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Abstract
The current research article investigates the remediation of methylene blue (MB), in continuous operation mode, utilizing
compost as an adsorbent. The adsorbent was prepared from the water hyacinth plant waste by using effective microorganism
(EM) which acts as a decomposer for the materials used. EM contains the various microbes that are responsible for the
decomposition and it is available in the dormant liquid form which requires activation. The researcher performed a continuous
study in which the following parameters are varied—bed complexity and flow rate. The findings of the study revealed that a
maximum uptake of 301.79 mg/g was achieved and the removal efficiency is found to be around 85.44%. The overall sorption
time zone, exhaustion time, breakthrough time, and volume of dye treated are also calculated. Modeling of experimental data is
performed using bed depth service time (BDST) model and Thomas model. 0.01 M HCL was used as an elutant for the
regeneration studies and maximum desorption efficiency of 85.44% was obtained.
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1 Introduction

Daily, a huge amount of pollutants are produced from indus-
tries and that is mixing with the nearby water bodies without
pretreatment process which is toxic and poisonous in nature. If
these pollutants are not treated properly before disposing it in
the environment, it will create numerous effects to human
beings and aquatic life. The contamination of water bodies is
due to two chief sources namely point and non-point sources
[1]. Wastewater generated from the industries that are mixed
with nearby water bodies is the common point sources of
pollutants, whereas non-point sources are those pollutants like

fertilizers, pesticides, and human waste that enter through sur-
face runoff of rainwater.

The textile industry discharges the wastewater containing
dyes into the natural watercourses and the environment which
may encompass more impurities such as acids, bases, dis-
solved solids, toxic organic, and inorganic compounds and
also colors. These toxic impurities cause major threats to the
environment and living entity. Dyes and pigments present in
wastewater have high visibility [2]. This dye-contaminated
water when consumed will cause ill effects to the liver, kid-
ney, reproductive system, etc. [3, 4]. Even a desirable amount
(< 1 mg/L) of this chemical when mixed will change the
nature of the water bodies and leads to many side effects [5].
And also, when it was discharged into the water bodies, there
is no significant growth of algae. The cationic and basic dyes
are most acutely toxic to algae.

The technologies used for the removal of dyes are cate-
gorized into three groups—physical, chemical, and biolog-
ical. Coagulation/flocculation, filtration, reverse osmosis,
and adsorption are the frequently utilized physical methods
in the removal of dyes. The commonly used chemical
methods for dye removal are ion exchange, electro-
kinetic coagulation, chemical oxidation, ozonation, and
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electrolysis. Biological treatment has several advantages
when compared to physical and chemical processes. The
methods of biodegradation, bioaccumulation, bioremedia-
tion, and biosorption are commonly applied to degrade
different pollutants using microorganisms.

Biosorption is considered one of the most recent technolo-
gies that are used to degrade the pollutants [6–8]. In this study,
the researchers used compost as a novel sorbent in the
biosorption of methylene blue (MB) dye. When the organic
matter is biologically degraded under aerobic conditions, it
tends to produce compost, an organic-rich compound as a
byproduct and this process is called composting. The mi-
crobes present in the organic materials are predominantly in-
volved in the decomposition of biodegradable components in
waste [9]. Past research proves that compost can be effectively
used to improve soil fertility and has a wide application in soil
enrichment [10].

Effective microorganism (EM) was developed by
Teruo Higa (1970) at the Ryukyus University, Okinawa,
Japan [11]. Basically, this is a micro-based solution for
natural organic farming systems, and however its results
and uses have been expanded for solving some environ-
mental issues. The various studies have suggested that
EM may have a number of applications including agricul-
ture, livestock, gardening and landscaping, composting,
bioremediation, cleaning septic tanks, algal control, and
household uses [12].

EM is a mixture of groups of organisms that has a reviving
action on human beings, animals, and the natural environment
and has also been described as a multi-culture of coexisting
anaerobic and aerobic beneficial microorganisms [13]. EM
can ensure high-quality compost as the microbial inoculant
increases the production of aerobic bacteria and increases
the composting speed. The main species involved in EM in-
clude lactic acid bacteria, photosynthetic bacteria, yeasts,
Actinomycetes, and fermenting fungi [14]. Ideal composting
not only depends on EM but also on other parameters such as
moisture, type of bulking agents added, and size, shape, and
surface of the organic waste material used [15]. In this study,
the organic waste material of water hyacinth plant waste was
selected for the aerobic composting process with the applica-
tion of EM.

In order to achieve a greener environment, a suitable tech-
nique has to be evolved by combining solid waste manage-
ment (composting) and wastewater treatment (dye removal)
through the adsorption process. The present work deals with
the adsorption of MB using effective microorganism (EM)–
based water hyacinth waste compost (EMWHC) as a low-cost
adsorbent in continuous mode of operation. A very limited
study has been carried on the adsorption of dyes in a contin-
uous process. To explore the real-time feasibility of the efflu-
ent treatment in industries, a continuous adsorption process
will be a real solution [16].

2 Materials and methods

2.1 Collection of materials

The researchers first collected the water hyacinth plant waste
from channels and nearby ponds and prepared the EMWHC,
i.e., effective microorganism-based water hyacinth plant
waste compost along with effective microorganism (EM).
To the prepared material, the researchers added sawdust pro-
cured from sawmills located nearby as the bulking agent and
cow dung from local livestock was used for decomposition.
These were added to fasten the composting speed and nutrient
content. The dormant EM was procured from Environ bio-
tech, Tamilnadu, India, and this was utilized alike a decom-
poser for the compost. Prior to use, the EM must be activated
since it is sold only in the form of a dormant state. EM acti-
vation was done as follows: 1 L of dormant EM was added
with 20 L of water and 2 kg of jaggery as per the literature
[17]. This mixture was then stored in a clean airtight container
under the shade, i.e., without getting exposed to sunlight for 7
days at a suitable temperature. Until the fermentation gets
completed, the gas should be let out to escape every day.
When getting activated, a white layer can be seen on the top
of the mixture with a sweet smell let out by the
Actinomycetes. pH seems to be a determining factor for the
activated EM which should be maintained below 4.0 [17].
This way, one can acknowledge the activation of effective
microorganisms.

2.2 Chemicals used

For the experiment, the researchers procured methylene blue
(MB) dye [3,7-bis (dimethylamino) phenothiazine –5-ium
ion] from Merck India Ltd. The molecular formula for MB
is C16H18ClN3S and the molecular weight is 319.85 g/mol.
The wavelength of MB is in the range of 665 nm. Other
chemicals used in this study such as HCl, NaOH, H2SO4,
HNO3, and CaCl2 were procured from Ranbaxy Fine
Chemicals Ltd., India, and are of analytical grade.

2.3 Preparation of EM-based composts

The solid waste materials chosen for the study were first ex-
amined, separated based on size less than 5 cm, and dried. The
compost bin was prepared and the composting process was
initiated. The researchers selected the plastic-made compost
bin of 100-cm height. They filled the bottom with crushed
stones as well as sand to get rid of leachate in the bed via
the holes put in the bottom. Different layers were arranged
such as cow-dung, desired solid waste, and sawdust coat,
and this was repeated in the same order again until the layers
almost filled the bin. In every layer, the activated EMwas also
sprayed. Until the compost was attained, the complete unit
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was sprayed with activated EM in regular intervals in order to
keep it moist between 45 and 65%. At the starting time of
composting, the temperature of the bed is in the range of 25
to 30 °C and after that, the thermophilic condition was
retained throughout the process. Regularly, for instance, once
every few days, the organic waste was turned in order to aerate
the beds and tomix the contents in it. The bed volume reduced
significantly at the end of 30 days whereas the top layers of the
bin showed the presence of white mold. The end product like
humus, which was dark brown in color, was collected. During
this phase, the matured EM-based water hyacinth waste com-
post (EMWHC) was collected at 30 days and sieved as well.
Various parameters were analyzed and all are in range for this
compost such as electrical conductivity, organic carbon, mois-
ture content, pH, nitrogen (N), potassium (K), C:N ratio, and
phosphorus (P). The adsorbent prepared was made to undergo
air-drying for about 24 h and oven dried at 70 °C for 2 h and
then sieved [2].

2.4 Batch studies

From the findings of the batch experiment, it was revealed that
a maximum 286.2 mg/g uptake with a removal efficiency of
98.4% is obtained at optimum conditions of pH 8, dosage of 2
g/L, temperature of 30 °C, particle size of 1.18 mm, equilib-
rium time of 300 min, and initial concentration of 100 mg/L.
Five different elutants (HCl, H2SO4, HNO3, NaOH, and
CaCl2 with 0.1 M) were used for the regeneration studies
and results revealed that 0.01 M HCL showed the maximum
removal efficiency of 88.4% with an S/L ratio of 2. These
optimized conditions were used for further dye removal in a
continuous process [15].

2.5 Continuous mode of studies

The experimental analysis and their results revealed great in-
sights and proved to serve their purpose, i.e., to assess the
basic information with regard to the behavior of the biosorbent
and its performance in dye biosorption. But there is no accu-
rate scale-up information available for industrial treatment
systems, in which the companies installed a continuous flow
system. So here arises a need to conduct the biosorption in-
vestigations with the help of columns. When it comes to pro-
cess applications, it is deemed that the packed-bed column is
effective and enables the incorporation of cyclic sorption as
revealed in the literature studies [18–24].

Both bed exhaustion time and the breakthrough time were
evaluated in order to determine the breakthrough curves. In
the case of dye biosorption, such an operating mode is deemed
to assure the highest difference in the possible concentration
associated with the driving force. With its beginning at the
inlet, the researcher witnesses the saturated solid sorbent zone
to proceed slowly along the column; as it proceeds, the sorbent

is found to break through the column. The breakthrough re-
cord generally provides an S-shaped typical breakthrough
curve. The shape and slope are the results of the following
factors—equilibrium sorption isotherm and mass transfer that
is occurring throughout and to the sorbent which is present in
the column [25].

The authors conducted a continuous mode of study (col-
umn operation) in order to assess the capability of removing
industrial effluent dyes and its compatibilities. In the case of a
continuous study mode, the researchers considered a glass
column with dry adsorbent packed on glass wool with glass
beads as the support. The bed was washed thoroughly using
deionized water. This process makes sure that there is a close
packing of the particles of the adsorbent. Cracks, voids, or
channels are also avoided during the transportation of the
dye solution that occurs in the column. After the bed drains
completely, the EMWHC was loaded with sorbate MB. In a
reservoir, fitted with a peristaltic pump at the bottom, the
MB dye solution was stored and one can control its flow rate
using the pump, into the column packed with the adsorbent.
MB aqueous solution as the influent was permitted to get
transported via bed by up-flow. The effluent samples were
then collected at regular intervals. The researcher noted down
the time during every collection and the samples were
assessed for the concentration of the remaining dye with the
help of a UV-visible spectrophotometer. This experiment was
conducted utilizing a wide range of bed heights and flow rates
which is a means to understand and analyze column
performance.

The column investigations were conducted in a 2-cm di-
ameter as well as a 35-cm-long glass column in an up-flow
mechanism. To control the flow rate of the dye solution (Ravel
RH-P120VS), the researcher used a peristaltic pump. The
channeling effects were negligible as the ratio between the
column diameter and particle diameter was witnessed to be
high. To adjust the bed height of the column, at the top of the
column, an adjustable plunger with a stainless sieve sized
0.5 mm is attached. 1.5-mm diameter glass beads are used to
fill the column base as a layer for 2-cm height to ensure a
uniform inlet solution flow into the column. Figure 1 repre-
sents the experimental setup for the up-flow packed bed col-
umn utilized in this study.

2.6 Sorption

The researchers conducted the column sorption investigations
by differing the bed heights (10, 15, and 20 cm) and flow rates
(10, 15, and 20 mL/min). The biosorbent (of known quantity)
was kept in the column in order to attain the required bed
height. The concentration-known and pH-adjusted dye solu-
tion was pumped in an upward direction via the column in the
required flow rate using a peristaltic pump. The samples were
fathered from the column exit point at various time periods.
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These samples were assessed for the concentration of the dye
with the help of a UV-visible spectrophotometer. The efflu-
ent’s pH was noted down during sample collection at regular
intervals. For the operating conditions discussed herewith, the
breakthrough curves were plotted.

2.7 Desorption

Once the column got exhausted, the authors again generated the
dye-loaded biosorbent with the help of an optimized elutant.
Once the elution was completed, the bed was cleaned with dis-
tilled water until the washed water pH value became 7.0. After
this, the dye solution was fed to the column again to perform the
sorption-based analysis. Once the bed got exhausted, the opti-
mized elutant was fed into a column wherein the researcher
conducted regeneration analysis in batch mode. After several
repetitive sorption and desorption cycles, the desorption capacity
of the biosorbent was determined.

The process involved in the regeneration of the column was
investigated afar the tests of the adsorption was conducted at a
desired bed height yield, an optimized flow rate, and MB dye
concentration for optimized value at fixed pH. When the exper-
iments of adsorption were completed, the column bed had
reached saturation [26]. Thereafter, EMWHC adsorbent was
degenerated for regenerating with 0.1 M HCl solution, followed
by centrifugation, washing, and drying at (70 °C), and reutilized
again in the adsorption test.

2.8 Column data analysis and modeling

The dye quantity retained in the column (mad) is a measure of
the product of flow rate and the area above the breakthrough
curve. The area above the breakthrough curve is the result of
concentration versus time. According to Volesky et al. [27],

the dye mass (mad) should be divided by sorbent mass (M)
which results in the biosorbent’s uptake capacity (Q).

The time taken when the effluent dye concentration
achieve 1 mg/L is known as the breakthrough time (tb).
However, the time taken when the effluent dye concentration
is equal to inlet concentration is called bed exhaustion time
(te). Literature studies have determined the values for the over-
all sorption zone (Δt) as shown in Eq. (1) [27]:

Δt ¼ te− tb ð1Þ

As per Aksu and Gonen [18], the effluent volume, total
percentage of dye removed with respect to the volume of flow,
and the overall dye value directed to the column (mtotal) are as
follows.

V eff ¼ f � te ð2Þ

M total ¼ C0 f te
1000

ð3Þ

Total dye removal %ð Þ ¼ mad

mtotal
� 100 ð4Þ

In this equation, Veff denotes the volume of effluent (L), the
volumetric flow rate (mL/min) to the bed as f, and C0 as the
concentration of influent dye (mg/L).

One can calculate the desorbed dye mass (md) based on the
elution curve (C versus t). Furthermore, one can calculate the
elution efficiency (E) as given herewith [27]:

E %ð Þ ¼ md

mad
� 100 ð5Þ

Various researchers conducted various investigations in
adsorption modeling during the 1960s. Pore surface diffusion,
intraparticle pore diffusion, and film diffusion are the few
mechanisms which were considered as a trio or on an individ-
ual basis. In this study, the column data model is aimed at

Fig. 1 Up-flow packed bed
column (experimental set-up)
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forecasting the breakthrough curve and adsorption capacity of
EM-based compost. This modeling has been investigated and
challenged for a long-known period.

2.9 Bed depth service time model

Bed depth service time (BDST) is a model used for analyzing
the breakthrough curve. Being a simple model, BDST predicts
and enables understanding the relationship that exists between
parameters such as service time (denoted as “t”) and bed
height (denoted as “Z”) with regard to adsorption parameters
and process concentrations [19]. The BDST model works on
the basis that the adsorption rate is assumed to be under con-
trol by the surface reaction that occurs between the adsorbate
and the unused adsorbent capacity [20]. The initial proposition
for the BDST theory was to eliminate chlorine gas using a
charcoal column. Equation (6) displays the Adams–Bohart
model on BDST.

ln
C0

Cb
−1

� �
¼ ln eKaN0Z=u−1

� �
−KaC0t ð6Þ

In this equation, the initial concentration (mg/L) is shown
as C0, Cb denotes the solute’s desired concentration at

breakthrough (mg/L), Ka denotes the adsorption rate constant
(L/mg/h) whileN0 corresponds to adsorption capacity (mg/L),
the bed depth is denoted by Z (cm) while u denotes the linear
flow velocity of feed to bed (cm/h), and t denotes the column’s
service time. One can determine both model constants Ka and
N0 based on the Z plot against t.

Since eKa N0Z=u is mostly greater than 1, a linear relation-
ship was proposed by Hutchins in the year 1973 in between
service time and bed height. Equation (7) displays the linear
relationship.

t ¼ ZN 0

uC0
−
ln

C0

Ce
−1

� �

KaC0
ð7Þ

With Z being the bed depth and t denoting the service time,
a plot must draw a straight line with slope equal to (N0/C0u)
and intercept of (− (1/KaC0) ln ((C0/Cb) − 1)). One can calcu-
late both N0 and Ka from the slope and the intercept.

2.10 Thomas model

In order to design a system, one must definitely know the
adsorbent’s maximum adsorption capacity. For a long-

Table 1 Column data parameters for different bed heights, flow rates, and initial concentrations—results

Parameter Uptake (mg/g) tb (h) te (h) Δt (h) dc/dt (mg/Lh) Veff (L) % removal

Bed height (cm) 10 213.85 11.7 51.9 40.20 2.58 31.14 74.26

15 286.56 33.2 113.1 79.91 1.30 67.87 73.89

20 301.79 54.4 160.0 105.6 0.89 96.0 85.44

Flow rate (mL/min) 10 301.79 54.4 160 105.6 0.89 96.0 85.44

15 357.84 40.5 132.7 92.2 1.15 119.4 81.83

20 437.18 27.0 101.0 74.0 1.43 121.2 80.49

Fig. 2 MB biosorption column
onto EMWHC at different bed
heights—breakthrough curves
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known time, this purpose is achieved by the Thomas model, a
commonly deployed method in line with the column perfor-
mance theory [21, 22]. In this model, an assumption is made
that the Langmuir adsorption-desorption kinetics and no axial
dispersion are derived with adsorption in such a way that its
rate-driving force follows the pathway of 2nd order reversible
reaction kinetics [23]. According to Yan and Viraraghavan
[24], when the column sorption process needs to be success-
fully designed, the concentration-time profile or otherwise the
breakthrough curve should be predicted for the effluent.
Literature studies reveal the existence of several mathematical
models which are used to elaborate on the concept of fixed-
bed adsorption. While a vast number of models exist, the
Thomas model is deemed to be a simple yet popular model
and is considered by many research scholars and academic
investigators [18, 24]. The linearized form of the Thomas
model is displayed in Eq. (8).

ln
C0

C
−1

� �
¼ kTh Q0 M

f
−

kThC0

f
V ð8Þ

where C denotes the effluent concentration (mg/L), C0 denot-
ed the influent concentration (mg/L), kTh represents the
Thomas rate constant (L/min mg), Q0 corresponds to maxi-
mum adsorption capacity (mg/g), M denotes the adsorbent
mass (g), V represents effluent volume (mL), and finally the

volumetric flow rate (mL/min) is denoted by f. Both kTh and
Q0 as constants are calculated based on the plot of ln (C/C0 −
1) against t at a given flow rate.

3 Results and discussion

3.1 Impact of bed height

For assessing the impact of bed height in continuous experi-
ments, variations in bed height were made from 10 to 20 cm
wherein EMWHC was used for packing the column. The
EMWHC with varying amounts (10.81, 17.5, and 27.18 g)
was considered and added to the column with the varying
bed heights of 10, 15, and 20 cm. Both the inlet MB concen-
tration (100 mg/L) and the flow rate (10 mL/min) were main-
tained constantly. In Fig. 2, one can prove that there was an
increase in both exhaustion time as well as the breakthrough
time when the bed height got increased. This further led to a
broadened mass transfer zone. The biomass uptake capacities
attained were 213.85, 286.56, and 301.79 mg/g respectively
for the bed heights of 10, 15, and 20 cm. The highest bed
height recorded the maximum uptake. This is associated with
the increased biosorbent surface area which might provide
sufficient binding sites for the occurrence of sorption [19].
Furthermore, one can establish the fact that the amount of
adsorbent got notably impacted by the uptake capacity of the
sorption. In spite of the steep breakthrough curves with a
decrease in the bed height, in turn denoted by high dc/dt
values, the highest bed height recorded the highest removal
percentage as shown in Table 1. As predicted, the increase in
the bed result led to the treatment of a high volume of MB dye
solution which is witnessed as high removal percentage.

Table 2 Results of the Thomas model parameters for different flow rate

Flow rate (mL/min) Bed height (cm) kTh (L/mg h) Q0 (mg/g) R2

10 20 0.000622 296.122 0.98

15 20 0.000796 359.089 0.83

20 20 0.000757 482.756 0.85

Fig. 3 MB biosorption column
breakthrough curves onto
EMWHC at different flow rates
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3.1.1 Impact of flow rate

In the assessment of sorbents, the flow rate is considered as an
important and significant parameter for continuous treatment
of dyestuff effluents that are involved in large-scale operations
(industrial scale) [28]. By varying the flow rate from 10 to 20
L/min with an optimized bed height of 20 cm, the impact of
the flow rate on theMB biosorption by EMWHC was analyzed.
When the flow rate was less, the column excellently per-
formed; however, the performance reduced with the increase
in the rate of flowwhich is displayed in Table 2. This behavior
might be attributed to the inadequate time for the solute to
remain within the column at high flow rates [29]. When the
flow rate was increased, both exhaustion time and break-
through time got decreased. This behavior may be due to
insufficient time for the solute inside the column and the dif-
fusion limitations of the solute into the pores of the sorbent at
higher flow rates [30]. As the influent flow continues, there is
a gradual saturation of the sites and less effectiveness in the

metal ion uptake is reached at a point where the influent con-
centration equals effluent concentration, implying that the bed
is saturated [31]. Figure 3 shows the breakthrough curves of
adsorption of MB onto EMWHC at three flow rates.

3.2 BDST modeling

BDST model enables the researcher to measure the bed ca-
pacity physically at a wide range of breakthrough values. This
simple designmodel generally does not consider both external
film resistance and intraparticle mass transfer resistance due to
which the adsorbate gets directly adsorbed only onto the ad-
sorbent surface. According to the assumptions, the BDST
model performance is found to be good and provides better
equations to model any system parameter changes [29]. Since
the BDST model is used to forecast the relationship between
service time (t) and bed height (Z), it also serves as a well-
accomplished model for dye sorption in systems involving

Fig. 4 BDST model plot
depicting MB biosorption onto
EMWHC

Fig. 5 The Thomas model plots
for MB biosorption onto EMWHC
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fixed beds [32]. Column service time is taken when the con-
centration of the effluent dye reaches 1 mg/L.

BDST model’s validity on the basis of the current system
was proved by a linear plot (R2 = 1.0) drawn between service
time and bed height at 10 mL/min flow rate (Fig. 4). The
sorption capacity of the bed per unit bed volume, N0, was
determined from the slope of the BDST plot, with assuming
initial concentration C0, and linear velocity υ, as constant at
the time of operating the column. Ka, the rate constant, was
determined from the intercept of the BDST plot and it corre-
sponds to the solute transfer rate from the fluid phase to the
solid phase. The constants computed N0 and Ka were found to
be 81,592 mg/L and 0.0015 L/mg h respectively. BDST mod-
el parameters help increase the process and test it for other
rates of flow and there is no need for more experimental runs.

3.3 Thomas modeling

The Thomas model is a popular model used in a packed bed
column. In this model, an assumption is made, i.e., Langmuir
adsorption-desorption kinetics and no axial dispersion where-
as the rate driving force is found to be following the second-
order reversible reaction kinetics. In the Thomas model, it is
deemed that the separation factor remains to be constant and
seems to remain valid for favorable and unfavorable isotherms
[18]. This model determines the adsorption rate constant and
the solid-phase dye concentration on the adsorbent. It is
deemed that analyses using the Thomas model were conduct-
ed for a wide range of flow rates at 20-cm optimum bed

height. In Table 2, there is a summary of the Thomas model
parameters that were attained at a wide range of flow rates. In
the results shown, the Thomas model constant kTh was
incremented at 15 mL/min flow rate and reduced to 20 mL/
min. When the flow rate was increased, the adsorption capac-
ity was also incremented. One can observe that the regression
coefficients were 0.98, 0.83, and 0.85 when the flow rates
were maintained at 10, 15, and 20 mL/min respectively.
Such an outcome reveals the existence of a good fit of the
Thomas model. Figure 5 shows the predicted/forecasted
breakthrough curves.

Based on the findings displayed in the figures, it is evident
that both the Thomas model and the BDSTmodel are found to
be fit for column adsorption data. The EM-based water hya-
cinth plant compost is easily available, cheap, and eco-
friendly which makes it the best suitable alternative for dye-
bearing wastewater treatment.

3.4 Regeneration

The authors investigated the column regeneration for two
sorption-desorption cycles. The authors packed the column
with 27.2 g of EMWHC with initial bed height yield up to
20 cm and 62.8 mL bed volume with 432.8 g/L packing den-
sity. The flow rate was maintained at optimum 10 mL/min
whereas the MB dye solution was taken with 100 mg/L at
pH 8. Table 3 shows the dye uptake, exhaustion time, and
the breakthrough time for two cycles. By the end of the second
cycle, as per the results retrieved, both bed exhaustion time

Table 3 MB biosorption-
regeneration process parameters Cycle number Uptake (mg/g) tb (h) te (h) Δt (h) dc/dt (mg/L h) Removal (%)

1 301.79 54.4 160 105.6 0.8936 85.44

2 63.96 11.4 43.7 32.3 3.2617 66.31

Fig. 6 MB biosorption at
regeneration-breakthrough curves
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and breakthrough time decreased in an abrupt manner.
However, the bed exhaustive limit was chosen to be > 99
mg/L for the dye molecules that generally happens when the
full bed got saturated. Figure 6 shows the breakthrough curves
for two sorption cycles. The breakthrough curves got flattened
in the due course of the cycles. This was also represented
through the breakthrough curve slope that decreased with
the increase in the number of cycles. The biosorbent’s weight
loss post-second cycle was found to be reduced as to 20.9%.

When compared to the second cycle, the dye uptake calcu-
lated during the first sorption cycle was found to be high.
When the number of cycles was increased, there was a reduc-
tion in the uptake too which is associated with prolonged
elution which devastated the binding sites. Otherwise, the in-
sufficient elution might have let the molecules in the dye to be
retained in the site itself.

In this research, 0.1 M HCl elutant was used by the re-
searchers. The elution curve was acquired for MB desorption
and is shown in Fig. 7. The researchers observed the elution
curve MB dye molecules wherein it was revealed that there is
a steep increase at the initial stages after which it got de-
creased. The desorption study flow rate was kept under con-
stant at 20 mL/min so as to avoid overcontent of elutant with
that of the sorbent. This is also to retrieve the maximum dye
concentration in the shortest possible time [27].

4 Conclusion

Column packed with EMWHC is found to be an effective novel
sorbent to remedy the MB in a continuous process. In this
research, it was found that the maximum uptake of 301.79
mg/g was obtained. The removal efficiency of 85.44% was
attained at 100 mg/L initial concentration with bed depth be-
ing 20 cm and flow rate being 10mL/min. For these optimized
conditions, the overall sorption time zone, exhaustion time,

breakthrough time, and the volume of treated dye were found
to be 105.6, 160, 54.4 h, and 96 L, respectively. The Thomas
model predicted a maximum regression of 0.98 at optimized
parameters. The desorption studies were carried out with
0.01 M HCL and continuous sorption elution is explored for
two cycles.
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