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ABSTRACT

Viburnum grandiflorum (VG) leaves have been used for the Methylene Blue (MB) removal from its
aqueous solution. The effect of contact time 10-100 min, initial concentration 5-25 mg/L, pH 4-13,
temperature 293-323 K and biosorbent dosage 0.15-0.45 g was investigated. The maximum removal
efficiency and adsorption capacity were calculated to be 95.59% and 7.96 mg/g for a sample hav-
ing initial concentration 25 mg/L along with 0.45 g of adsorbent agitated for 60 min at 298 K and
pH = 9. At optimized experimental conditions, the dye uptake capacity and percentage efficiency
of base modified VG leaves were obtained to be 8.25 mg/g and 98%. By applying isotherm models
such as Langmuir, Freundlich, and Temkin model, the observed data were found to be best fitted
with Langmuir adsorption isotherm (R? = 0.99). The adsorption kinetic models such as pseudo-first-
order, pseudo-second-order and Elovich were also applied for the adsorption of MB onto VG leaves.
The experimental data best fitted to the pseudo-second-order model (R?=0.99). The nature of adsorp-
tion was predicted by calculation of enthalpy (AH®), free energy (AG°) and entropy (AS°) changes.
The low AG® values (-17.417, —21.664 and —23.212 kJ/mol) 303, 313, and 323 K, respectively, showed
that the process of adsorption was spontaneous. The MB loaded VG leaves can be best desorbed
(25.78%) by using 0.1 M HCL The VG leaves can be effective for the MB removal from aqueous

solutions.
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1. Introduction

Water pollution is the major environmental pollu-
tion caused by different sources such as domestic sewage,
industrial wastes, urban, and agricultural runoff contain-
ing fertilizers, chemical contaminants, littering, eutrophi-
cation and pesticides. Industrial wastewater discharged
into rivers, streams and channels containing colored
dyes is the basic cause of water contamination. Dyes are
obtained synthetically and they have a complex structure
of aromatic molecules that are stable and less susceptible
to bio-degradation. The toxic dyes of various kinds are
encountered in sewage discharge from cosmetics, fabrics,
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printing, leather, plastics, rubber, paper, dye manufactur-
ing and food handling industries [1,2]. Currently, there are
10,000 dyes in use with overall 700,000 metric tons yearly
production worldwide and about 5%-10% of dye’s material
is emitted in industrial sewage waste [3]. The discharge of
dyes from various industries causes water contamination,
which acts as a severe source of environmental pollution [4].
Methylene blue (Basic dye) is highly water contaminating as
compared to the anionic dyes [5]. Methylene blue (MB) dye
is readily soluble in water and most commonly employed
in dyeing cotton, leather, calico, pharmaceutical purposes,
lithography and tannin [6]. This dye can cause irritation
in skin and eyes as well as meticulous consequences such
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as blood variations in human beings [5,7]. MB can set off
vomiting, sickness, diarrhea, plentiful sweating, mental dis-
order, suffocation, and gastritis [5]. Thus, a significance has
been engrossed in eliminating such dyes from the wastewa-
ter discharges. Several techniques, such as inverse osmo-
sis, ionic substitution, membrane sanitization, traditional
coalescence, organic precipitation besides adsorption are
commonly practiced in taking out dyes from surplus water
[2,8]. The adsorption process is an appropriate and moder-
ately admirable procedure on account of the ease of design,
availability and capability in treating dyes at a minimum
rate than former methods [5,8]. Activated carbons are com-
monly known for their great adsorption capacities towards
an enormous amount of carbon-based/mineralized metal-
lic ions. The activated carbon was avoided as an adsorbent
due to high cost [9] therefore, the price effective adsorbents
were introduced. Agricultural wastes or biomass are easily
accessible in large amounts and can be effectively utilized
as adsorbents in eliminating the dyes from different types
of industrial wastewater [10]. Various forms of agrarian rub-
bish for example rinds of orange [11], Hordeum vulgare and
hull [12,13], sawdust [14], fly ash [15,16], castor seed shell
[17], pine cone [5] and cereal chaff [18] are being used to
eliminate the methylene blue from wastewater. Many adsor-
bents such as wool fiber and cotton fiber [19], coconut coir
[20], bagasse [21], Parthenium hysterophorus [22], rice husk
[23], neem husk [24], tamarind fruit shell [25], silk cotton
hull [26], tuberose sticks [27], tamarind fruit shell [28] and
Ficus palmata leaves [29] are considered low-cost, very oper-
ative and safe. The current study was carried out to evalu-
ate the Viburnum grandiflorum (VG) leaves (collected from
Rairban, district Bagh Azad Jammu & Kashmir Pakistan)
capacity in eliminating MB from the solution. The effects of
temperature, initial dye concentration, pH, contact time on
MB adsorption were also interpreted.

2. Experimental
2.1. Preparation of standard solution

Methylene blue (C,H CIN,S-3H,0) supplied by BDH
Chemicals (Middle East Dubai, UAE) and was used for
experimental work as received. The standard solution of MB
(1,000 mg/L) was prepared by mixing 1 g of MB into dis-
tilled water (1,000 mL) and was diluted from 5-25 mg/L.
A__ =665 nm was determined by following the procedure

max

described earlier [29].

2.2. Preparation of VG leaves powder (adsorbent)

The VG leaves were collected and rinsed thoroughly
using purified water, de-hydrated at ordinary temperature,
crushed and ground into fine powder by means of grinder
and passed through the micro-sieves (70 netting size) before
using in experiments. The 10 g of VG leaves powder was
added in 100 mL of 0.1 M NaOH for the preparation of base
modified VG leaves. The stirring of the mixture was carried
out by using a magnetic stirrer for 24 h. Then the filtration
and washing of powder were performed with distilled
water and kept overnight in an oven for drying at 70°C for
further use.

2.3. Characterization of adsorbent

A scanning electron microscope was employed for the
characterization of powdered VG leaves. The exterior mor-
phology of VG foliage fine particles was observed before and
after adsorption experiments. The surface morphologies of
before and after adsorption of MB onto VG leaves showed
clear differences as shown in (Figs. 1la and b). The after
adsorption microphotograph (Fig. 1b) clearly showed that
MB was adsorbed upon the rough surfaces of an adsorbent.

The SEM photographs of base modified VG leaves
showed the porous surface morphology before the adsorp-
tion of MB. These pores were filled or covered by MB dye
after adsorption and a smooth surface is observed after
adsorption (Figs. 1c and d).

2.4. FTIR analysis

The external functional groups of VG leaves prior and
subsequent to adsorption were determined by FTIR anal-
ysis. The recording of the spectrum was carried out from
4,000 to 500 cm™. Prominent peaks for before adsorption
observed were 3,515 and 2,968 cm™ indicating -OH group
and C-H stretching mode of aliphatic compounds respec-
tively. The prominent peak at 1,739 cm™ was that of C=O and
peaks between 1,365 to 1,216 cm™ were attributed to C-H,
NH, C-H, and OH groups (Fig. 2a). All these peaks were
absent in the after adsorption IR spectrum of adsorbent (Fig.
2b). Most probably, these groups were involved in bonding
with methylene blue and were not noted in the after adsorp-
tion IR spectrum. FTIR results showed that functional
groups such as carboxyl, alkene and hydroxyl take part in
dye binding.

The base modified VG leaves IR spectrum represented
the same characteristics as of raw VG leaves with some
minor changes or some variable intensities in the bands.
Such as 3,515 cm™ reduced to 3,384 cm™. The peak at
2,968 cm™is due to C-H stretching vibrations which disap-
peared after modification of VG leaves. The peaks present
in 1,500-1,200 cm™ region may be of -NH, O-C-H, C-C-H
and C-OH functional groups [29]. At 877 and 848 cm™, the
bending vibrations are clearly observed in the base modified
VG leaves spectrum, which is absent in the raw VG leaves
spectrum (Fig. 2c and d).

2.5. Thermal gravimetric analysis (TGA)

TGA was conducted using V 4.5A TA, SDT Q600 V 20.9.
The thermogram was drawn between temperature and mass
loss as shown in Fig. 3. Initially, the mass loss was because
of vapor loss, dehydration, chemical decomposition, and
sublimation [30] The mass deficit (%) obtained through
thermogram remained 10.61%, 22.71%, 83.94%, and 97.16%
at different temperatures 100°C (moisture contents), 250°C
(organic matter), 470°C (loss of hydroxyl) and 692°C (decar-
bonation), respectively. Two phases were observed accord-
ing to DSC analysis. The first phase had negative peaks
and weight loss was observed because of the evaporation
of various volatile compounds and moisture contents [31].
The energy is consumed in the drying and evaporation of
volatile compounds so it showed an endothermic reaction
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Fig. 1. (a) Before adsorption SEM analysis of VG leaves powder, (b) after adsorption SEM analysis of VG leaves powder, (c) base mod-
ified before adsorption SEM analysis of VG leaves powder, and (d) base modified after adsorption SEM analysis of VG leaves powder.
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Fig. 2. (a) Before adsorption IR analysis spectra of VG leaves, (b) after adsorption IR analysis spectra of VG leaves, (c) base modified
before adsorption IR analysis spectra of VG leaves, and (d) base modified after adsorption IR analysis spectra of VG leaves.
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Fig. 3. Plot of TGA and DSC analysis.

below 270°C. The second phase started above 270°C where
there was a faster loss of mass because lignin, hemicellulose
and cellulose decomposed and this decomposition reaction
was exothermic. The decomposition of biomass components
at a variable temperature of 200°C-260°C, 240°C-350°C, and
280°C-500°C are hemicellulose, cellulose, and lignin, respec-
tively, showed exothermic reaction [32].

2.6. Physical properties of the adsorbent

The textural characterization of VG using N, adsorption
at 77 K was performed on a Quantachrome Novawin instru-
ment (V. 11.04). The surface area was found to be 20.780 m?/g,
pore diameter 30.468 nm and pore density 0.099 cc/g.
Moreover, the moisture content of the dried adsorbent (VG)
was obtained using Eq. (1).

Moisture contents = (

W-W
/%100
W J )

i

where the preliminary and final adsorbent weight (g) in the
aforementioned equation is denoted by W, and W, respec-
tively. The moisture content was found by 1.82% (Ta{)le 1).

2.7. Desorption studies

Different molar solutions of NaOH, HCIl, KCI and dis-
tilled H,O were utilized as desorbing agents. The 50 mL solu-
tion of MB (25 mg/L) and 0.15 g of adsorbent were treated
for 60 min. Then the adsorbent (MB loaded) was stirred with
the above-mentioned desorbing agents (25 mL) for 2 h. The

Table 1
Physical properties of Viburnum grandiflorum

Adsorbent Viburnum grandiflorum
BET analysis Physical properties

Surface area 20.780 m?/g  Moisture content 1.82%

Pore diameter 30.468 nm  Bulk density 0.417 g/cm®
Pore volume  0.099 cc/g

dye concentration desorbed was determined and desorption
percent was calculated by the following Eq. (2)

%Desorption = 2 x100 @)
m

a

where m, (mg/L) desorbed and m_  (mg/L) adsorbed amount
of MB.

2.8. Batch equilibrium and kinetic studies

Batch adsorption was investigated by mixing 0.15 g VG in
a 50 mL dye solution in three different conical flasks (250 mL).
These flasks were heated at 293, 303, 313, and 323 K by using
trembling hotplates covered with aluminum foil. Then these
mixtures were filtered and absorbance of filtrates was carried
out by UV-Visible spectrophotometer. The equilibrium con-
centrations of samples were calculated by employing Beer’s
Lambert law and adsorption capacity was estimated by the
following relation.

®)

where C; preliminary and C, are the equilibrium concen-
trations of MB (mg/L) and (m) signifies adsorbent quan-
tity in (g) while V denotes the solution’s volume (L). The
removal efficiency was attained by applying the following
equation [33].

(Co _ Ce)
%R =+——-x100 4)
Ci
The equilibrium data analysis was carried using
Langmuir, Freundlich and Temkin isotherm [34]. Langmuir
isotherm is expressed as:

Q_l{l]q o)
7. Qb (Q
The factor Langmuir isotherm was expressed as:
1
R, = 6
b1+bC, ©)

where the initial concentration of adsorbate (MB) is repre-
sented by C, (mg/L). The nature of adsorption can be esti-
mated by R, value; linear if (R, = 1), un-favourable (R, > 1),
favourable (0 <R, < 1) or irreversible (R, = 0).

The non-linear equation for Langmuir can be expressed
as:

_ q.5C,

7
. 1+0C, @

The empirical isotherm describing a heterogeneous
system is called as a Freundlich model as given below:

Ing, :anF+11nCe (8)
n
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Fig. 4. Change in removal efficiency with time.
The Freundlich constants in the above equation are

denoted by adsorption intensity (1) and adsorption capabil-
ity K (mg/g (L/mg)"").

Non-linear equation for Freundlich isotherms is
written as:
1/n

qe :KFCeq (9)

The equation for the Temkin isotherm model is repre-
sented as:
g,=BInA+BInC, (10)
where RT/b = B which is constant for the heat of adsorp-
tion, b = Temkin constant of the heat of adsorption (J/mg),
T = absolute temperature (K) and A = Equilibrium constant
for maximum binding energy (L/g).

The thermodynamic parameters (such as entropy change
(AS° J/K mol), enthalpy change (AH® kJ/mol and free energy
change (AG° kJ/mol), were determined by using different
equations:

AG=-RTInK, 1)

—-AG® AH® AS°
= =- +

InK = =
¢ RT RT R

(12)

where T for temperature in Kelvin, the K_for equilibrium
constant and R indicates gas constant (8.314 J/K mol).

3. Results and discussion
3.1. Effect of contact time

The MB solution (5-25 mg/L) was added in a conical flask
(250 mL) with biosorbent dosage of 0.15 g for measuring
the contact time effect by changing the stirring period from
10-100 min. UV-Visible spectrophotometer was employed
for evaluating absorbance of the resulting filtrates and then
equilibrium quantities were also finalized for estimating the
adsorption capability and obliteration efficiency by employ-
ing relations three and four. The dye uptake capacity and
percentage efficiency were started to accelerate by raising

the contact time from 10 min to 1 h and then stayed per-
sistent with time. The obliteration efficiency stayed in the
extent of 55.73%-95.59% for samples containing the initial
amount of 25 mg/L. By increasing contact time the adsorp-
tion capacity also increased (0.95-7.96) mg/g (Fig. 4). At
initial contact time the active sites for adsorption are easily
available and hence result in faster adsorption rate because
of the process of diffusion from the solution to the active
sites [35]. In similar reported studies, 130 and 150 min are the
optimum contact time for the adsorption of MB onto wheat
shells and phoenix tree leaves respectively were observed
in previous studies [36]. The maximum adsorption capac-
ity 7.96 mg/g was obtained in this study and comparison of
previous studies have been also given in the Table 4.

3.2. Influence of varying initial concentration

Initial dye concentration (5-25 mg/L) were taken for
studying the adsorption of MB onto VG leaves using
0.15 g/50 mL adsorbent in 250 mL conical flask, agitating
for 60 min at 293 K and pH = 9. Then the filtration was
carried out and UV Vis-spectrophotometer was employed
for absorbance measurement of residual mixtures. The
equilibrium concentrations were calculated from the
absorbance. By increasing the MB dye concentration from
5-25 mg/L, removal efficiency (55.73%-95.59%) and adsorp-
tion capacity (0.95-9.98 mg/g) were also increased. The
changes in initial dye concentration give suitable dynamic
forces in mitigating the hindrance of the mass of MB devi-
ation between the solid and aqueous phase [37]. Therefore,
the concentration of dye effects the removal efficiency. The
literature survey indicated that any rise in the preliminary
concentration of dyes, decreases the percent removal of
dyes (50-500 mg/L) onto banana stalk, pomelo rind, Citrus
grandis and Ricinus communis seed shells [38].

3.3. Effect of solution pH

The pH plays a vital role in the adsorption process and
dye uptake capacity. The adsorption capacity increases
(5.95-6.52 mg/g) for pH 4 to 9. The pH effect of the adsorp-
tion of MB onto VG leaves is shown in Fig. 5. The removal
of MB was increased with an increase in pH (4-9). The max-
imum dye removal efficiency (97.81%) was attained at pH =9.
It is due to the attractive forces (electrostatic force) between
the cationic dye (MB) and the negatively charged adsorbent
surface. As the pH increases, the negatively charge on bio-
mass (leaves) also increased. In addition at acidic or lower
pH the rate of adsorption of MB onto biomass is low because
of excessive H' ions and cations of dye available at active
sites started competing with each other. There is a decrease
in positively charged sites and an increase in negatively
charged sites at alkaline medium or pH [35]. At the surface
sites of VG, the number of positively charged ions increase at
lower pH, because of electrostatic repulsion, the cationic dye
adsorption is not favorable. Because of excess H* ions com-
peting with the dye cations for the sites of adsorption on VG
the MB adsorption decreases [35]. In the previous study, it
was found that at basic or higher pH, the Wheat Shell surface
particles become more negatively charged, which attracted
the positively charged cations of methylene blue through
electrostatic attractive forces [39].
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Fig. 5. Variable effects of pH on MB adsorption over VG (at an
adsorbent dose 0.15 g, T =298 K, f = 60 min and initial concen-
tration 25 mg/L).

3.4. Effect of temperature

The adsorption of MB over VG was performed by using
MB initial amount (25 mg/L), biosorbent dosage (0.15 g)
and pH =9 for studying the effect of temperature. The stir-
ring of samples in electric thermostat shaker at tempera-
ture range 293-323 K was performed and then the samples
were filtered. The equilibrium concentration was calculated
by measuring the absorbance of the residual mixtures.
The removal efficiency (79.37%-96.73%) and adsorption
capacity (5.29-7.96 mg/g) increased with the increase in
temperature (293-323 K) and its maximum was observed
at 313 K (Fig. 6). The viscosity of the solution was dropped
due to an increase in temperature so that adsorbate diffusion
beyond the outermost surface border and also towards the
adsorbent particles inner aperture was amplified resulting
into a change in MB equilibrium capacity. The dye uptake
capacity increase with increasing temperature showed the
endothermic process. It might be because of the increase in
mobility of molecules of dye and the number of active sites
available for adsorption with the increasing temperature.
The interaction between the number of increasing molecules
and active sites at the surface of adsorbent increases because
of sufficient energy gain by the molecules. The swelling of
the internal structure due to a rise in temperature helps in
the penetration of large dye molecules [40].

3.5. Effect of variable adsorbent dose

The deviations in adsorbent dosage influences were
detected with 25 mg/L initial concentration of MB at con-
tact time (60 min) and pH (9) at 298 K (Fig. 7). The vary-
ing dose (0.15 to 0.45 g/50 mL) of adsorbent was used and
it was perceived that the obliteration capability of dye was
improved from 98.59% to 99.4%. The rise in adsorption dos-
age between 0.15 to 0.45 g/ 50 mL has declined the adsorption
capacity (from 6.57 to 2.2 mg/g), such behavior was because
of the fact that at a high dose of adsorbent there was unsat-
uration of sorption sites during adsorption process [41]. On
the contrary, the increase of sorbent dose has reduced the
quantity of sorbed MB. The adsorption capability (7, mg/g)
on VG was declined (6.57 to 2.2 mg/g) for biosorbent dose
fluctuating between 0.15 to 0.45 g. It is owing to the quantity
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Fig. 7. Variable adsorbent dose effects on MB removal efficiency
over VG (initial concentration 25 g/L, pH=9, T =298 K).

of unsaturated vacant sites at the surface of adsorbent during
adsorption. The unsaturated adsorption sites were further
improved by an upsurge of adsorbent dose. The adsorption
procedure was abnormally amplified by the greater dosage
of adsorbent which has then lowered solutes of solution.
The adsorption capacity (g,) also declined due to the reduc-
tion of dye adsorption per unit adsorbent mass with an
increase in adsorbent dosage [42].

3.6. Adsorption equilibrium

The adsorbate taken up by biosorbent and the remain-
ing adsorbate concentration of adsorbate in the solution is
described by the adsorption isotherm. The experimental data
can be compared with the isothermal adsorption models at
equilibrium [43]. The data was evaluated using Freundlich,
Langmuir and Temkin isotherms. The Langmuir isotherm
is suitable for the homogeneous systems, where adsorption
takes place at the inner and outer surface of the adsorbent
and most efficient for single layer adsorption. The linear
Langmuir isotherm [44] (Eq. (5)) C, (mg/L) is the concen-
tration at equilibrium, g, (mg/g), explains the adsorption of
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adsorbate per unit mass. The Langmuir constants (used in
measuring potential) and the rate of adsorption are denoted
by Q, and b, respectively. The C /g, vs. C, exhibited straight
lines (Fig. 8) for the adsorption of dye onto VG (Langmuir
isotherm). The b and Q, Langmuir constants were analyzed
and documented in Table 2. The R, (Eq. (6)) is a dimension-
less equilibrium constant also narrated by Saha and Dutta,
2009 [45].

In Eq. (6), adsorbate (MB) initial concentration is C,
(mg/L). In current study, 0.065, 0.052, and 0.015 are R, val-
ues at 303, 313, and 323 K respectively. This range of R,
values showed that VG is effective for adsorption of MB.
The isotherm model (Freundlich) is expressed in Eq. (8) [46]:

In Eq. (8), g, shows the amount of MB (mg/g) at equilib-
rium. K, and n are Freundlich constants, K, (mg/g (L/mg)*")
adsorption capacity of adsorbent and n showed that the
adsorption process was satisfactory. The (1/n) slope value
between 0 and 1 showed adsorption intensity and surface
heterogeneity. Whereas, more heterogeneity was due to

2.2
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Fig. 8. Langmuir isotherm at various temperatures for MB

adsorbed VG.

Table 2
Adsorption isotherm model results for MB adsorbed VG

decreased slope value [47]. The planer outlines on the graph
(Fig. 9) Ing, vs. InC, had straight lines which showed that the
MB adsorption is pertinacious to the Freundlich isotherm
model (Table 3). The Temkin isotherm model was plotted
between InC, vs. g, (mg/g) (Fig. 10).

The non-linear isotherms models of Langmuir and
Freundlich are employed for the adsorption of MB onto
VG leaves. The isotherms parameters of linear and non-lin-
ear models differ from each other and are presented in
Table 2. The R? values obtained from the non-linear form of
Freundlich are less than linear isotherm. The comparison of
both analysis delineated that the Langmuir isotherm is more
conformed with correlation isotherm determination parame-
ters than Freundlich.

The error analysis method sum of squared error (SSE)
was performed for the assessment of the adequacy of the
applied equation on the experimental data using the follow-
ing relation.

n

SSE =3 (A, e ~ o)

i=1

(13)

The g, (meas) representing the experimental and g, (calc)
is adsorption capacity value in (mg/g). The lower values
of SSE best fitted with measured data. The SSE analysis of
non-linear isotherm models have a close agreement with
experimental data with the lower error shown in (Tables 2
and 3). The linear and non-linear analysis indicates R?is
the best fitted with the Langmuir model.

3.7. Adsorption kinetics

The pseudo-first-order model by Lagergren [48] was
employed in formulating the adsorption rate constant:

K, Jt (14)

log(q, —q,)=logg, (2.303

T (K) Linear regression analysis
Langmuir constant Freundlich constant Temkin constant

Q,(mg/g)  b(L/mg) R R, SSE K, N n R B K, R?
303 9.34 0.57 0.99 0.065 17.53 40.96 2.12 0.47 0.84 1.465 2.112 0.91
313 7.04 0.72 0.99 0.052 5.076 10.00 3.77 0.26 0.99 0.775 3.017 0.99
323 2.55 2.46 0.99 0.051 6.335 3.74 2.27 0.43 0.99 1.232 1.806 0.93

Non-linear regression analysis
Langmuir constant Freundlich constant

T (K) q, b R? SSE K, N R?
303 5.080 6.95 0.98 0.0059 24.32 291 0.78
313 5.910 5.910 0.98 1.276 28.44 2.64 0.98
323 4.95 3.845 0.98 0.018 7.99 1.98 0.89
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where g, (mg/g adsorption capacity at equilibrium) and
g, (mg/g) denote the adsorption capacity at time t (min).
The graph of log(g, — g,) vs. time was utilized for calculating
the K, and g, for different MB concentrations (Table 3). The
table shows that the isotherm data is most acceptable to the
Lagergren [48] model with R? > 0.99 for different concentra-
tions employed during the experiment. The kinetic data can
also be calculated by the pseudo-second-order model (PSO)
[49] using Eq. (15).

b1 [ 1J
—= | — |t
9. k4. (4.
The graph of t vs. t/q, was employed to calculate equi-
librium adsorption capability (4 and the pseudo-second-
order constant (K,). The kinetic data results of the
pseudo-second-order model (R* 2 0.99) showed the best fit
of the model as compared to the pseudo-first-order (PFO)
model and hence favored the adsorption of MB over VG

leaves (Figs. 11 and 12). The Elovich model (EM) was also
applied and is represented as:

(15)

g, =a+blnt (16)

Table 3
MB removal results of adsorption kinetic
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Fig. 10. Temkin isotherm at various temperatures for MB
adsorbed VG.

The values of constants a and b were calculated from the
plot of Int vs. g, (Fig. 13), which gives a linear relationship
[50]. Depending on the R? values, the adsorption kinetics
of MB on VG followed the given order PSO > PFO > EM of
kinetic models.

The rate-controlling step for the process of biosorption is
determined by the intraparticle diffusion model. The Weber
and Moris [47] plots were employed to accomplish the pro-
cess of intraparticle diffusion. The Eq. (17) is given as:

g, =Kt +C (17)

However, K. (mg/g min'?) in the aforementioned equa-
tion designates the rate constant for intraparticle diffusion.
The plot of #2vs. g, showed two linear parts. The initial parts
of the plot showed that the dye diffuses through the outer
boundary layers that surround the adsorbent. The next part
showed slow diffusion of dye into internal pores and equi-
librium formation of dye at the adsorbent surface [51-54].
The multilinearity proposed that intraparticle diffusion is
not a rate-limiting step for the adsorption process, but also
involve the boundary layers of the biosorbent. The K, and C
were obtained from the slope-intercept of the plot (Fig. 14).

Pseudo-first-order Pseudo-second-order Elovich Intraparticle diffusion
kinetic kinetic model model

G, q, K, R2 g K, R® SSE a b R2 K cC R
(mg/L) (mg/g) (min™) (mg/g) (x10° g/(mg min)) (mg/g min'?)
5 0.95 0.05 0.64 1.04 0.02 0.82 0.009 0.027 0.337 0.734 0.945 433 0.82
10 2.28 0.03 0.68 1.66 0.05 0.98 0378 0.539 058 0.613 0.599 641 098
15 3.96 0.02 094 392 0.02 0.98 0.001 1912 0975 0.888 0.255 231 0.98
20 5.49 0.01 0.96 5.00 0.04 0.99 0.240 3272 0.865 0.805 0.236 0.90 0.97
25 7.96 0.06 097 6.45 0.06 0.99 2295 4840 0957 051 0.155 0.34 0.98
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Fig. 12. Kinetics of pseudo-second-order of MB adsorbed VG.

Table 4
Comparative studies of adsorption capacities of adsorbents for
MB removal

Adsorbents q, (mg/g) References
Cashew net shell 5.31 55
Coarse grinded wheat straw 3.82 56
Neem leaf powder 3.67 57
Fine grinded wheat straw 2.23 56
Chitosan cross-linked (beads) 5.60 48
Coir pith carbon 5.87 49
Ficus palmata 6.89 29
Viburnum grandiflorum 7.96 This study

3.8. Thermodynamic parameters

The Gibbs free energy values for adsorption of MB onto
VG at various temperatures (293, 303, and 313 K) were cal-
culated to be (-17.417,-21.66, and-23.21 kJ/mol) and shown
in Table 5. The lower negative values of Gibbs free energy
showed spontaneous MB adsorption over VG. At higher
temperatures, the adsorption process is more feasible due
to the negative values of (AG®). The entropy factor role is
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Fig. 13. Kinetics of Elovich model for MB adsorbed VG.
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Fig. 14. Plot of intraparticle diffusion for MB removal at varying
initial dye concentration.

Table 5
Thermodynamic results for MB adsorbed VG

Temperature (K) AG° (kJ/mol) AH° (kJ/mol) AS° (kJ/mol)

303 -17.417
313 -21.664 62.78 270.95
323 —23.212

significantly delineated by the upsurge process of adsorp-
tion with temperature. The InK vs. 1/T values were plot-
ted for assessment of change of entropy and enthalpy (Fig.
15). The value of enthalpy change (AH®) was 62.78 k]J/mol,
this positive value of MB adsorption on VG indicates that
the reaction was spontaneous and endothermic in nature.
The positive entropy change (AS°) values (270.28 J/K mol)
represent the randomness at the solution of the adsorbate
border during the adsorption process. More entropy is
shown by the translational entropy gain by the dye molecule
in the adsorption process. Many researchers found positive
entropy change standards such as adsorbent Litchi chin-
ensis-Acid Blue [55], Brazilian-pine fruit shell [56], Bacillus
subtilis-MB [57], Reed-Basic yellow [58], Azadirachta indica
leaf powder [59], Citrus lemitta and adsorbate methylene



R. Fiaz et al. | Desalination and Water Treatment 190 (2020) 412423 421

3.0

2.5 By

2.0 e

1.5 B

InK

1.0

0.5

0.0

T T T T T T T x T T T T T ]
0.00300 0.00305 0.00310 0.00315 0.00320 0.00325 0.00330
1T

Fig. 15. Thermodynamic results for MB adsorbed VG.

blue [58], cross-linked chitosan/oil palm ash [60] and fly
ash-MB [61].

3.9. Desorption

Different molar solutions of NaOH, HCl, KCl, and dis-
tilled H,O were utilized as desorbing agents. It was found
that the maximum percent desorption (25.78%) was car-
ried out by HCl and hence designated as the most suitable
desorbing agent for MB desorption from VG (Table 6).
The molecules of MB migrate or diffuse from the solid phase
into the liquid phase due to the concentration gradient and
solvating power of the solvent (HCl in the present study).
The adsorbent surface area might be another factor because
the surface area and rate of desorption are directly related
to each other [62].

4. Conclusions

The VG leaves (low-cost biowaste) material can be effec-
tively and efficiently used for the MB removal from its aque-
ous solutions. According to textural analysis, pore diameter,
pore volume and surface area were found to be 30.468 nm,
0.099 cc/g and 20.780 m?/g respectively. The decrease in dye
uptake capacity was observed with the increasing biosorbent
dose. Whereas the increase in contact time, pH, temperature
and dye concentration increased the adsorption capacity.
The rate of adsorption with a good correlation coefficient
was compatible with pseudo-second-order kinetics. The
data was observed best fitted with the Langmuir equation as
compared to Freundlich isotherm. The pseudo-second-order
model best described adsorption kinetics of methylene blue.
The calculation of entropy (AS°), enthalpy (AH®) and Free
energy (AG®) changes are helpful for prediction of adsorp-
tion nature. The calculated values delineated the sponta-
neity of the adsorption process. The values of enthalpy and
entropy changes of adsorption were calculated 62.78 and
270.95 kJ/mol respectively. The maximum removal efficiency
was found to be 95.59% at 25 mg/L dye concentration for
60 min. The adsorption capacity was found to be 7.96 mg/g.
The adsorption capacity and removal efficiency increased

Table 6
Different desorbing agents (MB loaded VG) % desorption results

Desorbing reagents % Desorption

0.1 M HCl1 25.78
0.1 M KCl 6.201
0.1 M NaOH 8.52
Distilled water 7.05

after modification of VG leaves with base (NaOH) and found
to be 8.25 mg/g and 98% respectively. The MB loaded VG
leaves can be best desorbed (25.78%) by using 0.1 M HCL The
VG leaves can be effective for the MB removal from aque-
ous solutions. The VG leaves (low-cost material) can be an
alternative for dye removal in the treatment of wastewater
instead of costly adsorbents.
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