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Abstract

Natural kaolin (NK) and magnetite-modified kaolin (MK) prepared by
co-precipitation were used as adsorbents to remove phosphate from aqueous
solution. The materials were characterized using X-ray diffractometer (XRD),
Fourier transform infrared spectroscopy (FTIR), field-emission scanning elec-
tron microscope (FESEM), and vibrating sample magnetometer (VSM). Batch
adsorption experiment was carried out to determine the phosphate removal
efficiencies of these materials. The magnetic-supported kaolin showed better
dispersion and less co-aggregation which ensured better fusion of the kaolin
with magnetite (Fe,O,). The removal process of phosphate was governed by
physico-chemical process. The results demonstrated that the adsorption of
phosphate onto NK and MK was highly pH-dependent and the kinetics of the
adsorption followed pseudo-second order equation. The adsorption data of
Mk adsorbent fitted better with the Freundlich isotherm equation. The MK
showed much better adsorption capacity per mass of MK (52.91 mg/g) than
untreated NK (17.61 mg/g). Since the magnetic kaolin can be easily prepared,
it enables promising application for the removal of phosphate from aqueous
solution. Hence, this new class of efficient adsorbent (MK), can have a variety
of application in industrial processes.
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1. Introduction

Water pollution, caused by organic and inorganic compounds from natural and
anthropogenic sources, produced a very large amount of polluted water that are
indiscriminately discharged into the environment. Phosphate, an essential ele-
ment, which supports the growth of most biological organisms in aquatic envi-
ronment has otherwise proven to be dangerous in the environment if the con-
centration exceeds certain limits [1] [2]. This inorganic pollutant severely in-
duced eutrophication, which deteriorates water quality and depopulates aquatic
biota [3]. Consequently, several approaches have been developed to remove ex-
cessive phosphate from our environment. The investigated approaches include
adsorption, reverse osmosis, ion-exchange, ultrafiltration, nano-filtration, preci-
pitation, solvent extraction or electrolytic process [4] [5] [6] [7] [8].

The adsorption process is amongst the preferred method because it is eco-
nomical, versatile and simple [9]. Adsorption has the overall advantage of appli-
cability at very low concentrations, suitability for using batch and continuous
processes, ease of operation, little sludge generation, possibility of regeneration
and reuse of adsorbent [10]. However, a number of other techniques have prov-
en either highly cost ineffective or, effectively deficient at high and/or low con-
taminant concentrations.

Clay is among several low-cost adsorbents used to treat wastewater [11]. Clay
generally such as montmorillonite [11], kaolin [12] and sepiolite [13] has been
reported with high specific surface area and as an effective adsorbent. In addi-
tion, modified forms of clay have in recent times gained researchers and indu-
strialist’s attention. The choice of magnetic-modified clay (kaolin) in this study
is informed by its high adsorption capacity plus, superb magnetic advantage in
eventual separation process [13]. Magnetic technology has brought great inno-
vation to separation technology. It has been reported to improve the efficiencies
of other types of separation techniques, such as catalytic and membrane processes
[14] [15] [16]. Besides the unique magnetic properties of magnetite (Fe,0,), it
has also been reported to possess larger surface area, which is an advantage in
adsorption process. Recently, the combination of Fe,O, and kaolin has been de-
veloped to enhance the separation of kaolin in aqueous solution [17]. In this study,
the co-precipitation method was used for the synthesis of the clay-magnetite com-
posite. A combination of iron (II) and (III) salts of chloride were used. Over the
time past, limited information is available on the differences in strength of mag-
netite (Fe,O,): owing to varying types of precursor salts and iron ratio used in its
preparation. Hence, a considerable attention would therefore be given to availa-
ble materials in magnetite preparations and, the ratio of combination of availa-
ble iron salts. This no doubt, would yield optimal use of this new class of mag-
netic-clay adsorbent. This therefore would be applied in the removal of phos-
phate from aqueous solution. This magnetic composite can be easily separated
from solution by external magnet after adsorption process. This innovative

composite is hereby proposed for the phosphate recovery from wastewater using
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magnetic assistance [18].

The aim of this study was to explore the feasibility of using magnetic-kaolinite
composite for phosphate adsorption from aqueous solution. The phosphate ad-
sorption equilibrium, kinetics as well as the influences of other factors (Ze. pH,

solid/liquid ratio) on the phosphate removal were studied.

2. Materials and Methods
2.1. Materials

Natural kaolin samples were collected from different clay deposits in the
south-western region of Nigeria [19]. Other chemical reagents used include,
potassium dihydrogen phosphate (KH,PO,), ferric chloride hexahydrate
(FeCl;6H,0), ferrous chloride tetra-hydrate (FeCl,-4H,0), iron (II) and (III)
sulfate (FeSO,) and (Fe,(SO,),, sodium hydroxide (NaOH), hydrogen chloride
(HCI), hydrogen peroxide (H,0,), sulfuric acid (H,SO,), potassium antimonyl
tartrate K(SbO)C,H,041/2H,0, ammonium molybdate (NH,); Mo,0,,-4H,0)
and ascorbic acid. All the chemicals were analytical grade and purchased from
AB-Chemicals and Co. India. The chemicals were used without any further puri-

fication.

2.2. Methods

Preparation of Adsorbent

Natural kaolin was collected from the source, hydrogen peroxide was bubbled
through it to get rid of any organic impurities, washed, sun-dried, mechanically
crushed and sieved to 180 mesh [20]. Subsequently, the sample was oven-dried
at 105°C overnight to obtain the natural kaolin (NK). This was stored for further
application.

The kaolin-supported magnetite was prepared with NK by Co-precipitation
method. This method involves the following steps: the salts of FeCl,-4H,0 and
FeCl,-6H,0 with molar ratio of Fe(II)/Fe(IlI) = 1/2 were dissolved in distilled
water that had been previously deoxygenated by bubbling N, gas for 30 min. The
amount of the totally added iron powder was 3 g in 200 mL water. The solution
was kept under N, gas and vigorously stirred for 5 min in a water bath at 70°C.
Subsequently, a suspension containing 6 g kaolin was added thus, resulting in 6
g of kaolin per solution of the iron-salt and stirred for another 5 min. Then, a
solution of NaOH (5 M) was added drop-wise into the solution-mixture. After
the addition of NaOH, an initial brown precipitate was seen and thereafter a
black precipitate was formed. Then, the titration was stopped when the pH value
of the mixture attained a value of 9.0 and the mixture was aged for 60 min at
70°C. The black precipitate was isolated by using an external magnetic field and
the supernatant was decanted. The obtained solid magnetic-kaolinite MK part
was quickly washed, four times, with deionized and then deoxygenated water
and then dried at 50°C under air-oven. The prepared sample MK was kept in a

vacuum desiccator and thereafter stored for adsorption experiment.
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2.3. Characterization

X-ray diffraction (XRD) or crystal phase of the samples used (NK and MK) were
determined by Brucker-D Advance X-ray diffractometer using CuKa (1 =
0.154060 nm), radiation over 268 interval of 10° to 90°, with steps 0.02° operated
at 10 kV and 30 mA. Fourier transform infrared (FTIR) spectra of the samples
were obtained on an IR-affinity-1 Shimadzu spectrophotometer (Japan). How-
ever, prior to this analysis, samples were prepared using KBr-pressed-disk me-
thod. Surface morphology along its chemical composition examination of the
sample were obtained by Zeiss LSM 510 Meta-field emission scanning electron
microscope coupled with energy-disperse X-ray analyzer (FESEM-EDX), the
magnetization was measured on a 7410 vibrating sample magnetometer (VSM)

(Lake Shore Cryotronics Inc. United States), at room temperature.

2.4. Kinetic study

The adsorption of phosphate from the working phosphate solution (30 mgP/L)
was studied by following this procedure: 0.5 g of each adsorbent was added into
a beaker with 50 mL of 30 mgP/L phosphate solution. The sealed beakers were
then put in a shaker bath at 25°C and agitated at 200 rpm for 960 min (16 hr). 10
mL of dispersion was taken out over a given period of time (0.5, 1, 2, 3, 5, 10, 20,
30, 60, 120, 180, 240 ... 960 min) and filtered using a membrane filter (pore size
0.45 nm).

The concentration of phosphate in the filtrate was analyzed by molybdate
blue-spectrophotometric method [21] and the amount of phosphate adsorbed

onto the sample at different period (g, was calculated using Equation (1):

C -C)xV
qt:(o mt) (1)

where C, and C, were phosphate concentrations in solution at initial and differ-
ent time periods (mgP/L) respectively. V, was the volume of solution (L) and m,
was the mass of adsorbent (g).

In order to model the kinetic of the adsorption process the experimental data
were fitted in the pseudo-first order (PFO), pseudo-second-order (PSO) [22]
[23] [24] as represented by (Equation (2) and Equation (3)):

kt
log(q. —q,)=logq ——1L_ 2
g(q. —q,)=logg, 303 (2)
t 1 t
Lo vl 3)
a9 ka4,

where ¢ was the adsorption (min), 4 (1/min), & (1/min) were the adsorption

rate constants of pseudo first and second order equations, respectively.

2.5. Batch Adsorption Experiment

The adsorption of phosphate from working phosphate solution (30 mgP/L) was
determined using the following procedure: 0.5 g of adsorbent was added to 50
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mL of phosphate solution. This mixture was shaken on a constant temperature
(room temperature) oscillator at 200 rpm. Then the solution was separated from
the solid by magnetic separation. The residual phosphate concentration was de-
termined by molybdate blue-spectrophotometric method [21]. The phosphate
adsorption capacity g, (Equation (1)) (mg/g) or removal ratio R (%) (Equation

(4)) was given from the following relationships:

R:(Co—Ce)xlgo% (4)

o

where C, and C, are the initial and equilibrium concentrations of phosphate so-
lution (mg/L). m is the adsorbent dry weight (g) and vis the suspension volume
(L).

The equilibrium data were fitted to the well-known Langmuir and Freundlich
isotherm equations as shown in (Equation (5)) and (Equation (6)) respectively
[25] [26].

Langmuir equation:

c

= K — ¢ 5
qe qm L 1+KLC6 ( )
Freundlich equation:
1
q. =K, C" (6)

where C, (mg P/L) and ¢, (mg P/g) were phosphate concentration and corres-
ponding adsorption capacity at the equilibrium. g,, (mg P/g) was the maximum
adsorption capacity and K, was the Langmuir adsorption equilibrium constant,
which were related to adsorption capacity and energy or net enthalpy of adsorp-
tion. K and n were the constants in the Freundlich isotherm equation, which

measured the adsorption capacity and intensity respectively.

2.5.1. Effect of Solution pH

Effect of pH on phosphate adsorption was studied at different pH (varying from
2 to 12). In this case, the solution pH was adjusted by adding 0.1 M NaOH or
HCI solution; and the adsorbent dose or solid/liquid ratio, volume of phosphate
solution, concentration of phosphate, contact time, and temperature were set at
0.5 g, 50 mL, 30 mgP/L, 960 min, and 27°C, respectively.

2.5.2. Effect of Solid /Liquid Ratio

Effect of adsorbent dose or solid/liquid ratio on phosphate adsorption was stu-
died at different dose (varying from 0.1 to 0.5 g). In this case, the solution pH,
volume of phosphate solution, concentration of phosphate, contact time, and
temperature were set at 4, 50 mL, 30 mgP/L, 960 min, and 27°C, respectively.

2.5.3. Zero Point of Charge Determination (ZPC)

The zpc of was determined by introducing a fixed mass of adsorbents into 100
mL Erlenmeyer flask containing 50 mL of 0.01 M potassium nitrate solution.
The initial pH of these solutions was adjusted to 2, 3, 4, 5, 6,7, 8, 9, 10 and 12 by
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adding few drops of either nitric acid or potassium hydroxide. After a contact
time of 48 h, the final pH was measured, and plotted against the initial pH [27]
[28].

3. Results and Discussion
3.1. XRD Analysis

Figure 1(a) & Figure 1(b) showed the XRD patterns of natural kaolin (NK) and
magnetically-modified kaolin (MK) respectively. There was a significant differ-
ence in the XRD patterns of natural kaolin powder (NK) and magnetical-
ly-modified kaolin (MK) due to the incorporation of Fe,O, into the clay frame-
work.

Basically, the typical diffraction angles of kaolin at 26 = 12.20°, 20.23", 24.82",

38.28°, 45.74°, were observed in natural kaolin (NK). This result was in favorable
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Figure 1. (a) XRD spectra of natural kaolin (NK); (b) XRD spectra of natural kaolin
(MK).
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comparison with the standard pattern of kaolin as reported by [13] [29]. In con-
trast, the XRD pattern of MK (Figure 1(b) revealed the presence of Fe,O, and
the following peaks were observed: at 26 = 18.60°, 31.59°, 35.32°, 43.08", 62.39°,
corresponding to the peaks of Fe;O, [17]. This is a confirmation the existence of
the pure phase of Fe;O, [30] on the kaolin mineral. The modified kaolin showed
some traces of parent kaolin, which was an indication that the entire surface was

not covered up by Fe,O,.

3.2. Spectroscopy Analysis

The FT-IR analysis of NK, MK and PMK (post-adsorption MK) are shown in
Figures 2(a)-(c). The areas specified by Circle, arrow and triangle were where
specific absorption bands synonymous with natural kaolin, magnetite and
P-laden clay were observed. The absorption bands at 3687 cm™ and 3617 cm™
were attributed to the OH of water molecules. Another absorption band, cor-
responding to water deformation was observed at 1631 cm™ [12] [31] [32] [33].
The characteristics absorption peaks, around 3687 cm™ and 1631 cm™ were ob-
served in all the spectra. This was ascribed to the stretching vibration of O-H
bond and the bending vibration of H-O-H from water molecules, adsorbed on
the external surface of the sample during handling. The bands at 3687 cm™" was
assigned to the stretching vibration of hydroxyl groups attached to octahedral
Mg** ions located in the interior blocks of NK [34]. The band at 3688 cm™" was
ascribed to the cation-coordinated (Mg, Al) water [32].

Other vibration bands at 917 cm™, 912 cm™, and 420 cm™ to 500 cm™" were
assigned to X-O (X = Si, Al) stretching and bending modes. Other absorption
bands that ranged between 550 and 590 cm™ were attributed to the stretching
bond of Fe-O, primarily from Fe,O, [35] [36]. This bond showed that the mag-
netite was successfully loaded on the kaolin clay mineral. After the adsorption of

phosphate, a new shift in peak appeared between 900 and 1050 cm ™. This peak

300
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Figure 2. FTIR spectra of (a) natural kaolin (NK); (b) magnetic kaolin (MK) and (c)
P-laden magnetic kaolin.
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was not intensive as a result of not too large capacity of adsorption [35]. Howev-
er, this peak was assigned to the asymmetry vibration of P-O bond. This indi-
cated that the surface hydroxyl groups were replaced by the adsorbed phosphate
(35].

3.3. Field-Emission Scanning Electron Microscope

The FESEM images of NK and MK are shown in Figure 3(a) & Figure 3(b). The
FESEM image is shown alongside with the results of the elemental analysis. Fig-
ure 3(a) showed a smooth surface with linear ridges of NK. Figure 3(b) as well
showed a rough surface with oval ridges and micro pores of MK. The rough sur-
face of MK was a confirmation of successful modification by iron oxide of NK,
which were loaded more on the NK surface. Additional confirmation of the
modification was the higher Fe-metal composition of the chemical analysis
shown by Figure 4(a) & Figure 4(b).

3.4. Magnetization Analysis

The magnetization curve shown in Figure 5 was the curve from a number iron

salts precursors and an ordered iron (II/III) to iron (III/II) ratio. However, the

— lpm  JEOL 10/8/2017
X 10,000 5.0kV SET SEM WD 15.0mm 23:46:48

(®)

Figure 3. (a) FESEM pattern of natural kaolin (NK); (b) FESEM pattern of modified kao-
lin (MK).
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Figure 4. (a) EDX spectra of natural kaolin (NK); (b) EDX spectra of magnetic modified
kaolin (MK).
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Figure 5. Magnetic hysteresis loop: (1) magnetite (Fe,O,) of Fe-sulfate salts precursor; (2)

magnetite (Fe,O,) of Fe-chloride salts precursor; (3) magnetite (Fe,O,) of Fe-(chloride/sulfate)
salts precursor; (4) magnetite (Fe,O,) of Fe-(sulfate/chloride)-salts precursor.
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curve showed the saturation magnetizations (Ms) in a decreasing order of iron
(II/TIT) chloride-chloride salt (61.739 emu/g) > iron (II/III) chloride-sulfate salt
(56.185 emu/g) > iron (II/III) sulfate-sulfate salt (50.311 emu/g) > iron (III/II)
sulfate-chloride salt (33.039 emu/g), the individual curve in the mentioned order
was represented as; mag. 2, mag. 3, mag. 1 and mag. 4 respectfully. The magne-
tite (Fe,O,) with the highest saturation magnetization (mag. 2) was subsequently
used in the preparation for magnetic-kaolin composite (MK). Thus, the high sa-
turation magnetization would guarantee quick response of the MK to external
magnetic source [36]. Figure 6 showed the magnetic hysteresis of the magnetite
with highest magnetization saturation (mag. 2) and its subsequent kaolinite
modified form represented as Kmag. 2 in the curve. It was observed that the sa-
turation magnetization value of MK (19,009 emu/g) was far less than that of the
corresponding magnetite (Fe,O,). The magnetic separation properties of NK and
MK were tested and the result showed that the MK can be re-collected by mag-

net, whereas the NK remained dispersed in solution (Figure 7). However, the

80

—=—Mag 2
o —e—Kmag 2
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Field (Kg)

Figure 6. Magnetic hysteresis of magnetite (Fe,O,) of chloride (Cl") salts (Mag 2) mag-
netically-modified kaolin (Kmag 2).

Bar-Magnet

Magnetized
magnetic kaolinite

Figure 7. Digital imagery of magnetized magnetic-kaolin (MK).
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method of magnetization was devoid of subjective gravitational pull of the ma-
terial, see Figure 7. This feature will make MK more attractive as an adsorbent

in practical application.

3.5. Adsorption Kinetic

The phosphate adsorption capacity of the adsorbents (NK, MK), as a function of
time is shown in Figure 8(a) & Figure 8(b). The phosphate adsorption was
rapid at the first stage of the adsorption process and the capacity reduced over
time until the equilibrium adsorption capacity was attained. The adsorption
equilibrium was attained at 960 min.

The adsorption kinetic was fitted to the pseudo-first-order and pseu-
do-second-order kinetic equations. The corresponding parameters and correla-
tion coefficients (&) values are listed in Table 1. The results showed that pseu-
do-second order equation fitted the experimental data better than the pseudo
first order equation, The B = 0.9806 for the sample NK, B = 0.9776 for the
sample MK suggested that the phosphate adsorption onto NK and MK occurred
through chemisorption mode of adsorption [37]. The results of this study agreed

m231mg/l m4.99mg/l 49.74mgl +19.34mg/l m31.60mg/l

6
?.0 5
T 4
E 3
N’
c«g 2
1
0
0 200 400 600 800 1000
time (m)

(a)

| 02.31mg/l x4.99mg/l \9.74mg/l < 19.34mg/l (131.60 mg/l

?n 8 o s
& 6
g
s 2
=p o ?)‘?_m-@mj =
0 200 400 600 800 1000
time (m)

(®)

Figure 8. (a) Adsorption kinetic of phosphate on natural kaolin (NK). Conditions: Ad-
sorbent dose = 1 g/L; contact time = 960 m; initial phosphate concentration = varied; agi-
tation speed = 200 rpm; Temperature = 290 K; (b) Adsorption kinetic of phosphate on
magnetic-modified natural kaolin (MK). Conditions: Adsorbent dose = 1 g/L; contact
time = 960 m; initial phosphate concentration = varied; agitation speed = 200 rpm; Tem-
perature = 290 K.
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with other studies [38] [39] [40]. The sample MK exhibited an enhanced phos-
phate removal efficiency (7.38 mg P/g for NK and ~9.08 mgP/g for MK).

3.6. Adsorption Isotherm

The adsorption isotherm data were fitted to the Langmuir and Freundlich equi-
librium isotherm equations. The linear plots of Langmuir and Freundlich for
phosphate adsorption onto NK and MK are shown in Figure 9(a) & Figure 9(b)
and Figure 10(a) & Figure 10(b).

The fitted constants for the two isotherm equations are presented in Table 2.
The experimental data for natural and modified kaolin was better described by
Langmuir and Freundlich respectively, as expressed by R* values obtained, see

Table 2. Based on the values of g, the phosphate adsorption capacity was higher

Table 1. Adsorption kinetic parameter.

Pseudo-first order Pseudo-second order
Sample
K R K R
NK 0.0020 0.7875 0.0009 0.9806
MK 0.0023 0.8573 0.0009 0.9776
1.6
12 ;
D
Fos
v A
0.4 74
0
0 0.5 1
1/C,
(a)
1.2
0.8
= o
on 04
=]
—
0
o
T 0.5 1 1|5
-0.4
logC,

()

Figure 9. (a) Langmuir plot of NK (condition: adsorbent: 0.1 (g); Phosphate concentra-
tions: varied mg/L Vol: 50 mL; T: 293 K); (b) Freundlich plot of NK (condition: adsor-
bent: 0.1 (g); Phosphate concentrations: varied mg/L Vol: 50 mL; T: 293 K).
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Table 2. Langmuir and Freundlich equation parameters of phosphate adsorption onto
NK and MK.

Model Parameter NK MK
K, 0.88 1.63
Freundlich 1 0.8272 0.9107
n
R 0.9729 0.9586
R 0.9813 0.9519
Langmuir K; 0.05 0.011
Gm 17.61 52.91
15
<&
1
(-5} <&
=2
~~
—
0.5
<&
0
0 0.2 0.4 0.6 0.8 1
1/Ce
(a)
1
<&
<&
0.5
@
=N
N
=
¢
0
¢~ 02 04 06 08 1 1f
-0.5

logCe
(®)
Figure 10. (a) Langmuir plot of MK (condition: adsorbent: 0.1 (g); Phosphate concentra-

tions: varied mg/L Vol: 50 mL; T: 293 K); (b) Freundlich plot of MK (condition: adsor-
bent: 0.1 (g); Phosphate concentrations: varied mg/L Vol: 50 mL; T: 293 K).

in MK than in NK. The enhanced performance was attributed to the high sur-
face area exhibited by magnetic material [15]. A comparison of other magnetic
adsorbents with the one (MK) in the present study affirmed the improvement of
adsorption capacity by MK. There was also: relative improvement in the mag-
netic condition guaranteed by the special precursor salts of particular iron ratio
used in the present study. Table 3 indicated that MK was best in phosphate ad-

sorption among other magnetic materials used in previous studies.
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Table 3. Comparison of the phosphate adsorption capacity of various magnet-
ic-adsorbents.

Adsorbent Ads. Cap. (mg/g) Ref
Fe;0,@Zn-Al-LDH 36.9 Zaidi et al,, 2014
Fe,0,@Mn-Al-LDH 31.7 Zaidi et al, 2014
Fe;0,@Ni-Al-LDH 26.5 Zaidi et al,, 2014

Fe;O, — Fe/Mn 6.8 Long et al, 2011
Fe,O, — Sand 1.5 Biswas et al., 2008
Fe,O, — ATP 16.6 Pan et al, 2011
Fe;O, - MMT 18.8 Peng et al., 2006
Fe,O, — SEP 20.5 Liu et al, 2014 [13]
Fe;0, — Zeolite 18.9 Bourlinos et al, 2003
Iron oxide-doped activated carbon 14.1 Wang et al.,, 2008
An hydrous iron-oxide 29.5 Zeng et al.,, 2004
Iron hydroxide eggshell 2.02 Mezenner et al., 2009
Fe,0, — Kaolin 52.91 This study

3.6.1. Effect of Point Zero Charge (PZC)

The pzc of Nk was reviewed from literatures due to the fact that kaolin has been
severally used. The pzc of NK was 6.9 [13] [27]. The pzc of Mk was 7.8 as shown
in Figure 11. It was obvious from these results that NK has a pzc value less than
the value for MK, which suggest that the introduction of Fe,O, particles in kao-
lin is favorable to improve surface electrochemical properties. The increment is
also due to the specific adsorption of iron ions on MK composite. The pheno-
menon of iron leaching from magnetite clay-composite has been observed by
another authors; Oliveira [41]. In adsorbent solution, the presence of Fe(II) or
Fe(III) ions even, at small amount can shift the pzc of magnetite Fe,O, to higher
pH values. And, the higher the iron ions concentration, the larger is the shift of
pzc toward higher pH [13]. Consequently, when the pH of aqueous solution is
below the pzc, the surface of the adsorbent will become positively charged. At
pH above pzc, the surface of the adsorbent is negatively charged and there is
strong electrostatic attraction between surface group and phosphate moieties.

3.6.2. Effect of pH

The effects of solution pH value on the adsorption of phosphate from aqueous
solution, using magnetic kaolin composite were investigated and the results are
presented in Figure 12. It was discovered that for most phosphate concentra-
tions used in this study, the equilibrium pH values were higher than the initial
pH (i e. initial pHs 3.97 to 10.08) but, lower than the initial pH at 12.01. This ef-
fect could be attributed to the acid-base properties of hydroxyl groups on the
adsorbent surface and the phosphate species in solution which resulted into
protonation and deprotonation of the material surface. However, the highest

adsorption pH for the material studied (MK) was 4.
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Figure 12. Effect of Adsorbent dosage on the phosphate ion adsorption by MK.

3.6.3. Effect of Adsorbent Dose

The effect of adsorbent dose was shown in Figure 13. The figure showed that as
the adsorbent dose increases from 0.1 g to 0.5 g, the phosphate removal efficien-
cy increased from 35% to 64% for MK. This can be explained by progressive in-
crease of available binding site for phosphate adsorption by the material. How-
ever, any increase beyond 0.4 g/50 mL, did not increase the % removal of phos-
phate. This reduction in the adsorbent removal capacity could be as a result of
the following reasons: the increase in adsorbent dosage with fixed phosphate
concentration (30 mg/L) and fixed volume of the adsorbate (phosphate) could
lead to unsaturation of sorption sites through the sorption process [42] [43].
Further increase of the adsorbent dosage could cause adsorbent particle interac-
tion which might result in sorbent surface aggregation [42]. This eventually
might lead to reduction in the adsorbent surface area. Thus, this result was con-
firmed by the work of Zeng [44].

4. Conclusion

In this study, two different clay-adsorbents were used while one was magnetic in
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Figure 13. Effect of adsorbent dose on the phosphate adsorption by MK (condition: ad-
sorbent: varied (g); Phosphate concentrations: 30 mg/L Vol: 50 mL; T: 293 K).

nature and developed by a rapid co-precipitation method and, the other was na-
turally existing kaolin (NK). The two adsorbents were used for phosphate ad-
sorption from aqueous solution. The adsorbents were characterized by XRD,
FTIR FESEM-EDAX and VSM analyses. Characterization results proved the
successful synthesis of magnetic-clay material. Adsorption experiment was car-
ried out as a function of adsorbent dosage and initial pH of phosphate solution.
However, the sorption capacity of the adsorbent was gradually increased as the
sorbent dose increased, although this gradual increase was unnoticed at further
increase from 0.4 to 0.5 g dosage. This effect of pH could be attributed to the ac-
id-base properties of hydroxyl groups on the adsorbent surface and the phos-
phate species in solution which resulted in protonation and deprotonation of the
material surface. Hence, the maximum adsorption of the phosphate species was
more obvious at pH 4. The maximum adsorption capacity of phosphate com-
pared with the un-magnetized raw kaolin increased from 17.61 to 52.91 mg/g
after modification by iron-oxide. The Langmuir isotherm best described the NK
experimental data while Freundlich described the treated/modified kaolin (MK).
Based on the present investigation, it could be concluded that the magnetically
treated kaolin can be used efficiently in the removal of phosphate from aqueous

solution.
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