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The rapid expansion of textile industries causes a massive release of dyes to the water bodies. The primary source of
water pollution is this huge rise in dye use, which has a negative impact on aquatic life and equilibrium of the ecosystem.
The purpose of the present study is the synthesis and characterization of a composite material namely zinc oxide
incorporated activated carbon khat for effective adsorption of methylene blue dye. Fourier transforms infrared spectroscopy,
UV-Visible spectroscopy and Brunaeur, Emmett and Teller surface area analysis studies have been used to characterize the
composite. Experimental conditions such as contact time, adsorbent dosage, concentration of the dye solution, solution
temperature and solution pH have been altered to find out the optimum conditions of adsorption.
The optimum pH has been found to be 8.0 and dosage of composite has been optimized as 0.3 g for a dye concentration of
20 ppm and equilibrium was attained at 60 min. The adsorption kinetics of the adsorbent revealed that pseudo-second-order
kinetic model is better fitted with a good correlation coefficient, and the equilibrium data fitted well with the Freundlich
isotherm model.
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Introduction

Nowadays the advancement of science and
technology coupled with rapid growth of the global
population, urbanization and industrialization has a
great influence on water pollution*. Globally water
pollution caused by mainly the discharge of industrial
effluents, human activities and natural processes is the
major issue and concern®®. Organic and inorganic
contaminants from industries infiltrate into water
bodies significantly affected water quality, resulting
in an increasing freshwater crisis worldwide®®. The
disposal of industrial effluents has become major
issue '°** and their removal/ treatment before directly
discharge into water bodies are an environmental
concern and utmost area of research because they are
not only pollute water but also disrepute the aquatic
ecosystem. Although textile industries have been a
major contributor to the world economy, pollution
level from dyes is increasing** and maintainability
issues should be considered at each point of the
source level. Dyes transform into dangerous
pollutants when they are improperly handled and
disposed of causing serious environmental and public
health hazards*™.

Methylene blue (MB) is one of the most frequently
used basic dyes in several applications including
dyeing of cotton, leather, wool, paper, silk and the
production of ink and quality control test of concrete
and motor ** *°. The releasing of this dye into the
environment and water bodies can causes various
acute and chronic effects to living things including
human beings like skin irritation, itching,
carcinogenic, diarrhea, vomiting, chest pain severe
headache and even can cause a permanent injury to
animal eyes>®**. Removal of MB from wastewater
could be achieved by different approaches, including
ion-exchange, chemical precipitation, chemical
oxidation, flocculation, membrane filtration, reverse
osmosis, coagulation, biodegradation, adsorption and
photocatalytic ~degradation®******°.  Among them
adsorption techniques have many advantages due to
its cost-effectiveness, simple operational process and
high efficiency®.

In recent years, nanomaterials have been
synthesized and applied for efficient removal of dye
through photocatalytic activities®*>*®, This is due to
their unique physicochemical properties such as their
structures, high mechanical strength, high width to
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height ratio, broad range of radiation absorption and
high photo stability. Metal oxide-based compounds
such as zinc oxide (ZnO) have attracted a lot of
consideration as adsorbent materials due to their high
surface area and strong adsorption ability™. From
metal oxide, ZnO nanoparticles have been reported as
an efficient and effective adsorbent in heavy metal
and organic dye removal with low cost which makes
it economically valuable™® and on the top of this
various studies shows that ZnO nanoparticle
composite can increase the removal efficiency of
metal pollutant and organic dye than ZnO
nanoparticle® *°.

This study was aimed to synthesise ZnO-activated
carbon khat (ACK) composite. The synthesized
materials were characterized by analytical instruments
such as Fourier transform infrared spectroscopy
(FTIR) and UV-visible spectroscopy. The study was
dedicated to examining the capability of ZnO-ACK as
a low cost adsorbent to remove MB dye from aqueous
solutions. The effects of experimental parameters
such as initial dye concentration, contact time,
solution pH and adsorbent dosage were studied.
Adsorption kinetics and isotherm models were carried
out on adsorption performance of ZnO-ACK
composite.

Experimental Section

Synthesis and carbonization of Khat (Catha edulis)

The preparation of activated carbon of Khat was
conducted according to the following procedure. To
get rid of any dust and other water-soluble
contaminants, the sample was cleaned with distilled
water. After the stem was exposed to many dyes in
the sun, it was oven-dried at 105 °C until it was
entirely dry, at which point it was sliced into 10 mm
long pieces. Following drying, the material was
ground in a ball mill and separated using hand
shaking of stainless steel mesh screens with a typical
1 mm sieve opening. After the raw material was
sieved, it was carbonized and physically activated in a
muffle furnace (Nabertherm B180) for 2 h at 400 °C
without air. The sample was kept sealed inside a
stainless steel tube. After that, the sample was
allowed for few minutes to cool. In order to perform
the chemical activation, the necessary weight of
powdered material was submerged in 1 N of NaOH
for 12 h at a mass ratio of 1:5 w/v. After the sample
was soaked, it was filtered using Whatman filter
paper, repeatedly rinsed with 2 N HCI, and then

distilled water until the pH was neutral. In order to
obtain a good carbon structure and a high surface
area, the resultant activated carbon was completely
dried at 110 °C in an oven for 3 h. It was then stored
in desiccators for further analysis?*%..

Synthesis of ZnO nanoparticle

For ZnO nanoparticle synthesis, a magnetic stirrer
was used to heat up a beaker with 20 g of zinc
chloride and 100 mL of deionized water to 90 °C, and
the mixture was agitated for 45 min. In another
beaker, 7.27 g of NaOH was dissolved in 100 mL of
deionized water and stirred for 20 min. With steady
stirring, 58 mL of a NaOH solution were added to the
beaker holding the ZnCl, solution. The aqueous
solution turned into a milky white colloid without any
precipitation. Following the full addition of NaOH,
the reaction was allowed to run for 2 h. The solution
was allowed to settle and then filtered using Whatman
filter. The filtered sample was allowed to dry in oven
at 160 °C for 7 h, and calcinated at 200°C for 2 hin a
muffle furnace. Finally, the material was grinded
using mortar and pestle®,

Synthesis of ZnO nanoparticle loaded with activated carbon
khat (ZnO-ACK)

The ZnO nanoparticle-carbonized khat was
prepared by adding 10 g of synthesized ZnO
nanoparticle into 100 mL distilled water and stirred
vigorously on a magnetic stirrer for 30 min. Then, 5 g
of activated carbon khat was added into the solution
with continuous stirring for 30 min at 100 °C. The
obtained product was then filtered and washed several
times with double de-ionized water. The filtrate ZnO
loaded activated carbon khat was dried in a hot air
oven for 4 h at 200 °C and then stored at room
temperature for characterization and application.

Adsorption studies

The potential of ZnO-ACK composite as adsorbent
for the removal of MB dye from aqueous solution was
carried out by batch process. The experiments were
conducted in 250 mL of conical flask containing
40 mL of MB and 0.1 g of adsorbents was added into
the solution. The mixed solutions were agitated with
magnetic stirrer on digital hot plate at 400 rpm. After
wards, the adsorbent material was separated from the
solution by centrifuging at 8000 rpm for 10 min.
Finally, the absorbance of supernatant solution was
determined by using UV-visible spectrophotometer at
a maximum wave length of 618 nm. The influence of
change in pH (2-12), contact time (10-80 min), initial
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concentration of adsorbate (10-60 ppm) and the
adsorbent dose (0.08-0.8 g) were studied. The
equilibrium concentrations of MB removed and the

removal percentage were calculated using the
following Egs (1 & 2).
mg _ (Co—CpV
ge T =TS (D)
Removal ef ficiency (%) = COC_Cl x 100 .. (2)
0

Where, ¢ is the equilibrium concentration of removed
MB onto the composite surface (mg/g). C, and C; are
initial (mg/L) and equilibrium concentration of MB at
equilibrium time (mg/L), respectively. V and m are
solution volume (mL) and adsorbent mass (Q)
respectively.

Results and Discussion

Surface area determination

According to Sear method, the specific surface area
of the adsorbent was calculated. 1.5 g of synthesised
adsorbent and 30 g of NaCl samples were dissolved
with 100 mL of distilled water in 250 mL conical
flask. The solution's pH was then brought down to 4,
and it was titrated with 0.1 M NaOH until it reached
9. The amounts of NaOH that were needed to adjust
the pH from 4 to 9 were noted. The following formula
was used to get the sample's precise surface area®.

Specific surface area (%2) =32v—-25 .. (3)

Where V is the volume of 0.1 M NaOH required
raising the pH from 4.0 to 9.0.

Table 1 displays the precise surface area of
synthesised activated carbon based on analysis using
the Sear method. Based on this finding, the produced
adsorbent may have a relatively high surface area as a
result of the activation of sodium hydroxide. When
sodium hydroxide is activated at high concentrations,
the chemical components are reorganized, which
causes carbon-rich molecules to deposit in the
biomass voids as a result of temperature and pressure
changes that increase the surface area of the
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Optimization results of different parameters

Effects of solution pH

In adsorption process pH of solution has a
significant effect on adsorption efficiency and
electrostatic interaction between adsorbent and
adsorbate”®® Basicity and alkalinity of solution
affects electrical charge of the adsorbent surface and
dissociation of different functional groups in active
sites of the adsorbent®. The basic dyes give positively
charged ions when dissolved in water and in acidic
medium positively charged surface of sorbent tends to
oppose the adsorption of cationic sorbate species.
When the pH of dye solution increases, the surface
tends to acquire negative charge, there by resulting in
an increased adsorption of dyes due to increasing
electrostatic attraction between positively charged
sorbate and negatively charged sorbent®. MB dye
is an aromatic heterocyclic basic dye ®* having a
molecular weight of 319.85 g mol™'. A literature
shows the removal of MB dye increase as pH of
solution increases due to good electrostatic attraction
between the dye and adsorbent. As shown in Fig. 1
removal efficiency of MB with synthesized ZnO-
ACK composite nanoparticle increases as pH changes
from 2-8 and decrease from pH value 8-12. This is
due to basic nature of MB dye and as the pH increases
and becomes more alkaline, the dye molecules tend to
become partially or fully deprotonated, resulting in a
decrease in their positive charge. This reduces the
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adsorbent™. Fig. 1 — Effect of solution pH on the removal of MB dye
Table 1 — Kinetics parameters obtained from the graph
Kinetic model ge experimental g calculated K R?
Pseudo 1% 15.2060 9.9531 -0.00858 0.9236
Pseudo 2™ 18.1455 0.00246 0.9699
Interparticle 1.52576 0.92386
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attraction between the dye molecules and the
negatively charged adsorbent surface, leading to a
decrease in the adsorption capacity®.

Effects of adsorbent dose

The adsorbent active site available for pollutant
adsorption depends on amount of adsorbent dose and
the removal efficiency depends on it?®. The effect of
adsorbent dose on the percent removal of MB dye
at various concentrations of ZnO-ACK composite
(0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 g) is shown in Fig. 2.
The removal efficiency of ZnO-ACK composite
increase as its mass increased from 0.1-0.3g and
decrease as its mass increase from 0.4-0.6g. The
removal efficiencies increased when the amount of
ZnO-ACK composite increased, as the number of the
active sites to which the dye molecules could bind
increased. Due to the limited available surface area
and the increased diffusion resistance, overall
adsorption capacity might be decreased?.

Effect of contact time
To determine the time dependence of the
adsorption of MB dye, time was varied between 10
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Fig. 3 — Effect of contact time on the removal of MB
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and 70 min. Removal percentage of MB from the
solution by adding fixed amount of adsorbent was
measured by UV-visible spectrophotometer at
different contact time starting from 10 to 70 min
shown in Fig. 3. At various contact time for dye
removal treatment with shaking, the impact of the
period of shaking observed as the optimum dye
removing percentage was found to be 82% at 60 min.

Effect of dye concentration

The initial dye concentration affects dye removal
efficiency of the adsornents™. The effect of initial
concentration of MB is shown in Fig. 4. When initial
dye concentrations were increased from 10 ppm to 60
ppm, the dye removal efficiency result indicates: 10
ppm (70.37%), 20 ppm (84.53 %), 30 ppm (81.23 %),
40 ppm (77.35 %), 50 ppm (71.94%) and 60 ppm
(64.56%). The maximum MB dye removal efficiency
(84.53 %) is at concentration of 20 ppm and decrease
as concentration increase to 60 ppm (64.56%). The
percentage of MB dye removal result agrees with the
previously reported results by other researchers®.
Initially increase from 70.37% at 10 ppm to 84.53% at
20 ppm may be due to high driving force of mass
transfer of dye and removal efficiency decreases with
increasing initial dye concentration, which leads to a
saturation of adsorption sites on the adsorbent surface.

Effect of temperature

The effect of temperature on adsorption of MB dye
on ZnO-ACK composite was examined from 25 °C to
65 °C. As shown from Fig. 5 the removal efficiency
of the adsorbent increase from 25 °C to 35 °C and
after 35 °C, the removal efficiency found to be almost
constant. At high temperature, the adsorption capacity
of the adsorbent in this study found to be decreased
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Fig. 4 — Effect of initial concentration of MB dye on removal
efficiency
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this confirmed that the thermodynamics process is
exothermic™’. The optimum and favourable adsorption
process is obtained at a low temperature which is at
35 °C. Additionally, the dye is more soluble, and the
interaction between the solute and the solvent is
higher than the interaction between the solute and the
adsorbent, making solute adsorption more difficult.

Kinetic studies

Chemical kinetics research involves keeping a close
eye on the experimental circumstances since they
might affect how quickly a chemical reaction proceeds
and how quickly equilibrium is reached. The validity of
many kinetic models, including pseudo-first-order
(Eq. 4), pseudo-second-order (Eg. 5), and intra-particle
diffusion (Eg. 6), with respect to the experimental
adsorption data for MB has been tested in this study.

log(qge — qt) = log qe — Kt .. (4)
t ot 1

x| Kz - )
qt = Kdiff tl/z +C (6)

Where ¢. (mg/g) is the amount adsorbed at
equilibrium time; g, (mg/g) is the amount adsorbed at
a time, t (min); K; is the pseudo-first-order rate
constant (Fig. 6); K, is the pseudo-second-order rate
constant (Fig. 7); kg (mg/g min¥?) is the intra-
particle diffusion rate constant (Fig. 8), and C is the
intercept that indicates the boundary layer thickness.
The kinetic rate constant, k, and g, for each model can
be calculated by plotting graph log (ge — ¢ versus t
for pseudo-first-order, t/g; versus t for pseudo-second-
order models, and q; versus ty, for intra-particle
diffusion models and the graphs as shown in Figs 6-8.

As shown in Table 1 the calculated amount of
dye adsorbed through pseudo second order is

0.9 Y=-0.00858x+0.99796

R?= 0.9236
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Fig. 6 — Plot for pseudo 1%order reaction model
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Y =0.05511x+1.2319
R?=0.9699

[38]
1
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Fig. 7 — Plot for pseudo 2™ order reaction model
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Fig. 8 — Plot for Inter-particle diffusion model

approximately equal to experimentally obtained
value and the value of correlation coefficient of
pseudo second order (R?=0.9699) is greater than that
of both pseudo first order (R’= 0.923) and Inter-
particle diffusion model (R? =0.92386) . This result
showed that the adsorption process of MB on as
synthesized nanocomposite follows pseudo second
order model.
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Sorption Isotherms

In the present study, two isotherm equations,
namely Langmuir and Freundlich were used for the
analysis of the isotherm data. The equation for
Langmuir isotherm is represented as follows.
Ce 1

=L (7
qge gqem qm

Where C. is the equilibrium concentration of MB
(mg/L), g is the quantity of MB dye adsorbed at
equilibrium (mg/g), gmax is the maximum amount of
MB sorbet (mg/g), and b is the desorption constant
(L/mg). A plot of 1/C, versus 1/q, gives a linear plot,
and gmax and b can be obtained from the intercept and
slope of the plot, respectively.

The linear expression of the Freundlich isotherm
model can be illustrated in

logge = log Ks+ bg% ... (8)
where g, represents the equilibrium amount of MB
dye adsorbed by the adsorbent, (mg/g), Ks represents
the Freundlich constant that shows adsorption
capacity (mg/L), n represents the intensity of the
adsorption constant, and C, represents the equilibrium
concentration of MB dye solution (mg/L)”’. The
parameters of Freundlich isotherms can be obtained
from a linear plot of log g, versus log C (Fig. 9). K¢
can be calculated from the intercept of the linear plot
and n can be obtained from the slope of the equation
and if its value is greater than one (n>1) the
adsorption system would be favoured **.

The correlation coefficients of Freundlich (R?
=0.8823) is provides a fitted model for the sorption
system than the Langmuir model (R?=0.73729).The
maximum monolayer adsorption capacity of MB was
found to be 59.98 mg/g from the Langmuir isotherm

1.6

Y=0.72766x+0.62057
R?=0.88203

1.04

0.4 0.6 0.8 1.0 1.2 1.4
log Ce

Fig. 9 — Plot for Freundlich isotherm model

model equation (Fig. 10). The maximum removal for
this study is greater than the removal efficiency of
cress seed mucilage with magnetic iron oxide
nanoparticles (44.6 mg/g) and Cotton Rope Coated
with Cyclodextrin Polymers (23.7 mg/g) for removal
of MB dyes from aqueous solution reported by >%
respectively.

In addition to this, the feasibility of the adsorption
system at different initial dye concentrations was
examined by wusing a dimensionless constant
separation factor (RL) and the value of RL for each
initial dye concentration can be determined by

1
1+bCo - (9)

Where RL represents the separation factor, b
represents the Langmuir constant (L/mg), and CO
represents the initial concentration of MB dye
(mg/L)™®. RL > 1 implies an unfavourable monolayer
adsorption process and RL=1 indicates a linear
process. The process is favourable when 0 < RL < 1
and irreversible when RL= 0. In this study the value
of RL at all dye concentration is less than unity,
which confirmed the favourable adsorption of MB
dye over the adsorbent?.

RL =

FTIR analysis

Synthesized ZnO nanoparticles and ZnO-ACK
composites were subjected to FT-IR analysis to detect
the various characteristic functional group associated
with the synthesized nanoparticles and composite.
FTIR spectrum of the synthesized nanoparticles and
composite showed in Fig. 11. All the observed peaks
were compared from previous literatures in order to
confirm the findings. Similar findings were also found
from previous studies related to ZnO NPs synthesis
and characterization® * *. Absorption spectra for
metal oxides their band arise below 1000 cm™ due to
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Fig. 10 — Plot for Langmuir isotherm model
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Fig. 11 — FTIR spectra of ZnO nanoparticles and ZnO-ACK
composite

inter-atomic vibrations*. For the synthesized ZnO
nanoparticles, FTIR spectrum shows weak broad band
at 3410 cm 'may be due to O-H stretching of
water®*3%  The absorption peak at 548cm’
corresponds to Zn-O bond stretching fitted with
reported value %,

The FT-IR spectrum for activated carbon of khat is
used from literature % for comparison. As indicated
from the reference #; the broad peak at 3440 cm
appears due to O—H stretching of hydroxyl group. A
pair of peaks at 2920 and 2840 cm™' could be
attributed to sp® C—H stretching. The peak at the
interval between 2345 - 2450 cm™' is may be due to sp
carbon to carbon stretching vibrations of alkyne, the
band between 1500— 1700 cm™' may be due to C=C
and C=0 stretching frequency of aromatic
hydrocarbons, aldehyde or ketone, the band attributed
between 1250— 1000 cm ' is assigned to C-O
vibration of carboxylic acids, C-O-C and O-H
vibration of polysaccharides, 1000-500 cm ' band
interval is assigned to C—H and C—-C bend vibration.

FTIR spectra of ZnO-ACK composite shows peak
shift from ZnO nanoparticles and activated carbon of
khat due to change in electronic environment of free
metal oxide nanoparticles and activated carbon of
khat. A pair of peaks at 3486 and 3438 cm™ indicates
there is N-H stretching of amide or amine of activated
carbon of khat®, sp® C-H stretching shifts to higher
wave number relatively from ZnO and activated
carbon of khat due to a change in the electronic
environment due to composite formation of ZnO with
activated carbon of khat. The peak at 2334 cm™ in the
composite is due to the presence of C=C triple bond
of alkyne and 1595-1338 cm™ indicates the presence

of C=C or C=0 double bond from activated carbons
of khat. The peak at 483 cm™ may be attributed due to
Zn-0O bond stretching frequency.

Conclusion

The present investigation showed that ZnO-ACK
composite was an effective adsorbent for removal MB
from aqueous solution. Experimental processes were
carried out as a function of parameters like solution
pH, initial dye concentrations, contact time, adsorbent
dosage and temperature. The kinetics study of MB
adsorption on ZnO-ACK composite material was
tested with three models like pseudo-first-order,
pseudo-second-order model and Inter-particle
diffusion model. The high value of correlation
coefficient of pseudo-second-order model revealed
that the adsorption kinetics agreed well with this
model. Adsorption equilibrium data examined on
Langmuir and Freundlich models and equilibrium
data fitted very well in Freundlich isotherm equations.
The maximum MB adsorption of the adsorbent was
found to be 59.98 mg/g. The present study confirmed
that the prepared composite was effective adsorbent
for the removal of MB dyes from agqueous solutions.
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