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Abstract: Adsorption of methylene blue by Sulphonated biomass of Ailanthus excelsa from aqueous
solutions was investigated. Various analytical techniques were utilized to investigate the surface area,
surface morphology, crystallinity, elemental composition of the sulfuric acid-treated biomass for removal
of O-Nitro Phenol. The prepared material was subjected to extensive characterization using a variety of
techniques such as scanning electron microscope coupled with energy-dispersive X-ray spectroscopy
(SEM/EDX), X-ray diffraction (XRD) method. Batch experiments were carried out as functions of
different process parameters such as pH, initial dye concentration, biosorbent dose and temperature. The
optimum conditions for removal of MB were found to be pH (2.0), biosorbent dose (100 mg), and initial
dye concentration (25 mg L™1).The temperature (288K) had a strong influence on the biosorption process.
The Langmuir, Freundlich and Temkin isotherms model, biosorption of MB onto Sulphonated biomass
were studied. The rate of sorption was found to obey pseudo-second order kinetics and intraparticle
diffusion model with correlation coefficient value R? is 0.9995. The calculated values of AH®, AS® and
AG° were found to be -4.8316 kJ/mol? +1345. 80 KJ/mol? and -12688.54 KJ mol™* respectively. The
negative value of AH® (-4.8316 kJ/mol™Y) indicates that the Adsorption of MB onto of Sulphonated
biomass is an exothermic reaction. The calculated value of AG® -12688.54 KJ mol indicates spontaneous
nature of the adsorption process. Further the positive value of entropy change, AS® reflects the affinity of
Sulphonated biomass for MB dye.

Keywords: Adsorption, Ailanthus excelsa, Methylene blue, (MB) Langmuir, Freundlich Isotherms.

1. INTRODUCTION:

Industries such as dyestuff, textiles, leather, paper and plastics released effluents of wastewater contain
various kinds of synthetic dyestuffs [1]. The effluents of these industries are highly colored and the
discharge of these wastes into receiving waters causes severe damages to the environment [2]. The
introduction of waste products into the environment is an important problem that has been highlighted by
various environmentalist groups [3]. The dyestuffs have a complex chemical structure and are stable to
light, heat and oxidation agents [4]. A number of low cost adsorbents are reported in the literature. These
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include bagasse pith [3-4], maize cobs [4], sunflower [5], fly ash [6], and peat [7], saw dust[8], marine
algae [9], fungal biomass [10], wasted activated sludge [11], digested sludge [12], red mud [13], coir pith
[14], Neem leaf [15] waste organic peel [16], tree fern [17]. However, sorption potential of most of these
low cost sorbents is generally low. Biosorption, if compared with other available technologies above,
gives comparable performance at a very low cost. The present work aims to study a convenient and
economic method for methylene blue (MB) removal from water by adsorption on a low cost and an
abundantly available adsorbent, to gain an understanding of the adsorption kinetics, to describe the rate
and mechanism of adsorption, to determine the factors controlling the rate of adsorption. The effects of
initial MB concentration, solution pH, ionic strength, particle size and temperature on MB adsorption rate
have been evaluated. In this study, MB was selected as sorption of this dye has been reported by other
researchers using different sorbents Ailanthus excelsa biomass is used as adsorbents for adsorption
methylene blue dye from aqueous solutions [18], Biosorption of Hg2+ions by Sulphonated biomass of
Stalks of Prunus cerasus [19] studied with the Langmuir, Freundlich and Temkin isotherm models.

2. MATERIALS AND METHODS:
2.1. Adsorbate:

The methylene blue (C16H18N3SCl.3H20) was obtained from E.Merck, India and was used for sorption
study. The required concentrations were prepared by dissolving MB dye in distilled water. The MB stock
solution was prepared by dissolving accurately weighed dye in distilled water to a concentration of 500
mg/L. The experimental solution was obtained by diluting the dye stock solution in accurate proportions
to different initial concentrations like 15 mg/L, 20mg/L, 25mg/L and 30mg/L.

2.2. Experimental:

The batch adsorption experiments were conducted in a set of 250 ml of Erlenmeyer flask containing
adsorbent and 25 ml of MB solution with various initial concentrations. The flasks were agitated in an
isothermal water-bath shaker at 100 rpm and 27°C until the equilibrium is reached. After decantation and
filtration, the equilibrium concentrations of dye in the solution were measured at 665 nm using UV-
visible spectrophotometer. The pH of solution was adjusted with 1IN HCI and 1N NaOH solutions. The
amount of dye adsorbed and percentage removal of MB were calculated using Equations. (1) and (2),
respectively

de = (Co-Ce)> )

% Removal = “— )

Biosorbent: Ailanthus excelsa plant commonly known as tree of heaven is a large deciduous tree found
in Himachal Pradesh, Chhattisgarh and Western Ghats of Maharashtra state in India. The biomass
Ailanthus excelsa was collected from farm of Pune district. The stalks of Ailanthus excelsa were dried
washed with distilled water to remove adhered impurities from its surface. The dried biomass was
crushed, milled and to 100um particle size. The dried biomass was soaked with Conc. H2SO4 for period
of 6 hr and the resulting reaction mixture was kept overnight in fume hood. The reaction mixture was
repeatedly washed with cold water till to complete removal of acid and filtered to obtain Sulphonated
carbon. This is then dried in oven a 60°C time for 12 hr. The resulting Sulphonated carbon of Ailanthus
excelsa was preserved and used as an adsorbent for MB removal. MB concentration determined by the
Beer-Lambert law. The MB Absorbance measured at 660 nm on double beam spectrophotometer.
Methylene blue has a net positive charge which would be favorably adsorbed by electrostatic force onto a
negatively charged adsorbent surface. The aromatic moiety of MB contains nitrogen and sulphur atoms.
In the aromatic unit, dimethyl amino groups attach to it. The aromatic moiety is planar and the molecule
is positively charged. XRD of Sulphonated biomass of Ailanthus excelsa used to provide, non-
destructively and quickly, most of the basic structural information that is essential for materials
characterization. The ultra-structural features of the wood cell walls, the structures formed by micro
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fibrils and the distribution of cell wall polymers, as revealed by TEM. Signals produced in an SEM/EDS
system includes secondary and backscattered electrons that are used in image forming for morphological
analysis as well as X-rays that are used for identification and quantification of chemicals present at
detectable concentrations. The detection limit in EDS depends on sample surface conditions, smooth
surface have lower the detection limit. EDS can detect major and minor elements with concentrations.

SEM of Sulphonated Biomass of Ailanthus excelsa:

XRD of Sulphonated Biomass of Ailanthus excelsa:
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EDS of Sulphonated Biomass of Ailanthus excelsa:
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2.3. Batch Biosorption:

Batch mode biosorption experiments were performed in 250 mL glass stoppered, conical flasks with 25
mL of dye solution of known initial concentration (25 mg L™). A weighed amount (25mg) of biosorbent
was added to the solution. The flasks were agitated at a stirred with magnetic stirrer. The influence of pH
(2.0-10), initial dye concentration (15-30 mg L), biosorbent dose (25mg-100mg) and temperature (288-
318K) were evaluated during the present study. Samples were collected from the flasks at regular time
intervals and the residual dye concentration in the solution was analyzed by monitoring the change in
absorbance values at maximum wavelength of 660 nm using UV-Visible spectrophotometer.

3. RESULTS AND DISCUSSION:

To design effective and user-friendly adsorption model it was considered necessary to carry out
adsorption with a kinetic viewpoint and effects of contact time, initial MB concentration, initial solution
pH, particle size and temperature on the uptake rate of the dye were monitored very carefully.

3.1 Effect of Material Dose and Contact Time:

Effect of biosorbent dose on biosorption of MB by Sulphonated sieve biomass was investigated. The
amount of biosorbent was varied from 25 to 100mg in 25 mL dye solution, while all the other variables
such as pH, contact time, and temperature were kept constant. Data obtained from the experiments are
presented in Fig.1. With increase in biosorbent dose from 25mg to100 mg, the dye removal efficiency
increases from 95 to 99.8 %, which is probably due to an increase in the number of binding sites available
for biosorption. Further increase in biosorbent dose reduces the percentage removal. The effect of contact
time on the removal of MB is shown in Figure 2 and about 93.19% dye removal takes place in 2 min by
Sulphonated biomass. The equilibrium was reached after 5 minutes (Fig.2). The changes in the rate of
adsorption might be due to fact that initially all the adsorbent sites are vacant and solute concentration
gradient is very high. Later, the lower adsorption rate is due to a decrease in number of vacant sites of
adsorbent and dye concentrations. The decreased adsorption rate, particularly, toward the end of
experiments, indicates the possible monolayer formation of MB on the adsorbent surface.
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Figure-1 Effect of Biomass Dose.
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Figure-2 Effect of contact time on MB Removal
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3.2 Effect of pH:

Solution pH is an important monitoring parameter influencing the sorption behavior of adsorbate onto
biosorbent surface due to its impact on both the surface binding-sites of the biosorbent and the dye
solution. In the present study, the effect of pH on biosorption of MB onto Sulphonated sieve biomass was
studied over a pH range of 2-10. Results are shown in Fig. 3. The amount of dye removal at equilibrium
decreases with decreasing pH, appreciably up to pH 2.0. With further increase in pH, there is no
significant increase in the amount of dye removed. Maximum removal is observed at pH 2.0. The pH of
the aqueous solution affects both the surface charge of the biosorbent material as well as the degree of
ionization of the dye molecule. It mainly contain N-H, C=0 and C—H functional groups on their surface.
Protonation of these functional groups at low pH values renders a net negative charge to the biosorbent
surface while deprotonation of the functional groups at high pH values render it positively charged. At
low pH values, there exists a strong electronegative repulsion between the positively charged dye ions
and the negatively charged biomass surface resulting in high dye uptake capacity. On the contrary, as the
pH of the dye solution increases, considerable decreases in adsorptive removal of dye is observed due to
between negatively charged sites on the biosorbent and the dye cations. Similar results were previously
reported for biosorption of MB from aqueous solution.
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Figure-3 Effect of pH on MB Removal.
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3.3 Effect of Initial Dye Concentration:

Biosorption of MB onto Sulphonated biomass was also carried out at different initial dye concentrations
(15, 20, 25, and 30 mg L) and the results are shown in Fig.4. It is clearly evident from the figure that the
biosorption capacity increases with increasing initial dye concentration. Initial dye concentration provides
an important driving force to overcome all mass transfer resistances of all molecules between the aqueous
and solid phases. Hence, a higher initial dye concentration of dye will enhance the biosorption process.

Figure-4 Effect of Concentration on MB Removal
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3.4 Effect of Temperature:

Temperature has pronounced effect on the sorption removal of dyes from aqueous solutions. As such, the
effect of temperature on the biosorption process of MB was studied in the range of 288 t0318 K and the
results are depicted in Fig. 5. The figure shows that the dye uptake capacity decreases with increasing
temperature. This finding suggests that MB uptake process was exothermic in nature. The negative
correlation between temperature and dye biosorption capacity may be due to the weakening of bonds
between the dye molecules and the active site of the biosorbent. Also with increasing temperature, the
solubility of MB increases. Consequently, the interaction forces between the solute and the solvent are
stronger than those between the solute and the biosorbent. As a result, the solute is more difficult to
adsorb.
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Figure-5 Effect of Temperature on MB Removal
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3.5 Adsorption Kinetics: Adsorption is a physiochemical process that involves the mass transfer of a
solute (adsorbate) from the fluid phase to the adsorbent surface. A study of kinetics of adsorption is
desirable as it provides information about the mechanism of adsorption, which is important for efficiency
of the process. The applicability of the pseudo-first-order and pseudo-second-order model was tested for
the adsorption of MB onto Sulphonated biomass. The best-fit model was selected based on the linear
regression correlation coefficient, R2 values. If the second-order kinetics is applicable, then the plot of t/qgt
vs. t (Fig.6) and Fig.7 log (ge-qt) vs T should show linear relationship.

Fig.6 Plott/qtvs. T
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Figure-8 Kinetics of Adsorption
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Table- 1 Kinetic and thermodynamic parameters for the sorption of MB onto Sulphonated biomass
of Ailanthus excelsa. Pseudo first order and Pseudo second order model

Pseudo first order model ge (mg/g) R?

k1 (min?) 0.9586 0.7107
0.1132

Pseudo second order model ge R?

k2 (g/(mg min) 0.413411 6.2972 0.9999
Intraparticle diffusion model  |C (mg/g) R?

kd (mg/g min) 0.2267 0.9975
2.7142

Thermodynamic parameter AS (J/mol K) AG® (kJ/mol)
AHO(kJ/mol) +1345.80 -12688.54
-4.8316

Kinetics and thermodynamics of methylene blue sorption on Sulphonated biomass of (Ailanthus excelsa
plant).The intraparticle diffusion equation is expressed as follows,

@)

Where, kd is the intraparticle diffusion rate constant (mg/g minl1/2). The data for intraparticle diffusion
are given in Table-1. The linear portion of the plot does not pass through origin. This deviation from the
origin may be due to the variation of mass transfer in the initial and final stages of the adsorption process.
This confirms that the adsorption of MB on Ailanthus excelsa plant was a multi-step process involving
adsorption on the external surface and diffusion into the interior.

qt = Kd t2+C

3.6 Adsorption Thermodynamics

Thermodynamic parameters evaluated for MB adsorption onto Sulphonated biomass are the free energy
change (AGY), enthalpy change (AH®) and entropy change (AS°). These parameters were calculated using
the following equation.

AG®= -2.303 RT log Kd (4)

Where ge is MB concentration at equilibrium onto Sulphonated biomass (mg/L), R is universal gas
constant (8.314 J/mol K), and Ce is MB concentration at equilibrium in solution (mg/L).The values of
AH? and AS°® were determined from the slope and intercept of the plot of In KD versus 1/T. Gibbs free
energy. Change of sorption (AG®) was calculated using Eq. (4).The adsorption of dye increases rapidly
with an increase in temperature. The increase in adsorption capacity of Sulphonated biomass was
attributed to the enlargement of pore size and activation of the sorbent surface with temperature. The
results also indicated that the adsorption of MB is an exothermic process. Thermodynamic parameters
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(AH®, AS? and AGP) for MB. Adsorption was evaluated using Egs. (3 and 4). The values of AH? and AS°
were determined from the slope and intercept of the plot of In Kd versus 1/T. Table -1 show the
thermodynamic parameters for MB adsorption of Sulphonated biomass. The calculated values of AH®,
AS° and AG® were found to be -4.8316 kJ/mol™ +1345.80 KJ/mol™ and -12688.54 KJ mol™ respectively.
The negative value of AH? (-4.8316 kJ/mol™) indicates that the Adsorption of MB onto of Sulphonated
biomass is an exothermic reaction. The calculated value of AG® -12688.54 KJ mol indicates spontaneous
nature of the adsorption process. Further the positive value of entropy change, AS® reflects the affinity of
Sulphonated biomass for MB dye.

Fig.9 Plot of Ln KD vs. 1/T
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3.6 Adsorption Isotherm

3.6.1 Langmuir Isotherm

The Langmuir equation is written as
1 1

e ot (5)

ge qgm KLgqmcCe

The shape of this isotherm can also be expressed in terms of separation factor (KL), which is given as
follows: Where KL is Langmuir constant (L/mg) related to the affinity of binding sites and the free
energy of sorption. ge is dye concentration at equilibrium onto bio sorbent (mg/g). Ce is dye
concentration at equilibrium in solution (mg/l). gm is dye concentration when monolayer formation
biosorbent (mg/g) on.

Fig.10 Plot ofl/ge vs. 1/Ce
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3.6.2 Freundlich Isotherm
The Freundlich equation for heterogeneous surface energy systems shown by is given by-

Inge =In KF+%InCe (6)

The KF and n are Freundlich constants, determined from the Plot of In ge versus In Ce. The parameters
KF and 1/n are related to sorption capacity and the sorption intensity of the system. The magnitude of the
term (1/n) gives an indication of the favorability of the sorbent/adsorbate systems.

Fig.11 Plot of In ge vs. In Ce
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3.6.3. Temkin Isotherm.

The linearized Temkin equation is given by the following equation

ge =P Ina +fB In Ce (7)

Where, B =RT/b

T is the absolute temperature in Kelvin, R is the universal gas constant (8.314 J/mol K), and b is the
Temkin constant related to heat of sorption (J/mg). The Temkin constants a and b are calculated from the
slope and intercept of ge versus InCe.

Fig.12 Plot of ge vs. In Ce
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Table -2 Results of various isotherm plots for the adsorption of MB onto Sulphonated biomass of
Ailanthus excelsa.

Models Isotherm constants

Langmuir gm(mg/g) KL(L/mg) R?
63.0914 0.4064 0.9299

Freundlich n KF(mg/g) R?
2.2232 501.18 0.9378
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Tempkin (I/9) KT(mg/l) R®
21927.03 9.1575 0.9075

CONCLUSION.

Sulphonated biomass shows excellent adsorption capacity for methylene blue removal. The maximum
sorption of MB with concentration (25mg/25ml), sorbent dosage (100mg/25 ml), contact time (2 to 4
min) and temperature (288 K) were observed. The maximum removal of methylene blue dye was attained
at pH 2.0. The equilibrium data were fitted well in the Langmuir, Freundlich and Temkin isotherm
models which confirmed that the sorption is heterogeneous occurred through physico—chemical
interactions. The KF and n are Freundlich constants, determined from the Plot of In ge versus In Ce. The
parameters KF and 1/n are related to sorption capacity and the sorption intensity of the system
(Figure.11). The Kinetics of Adsorption (Figure-8) rate of sorption was found to obey pseudo-second
order kinetics and intraparticle diffusion model with correlation coefficient value R? is 0.9999 (Table-1).
The negative AG° values indicated that the sorption of dye onto biosorbent was feasible and spontaneous.
The negative AH® value depicted exothermic nature of the sorption. The parameters KF and n (Table-2)
indicated the sorption capacity and the sorption intensity of the system.
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