INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 07, AUGUST 2020

ISSN 2277-8616

Cationic Dye Removal By Magnesium
Aluminum-Biochar Composite From Aqueous
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Abstract—In this work, MgAl/BC composite has been successfully prepared and applied as efficient adsorbent of cationic dyes such as MB and RhB.
The XRD properties of adsorbent shows that the presents the characterization of starting materials. The adsorption of MB and RhB was evaluated and it
follows pseudo-second-order kinetic model. The adsorption study suggested Langmuir isotherm was suitable for adsorption of MB and RhB onto
MgAl/BC composite with a maximum adsorption capacity up to 91.441 and 69.231 mg/g, respectively. The thermodynamic study indi cates that the
adsorption process is physisorption, spontaneous, and endothermic process. The regeneration study showed that three cycle adsorption process using
MgAl/BC composite still has high efficiency, which confirmed that the material can be reused for further adsorption process.
Index Terms— Dye Removal, Adsorption Study, Rodhamine-B, Methylene blue, Layered Double Hydroxide, and Biochar.
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Introduction

Reactive dyes wastewater cause polution which endanger
human living and environments, before the dyes discharged
into the surrounding its should be removed with effective
mothode [1]. Many methodes such as ion exchange, oxidation,
flocculation, precipitation reverse osmosis and adsorption
were applied to removal the reactive dyes pollution[2]. By the
reason of simple equipment requirement, low budget operating
cost and low secondary pollution, adsorption is considered as
an effective method compared from all the methodes [3]. Past
researches have been expanded many adsorbents such as
graphene
oxide[4],
chitosan[5],
algae[6],
zeolite
nanostructures [7], bentonite [8], and layered double hydroxide
[9]. Layered double hydroxides (LDH) is is a type of cationic
clay materials also known as hydroxycarbonates compounds,
It’s have positively charged metal-hydroxide anions and the
internal species in the interlayer anions can be rather easily
exchange [10]. However, LDH have been studied as removal
agent for dye, but the adsorption capacity has deficient
adsorption capacity to cationic dyes [11]. Therefore, LDH
needs to modify by means of composite method or
intercalation method in order to enhance their adsorption
capacity [12]. Recently, LDH composite to biochar make a new
methode to make economical and effectivet adsorbent to
remove many kind of pollutants. Zhang et al [13] studied MgAl
LDH by co-precipitated onto the biochar matrix to remove
phosphate ion from water with adsorption capacity (410 mg/g).
Wang et al [14] reported arsenic removal by using reusability
of NiMn-LDH and NiMn LDH composite biochar. Meili et al.
[15] studied MgAl LDH composite on bone-biochar with
various molar ratio (2:1, 3:1, and 4:1). The result showed that
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MgAl LDH composite biochar with molar ratio 2:1 and 3:1could
were the best adsorbent to remove MB compared to pristine.
Previous research showed that the composites of biochar with
LDH is a supreme approach to enhanced adsorption capacity
with high performance materials. Thus, the composite material
using rice husk biochar has a potential to produce adsorbents.
However, in this study, the MgAl/BC was synthesis by coprecipitated to remove methylene blue and rodhamine-B
removal. The adsorption variable was determined and
calculated on to several parameter adsorption such as
kinetics, isotherm and thermodynamic parameters. The
regeneration study determined in order to exhibited the
effectivity of MgAl/BC to remove MB and RhB.

2 EXPERIMENTAL SECTION
The chemicals used in this work including Mg(NO3)2.6H2O,
Al(NO3)3.9H2O, NaOH and HCl were obtained from Sigma
Adrich and Merck. Biochar were obtained from local paddy
field in Indonesia. The characterization were analyses by XRD
and FTIR. The concentration of dye was analyzed using UVVisible
spectrophotometer
Bio-Base
BK-UV1800
at
wavelength of maximum absorbance for MB 664nm, MG 617
nm and RhB 554.2 nm.
2.1 Synthesis Mg/Al LDHs
Mg/Al LDHs were synthesized based on
with slightly
modification [16] as follows. Mg(NO3)2.6H2O (0.75 M in 100
mL) and Al(NO3)3.9H2O (0.25 M in 100 mL) were diluted. The
mixing solution added dropwise into 0.05 L of 3 M NaOH then
stirred for 2 hours keep at pH 10. Furthermore, the mixing
solution was heated at 60 oC for 24 hours to form Mg/Al LDHs.
2.2 Preparation Mg/Al LDH composite to biochar
Synthesis of Zn-Cr LDH was conducted by coprecipitation
method. Zinc(II) nitrate (0.1 L, 0.5 M) was mixed with
chromium(III) nitrate (0.1 L, 0.1 M). The mixture was
constantly stirred and sodium carbonate (50 mL, 2.5 M) was
added to the mixture following with addition of sodium
hydroxide (3 M) until pH 10. Reaction was kept at 70 oC for 24
hours to form solid material. Solid material was filtered,
washed with water several times, and dried at 110 oC.
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2.3
Adsorption Experiment Procedures
As much as 0.05 g of adsorbents was added into 20 mL of
RhB and MB, respectively, containing solution with continuous
stirring over a magnetic stirrer at 230 rpm. All experiments
were conducted in twice counts. For a predetermined times
interval, ranging 5 until 200 mins, various initial concentration
and adsorption temperature, the dye adsorbed were counts
and determining by kinetics models, isotherm and
thermodynamic parameters. The removal capacity qe (mg/g)
was calculated with Equations (1)
𝑞𝑒 =

(

)

intensity.

(1)
Fig. 1 X-ray diffraction of (a) MgAl LDH (b) BC and (c)
MgAl/BC LDH composite

where Co is the initial concentration of cationic dyes (mg/L),
Ce is the equilibrium or residual dye concentration (mg/L), V is
the volume of the dye solution (L), and W is the mass of
adsorbent (g). Furthermore, the adsorption kinetics parameter
examined using pseudo-first-order and pseudo-second-order
model as described in the following equation (2) and (3).
log (Qe-Qt) = log Qe (k1/2.303)
t/Qt = (1/k2Qe2)+(1/Qe) t

(2)
(3)

Q is the adsorption capacity (e is equilibrium state and t is
variable of time state), k is kinetics adsorption rate of kinetic
models. Next, isotherm parameters were calculated based on
the Langmuir and Freundlich equations as follows equation (4)
and (5):
Ce/Qe = (Ce/Qm) + (1/QmkL)
Log Qe = log kF + 1/n log Ce

(4)
(5)

C is dye concentration, Qmax is adsorption maxmum capacity,
K is constant of isotherm model and n is freedom of isotherm.
The desorption experiment was carried out with water, hot
water, acetone, HCl and NaOH. 0.5 g adsorbent adsorbed
cationic dyes was added to 20 mL several eluents (0.01 M),
the solution was stirred for 90 min. Then measured the
concentration of dyes desorbed. The desorption process was
repeated for each adsorbent. The adsorbent was dried and
used in the next adsorption process called regeneration.
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Fig. 2 FT-IR Spectrum of (a) MgAl LDH (b) BC and (c)
MgAl/BC LDH composite
The effect of adsorption time on the adsorption of RhB and MB
into MgAl and MgAl/BC composite was examined using time
contact variable. 50 mg of MgAl and MgAl/BC composite was
added into 0.05 L of adsorbate concentration 30 mg/L. The
mixture was stirred using horizontal shaker with time variations
of 0, 5, 10, 15, 20, 50, 60, 70, 90, 120, 150, 180 and 200
minutes. RhB and MB adsorption results were shown in Fig.
3.

RESULTS AND DISCUSSION

Characterization of MgAl LDH, BC and MgAl/BC LDH
composite was analyzed by XRD. Fig. 1. (a) exhibited the
intense diffraction of MgAl LDH at 11.81° (003) with interlayer
space is 7.71 Å. The other characteristic peaks of MgAl LDH
material appear at plane (006), (012), (110) and (116). Fig. 1.
(b) showed the presence of reflection (002) consist of the
broad peak amorphous indicated the silicate carbon
amorphous from rice husk biochar. The XRD pattern of
MgAl/BC composite LDH shown in Fig. 1. (c). The pattern of
composite material showed the presence of both characteristic
of raw material (MgAl LDH and biochar). The interlayer of
MgAl/BC LDH composite increased slightly to 8.31 Å and
indicated the biochar was composited and intercalated in
interlayer. Similar reported by Zubair et al [17] assumed that
the increasing interlayer attributed to the agglomeration from
the loading of biochar into interlayers of LDH. However,
MgAl/BC LDH composite was observed may result in reduce
of LDH crystallinity associated with a reduction in peak

Fig. 3 Time variation of adsorption of (a) RhB and (b) MB onto
MgAl LDH, BC and MgAl/BC composite
Fig. 3 shows that the dye uptake increased rapidly with time
before reaching equilibrium. MgAl LDH reaches equilibrium in
90 minutes, BC in 70 minutes and MgAl/BC in 60 minutes for
RhB adsorption. MB adsorption onto MgAl, BC and MgAl/BC
were reached equlibrium after 100 minutes. Furthermore, the
increase of adsorption capacity caused by the driving force of
the concentration gradient [18]. Fig. 2 shows the kinetic model
of CR removal by various adsorbents. However, the RhB
adsorbed onto BC higher than MgAl composite, when, MB
adsorbed onto MgAl composite higher than BC. This phenom
described in Fig. 3. Fig 3 showed the competition of MB and
RhB adsorption using MgAl/BC composite material.
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Fig. 6 Equilibrium state of (a) RhB and (b) MB removal onto
MgAl/BC composite
Fig. 4 Dye molecule compitition adsorption onto MgAl/BC
composite
Fig 4. Denoted that the MB adsorption onto MgAl/BC
composite had been efficient than RhB for continous times
adsorption. This caused that the bigger molecules of RhB
caused that the adsorption become hard and the efficiency of
adsorption capacity was equilibrium for MgAl/BC composite.
the chemical structure of MB and RhB were presents in Fig.
5.

Fig. 5 the structure of (a) Methylene Blue (MB) and (b)
Rhodamine-B (RhB)

Fig. 6 showed that the obtained graph indicated that MgAl/BC
composite has the largest adsorption capacity of MB (62.32
mg/g) than RhB (11.56 mg/g). The isotherm model was
determined in order to analyze the adsorption process by
Freundlich and Langmuir. The Freundlich isotherm adsorption
model usually describes multilayer process in heterogeneous
surface and the Langmuir isotherm is also describe the
interaction of adsorbent-adsorbate which extent in one layer or
one site occupied in the homogeneous surface [19]. The
results were listed in Table 2. Table 2 showed the isotherm
adsorption model such as Langmuir and Freundlich. The data
confirm that the adsorption process follows Langmuir isotherm
models and explained that the adsorption process is
monolayer.
Table 2 Isotherms Parameter of Adsorption Rhodamine B
onto Mg/Al-LDH and MgAl/BC Composite

The parameters and correlation coefficients (R2) acquired from
linear plotting log(qe-qt) vs t (PFO) and t/qt vs t (PSO) were
listed in Table 1. In all cases, the result shows based on R2
>0.890 that PSO is preferred then PFO. This finding supported
by the qe(calc) PSO which is close to the qe(exp). This result
represented that the adsorption follows PSO kinetic model,
which represents that electrostatic attraction from mixing
adsorbate-adsorbent. Additionally, the increasing k2 values
after composites reflected in the faster time needed by the
respective systems to achieve equilibrium.

Dyes

adsorption
isotherm

RhB

Langmuir

adsorption constant

Freundlich

MB

Langmuir

Table 1 Kinetic parameters of dyes adsorption onto Mg/AlLDH and MgAl/BC Composite
Freundlich

The variation of temperature was determined to adsorption
capacities from material due to adsorption mechanism. 50 mg
of adsorbents was added into 0.05 L of adsorbate in various
initial concentrations and temperature. The study of effectivity
of dyes concentration and temperature to the adsorption
capacity of RhB and MB onto MgAl/BC composite can be seen
in Fig. 6.

Qmax

38.496

k1

0.002

R2

0.959

N

1.087

Kf

5.840

R2

0.913

Qmax

91.444

k1

0.310

R2

0.926

N

0.457

Kf

1.004

R2

0.837

The thermodynamic data for the adsorption of RhB and MB
onto MgAl/BC composite presents in Tables 3. Based on data
in Tables 3, the adsorption process of RhB and MB onto
MgAl/BC composite occurred spontaneously. Furthermore, the
enthalpy indicated that the adsorption process has low energy
and interaction of materials and adsorbate is only low
interaction. It also can be observed that the adsorption
process more favorable.
Table 3 Thermodynamic parameters of Adsorption RhB and
MB onto MgAl/BC Composite
T (K)

Dye

303

RhB

△H
(kJ/mol)
13.571

△S
(kJ/mol)
0.056

△G
(kJ/mol)
-3.471
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313

-4.034

323

-4.596

333

-5.159

303
313
323

13.571
MB

333

0.056

-3.471
-4.034
-4.596
-5.159

The desorption process was determined in order to examine
about the molecule escapes from surface site of adsorbent
[20]. In our study, desorbed material were conducted by
several reagents to examine a stability of material or the
material can be reused. Fig 7 presents the desorption study of
RhB and MB in several adsorbents. The largest percentage of
desorption of RhB was in the HCl solvent onto MgAl 86.95%
and the MgAl/BC and BC the largest desorption in NaOH as
much as 73.11 and 13.84%. we assumed the uses of acidic
reagents, MgAl LDH can be exfoliated so the molecules that
were interaction into surface site of the material would be
easily desorbed. vice versa, in base solution, the dye molecule
become negatively charge, meanwhile, the surface charge of
BC and MgAl composite become negatively too.

pseudo-second-order was fitted for the composite material with
qe calculation closed to qe experiment. Isotherm study of MgAl/BC
composite suggest the adsorption follows Langmuir model
through monolayer adsorption process with maximum capacity
up to 91.441 and 69.231 mg/g for MB and RhB, respectively.
The thermodynamic analysis indicates that adsorption in all
adsorbents was spontaneous (G<0) and endothermic.
Futhermore, the regeneration study concluded that after three
cycles adsorption process, the adsorbent shows high efficiency
and can be reused for cationic dyes adsorption in aqueous
solution.
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