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Abstract

Butea monosperma leaf powder was used as an adsorbent to remove methylene blue dye from aqueous solution. Differ-
ent parameters that affect on adsorption such as dye concentration, adsorbent dose, contact time and pH of the solution
were analyzed. The suitable dye concentration was found to be 100 mg/1 for adsorption experiments. The adsorbent dose
and optimum contact time were standardized as 0.5 g/l and 120 min, respectively. The acceptable pH of the medium for
adsorption was found as pH=_8. At the standardized environment, the maximum adsorption efficiency of the adsorbent
was recorded as 98.70%. The ultra-morphological structure disclosed that the adsorbent had originally rugged surface with
empty spaces on it, and after adsorption of the dye, these pores and spaces were filled up with the dye. Fourier transformed
infrared spectroscopy chromatogram of the adsorbent shows many downward peaks which can be attributed to the existence
of functional groups like C=0, —OH and —NH, etc. The suitably studied isotherm model was the Freundlich model having
the correlation coefficient (%) value of 0.9810. The adsorbent was transferred to the acidic environment (pH 6). At the pH,
about 80% adsorbed dye was exuded. The adsorbent can be used for maximum two times for removal of the dye. Therefore,
it can be concluded that Butea monosperma leaf powder has potential to remove methylene blue in aqueous solution. The
absorbed dye can easily be recovered from adsorbent for reuse purposes.
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Introduction

Water is essential for life. One of the major problems of
today is the availability of drinking water (Gupta and Ali
2012). The major cause of water pollution is the anthro-
pogenic activity which includes the discharge of either
inadequately or not treated industrial or sewage water to the
natural water bodies (Basheer 2018). Besides that the sur-
face runoff water from agriculture field is also a source of
water pollution, this water contains a quantifiable amount
of pesticides, herbicides and fertilizers. The polluted water
degrades aquatic ecosystems and also causes hazardous to
public health. The industrial effluents contain both inorganic
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and organic compounds, even though their ionic forms are
depended on the industrial type and utilization of raw mate-
rial for processing or finishing of their products (Ali and
Aboul-Enein 2006). Certain industries release a massive
amount of colored water as their effluents, viz. pulp and
paper, textile, tannery, plastic, leather, etc. These effluents
are being mixed with the natural aquatic system that affect
aquatic life and also cause adverse impact to soil micro-flora
and micro-fauna. These effluents have also caused toxico-
logical and aesthetical problems. Industries have produced
a huge amount of wastewater in their process of production.
Therefore, nowadays there is a demand for use of a suitable
process or technology to treat the unused water (Ali 2012).
Most of the industries use synthetic dyes for coloring their
products because these dyes are easily available, low cost
and has comparatively high efficiency. The synthetic dyes
present in industrial effluents are usually non biodegrad-
able or take a long time for degradation. So synthetic dyes
present in effluents must be removed or need to reduce to
an acceptable limit before they are discharged to the envi-
ronment. Today the common methods followed for removal
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of dyes from industrial effluents are adsorption (Ali et al.
2016a), electro-coagulation (Ali et al. 2012a, b), electro-
dialysis (Ali et al. 2011), flocculation (Arami et al. 2006),
the ion exchange (Ali and Aboul-Enein 2002), ultra-filtration
and reserve osmosis (Chowdhury et al. 2011), but all these
methods have their own pitfalls. Though the various water
purification and recycling processes are available, use of
adsorbent to treat industrial effluents is considered as the
quick, less expensive and ubiquitous accepted method (Ali
and Gupta 2006; Ali et al. 2018). The effluent of pharma-
ceutical industries is in general contaminated with drug
residues. Some investigators have been reported that iron
nano-composite materials can successfully be employed
for removal of drugs in aqueous medium (Ali et al. 2016b,
¢). Moreover, nano-composite materials can also be used
as an adsorbent for removal of atrazine pesticide (Ali et al.
2016d), ametryn herbicides (Ali et al. 2016e) and fluoride
(Ali et al. 2015) in aqueous medium. Some of the methods
have been proven to be an efficient, but limitation is, all
these methods are neither economically viable nor feasible
for effluent treatment. For example, activated carbon is suc-
cessfully used for treatment of effluents but the disadvan-
tage of the method is high production cost. Alternately, plant
wastes such as banana stalk (Hameed et al. 2008), jack peel
waste (Hameed 2009), oil palm trunk fiber (Hameed and
El-Khaiary 2008), potato plant waste (Gupta et al. 2016),
orange peel (Sivaraj et al. 2001), jute fiber (Senthilkumaar
et al. 2005), wheat shells (Bulut and Aydin 2006), soy meal
hull (Arami et al. 2006), rice husk (Malik 2003), the acti-
vated date pit (Banat et al. 2003), coconut carp (Vieira et al.
2009), bagasse fly ash (Ali et al. 2014) and peanut husk
(Song et al. 2011) have been proved as a suitable adsorbent
of dyes. Moreover, plants leaves can be used as a suitable
adsorbent due to its reproducibility. The adsorbent prepared
from plant leaves powder as an adsorbent to remove the dye
from industrial effluents has been reported from many plants
(Wenga et al. 2009; Sharma and Bhattacharyya 2005; Uddin
et al. 2009), but their availability and recovery of the dye are
not well studied.

Methylene blue (MB) is a synthetic dye having three ben-
zene rings (Nasuha et al. 2010). It is extensively used in
cotton, wood and paper industries for coloring the products.
Exposure to high concentration of MB causes burning of
eye, sweating, nausea and methemoglobinemia to the human
being (Rafatullah et al. 2010). Butea monosperma is a
medium-sized dry season deciduous tree, belonging to fam-
ily fabaceae. It grows to the height of 15 m (Sehrawat and
Kumar 2012). The plant has high economic value because
of its timber, resin, dye, leaves and medicinal properties
(Mishra et al. 2000). The leaves are used for preparation of
leaf plates for serving food.

In the current study, an attempt has been made to elu-
cidate the efficiency of Butea monosperma leaf powder
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(BMLP) as an adsorbent of methylene blue (MB). During
the study, various parameters which are affecting on adsorp-
tion were standardized.

Materials and methods
Identification and preparation of adsorbents

A full-grown Butea monosperma plant was selected for
preparation of adsorbent. Further, the plant was validated at
the Department of Botany, Berhampur University, Berham-
pur. The fresh leaves of the plant were collected for prepara-
tion of the adsorbent. The leaves were dried up at 80 °C for
48 h in an oven and then powdered by a domestic mixer and
passed through a sieve with 1-mm pores to prepare uniform
powder. The leaves powder was cleaned with double dis-
tilled water and dried to make them moisture free (Fig. 1).
These were kept in a flask for further apply.

Preparation of dye stock solution

Methylene blue (MB) AR grade (chemical formula
C,cHgN;3;SCl; FW: 319.86 g/mol; A, 620 nm) was
obtained from Hi Media Pvt. Ltd., Mumbai. The chemical
structure of MB is well established (Chowdhury et al. 2011).
The stock solution of the dye was prepared by diluting 1 g of
MB in 11 of double distilled water. Different concentrations
of working solutions were prepared by diluting the stock
solution with distilled water.

Batch adsorption methods

Parameters affecting on the adsorption process, such as ini-
tial dye concentration, absorbent dose, optimum contact time
and pH of the solution were investigated. The experiments
were conducted in Erlenmeyer flasks (250 ml capacity) with

Fig. 1 Butea monosperma leaf powder (BMLP)
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a working volume of 100 ml dye solution. During all the
experiments, the flasks were put in a shaker in slow agitation
(150 rpm). The adsorption of the dye on the Butea mono-
sperma leaf powder (BMLP) was determined by UV-Vis
spectrophotometer at A, =620 nm. To determine dye con-
centration, different dye solutions in a range of 25-200 mg/1
were prepared in separate flasks and to each solution 0.5 g/l
of adsorbent was added. Other affecting parameters were
maintained in optimum condition. The pH of the aqueous
solution was maintained in a range of pH 2 to pH 10, and
standardized doses (0.5 g/l) of the adsorbents were added
to each flask having the standard volume of 100 ml of the
aqueous solution. Different doses of BMLP from 0.1 g to 1.0
g/100 ml were added to standardized dye solutions in differ-
ent containers, and the effect of pH and adsorption of dye
were determined. The removal of the dye (in %) by BMLP
was calculated by the formula:

i — G
* 100
C

i

The percentage of removal of dye =

Similarly, the adsorption ability of leaf powder was deter-
mined by

(Ci - Cf)V

=T
where C; and C; are the initial and final concentration of dye,
respectively, v=volume of the solution and M =mass of the

adsorbent (in g).

The pH of the aqueous solution was altered to acidic
(pH=35), and the utilized adsorbent was incubated in an
agitation of 150 rpm for 2 h. The desorption of the dye was
determined by UV—Vis spectrophotometer.

The characterization of BMLP

The ultra-morphology structure of raw and utilized BMLP
was analyzed under scanning electron microscopy. The sam-
ples were spread in a homogeneous plane and photographed
at different magnifications. Similarly, Fourier transmission
infrared microscopy (FTIR) study was also made to both
leaf powder and adsorbed leaf powder with dye in a range
of 400-4000 wavelength cm™!. The chromatogram showing
downward peaks was recorded.

Results and discussion

The adsorbent material used to remove methylene blue was
Butea monosperma leaf powder (BMLP). Butea is a peren-
nial deciduous tree, native to tropical and subtropical regions
of Indian subcontinents. The plant leaves are trifoliate and
petiolates. Petioles are long with small stipule. The leaves

are leathery; ovoid shaped contains 7-8 pairs of lateral vain
(Sumitra et al. 2005). The prepared Butea leaf powder was
used for removal of methylene blue from aqueous solution.
The repeatedly washing of leaf powder ensured to take out
the pigments/metabolites present in it. Thus, the adsorbent
at the present contains the hard plant tissues like xylem,
phloem and fibers only.

The effect of pH

The adsorption of methylene blue onto the adsorbent was
showed low in acidic condition. In the alkaline environment,
the adsorption increased and had maximum value at pH 8
(Fig. 2). The acidic solution has a high amount of H" ions.
These ions compete with cationic dye during the adsorption.
Thus, the adsorption of the dye was less in acidic solution.
Alternately, in the alkaline environment, H" ions quantity is
less and, therefore, there is no hinder for adsorption of the
dye onto the adsorbent. Optimum removal of the dye was
recorded at pH 8 which was considered as a suitable envi-
ronment for adsorption. Earlier report indicated that alkaline
ambiance also promotes the adsorption of methylene blue
onto jack fruit leaves (Hameed and El-Khaiary 2008) and
teak leaves (Mishra et al. 2015).

Standardization of the adsorbent dose

To standardize the adsorbent dose for adsorption of the dye,
different doses of BMLP such as 0.1-1.0 g were prepared.
Each dose was added to 100 mg/l of dye solution in the
different flasks. During the investigation, all other factors
influencing adsorption were maintained at their optimum
condition. The adsorption of dye increased with the increase
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Fig.2 Effect of pH on removal of methylene blue using BMLP as an
adsorbent
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in adsorbent dose initially, and the values were reached to
the maximum at 0.5 g/100 ml. Then they remained constant
even though the adsorbent dose increased (Fig. 3). When the
BMLP dose was low, all the available spaces were occupied
by the dye on BMLP. Thus, the absorption value increased
up to saturation of available space on BMLP. Then the value
remains constant and, therefore, no further adsorption was
increased even though the concentration of dye increased.
The optimum adsorbent dose was recorded as 0.5 g/l of
BMLP in the 100 ml of methylene blue solution.

Standardization of contact time

To standardize the contact time for maximum adsorption,
the mixture of adsorbents and methylene blue solution was
kept for the period of 10-200 min. The other factors were
maintained at optimum condition during the experiments.
The maximum adsorption was achieved at 120 min of incu-
bation (Fig. 4). After due time even though the contact
time increased, no further increase in dye adsorption was
recorded.

Standardization of dye concentration

Different concentrations of methylene blue in a range of
25-200 mg/1 were prepared in different Erlenmeyer flasks,
and BMLP of 0.5 g/l of was added to each flask. It was
clearly indicated that absorption of the dye increased
at lower concentration and at the 100 mg/l of BMLP the
adsorption value showed constant (Fig. 5). This is due to
limited availability of sites for adsorption of the dye. After
saturation attained, no further adsorption was found.
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Fig.3 Standardization of adsorbent dose on removal of methylene
blue using BMLP as an adsorbent
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Fig.4 Standardization of contact time on removal of methylene blue
using BMLP as an adsorbent

Characterization of BMLP

The ultra-structural morphology and surface topography
of BMLP were analyzed by scanning electron microscopy
(SEM). The SEM photograph of both raw and the adsorbed
BMLP is represented in Fig. 6. The raw BMLP has the het-
erogeneous surface and considerable number of space for
the attachment of the dye. The structure provides a suit-
able adsorption site for adsorption of methylene blue. The
adsorbed BMLP photograph shows that the dye is fully
attached to the surface and completely filled up the avail-
able surface. The dye was suitably adhered to the surface
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Fig.5 Effect of the initial dye concentration on removal of methylene
blue using BMLP as an adsorbent
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Fig.6 SEM photograph of
Butea monosperma leaf powder
(BMLP) a raw BMLP and b
adsorbed with MB
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on BMLP so that the surface of BMLP appeared smooth  dye. The 1568.3 cm™! wavelength in raw and 2192.6 cm™!

and shiny. in adsorbed BMLP can be endorsed to the stretching vibra-
tion of the C—O bond. The downshift peak of 1521.7 cm™"
FTIR analysis and 1054.4 cm™" at adsorbed BMLP is due to the presence

of —OH group involved in the adsorption of the dye. The
The Fourier transmission infrared (FTIR) analysis of  downshift of peak 444.1 cm™! can be accredited to -NH
both raw and dye-loaded BMLP is represented (Fig. 7).  group stretching in the adsorbent.
The FTIR spectrum has a number of downward adsorp-
tion peaks, indicating the presence of more number of
functional groups (Fuks et al. 2018). The raw adsorbent  Adsorption isotherms
shows peak at 2916.5 cm™!, 2848.0 cm™!, 1568.3 cm™!,
1338.8 cm™!, 1035.1 cm™!, 884.8 cm™! and 451.3 cm™!,  To design an adsorption system, the adsorption equilib-
whereas after adsorption, the BMLP showed the peaks  rium values were analyzed with three popular adsorption
0f2916.8 cm™!, 2848.2 cm™!, 2192.6 cm™', 1521.7 cm™, isotherm models. The correlation coefficient values (+7)
1054.4 cm™! and 444.1 cm™". The peaks of 2916.8 cm™'  of each model represent the conformity in experimental
and 2848.2 cm~! wavelength are present in both raw and  data. The 7* value of the model close to unity is considered
adsorbed BMLP. It can be interrelated to the existence of  as the most suitable and fitted best model for adsorption.
the C—O group which has high affinity toward the negative
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Fig.7 FTIR spectrum of Butea monosperma leaf powder (BMLP) a raw BMLP and b adsorbed with MB
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Langmuir isotherms model

Langmuir proposed that the adsorbent surface contains
a number of equivalent sites to which the species are
attached either by physisorption or chemisorption. It is
assumed that adsorbent surface containing the adsorb-
ing sites is a perfectly flat plane with no corrugations and
each site can hold a molecule of adsorbate and there is
no interaction between adsorbate molecules on adjacent
sites. Adsorbate binding is treated as a chemical reaction
between an adsorbate molecules (4,,) and an empty site
(Ey) and the reaction yields an adsorbed complex (A,q)
with an associated equilibrium constant K. The linear
form of the equation is represented as (Dural et al. 2011)
C, 1 C,

ae KL'Qm+ae

where Q, is the metal ion adsorbed per unit weight of adsor-
bent (mg/g), C, is the equilibrium concentration of metal
ions in the solution (mg/g), Q,, is the monolayer adsorp-
tion capacity (mg/g) and K| is the equilibrium constant.
The value of C./Q, versus C, for methylene blue is plotted
(Fig. 8). From the figure, it is noted that > value for meth-
ylene blue is 0.8890.

Freundlich isotherms model

The isotherm represents an imperial connection between
the solute and adsorbent. The expression is represent-
ing the isothermal variation of adsorption of a quantity
of material adsorbed by the unit mass of solid adsorbent
with pressure. It assumes that the adsorption process takes
place on the rough surface and the adsorption ability is
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Fig.8 Langmuir isotherm plot of MB on BMLP
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related to the concentration of the adsorbate. It is repre-
sented as (Hameed 2011).

1
ane = lnkf + ;lnce

where k; is a constant which indicates the relative adsorp-
tion capacity of the adsorbent (mg/g) and n is an empirical
parameter that indicates the intensity of adsorption. The
plot of the Freundlich adsorption isotherm model is given
in Fig. 9. The plot shows that the correlation coefficient (+%)
value of the experiment is 0.9810. The value is nearly to one
as compared to other models, and therefore, it is the most
favorable model for BMLP as an adsorbent.

BET isotherms model

Brunauer—-Emmett-Teller (BET) model explains the physi-
cal adsorption of gas molecules on a solid surface (Nethaji
et al. 2010). The model is relevant to adsorbent having more
than one layer, and the absorbing molecule does not react
chemically with adsorbent surfaces. It assumes that there
will be no lateral affinity between adsorbent molecules and
adsorbent surface. The BET model is represented as

de _ c-X

cc (I=-x(A-=-x+c-x

where ¢, is the adsorbed quantity, c, is the volume of mon-
olayer adsorbed quantity, c is a constant related to the ratio
of heats of adsorption for the first layer and second layer
and x is p/p,, p and p, are the equilibrium and the satura-
tion pressure of adsorbates at the temperature of adsorption.
The correlation coefficient value (+%) for the dye is 0.8860
(Fig. 10). The maximum efficiency of removal of MB onto
BMLP was 98.70%. The acidic condition helps the substa-
tions of attached dye from the surface of the adsorbent. It
was estimated that about 80% dyes had been recovered. The
BMLP can be used for maximum two times as an adsorbent

gl R?=09813
®
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Fig.9 Freundlich isotherm plot of MB on BMLP
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Fig. 10 BET isotherm plot of MB on BMLP

for removal of the methylene blue. When the adsorbent
was used for the second time, the adsorption efficiency was
reduced to 60%. The cause is that during the detachment of
the dye from the adsorbent some of the dye was still attached
to the adsorbent. Thus, the efficiency of the adsorbent for the
second time is less. Therefore, the prepared adsorbents can
be used for two times.

Conclusion

Butea monospermous leaf powder (BMLP) was utilized for
removal of methylene blue, a frequently used industrial dye,
from aqueous solution. The plant is popular for its medicinal
and ornamental values. The leaf of the plant is medium sized
and is being used by the local people for preparation of dif-
ferent kinds of leaf plates. The parameters like dye concen-
tration, adsorbent dose, contact time and pH of the solution
have been standardized. The suitable pH for removal of dye
with BMLP was pH=8. The optimum adsorbent dose and
contact time for removal of the dye are 0.5 g/100 ml and
120 min, respectively. The appropriate dye concentration
was the 100 mg/l. The maximum removal efficiency was
98.70%. The Freundlich isotherm model was found to be
quite suitable for the prepared adsorbent with the correlation
coefficient (%) value of 0.9810. This indicated that dye was
attached to the homogeneous surface of adsorbent. Butea
is a tree species and is luxuriantly growing in this locality.
It is a deciduous plant so a large number of leaves are shed
by the plant. The size of the plant leaves is also moderately
large. Hence, the plant leaves can be utilized as a sustain-
able source for preparation of the adsorbent. Though several
reports have been available regarding plant parts, powder
form can be utilized as an adsorbent to remove different dyes
in aqueous medium, but the efficacy of the adsorbents is very
few with more than 95%. The prepared adsorbents are able to

remove 98.70% of the dye in aqueous medium. Therefore, it
can be concluded from the present investigation that BMLP
can suitably be used for removal of methylene blue from the
industrial effluents. The adsorbent can be used twice for the
removal of the dye.
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