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Removal of Bismarck Brown G Dye from Aqueous Solution

Emman Jassim Mohammad, Mohanad Mousa Kareem, and Abbas Jasim Atiyah Lafta’

Department of Chemistry, College of Science, University of Babylon, Hilla 51002, Iraq

* Corresponding author:
email: abbaslafta2009@yahoo.com

Received: February 6, 2019
Accepted: April 28, 2019

DOI: 10.22146/ijc.43429

Abstract: This work describes the synthesis of nanocomposites of multiwall carbon
nanotubes (MWCNTs) with co-oxide nanocomposite (MWCNTs)/MO. These
nanocomposites were prepared using a simple evaporation and drying process. The
obtained composites were characterized using X-Ray diffraction (XRD), Atomic force
microscopy (AFM), Fourier Transform Infrared Spectroscopy (FTIR), and scanning
electron microscopy (SEM). The activity of the prepared composites was investigated by
following the removal of Bismarck brown G dye (BBG) from aqueous solution via
adsorption processes and photocatalytic reactions. Different reaction parameters were
performed, such as the effect of dosage of the used nanocomposite, pH value, and effect of
temperature. In addition, adsorption isotherms and reaction kinetics were investigated.
The efficiency of photocatalytic dye removal over the prepared composites was 99.9% after
one hour of reaction at the optimal conditions, which were mass dosage (0.03 g), pH (5),
and temperature (303 K). The adsorption isotherm data were fitted with Langmuir

isotherm, and the kinetic data were fitted with the pseudo-second-order kinetic model.
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m INTRODUCTION

In 1991, Summit discovered an inert carbonaceous
compound that has very important and powerful
properties that are called carbon nanotubes (CNTs) [1].
The first explored was of the type of multi walled carbon
nanotubes (MWCNTs). This is a metallic compound and
results from rolling single walled carbon nanotubes many
times like (Russian doll) [2]. MWCNTs are bigger objects
with diameters in the range of 1.4-100 nm and length
froml to several pm. It has a tensile strength about 100
times stronger as compared to steel and excellent thermal
and electrical conductivities [3]. CNTs have a wide range
of application due to its chemical, mechanical, electronic,
and optical properties [4]. There are several types of
carbon nanotubes likes single walled carbon nanotube
(SWCNT), which has been discovered in 1993 by Iijima
[5]. SWCNTs metallic or semiconductor depends on its
diameter and chirality [6]. SWCNTSs can be existing in
three forms, Zigzag, Armchair, and chiral this depends on
the way how to arrange the graphene into a cylinder.
SWCNT have a diameter from 0.4 to 2.0 nm and length in

the range of 20-1000 nm [7]. Different methods are used
to synthesize CNT/MOs nanocomposites, such as
thermal decomposition of metal oxides precursor,
chemical vapor deposition (CVD) synthesis route,
hydrothermal crystallization, chemical precipitation,
high-intensity ultrasonic radiation method and
spontaneous formation of metal oxide nanoparticles on
CNTs [8-11].

Activation (functionalization) of CNTs can be
performed using various methods, including chemical,
and physical methods. Chemical methods (covalent
functionalization) consist of introducing functional
groups on the surface of CNTs using oxidizing agents
such as nitric acid, sulfuric acid, potassium
permanganate or a mixture of sulfuric acid and nitric
acid, hydrogen peroxide in the presence of nitric acid
with oxygen-or microwave energy and water. Physical
methods (Non-covalent functionalization) include
using different adsorption forces, such as hydrogen
bonds, Van der Waals force, electrostatic force, and m-
Non-covalent surface

stacking interactions.
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functionalization frequently introduces little defects to
the graphitic structure and does not destroy the
conjugated system of the CNT sidewalls, which is
important to maintain the pristine structure and
properties of CNTs [12-13].

Before synthesizing the CNT/MO nanocomposite,
CNTs should be [14-18].
Functionalization of CNTs plays an important step to

functionalized

make the CNTs soluble in water and have chemical
functional groups on the surface of nanotubes, including
alcoholic, carboxylic, aldehydic, ketonic, and esteric
oxygenated functional groups [19]. Another activation
method uses mechanical methods, which involving high
shear mixing, grinding and impact mixing, or
ultrasonication to open the agglomeration. These
methods can separate nanotubes, but it is ineffective
approaches due to breaking up of some nanotubes [20-21].

CNT, when combining with metal oxides (MOs),
can produce new composites materials with new
interesting properties. In addition, combining these
materials in nanocomposite scales can reduce some of the
disadvantages properties. As a result, the nanocomposites
have large applications in comparison with the separated
nanoparticles because CNTs act as a carrier to stabilize the
nanoparticles. CNT/MOs nanocomposites have high
specific surface areas with active surfaces for physical
adsorption and chemical adsorption. In this context,
different parameters need to be optimized, such as the
initial concentration of the organic pollutant, contact
time, adsorbent dosage, pH of reaction mixture and effect
of the presence of other cations and anions in reaction
mixture [22-23]. In the last few decades, high levels of
pollution emerged as a result of the industrial revolution
and a dramatic increase in population. Many factories
over the world and especially from textile factories and
dying factories discharge their waste directly into the
environment without and pretreatment. This can lead to
polluting each of rivers, soil, and even groundwaters. So,
many types of research were directed to find proper
approaches in order to reduce the level of pollutions, and
among different types of pollution, pollution with textile
dyes was an important type of pollution. In this context,

many methods were applied to treat pollution of water
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with these dyes. Among these approaches, adsorption
and photocatalytic dye treatment were undertaken as
these routes can be performed and showed good removal
efficiencies of polluted dyes from industrial water.

The present study describes the preparation of
nanocomposites materials of functionalized multi-
walled carbon nanotubes and Cr,O;-NiO co-oxide in
different ratios. Then the activity of these prepared
composites materials (MWCNTs/Cr,0;-NiO) would be
investigated by following removal of Bismarck brown G
dye (BBG) by adsorption and photocatalytic reaction
over these prepared nanocomposites.

m EXPERIMENTAL SECTION
Materials

MWCNTs were purchased from Nanoshel-the
USA with a diameter of 13-18 nm, length in the range of
1-12 um, and purity 99%. Sulfuric acid and Nitric acid
from (BDH), Bismarck brown G that has a molecular
formula (C, H2Ns-2HCI) was obtained from (Al-Hilla
Textile Factory-Iraq).

Instrumentation

Atomic force microscope and Scanning Electron
Microscope (FESEM) was used to investigate the surface
morphology. Crystal of the
nanocomposite was investigated using powder X-Ray

structure prepared
analysis, Phillips X-Ray diffraction with CuKa radiation
(1.542 A, 40 KV, 30 MA), in the 20 range, 10-80 degrees.
XRD6000, Shimadzu, Japan. Functional groups on the
surface of the prepared composite were investigated
using Fourier Transform spectroscopy (FTIR), 8400S
Shimadzu Japan. FTIR spectra were recorded in the
range of 400-4000 cm™', materials were mixed with
powder of KBr in a ratio of 1.20. The topography of the
surface of the prepared materials was investigated using
an Atomic Force Microscope SPM-AA3000. Atomic
Force Microscope/Contact Mode Angstrom Advanced
Inc., 2005, USA. General morphological features and
surface morphology of the prepared nanocomposites
were investigated using SEM instrument JEOL JSM-
6700F instrument (Germany). In addition, it was
utilized in the calculation of the average particle size.
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The EDX was used to measure the percentage of atomic
ratio of MO, and factional group on the surface of the
nanocomposites.

Procedure

Functionalization of MWCNTs

In order to convert MWCNTs from its inactive
nature into the active form, 1 g. of raw MWCNT's was taken
and added to a mixture of HNO;H,SO, (1:3). The
obtained mixture was then heated at 353 K and sonicated
for 8 h. Then the obtained solution was filtered out by filter
funnel borosilicate 3.3 (par. 3). The resulting suspension
washed several times with distilled water until its pH
reaching a value of 7. Then F-MWCNTs were dried at

373 K for 10 h [24]. Fig. 1 shows the preparation of

MWCNTs/MO.
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Synthesis of the nanocomposite

The nanocomposite of (MWCNTs/Cr,05-NiO)
was prepared using a simple evaporation and drying
process [25]. This composite was prepared by adding
MWCNTs to MO (MO = Cr,05-NiO) in the mass ratio
of 1:0.5 g., then MWCNTSs were dispersed into 100 mL,
and MO was added into 20 mL of distilled water. The
MWCNTSs mixture was stirred for 35 min, and MO
mixture was stirred for 20 min. Then MWCNT's mixture
was added into MO suspension along with stirring and
heating to 353 K to evaporate water from the obtained
mixture. After that, the obtained composite was dried
overnight in an oven at 373 K. Fig. 2 shows the schematic
diagram of the experimental procedure for the
preparation of MWCNTs/MO nanocomposite by using
simple evaporation and drying process.

Fig 1. Functionalization and synthesis of carbon nanotubes/metal oxide (CNT/MO) composites
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- .=
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Sonication for 35 min
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Fig 2. Schematic diagram of the experimental procedure for the preparation of MWCNTs/Cr,05-NiO nanocomposite

by using simple evaporation and drying process
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Photocatalytic removal of BBG

All experiments were performed by adding
nanocomposite material into a reaction mixture, and each
reaction patch consists of 30 mL, 50 ppm of the BBG dye
aqueous solution. In all experiments, reactions were
initiated by the stirring reaction mixture in the dark for
ten minutes. Then the reaction was initiated by flushing
UV radiation from a middle-pressure mercury lamp. The
photocatalytic processes were performed using a mercury
lamp (Philips Holland (250 W)) without cover glass as a
source of UV radiation, magnetic stirrer, hot plate, and
photoreaction cell which was made from Pyrex glass with
quartz windows. Periodically, the reaction mixture was
withdrawn at every 10 min for 1 h and centrifuged
carefully. Then the absorbance's of the supernatant
liquids was recorded at 460 nm using UV-Visible
spectrophotometer (Shimadzull00A). The efficiency of
photocatalytic dye removal was calculated using the
following equation:

% Photodegradation efficiency=

Ay—A
0 _“tx100 (1)
A

where the Ay, A is the initial, and the final absorbance of

the used dye, respectively.

Study effect of pH, temperature and nanocomposite
dosages on dye removal

In order to obtain optimum reaction conditions that
can achieve high removal efficiency for dye over the
prepared nanocomposites materials, a series of
experiments were carried out to determine the optimum
weight, pH, and temperature of the reaction mixture. To
obtain an optimum used mass of the prepared composite
(MWCNT/Cr,05-NiO), a dye

concentration of 50 ppm was suspended with graduated

solution with a
masses of materials nanocomposite (0.006, 0.01, 0.03, 0.05
g). The reaction was then initiated by irradiation with UV
light at room temperature. From this study, the optimum
mass of nanocomposite can be evaluated. Then the same
arrangement would be followed to evaluate the optimum
temperature by setting a series of experiments using an
optimum mass that obtained from the previous study and
by varying experiments at different temperatures (283,
288, 293, 298, 303, and 308 K). Then optimum pH would
be investigated by performing a series of experiments with

557

different pH values (pH =2, 4, 5, and 9). The pH values
were adjusted at the desired level using 0.01 M NaOH or
1.0 M HCI solutions. These experiments were carried
out using the same above arrangements under
irradiation for 60 min. The absorbance for the above
solutions was measured at Amsx = 460 nm, and the
efficiency of photocatalytic removal of this dye was
calculated using the relation that was mentioned in Eq. 1.

Adsorption ability of the prepared catalyst

The adsorption ability of the prepared
nanocomposites materials was investigated using 50
ppm of BBG dye solution in 100 mL. These samples were
stirred at room temperature without light using different
masses of the nanocomposite (0.006, 0.01, 0.03, 0.05 g).
In each case, the reaction mixture was stirred
continuously at room temperature under normal
atmospheric conditions. Then periodically, 1 mL of the
reaction mixture was withdrawn and centrifuged, and
the absorbance of the obtained supernatant liquid was
recorded at 460 nm. Then removal efficiency was

evaluated using the above relation in Eq. 1.

m RESULTS AND DISCUSSION
Characteristics of Nanocomposites

XRD patterns of F-MWCNTs are shown in Fig. 3
and presented in Table 1. These patterns showed
unfavorable amorphous carbon materials, a strong
intense peak at 20 = 24.6°, 26°, and a low intense peak at
20 = 43.5°. These peaks are corresponding to the (002)
and (100) reflections, respectively. In comparison with
that for MWCNTs, 20 = 25.2° and 26 = 44.0°, these peaks
showed a downhill shift which refers to a rise in the sp?

160 1
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—
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28 (deq)

Fig 3. XRD pattern for -MWCNT

Emman Jassim Mohammad et al.



558 Indones. J. Chem., 2020, 20 (3), 554 - 566

Table 1. XRD patterns features of the MWCNTs and F-
MWCNTSs samples
Sample 20 (deg)
MWCNT 25.2 44.0
F-MWCNT 24.6 26.0 33.9 43.9

400 s FMWCNTS s g FMWCNT: 0.5 g MO
350
— 3001 |
= 250
P:zuu I
£ 150} -M“wun.u-ﬁ.._.w-A_n}

£ 1004
50 1 M ﬁ
:.

0+
10

26 :deg]
Fig 4. XRD patterns of nanocomposite MWCNT's/Cr,Os-
NiO

Table 2. Values of angles diffraction 20, and particle size
of nanocomposite/ MWCNTs/Cr,O;-NiO
20 (deg)

Sample Crystalline size (nm)

Average

24.6557
26.6581
33.7712
36.3478
37.1410
41.6543
43.3950
50.4008
55.0413
58.5748
63.6123
65.2709
73.2404
77.0343
79.2987

Nanocomposite
MOMWCNTs:051g

30.83

C=C layer spacing and suggests that crystalline did not
miss due to oxidative acid process. In this context, XRD
patterns can be used to explain a relation between the
degree of carbon nanotube and intensity of the oxidation
MWCNTs (002) peak [26]. Table 1 shows a comparison
of the XRD spectra features of the MWCNTSs and F-
MWCNTSs samples.

X-Rays Diffraction of MWCNTs/Cr,0s-NiO
Nanocomposite (XRD)

XRD  patterns of MWCNTSs/Cr,0s-NiO
nanocomposites 1:0.5 g are shown in Fig. 4. XRD
patterns of the nanocomposite are extremely similar to
that of Cr,Os-NiO with the appearance of peaks at 24.6,
26.5, 43.3° for MWCNTs. The increase of FMWCNT
ratio causes gradually decrease in the crystallite size of
the MWCNTs/MO, and it becomes broader and more
intense with an increase of the ratio of MWCNTs in the
nanocomposite [27-28]. This observation can be related
to the increase of the surface area of the composites with
areduction in the average particle size in comparison with
the particle size of neat Cr,0;-NiO (36.18 nm). This
probably arises from the high specific surface area of CNTs.

Fourier Transform Infrared Spectroscopy of
MWCNTs and F-MWCNTSs (FTIR)

Fourier Transform Infrared spectral data of
MWCNTs and F-MWCNTs are presented in Fig. 5(a)
and (b) for MWCNTs and F-MWCNTs respectively in
the range of 400-4000 cm™. FTIR spectra of MWCNTSs
show a peak around 1680-1640 cm™, this peak is assigned
to —-C=C- of alkenes and that around 1500-1400 cm™ is
assigned to C-C stretching in the aromatic ring [29-31].
The peak around 2400 cm™
compensation of carbon dioxide and water at the surface.
The FTIR spectra of F-MWCNT show a peak around
1760-1690 cm™
stretching vibration of the carboxyl group. The peak
around 3500-3200 cm™

l\f'—«rUN N

is assigned to the

and this peak is assigned to C=0O

is assigned to the OH vibration

Eb]

Transmittance :a.u.]

(a)

4000 3200 2400 1800 1400
cnt Wavenumber {cm-1)

Fig 5. FTIR spectra of the MWCNTs (a), and FTIR
spectra of the F-MWCNTs (b)

1000 @00 600 400
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mode of O-MWCNTs. The peak around 1320-1000 cm™
is assigned to stretching vibration of C-O group in F-
MWCNTs [32]. The peak around 2900-3100 cm™" can be
attributed to the vibration of the C-H bond.

Fourier Transform Infrared Spectroscopy of
MWCNTs/Cr.03-NiO Nanocomposite

The FTIR spectra of the MWCNTs/MO
nanocomposites are shown in Fig. 6. From these spectra,
three obvious peaks correspond to the (MO) bonds
around 432-619 cm™', which belong to metal-oxygen
bond and the -OH bond around 1639-1681 cm™, and H
bond at 3383 cm™. This is possibly arising from the
intermolecular interaction at the surface of MO.
However, the three absorption peaks of the
MWCNTs/MO nanocomposite shifted towards higher
wavelengths due to stronger interactions between the
polar groups on the MO and functional groups at the
surface of MWCNTs [33].

[ +25.00
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[ Size = 1845 rm, 1627 ren 20

559

Atomic Force Microscopy (AFM) of the Prepared
Nanocomposite

From the obtained results of AFM images, the
average particle diameter of the prepared Cr,O;-NiO was
around 74.65 nm at a calcination temperature of 773 K.
This means that co-precipitation method effective to
prepare catalysts in nanoscale and used in different
industrial and environmental applications. Also, the
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Fig 6. FTIR spectra of the MWCNTs/Cr,0s-NiO
nanocomposite (1:0.5)
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Fig 7. AFM images of nanocomposite F-MWCNTs/ Cr,03-NiO (1:0.5) g
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average particle diameter of the F-MWCNT's was 29.24 nm
due to having a high s surface area with small average particle
size. The composite material showed an average particle
diameter around 88.52 nm. This increment in particle size
for a composite is probably due to the aggregation of
particles that occurs at the surface of the prepared
nanocomposite materials. AFM images of nanocomposite
F-MWCNTSs/Cr,0;-NiO (1:0.5) g are shown in Fig. 7.

Scanning Electron Microscope (SEM) of the
Prepared Nanocomposites

The morphology of the prepared FMWCNT and
MWCNTs/Cr,05-NiO  nanocomposite materials were
investigated using SEM. This technique also was utilized
to evaluate the average particle sizes. Fig. 8 and 9 show
SEM images and ED's analysis for the MWCNTSs, and

Indones. I. Chem., 2020, 20 (3), 554 - 566

MWCNTs/Cr,0s-NiO nanocomposite.

Fig. 8 shows SEM images of F-MWCNTs; from
these images, it can be noted that the morphology shows
the presence of smaller aggregates and tangled clusters
after functionalization. The spectra of SEM-EDX of the
F-MWCNTs show two important peaks corresponding
to C and O result from the oxidation process with other
impurities. Fig. 9 shows SEM images of the morphology
F-MWCNTs/MO nanocomposites. The SEM images
showed that the MWCNTSs
distributed throughout the MO matrix with an obvious
agglomeration of the MO particles. SEM-EDX used for
elemental analysis as shown in Fig. 9 shows that the
nanocomposite elements F-MWCNTs/MO exhibited
several peaks, which related to Ni, Cr, C, and O with few

are homogeneously

impurities in the prepared composite [34].
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Fig 9. SEM images and EDS analysis of the prepared F-MWCNTSs/ Cr,O;-NiO (1:0.5) g nanocomposites
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Photocatalytic Activity of the Nanocomposite

Effect of the amount of nanocomposite on
photocatalytic removal of BBG dye over nanocomposite

The obtained results of photocatalytic removal of
BBG dye over nanocomposite under using different
masses of the used composite are presented in Fig. 10.
These used masses were as follows, 0.006, 0.01, 0.03, and
0.05 g. In each case, a required mass of the composite was
suspended in 30 mL of dye aqueous solution (50 ppm)
under irradiation with UV light at 298 K. All experiments
were carried out for 60 min. From the obtained results, it
was found that there was an increase in the efficiency of
dye removal with an increase in the amount of the used
composite. The higher efficiency of dye removal was
achieved at mass equal to 0.03 g. After that, the increase
in nanocomposite weight to 0.05 g leads to the reduction
in efficiency of dye removal. At high concentrations of the
nanocomposite upon using a same light source, the
nanoparticles of MWCNTs/Cr,0;-NiO can form inner
filter inside reaction mixture which leads to absorb the
photons and prevent crossing passing them into the other
side of the reaction mixture. This leads to reducing the
number of excited particles, which results in a reduction
in the formation of redox species including conduction
band electrons and valence band holes. These redox
species play a significant role in redox reaction at the

1.2 4 000 g —m—0.01

0.8

=]
Z06
=

0.4 9

0.2 1
i

0

0 10 20 30 40 S0 60
Time (min)
Fig 10. Effect of the amount of nanocomposite on BBG

dye removal over different masses of the composites

surface of the used catalyst, which leads to a reduction in
the efficiency of dye removal [35].

Effect of pH on photocatalytic BBG dye removal over
MWCNT/Cr203-NiO

To investigate the effect of pH of the reaction
mixture on the efficiency of BBG dye removal over
prepared nanocomposite. A series of experiments were
performed at different pHs values under constant other
reaction parameters. For each case, 0.03 g of the
nanocomposite was suspended in 30 mL of aqueous
BBG dye solution 50 ppm under UV light at 298 K for
60 min. The obtained results of this part are presented in
Fig. 11. From these results, the best result of removal
efficiency was obtained at pH = 5 and in this case, the
efficiency of dye removal was around 93.68%. Then after
this value, any increase in the pH values up to 9 leads to
a decrease in the removal efficiency. This can be resulted
due to the repulsion between the negatively charged
surface and the anionic groups in dye molecules [36-37].

Effect of temperature on photocatalytic removal of
BBG over nanocomposite

The effect of reaction temperature on the efficiency
of photocatalytic of BBG dye
nanocomposite was investigated by performing the

removal over

reactions under different temperatures in the range from

1.2 4

—l—FIH=2 —t FH =4 . BH =& FH=3
]
0.8 4
[=]
%Dﬁ
0.4 4
0.2 4
®
. e —-~
0 1 20 30 40 50 60

Time (min)
Fig 11. Effect of pHs of dye solution on the removal
efficiency of BBG over nanocomposite
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283-308 K with increasing by five degrees for each
increment. Other reaction conditions were kept constant.
These conditions involve using a dye in a concentration
of 50 ppm in 30 mL, nanocomposite loading 0f 0.03 g, and
the pH of the reaction mixture was kept at 5. The obtained
results are shown in Fig. 12, and from these results, it was
found that the efficiency of dye removal was enhanced
with increasing temperature of the reaction mixture and
the best removal efficiency was recorded at 303 K, and it
was around 99.8%. This observation can be attributed to
the formation of a high concentration of free radicals
upon elevation in reaction temperature. These active
species would contribute to the removal of dye molecules.
Besides that, an increase in temperature leads to an
increase of diffusion rate of dye molecules from the bulk
solution to be adsorbed at the active sites on the surface.
At higher temperatures, greater than 303 K, any increase
in reaction temperature can affect the amount of adsorbed
molecules at the surface and increase the rate of
desorption of dye molecules away from the surface. This
effect leads to reduce the efficiency of dye removal under
these conditions [38].

Adsorption Isotherms

The results of the adsorption of BBG dye over
nanocomposites are shown in Fig. 13 and 14, and Table 3.
In this part, both Langmuir and Freundlich adsorption
isotherm models were investigated for adsorption of BBG
over nanocomposite.

0.025 1 y=-0.0011x + 0.0151
R*=0.5888
0.02 4 *
\
0.015 1
=
£
L8]
0.01 4
0.0035 -
0 T T T ]
0 1 2 3 4

C. (ppm)
Fig 13. Langmuir adsorption isotherm for the adsorption

of BBG over nanocomposite
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From the presented results in Table 3, the value of
the correction factor (R?) to Langmuir is lower than the
value of the correction coefficient (R?) for Freundlich,
but the number of adsorbed layers is 0.899. In this case,
the formation of a single monolayer of adsorbate on the
surface agrees on with the Langmuir adsorption model
which make the adsorption seems to be more fitted with
Langmuir adsorption isotherm. [39].

Kinetics of BBG

Nanocomposite

Adsorption  of over

Kinetics study for adsorption of BBG dye over
nanocomposite was investigated, and the obtained
results are presented in Table 4 and Fig. 15 and 16. From

1.2 - s B3 K e ZEE K
ZEI K e FEE K
ik —r— 03 K DE K
0.8
L=
<05
L
0.4 1
0.2 1
—
0 . . . . ; i
0 10 20 30 40 50 60

Time {min)
Fig 12. Effect of temperature on removal efficiency of
BBG over nanocomposite

2.6 1

2.4 9

v =0.956Tx + 1.8681
R*= 0653

Loga,

-0.4 -02 0 0.2 0.4 0.6 0.8
LagC,

Fig 14. Freundlich adsorption isotherm for adsorption
of BBG over the used nanocomposite
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the obtained results, it was found that the value of the
correction factor for the pseudo-first-order kinetic model
was ranged from 0.8493 to 1.000. It was lower than the
values of the pseudo-second-order kinetic model, which
was ranged from 0.9987 to 1.000. From these results, it is
clear that adsorption of BBG dye over nanocomposite was
more fitted with a pseudo-second-order kinetic model.
The pseudo-first order kinetic model is given by
Lagergren [39]
In(q; —q.)=In(q. )kt (2)
where q. and q: (mg/g) are the amounts of the BBG
adsorbed at equilibrium and at time t (min), respectively,
and k; (min™') is the adsorption rate constant. The
pseudo-second-order kinetic model is given by the
following equation:

563

Lo Lt 3)

4k qg e
where k; (g/mg min) is the rate constant of the second-

order equation.

Table 3. Langmuir and Freundlich adsorption isotherms
constants for adsorption of BBG over the used

nanocomposite

Isotherms Parameters Values
Kr 5.682

Freundlich N 0.899
R? 0.9887
Qn 909.09

Langmuir Ky 0.0576
R? 0.5888

Table 4. The adsorption parameters for BBG adsorption onto FMWCNTs/Cr,O;-NiO

Pseudo-first-order model

Weight
ght (g) Qe exp (mg/g) Je cal (mg/g) K, (min™) R?
0.006 231.3 64.32 0.1043 0.8553
0.01 147.39 10.41 0.0586 0.9611
0.03 49.18 2.57 0.0379 0.8493
0.05 29.62 34.12 0.0938 1
Pseudo-second-order model
Qe exp (mg/g) qe» cal (mg/g) K; (g/mg min) R?
0.006 231.3 283.09 0.0026 0.9987
0.01 147.39 147.05 0.028 1
0.03 49.18 49.5 0.05 0.9998
0.05 29.62 29.67 0.151 0.9999
25
+0.008 g
2 =001 g
£15
1 o
- 0.5
50
0 v v v v .
0 10 20 30 40 50 80

2 Time {min)

Fig 15. The pseudo-first-order onto FMWCNT's/Cr,O;-
NiO for BBG adsorption

Time [min)
Fig 16. Pseudo-second order kinetic model over
FMWCNT/ Cr,0;-NiO
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m CONCLUSION

The adsorption and photocatalytic removal of BBG
dye over nanocomposite depend on the dosage of the
nanocomposite, pH value, and reaction temperature. The
complete photocatalytic removal of BBG dye was
investigated by using F-MWCNT/MO under UV
illumination. The optimal conditions of removal dye were
found to be at pH of 5, nanocomposite dosage of 0.03 g/L,
the temperature of 303 K with 50 ppm of the dye solution
and illumination time of 60 min. From the obtained results
of equilibrium, adsorption isotherm refers to the formation
of monolayer adsorption, and hence it was more fitted
with the Langmuir adsorption model. The adsorption
process of BBG dye over the prepared nanocomposite was
fitted with the pseudo-second-order kinetic model.
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