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Abstract

An in-depth understanding on the structural features of engineered magnetic adsorbent is important for forecast-
ing its efficiencies for environmental clean-up studies. A magnetic kaolinite nanocomposite (MKN) was prepared
using Malaysia’s natural kaolinite via co-precipitation method with a three different clay: iron oxide mass ratio
(MKN 1:1, MKN 2:1 and MKN 5:1). The morphology and structural features of the magnetic composites were sys-
tematically investigated using techniques, such as: Fourier transform infrared spectroscopy (FTIR), scanning elec-
tron microscope (SEM), surface area analysis (BET), Vibrating Sample Magnetometer (VSM), and zeta potential
measurement. The removal efficiencies of the adsorbent for Methylene Blue (MB) dye were studied in batch meth-
od as a function of pH and initial concentration. MKN1:1 demonstrated the highest magnetisation susceptibility
(Ms) of 385.9 emu/g with four-fold-increase in specific surface area as compared to the pristine kaolinite. Prelimi-
nary experiment reveals that all MKNs showed almost 100% removal of MB at low initial concentration (<50
ppm). The spent MKN adsorbent demonstrated an easy recovery via external magnetic field separation and rec-
orded maximum adsorption capacity of 18.1 mg/g. This research gives an insight on the surface characteristics of
magnetic clay composite for potential application as an effective and low-cost adsorbent in treating dye contami-
nated water.
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1. Introduction fects [2] especially to aquatic life since the in-
tense-coloured MB can block the light penetra-
tion and oxygen transfer in water. Therefore,
various techniques, such as photocatalysis, ad-
sorption, coagulation/flocculation, and filtration,
were developed to solve the dye contamination
issues In water resource. Among those tech-
niques, adsorption is considered as a good ap-
proach due to its low cost, high performance,

Untreated dyes effluent has become a major
source of water pollution especially in develop-
ing countries. Methylene blue (MB) is an exam-
ple of cationic synthetic dye commonly used in
the textile and pharmaceutical industry [1]. Ex-
posure to excessive MB could cause harmful ef-
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Clay minerals like bentonite, palygorskite,
and kaolinite have received great interest ei-
ther as a catalyst or pollutant adsorbent due to
its non-toxicity, inexpensive and high availabil-
ity [3,5,6]. Malaysia has approximately 112
million tons of kaolinite reserve [7,8] with a to-
tal export value of Malaysian Ringgit 26 mil-
lion (approximately USD 6 million) in 2013 [8].
Under the Malaysia’s National Mineral Indus-
try Transformation Plan 2021-2030 (MIT 2021-
2030 Plan), the government aim to prioritise lo-
cal minerals like kaolinite over imported min-
eral commodities for domestic industries and
research and development (R&D) [9]. The local
kaolinite i1s mostly used for paper coating, skin-
care products and engineering applications,
whereas only a few scientific works reported its
use as high value industrial products [7] in-
cluding as material for water remediation. As a
non-expanding clay, kaolinite in general have a
lower adsorption capacity for removal of water
contaminants as compared to other swelling
clays like montmorillonite. Nevertheless, re-
search works on kaolinite’s modification, espe-
cially in developing countries, are well-
progressing and have demonstrated a substan-
tial efficiencies improvement in environmental
clean-up studies [1,10] that worth for further
investigations.

The development of hybrid material like
magnetic clay composite for water treatment
application is blooming fast due to the attrac-
tive surface properties, less complicated prepa-
ration method and facile separation capabilities
[11,12]. With the incorporation of magnetic par-
ticles like iron oxide into the clays’ gallery or
surface [13], the magnetic clays are easy to be
separated from the reaction media through the
external applied magnetic field. This modifica-
tion can address the current recovery issue for
spent clay adsorbents which require conven-
tional filtration or centrifugation method that
are either cost- or time consuming.

In recent literature, scientific works that
carefully discuss the suitable composition ratio
required for the synthesis of hybrid composite
material are still lacking. Selecting a good com-
positional ratio is important from both struc-
tural and efficiencies perspective. The
knowledge will ensure a balance engineering
strategy between achieving the desirable struc-
tural features (e.g., strong magnetic suscepti-
bility and high surface area) and maximising
its performance (high percent removal of pollu-
tant or adsorption capacity). This research
aims to investigate the morphology and struc-
tural features of the magnetic kaolinite compo-
site prepared via co-precipitation method with

different kaolinite: iron oxide mass ratio. Spec-
troscopic and macroscopic techniques will be
used to characterise the composites. The per-
formance of magnetic composites against Meth-
ylene Blue removal will be investigated.

2. Materials and Methods
2.1 Chemicals and Reagents

Kaolinite (grade KM40) was purchased from
Kaolin (Malaysia) Sdn. Bhd. The X-Ray Fluo-
rescence (XRF) analysis supplied by the manu-
facturer (Reference no: SM-CR-SM4) is as fol-
lows: Al2Os = 32 to 38%, Si02 = 47 to 53% and
loss of ignition = 11 to 14%. Methylene Blue
(C.1.52015) was obtained from Systerm
(Malaysia), nitric acid (HNOs, 96%) and ammo-
nium hydroxide (NH4sOH, 25%) by R&M chemi-
cals (Malaysia), iron(III) chloride hexahydrate
(FeCls.6H20, 99% purity) from HmbG® chemi-
cals (Malaysia), iron(I) sulphate heptahydrate
(FeS04.7TH20, 99% purity) was purchased from
Bendosen (Malaysia), and sodium hydroxide
(NaOH, 96%) from Sigma Aldrich (Malaysia).

2.2 Synthesis of Magnetic Kaolinite and Iron
Oxide

The iron oxide (IO) particle was prepared by
dissolving a 3.1 g of FeCl3.6H20 and 2.4 g of
FeS04.7H20 in 50 mL of deionized water, sepa-
rately [14]. Next, the Fe2+ solution was added
into Fe3+ solution then was placed into a water
bath and agitated (200 rpm) at 60 °C in 30 min.
The agitation speed was further increased (400
rpm) and NH4sOH (25%v/v) was added dropwise
into the suspension until the solution turned to
alkaline (pH 8.9 to 9.1) to precipitate the iron
hydroxide. The suspension was aged for anoth-
er 1 hour at the same temperature. The precip-
itation was collected using filtration and was
thoroughly washed with deionized water and
ethanol until a neutral pH was achieved. The
IO precipitate then was dried at 110 °C for 3
hours, ground and sieved (200 mesh).

The preparation procedure of MKN was
similar with the preparation of IO as described
earlier, except that kaolinite suspension is add-
ed into the Fe2*-Fe3* suspension via in situ ap-
proach according to our previous work [15].
Three calculated mass ratios of kaolinite: iron
oxide which were 1:1, 2:1 and 5:1 was chosen to
prepare the MKNs; later denoted as MKN 1:1,
MKN 2:1 and MKN 5:1, respectively. First, a
specific amount of kaolinite was added into the
Fe3* solution at 40 °C for 15 minutes. The Fe2+
solution was then added to the kaolinite - Fe3+
suspension and agitated. The addition of
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NH4OH (25%v/v), aging, collection of MKN and
the drying process were as similar as the proce-
dure in the preparation of IO described earlier.
The black precipitate of MKNs were ground,
sieved (200 mesh) and kept in a dark and air-
tight container for further use.

2.3 Characterizations

Fourier-transform infrared spectroscopy
(FTIR) spectrum was collected using FTIR-
Spectrum 400 spectrometer in the range of
4000 cm™! — 450 cm™! at resolution of 4 cm-1
with 32 scans using the KBr pressing method.
KBr pellets were prepared with a 1:200 mass
ratio of sample and KBr, respectively. The X-
ray powder diffraction XRD analysis was per-
formed using D8 Advance X-Ray diffractometer
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(Bruker AXS, Germany) with Cu Ka radiation
(A = 0.15406 nm) and the 26 range from 5 to
80°. Scanning electron microscopy (SEM) imag-
es were acquired on a Quanta 450 FEG operat-
ed at 15 kV accelerating voltage to observe the
morphology and estimate the particle size of
samples. The samples were prepared by direct
deposition on an aluminium stub covered by a
carbon grid and then coated with a thin layer
of platinum (~10 nm thick film). The Energy
Dispersive X-Ray (EDX) analysis was per-
formed simultaneously to determine the ele-
mental composition (Al, Si, O, Fe). To deter-
mine the surface porosity, the N2 adsorption-
desorption isotherm was performed at —195 °C
using Sorptometric1990 series. The Brunauer—
Emmett-Teller (BET) method was used to cal-
culate the specific surface area and pore size of
samples. Meanwhile, Barrett, Joyner and
Halenda (BJH) method was used for the pore
volume and size distribution. Prior analysis, a
20 mg sample was placed into a clean and dry
tube for degassing at 90 °C for 1 hour and then
increase to 180 °C for 4 hours [16]. The weight
of the sample before and after degassing will
be recorded. Meanwhile the magnetization
measurement of MKN was carried out using
7400 Series VSM System (Lake Shore, Ohio).
The hysteresis measurements were performed
at 300 K with magnetic field up to 0.9 T to ob-
tain the demagnetisation corrections. Zeta po-
tential measurements were performed using
the Zetasizer Nanoseries instrument (Malvern,
United Kingdom). The suspensions were pre-
pared by mixing a 0.15 g sample in 15 mL elec-
trolyte (deionized water) with selected pH val-
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Figure 1. (a) FTIR spectra of raw kaolinite, iron oxide and magnetic kaolinite nanocomposite (MKN
1:1, MKN 2:1, MKN 5:1, (b) FTIR spectrum of MKN 1:1 after adsorption with Methylene Blue (MB
loaded-MKN), (c) FTIR spectrum of methylene blue (MB).
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ues (pH 2 to 10). Next, the samples were ho-
mogenized for 1 hour at room temperature pri-
or analysis and measurements were made in
triplicates. The average value was reported.

2.4 Adsorption Studies

The Methylene Blue (MB) removal was
studied using the batch equilibrium adsorption
method. A stock solution (300 ppm) of MB was
prepared in the deionized water followed by
subsequent dilution. The experimental parame-
ters such as initial concentration and pH were
optimised to determine the equilibrium concen-
tration. Pristine kaolinite was used as the con-
trol. A 0.125 g amount of adsorbate in MB solu-
tion (25 mL) of desired initial concentration (5
to 150 ppm) was agitated at 130 rpm for 4
hours. Throughout the experiment, the samples
were fully wrapped in foil to keep the dark con-
dition for avoiding any potential light-
degradation.

After reaction completion, the adsorbent
was separated by an external magnetic field us-
ing a magnetic bar. The dye concentration of
supernatant was determined using the UV-Vis
spectroscopy (T80+, PG instrument Ltd). The
removal efficiency, E (%) was calculated (Eq. 1),
as well as amount of dyes adsorbed, q., (Eq. 2),
where the [M]; and [M]; denotes the concentra-
tion of MB before and after treatment (mg/L),
respectively, W is the mass of adsorbent (g),
and Vis the volume of the solution (L).
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Figure 2. VSM curves of iron oxide, MKN 1:1,
2:1 and MKN 5:1.

The adsorption equilibrium data were then fit-
ted to the Langmuir and Freundlich adsorption
isotherm model.

3. Results and Discussion
3.1 Characterization of Adsorbent

The FTIR spectra of raw kaolinite, iron ox-
ide and magnetic kaolinite composites are pre-
sented in Figure 1(a). Both the raw kaolinite
and magnetic kaolinite nanocomposite (MKN)
showed two bands at 3695 cm~! and 3620 cm™,
which represent the Al-OH stretching vibra-
tion in the clay’s structure [17-20]. These
bands were less intense in the MKNs spectrum
indicating the possible exchange of Al3+ with
Fe3* on the surface of kaolinite [21]. Further-
more, acidic Fe2t/Fe3* solution during the syn-
thesis of MKN might promote partial Al disso-
lution from clays’ gallery thus allowing the in-
terchange of cations. The spectral bands at
1112 cm™! and 1006 cm~! in raw kaolinite de-
notes the Si—O bending and stretching vibra-
tions [15,19,22]. Meanwhile the band appeared
at 910 cm™! was corresponded to the Al-O
bending vibration [19,20], whereas the band at
795 cm! and 755 cm™! represents the Si—O—Al
stretching and bending vibrations, respectively
[17,20]. In MKN, those bands were weaker in
contrast to those observed in raw kaolinite
which suggest the interaction of Al/Si—O of ka-
olinite with Fe—O bond for MKN’s formation
[3]. The AlI-O-Si skeletal vibrations in kaolin-
ite were denoted at 530 cm~! and 460 cm™! [19].
The spectrum of MKN2:1 and MKN5:1 showed
a sharper band at 460 cm™! than those in the
MKN1:1 due to the larger kaolinite content in
the former composites. For the iron oxide spec-
trum, the bands at 627 cm™! to 542 cm™! were
associated with the Fe—O bond stretching vi-
bration [23]. The band at 627 cm~! was almost
diminished especially in MKN5:1 due to lim-
ited Fe—O—Al or Fe—O—Si bond formed within
the composite [23]. Overall, FTIR analysis
shows that all important bands of functional
groups from the pristine material (kaolinite
and iron oxide) were well-preserved in the com-
posite. Meanwhile, the MB-loaded MKN
(Figure 1(b)) showed a broad band at 3432 cm™!
associated with hydroxyl bonding with nitro-
gen (O—H---N) in MB molecule [2,24]. The new
band at 1625 cm~! (Figure 1(b)) could be corre-
sponds to the vibrations of unsaturated bond of
C=N+(CHas)2 previously observed in MB spectra
(Figure 1(c)). In addition, a strong intensity
band at 1591 em! (referring to C=C or C=N
bonds) [25] and at region 1110 to 1006 cm™!
(heterocycle skeleton (C—N and C—S—C)) from
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MB dye was also present in MB-loaded MKN
(Figure 1(b)) [24,25]. The presence of these
bands in MB loaded-MKN hence attributed to
the successful adsorption of MB towards the
composites’ surface.

All MKNs demonstrated a fast magnetic
separation (in less than 120 seconds, on aver-
age) as compared to kaolinite which need a
high-speed centrifugation to settle down. The
plot of IO and MKN produced a “S” shaped
curve (Figure 2) which shows the near- super-
paramagnetic characteristic [26]. The magneti-
zation (Ms), retentivity (Mr), and coercivity
(Hce) value was shown in Table 1. The decrease
of magnetic strength is attributed to the non-
magnetic characteristic of kaolinite, which is
typical for most clays. All composites demon-
strated a magnetic susceptibility value at par
or above the previously reported value for mag-
netic clay [2,12]. The MKNI1:1 composite
showed the highest Ms among others due to a

higher magnetic iron oxide content. Neverthe-
less, the non-zero coercivity value indicates the
existence of magnetic storage, variation in par-
ticles size and the effect of cluster growth of
iron oxides particles [27]. For example, alt-
hough the Ms value of MKN5:1 was almost
one-third of those obtained by MKN1:1, their
difference in coercivity value was minor; sug-
gesting an almost consistent particle size in
each composite.

The surface area analysis demonstrated
that the kaolinite has the lowest porosity but
with the largest pore diameter (Table 2). Ac-
cording to the IUPAC classification, both kao-
linite and iron oxide demonstrated a type IV
isotherm (Figure 3(a)) [3,28] usually associated
with the mesoporous structure. In addition, the
pristine materials exhibit a H3 type hysteresis
loop related to a slit-shape pore. These surface
porosity features of pristine Kao and IO are
well preserved within the MKNs (Figure 3(a)).
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Figure 3. (a) N2 adsorption-desorption isotherms, (b) BJH pore size distribution.
Table 1. Magnetism properties of IO, MKN 1:1, MKN 2:1 and MKN 5:1.
Sample / Characteristic 10 MKN 1:1 MKN 2:1 MKN 5:1
Magnetisation, Ms (emu/g) 66.64 35.99 21.41 12.26
Coercivity, He (G) 62.56 28.86 26.75 22.35
Retentivity, Mr (emu/g) 6.952 2.073 1.271 0.6517

Table 2 Surface area of kaolinite, IO and all MKNs.

BET specific surface

Average pore volume

Average pore diameter

Sample area (m2/g) (cm3/g) A)

Kaolinite (Kao) 9.11 0.0423 188.99
10 69.4 0.2506 144.39
MKN 1:1 44.5 0.1327 122.81
MKN 2:1 34.6 0.1709 129.14
MKN 5:1 25.0 0.0705 117.21
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The high BET surface area of MKN 1:1 is con-
tributed by the iron oxide nano-features evi-
denced by the high dV/dw pore volume of iron
oxide in the pore size distribution (Figure 3(b)).
The incorporation of porous iron oxide in MKNs

40 ——Kao

1 ——10
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——MKN2:1

20 1 —+— MKN 51

10—

Zeta Potential (mV)

-20

=30 +

-40

Figure 4. The zeta potential curves for kaolin-
ite, MKN 1:1, MKN 2:1 and MKN 5:1.

has resulted up to 4-fold increment of surface
area (MKN 1:1) as compared to the pristine ka-
olinite. This finding hence signified the role of
iron oxide in enhancing the surface porosity of
clays’ composite.

Meanwhile, the =zeta potential measure-
ments were used to describe the surface charge
and the elucidation of the adsorption mecha-
nism especially for electrostatic interaction
[14,29]. Kaolinite has an isoelectric point (IEP)
at around 4.6 (Figure 4). Kaolinite was known
to have a positive surface charge at low pH but
shifted to a negative surface charge as the pH
increased [30]. The IEP for IO obtained in this
study is relatively high (around 8.2) (Figure 4),
but still closer to the previously reported value
[31]. The MKNs recorded a different IEPs; in
which at around pH 5.3 (MKN 1:1), pH 8.5
(MKN 2:1) and pH 3.7 (MKN 5:1). The zeta po-
tential values of MKN are a mixed and “in-
between” [31] of the zeta potential curve for the
positive iron oxide surface and the neu-

Figure 5. SEM images of (a) Kaolinite, (b) Iron Oxide, (c) Magnetic Kaolinite (MKN 1:1) and (d) EDX

spectra of magnetic kaolinite (MKN 1:1).

I Vo Sum Spectrum
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tral/negative kaolinite surface. At pH 2 to 4, all
MKNs have a positive surface charge value
(MKN 1:1 > MKN 2:1 > MKN 5:1) that resem-
bles the surface charge profile of the 10 (Figure
4). As more kaolinite component was present in
MKN 5:1, this composite exhibits the least posi-
tive surface charge. However, at above pH 4, a
variety surface charge profile was observed.
For example, at pH 6 and 8, only MKN 1:1 ex-
hibited a definite negative surface charge; de-
spite it has the least kaolinite ratio as com-
pared to the MKN 2:1 and MKN 5:1. This vari-
ation narrated the non-uniform surface chemis-
try in MKNs that is differs from the pristine
components. The scattered and uneven distri-
bution of iron oxide within the clays’ surface
could possibly cause a different protonation-
deprotonation behaviour of the surface func-
tional groups in the MKNs composite.

100 H

80 4

% Removal (%)

204

r 1t 1T -~ 1t 1T 1t~ 1t 11
0 20 40 60 80 100 120 140 160

Concentration (ppm)

Figure 6 Percent removal of MB by all adsor-
bents at pH 6.

The SEM images of kaolinite (Figure 5(a))
shows a smooth-edged surface with irregular
platelets. Meanwhile, for 10, a uniform particle
distribution was observed with the average
particle size measured is between 30 to 35 nm
(Figure 5(b)). In MKN 1:1 (Figure 5(c)), the 10
particles were distributed homogeneously in
clusters on the kaolinite’s surface, but the ac-
cumulation did not entirely cover the clay’s
surface. These observations were similarly re-
ported by other researchers, suggesting the
deposition of iron oxide only occurs on kaolinite
surface only [3,32]. The estimated particle size
of IO embedded on the kaolinite surface is 39+2
nm. The presence of IO on kaolinite could also
be confirmed from the EDX analysis of Fe ele-
ment as shown in Figure 5(d).

3.2 Adsorption Studies

At initial concentration of 5 to 50 ppm, a
100% MB removal was recorded for all adsor-
bents (Figure 6). However, as the initial con-
centration increased, the dye removal efficien-
cies were decreasing. The MKN 1:1 showed the
highest percent removal among all the compo-
sites. The primary adsorption mechanism of
MB towards MKN are postulated to occur via
electrostatic interaction [1,3,33] between the
negative surface charge of MKN (Figure 4) to-
wards the cationic MB molecules. The individ-
ual performance of kaolinite and IO against
the MKN 1:1 was examined to deduce which
component contribute the most towards the
composites’ dye removal efficiencies. Despite
the kaolinite has a much lower specific surface
area (Table 2), it recorded a higher percent re-
moval (from 60 to 100%) as compared to the
poorly performed IO (< 50%) (Figure 6). Thus,

Table 3. Parameters of adsorption isotherm model for Kaolinite, MKN 1:1, MKN 2:1 and MKN 5:1.

Isotherm . ) ) Adsorbent

Model Linearised equation Parameters Kaolinite MEN 1:1 MEN 2:1 MEN 5:1

c | ¢ Gma (mglg) 11.71 18.15 11.9 14.95

j=m+ . ~ K (L/mg) 4.9364 0.7046 0.5021 0.6098

Langmuir _ 0.9989 0.9843 0.9915 0.9811
__ 1 Ry value range  0.0077 — 0.0072 — 0.0072 — 0.0069 —

"T1+K, G, (min-max) 0.1041 0.1423 0.1460 0.1470

| 1/n 0.6743 0.6427 0.4146 0.4711

Freundlich logg, =logK, +~logC, K (L/g) 1.6125 2.1842 2.2631 2.3725

) n
r2 0.6654 0.6631 0.6269 0.6134

g. = the quantity of adsorbed adsorbate per unit mass of adsorbent (mg.g-1); Cp = initial concentration (mg.L-t); C. = equilibri-
um concentration (mg.L-1), K; = Langmuir constants (L.mg-1), gm«x = maximum monolayer adsorption (mg.g-1); R. = separa-
tion factor; Kr=Freundlich constant at equilibrium [(mg.g™!) (L.mg1)¥»]; and n = degree of nonlinearity between solution
concentration and adsorption.
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it is concluded that in terms of surface reactivi-
ty of MKN, the active sites in kaolinite could
play the most significant role rather than those
contributed by the iron oxide. Similar conclu-
sion was also proposed by previous work involv-
ing magnetic bentonite [33]. The detailed mo-
lecular mechanism of dye degradation by iron
oxide is still unclear [34] due to the complex in-
terfacial adsorption and surface properties of
the oxide shell. Further works on kinetics, ther-
modynamics, and atomic-level spectroscopic in-
vestigations of MKN are necessary to assist in
elucidating the precise mechanism. However,
at this stage it is still noteworthy that the pres-
ence of iron oxide in MKN has effectively facili-
tated the recoveries of spent clays which over-
comes the current separation issues for large-
scale operation.

The MKN:1 demonstrates the highest maxi-
mum adsorption capacity value (18.1 mg/g)
among all composites (Figure 7 and Table 3). A
high shoulder on the adsorption isotherm also
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Figure 7. Adsorption equilibrium for Kao,
MKN 1:1, MKN 2:1 and MKN 5:1.

indicates a strong interaction between the ad-
sorbents and the Methylene Blue (Figure 7).
Experimental data of all adsorbents were best
fitted to the Langmuir model attributed to the
high regression coefficient value, r2 > 0.98
(Table 3). The fitness to Langmuir model indi-
cates the monolayer adsorption characteristics
and homogenous active sites [32], as opposed to
the Freundlich model (multilayer adsorption
and heterogonous surface sites). Meanwhile,
the RL value was found to be in the range of 0
to 1, which implies a favourable MB dye ad-
sorption (Table 3).

Although kaolinite has the lowest BET sur-
face area (Table 2), its adsorption capacity is
almost at par (11.7 mg/g) with other MKNs es-
pecially MKN 1:1 (18.1 mg/g) (Table 3). It is
hence proposed that the surface active sites
and surface porosity are both important in im-
proving the dye removal capability of MKN.
This finding is in parallel with the influence of
a negative surface charge in enhancing the effi-
ciencies of kaolinite and MKN 1:1 (Figure 4) as
discussed earlier. Previous work also suggested
that the surface porosity facilitates towards a
higher maximum adsorption capacity for modi-
fied kaolinite [32]. However, for 10, particles
aggregation and less abundance active sites
may responsible for its low performance de-
spite having the highest BET surface area
(Table 2).

In terms of adsorption capacities, the per-
formance of Malaysia’s kaolinite and MEKN
were satisfactory considering the wide range of
dyes’ initial concentration used (Table 4). Opti-
misation of experimental conditions, (i.e. adsor-
bent loading and pH influence), are necessary
to further evaluate the overall performance of
MKN. Ascribed to its high availability, simple
synthesis procedure and feasible recovery
through the external magnetic field, this mag-
netic composite shall have great potential as a

Table 4. Comparison of clay-based adsorbent for removal of Methylene Blue.

Initial . Removal percentage
Material Ba?eras(lllisgc)e concentration Oofp;gg;?til:}i (%) or ggsorptiong Ref.

(mg/L) capacity (mg/g)
FesO4/activated montmorillonite 148 120 7 120 mg/g [3]
Iron oxide-pillared montmorillonite 139 50 6 41% [35]
Iron pillared montmorillonite 211 98 6 40% [36]
Magnetic kaolinite nanotubes 60.8 10-20 7 94% [37]
Natural kaolinite (Iraq) 35.6 10 -120 8 240 mg/g [1]
Magnetic kaolinite 26.9 1-5 N/G 0.61 mg/g [32]
Kaolinite 9.11 5—150 6 100% (11.7 mg/g)  This study
Magnetic kaolinite nanocomposite 44.5 5— 150 6 100% (18.1 mg/g) This study

N/G: not given
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promising low-cost adsorbent for dye remedia-
tion process.

4. Conclusions

A magnetic kaolinite nanocomposite (MKN)
with different kaolinite: iron oxide mass ratio
was successfully prepared through a simple co-
precipitation method. A higher iron oxide con-
tent in MKN has enhanced the BET surface ar-
ea and its magnetism susceptibility, but less
significant to boost the adsorption efficiencies
towards Methylene Blue. Thus, for future syn-
thesis of magnetic composite, an optimum clay:
iron oxide composition should be considered for
sufficient availability of surface active sites,
without sacrificing its magnetic properties for a
feasible magnetic separation. All MKNs have a
100% MB removal in which MKN 1:1 showed
the highest maximum adsorption capacity (18.1
mg g-1). Further spectroscopic, thermodynamic,
and kinetic modelling studies are needed to
elucidate the MB removal mechanism by MKN.
This study provides new knowledge on the po-
tential of magnetic clay nanocomposite derived
from the natural local clay minerals for the
treatment of dye contaminated water.
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