images of rigid colloid-shaped HA

and spherical-shaped Fe3O4 with nanosize which had a
diameter of 10-18 nm were successfully made.
However, whatever the shape of Fe3O4 is, it is still likely
to agglomerate [26,33]. The coating of HA on Fe3O4

obtained larger particles size due to the combination of
the coating agent layers on the surface of Fe3O4 [15].
The analysis of Energy Dispersive X-Ray indicated that
HA was dominated by C (63%), O (34%) and a small
amount of Fe (3%). Meanwhile, Fe3O4 was dominated
by Fe (89%) and a small amount of C (3%) and O
(8%). The coating of Fe3O4/HA decreased the
composition of Fe to 83% but increased C and O to 6%
and 11%. This indicated that the coating of HA on
Fe3O4 was successful.

The coating of Fe3O4 using HA improved the
stability of Fe ions and HA (Fig. 5). The bare Fe3O4

magnetite nanoparticles were stable at pH 3.0-9.0 and
Fe3O4/HA was stable at pH 3.0-11.0. Under conditions
of low pH, Fe2+ ion is released from Fe3O4 to form
γ-Fe2O3 which has lower magnetism properties [34]
and under condition of very high pH, the deprotonation
of -COOH and -OH functional groups of HA in
Fe3O4/HA makes H+ ions from HA not able to stabilize
Fe2+ ions [25]. On the other hand, without coating, HA
is gradually dissolved from pH 9.0 to 13 because,
under basic conditions, HA will easily dissolve. After
coating HA on Fe3O4, Fe3O4/HA was relatively more
stable at pH 1.0-11.

In this research, the analysis of phenol was
determined using 4-aminoantipyrine method and
analyzed using Visible-Spectrophotometer because
this method was capable of measuring phenolic
materials at the 5 μg/L level and applicable to the 
analysis of drinking waters and industrial wastes [35].
The effects of pH on the adsorption of phenol by Fe3O4,
and Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2, 10:3
are shown in Fig. 6. The adsorption of phenol on Fe3O4

and Fe3O4/HA were significantly affected by pH where
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the adsorption of phenol on Fe3O4 was optimum at pH
5.0 and on Fe3O4/HA with mass ratios of 20:1, 10:1,
10:2, 10:3 were optimum at pH 5.0-6.0. This indicates
that a change in pH of the solutions results in different
surface charge of Fe3O4/HA. Under pH 5-6 solutions
(pH < pHPZC), the surface of Fe3O4/HA had positive
charge due to the protonation of carboxylate functional
groups of HA and had strong interaction with phenol
molecule (< pKa 9.89). If the pH condition is very low,
the protonation of functional group of HA in Fe3O4/HA is
very strong that a repulsion occurs between functional
groups of HA in Fe3O4/HA so that the adsorption of
phenol in Fe3O4/HA declines. If the pH condition is very
high, the surface of Fe3O4/HA has negative charge. The
adsorption of phenol decreases due to ionization of
phenol and repulsion of negative charge in Fe3O4/HA
[24,36].

During the adsorption kinetics of phenol on Fe3O4

and Fe3O4/HA, the adsorption occurred very rapidly
within 120 min and slowed down until the adsorbed
phenol reached the equilibrium value as shown in Fig. 7.
Lagergren’s pseudo first-order, Ho’s pseudo second-
order and Santosa’s first-order models were used to
analyze the adsorption kinetics. The Lagergren’s

equation for pseudo first-order kinetics can be written
as the following Equation (1) [37]

 e t e 1ln q q lnq k , t   (1)

where qe (amount of phenol adsorbed, mmol/g at
equilibrium) and qt (amount of phenol adsorbed, mmol/g

Fig 7. The influence of interaction time on adsorption of
phenol onto Fe3O4 and Fe3O4/HA with mass ratios of
20:1, 10:1, 10:2 and 10:3

Fig 8. Plot of kinetics model for adsorption of phenol on Fe3O4 and Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2
and 10:3 (a) pseudo first-order, (b) pseudo second-order and (c) first order
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Table 1. Kinetic parameters of the pseudo first-order, pseudo second-order and first-order model for adsorption of
phenol on Fe3O4 and Fe3O4/HA

Model Parameters Fe3O4
Fe3O4/HA =

20:1
Fe3O4/HA =

10:1
Fe3O4/HA =

10:2
Fe3O4/HA =

10:3

Lagergren’s
pseudo

first-order

R2 0.944 0.939 0.836 0.938 0.888
qe (mmol.g-1) 47.14 47.61 47.61 53.89 41.51
k1 (min-1) 0.018 0.017 0.017 0.018 0.019

Ho’s
pseudo

second-order

R2 0.944 0.951 0.952 0.964 0.972
qe (mmol.g-1) 0.580 0.593 0.674 0.649 0.675
k2 (g.mmol-1.min-1) 0.049 0.049 0.055 0.056 0.068

Santosa’s
first-order

R2 0.952 0.954 0.879 0.926 0.981
k2 (g.mmol-1.min-1) 0.034 0.035 0.042 0.039 0.047

Fig 9. The influence of initial concentration on adsorption
of phenol on Fe3O4 and Fe3O4/HA with mass ratios of
20:1, 10:1, 10:2 and 10:3

at time t) and k1 (the pseudo first-order rate constant,
min−1). The Lagergren’s first-order rate constant (k1) and
theoretical equilibrium adsorption capacity (qe) were
calculated from the intercept and slope of the plot
ln (qe-qt) versus t.

The Ho’s pseudo-second-order equation was used
to describe the kinetics of phenol sorption, as in
Equation (2), where qe and qt are similar to the
previously mentioned, k2 is pseudo second-order rate
constant. (g/mmol.min). The plots of t/qt versus t is as
follows [38]

2
t e 2 e

t 1 1
t

q q k .q
  (2)

The Santosa’s first order model was represented in
Equation (3), where Ca0 is the initial concentrations of
phenol (mmol/g), Ca and Cae are the remaining
concentrations of phenol in solution after the adsorption
at t and equilibrium (mmol/g), ks is the Santosa’s first

order rate constant, and t is the interaction time. The

plots of
 
 

a a0 ae

ae a0 a ae

C C C1
ln

C C C C

 
   

versus t is as follows [39]

 
 

a a0 ae

s

ae a0 a ae

C C C1
ln k .t

C C C C

 
   

(3)

A linear relationship with high correlation
coefficients which could be applied to sorption kinetics
model was the pseudo-second-order model as shown
Fig. 8 and the calculation of kinetics parameters for
phenol adsorption on Fe3O4 and Fe3O4/HA are shown
in Table 1. From the relationship shown in Fig. 8, the
value of k2 obtained for the phenol adsorption on Fe3O4

was 0.049 g.mmol-1.min-1 and on Fe3O4/HA with mass
ratios of 20:1, 10:1, 10:2, 10:3 were 0.049, 0.055,
0.056 and 0.0.068 g.mmol-1.min-1 respectively. The
phenol sorption rate on Fe3O4/HA was higher than that
on Fe3O4.

The adsorption capacity of Fe3O4 and Fe3O4/HA
with mass ratios of 20:1, 10:1, 10:2, 10:3 to adsorb
phenol in various of initial phenol concentration was
determined as shown in Fig. 9. From the data obtained,
the phenol adsorbed at equilibrium (m, mmol/g) and the
equilibrium phenol concentration (Ce, mmol/L) were
fitted to the linear form of Langmuir and Freundlich
isotherm model, as in Equation (4) and (5) [40]

e eC C1
t

m K.b b
  (4)

f e

1
lnm lnK lnC

n
  (5)

where b is the adsorption capacity, K and Kf are
Langmuir and Freundlich equilibrium constants
respectively (L.mmol-1 and mmol.g-1/(mmol.L-1)n),
n (deviation from adsorption linearity) in the Freundlich
exponential coefficient. From the relationship given in
Fig. 10, the adsorption capacity (b) could be obtained
from the slope. The equilibrium constant (K) could be
calculated based on the intercept and the value of b and
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Fig 10. Plot of isotherm model for adsorption of phenol on Fe3O4 and Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2
and 10:3 (a) Langmuir (b) Freundlich

Table 2. Adsorption isotherm parameters of phenol on Fe3O4 and Fe3O4/HA by Langmuir and Freundlich equations

Model Parameters Fe3O4
Fe3O4/HA =

20:1
Fe3O4/HA =

10:1
Fe3O4/HA =

10:2
Fe3O4/HA =

10:3

Langmuir R2 0,981 0.957 0.989 0.988 0.984
b (mmol.g-1) 0.448 0.546 0.556 0.584 0.563
K (L.mmol-1) 1909.2 1230.7 1560.8 1378.1 2182.7
E (KJ.mol-1) 18.842 17.747 18.340 18.029 19.176

Freundlich R2 0.996 0.966 0.961 0.958 0.994
Kf (mg.g-1)/(mg.L-1)n) 3.561 3.452 3.038 3.018 2.698
n 2.375 1.852 1.912 1.741 2.362

the energy (E) could be calculated from the equation of
E = RT ln K. The results of b, K and E for the phenol
adsorption on Fe3O4 and Fe3O4/HA with mass ratios of
20:1, 10:1, 10:2, 10:3 were summarized in Table 2.

The isotherm model of phenol sorption on Fe3O4

and Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2, 10:3
was consistent with the Langmuir isotherm model with
linier relationship R2 0.981, 0.957, 0.989, 0.988, 0.984
and the maximum adsorption capacity was 0.45 mmol/g
for Fe3O4 and 0.55, 0.56, 0.58, 0.56 mmol/g respectively
for Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2, 10:3.
The adsorption capacity and linier relationship of phenol
sorption on Fe3O4/HA were relatively higher than that
determined for the phenol sorption on samla coal R2

0.967; 13,28 mg/g, activated carbon R2 0.987; 322.5
mg/g, rice husk R2 0.959; 4.51 mg/g as found by
Ahmaruzzaman and Sharma [41], representing smaller
linear relationship. The Langmuir model assumes that
the adsorption entirely involves active sites with
homogenous surface of adsorbent; adsorption occurs
through the same mechanism; adsorption occurs in
monolayered form and adsorption does not occur
between adsorbate molecules [36]. The presence of HA
on Fe3O4 increased the adsorption capacity but
decreased the adsorption energy, except on Fe3O4/HA

with a mass ratio of 10:3. This may be due to excessive
HA in Fe3O4/HA which caused repulsion between
functional groups of HA and then reduced the
adsorption capacity of these adsorbents. The
performance of four Fe3O4/HA materials to adsorb
phenol was Fe3O4/HA = 10:2 > Fe3O4/HA=10:3 >
Fe3O4/HA = 10:1 > Fe3O4/HA = 20:1. Generally, the
performance of Fe3O4/HA materials were much higher
than that of bare Fe3O4.

CONCLUSION

The coating of HA on Fe3O4 was successfully
done by forming a bond between the carboxylate group
of HA and Fe ions of Fe3O4. The coating HA on Fe3O4

did not affect the crystals structure of Fe3O4 and made
the peaks intensities lower than Fe3O4 if added by HA
with mass ratios 20:1, 10:1, 10:2, 10:3. The saturation
magnetization of Fe3O4 decreased with the increased
content of HA. SEM image indicated that Fe3O4 and
Fe3O4/HA still had spherical shape in nanosize with
almost homogenous particle size of 10-18 nm. This
indicated that HA efficiently reduced the aggregation of
Fe3O4. Iron and HA in both Fe3O4/HA materials
synthesized using different mass ratios were stable
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with a pH range of 3.0–11.0 and 1.0–11.0, respectively.
The phenol sorption on Fe3O4 was optimum at pH 5.0
and on Fe3O4/HA with mass ratios of 20:1, 10:1, 10:2,
10:3 were optimum at pH 5.0-6.0. The kinetics model for
phenol sorption on Fe3O4 and Fe3O4/HA could be
described using pseudo second-order equation and
consistent with the Langmuir isotherm model that the
adsorption capacity increased in line with the increased
content of HA, but decreased the adsorption energy.
Generally, the performance of Fe3O4/HA materials were
much higher than that of bare Fe3O4.
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