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ABSTRACT

This study focuses on the potential of sugarcane bagasse for the remediation of Foron Black RD
3GRN (FB-3). Biomass was modified by acid, alkali, chelating agents, organic solvents and surfactant
treatments and employed for adsorption. Different varieties of sugarcane bagasse biomass namely
modified, native and immobilized were employed for adsorption of dye and process variables were
optimized. The optimum conditions for maximum removal of dye (262.87 mg/g) were cetyl trime-
thylammonium bromide (CTAB) treated biomass, pH 6, dose of sorbent 0.05 g and temperature
30°C. The adsorption data followed the pseudo-second-order kinetic model and Langmuir isotherm.
Fourier transform infrared (FTIR) analysis exhibited the contribution of carboxylic and carbonyl
groups in the adsorption of dye. The results have shown that CTAB-treated sugarcane bagasse is a

potential adsorbent for textile effluents.
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1. Introduction

To attract the consumer’s attention, the industrialists
are trying to synthesize great diversity of products and
for this purpose; they are using bio-recalcitrant chemicals
which has enhanced the complexity of industrial effluents.
The water scarcity and water pollution are problems of
great concern. Among different industries, textile industry
is a major consumer of water and releases dye-containing
wastewater to the environment, which intensifies water
pollution. Different water treatment technologies are under
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consideration to reduce the water pollution and to make
industrial effluents recyclable [1-7].

The biosorption technology has been found to be effec-
tive in removing the pollutants from the environment.
It is primarily dependent on the interactions between bio-
material and pollutant. Moreover, this process was beneficial
for pollution control due to the efficient removal of different
kinds of pollutants. The adsorbent should be of low cost
with good adsorption potential for the real application
of sorption process [8-11]. The low cost of adsorbent is
related to its ease of availability, may be a byproduct or
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a waste material and requires very little processing. The
waste materials from the plants are comparatively con-
sidered cheap materials as they have no or very little use.
The performance of sorption process under the range of
operating conditions can be predicted using the kinetic
and mass transfer models [12-17].

The sugarcane bagasse possesses biopolymers, which
contain cellulose (50%), polyoses (27%) and lignin (23%).
These three biopolymers mainly have different functional
groups including hydroxyl, phenolic and carboxyl [18].
These functional groups can undergo different modifica-
tions to turn themselves into compounds with different
possessions. Different techniques have been reported for the
removal of dyes (Table 1) from effluent [19-21] and adsorp-
tion proved to be one of the efficient techniques in this regard.

Surface modification is a significant technique to
improve the sorption potential of adsorbents [11,18,35,36].
As adsorption process is generally a surface phenomenon
of biosorbent and involves the interaction of adsorbate mole-
cules with surface functional groups. This leads to the intro-
duction/activation of functional groups on the biosorbent
surface, which may extend the enhancement of adsorption

Table 1
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efficiency of biomass [7,37-39]. In this direction, a cationic
surfactant CTAB was used as a modification agent for the
removal of FB-3 dye from aqueous solution. Immobilization
of biomass onto some supporting material has advan-
tages over free form of biosorbent. The regeneration and
reuse of immobilized biomass are easy and furthermore,
the clogging can be prevented during the process [13,40].

The main objective of current research work was to
compare the capacity of variety of sugarcane bagasse bio-
mass, for example, native, modified and immobilized, for
the removal of Foron Black RD 3GRN (mixture if Disperse
Blue 79 (11345), Disperse Red 13 (11115) and Disperse
Yellow 114 (128455, Fig. 1) dye from aqueous solution.
The process variables were optimized using batch exper-
iments and experimental data were tested with different
kinetic and equilibrium models.

2. Experimental setup
2.1. Materials

All the chemicals and reagents employed in this
study were of analytical grade and were purchased from

Applications of different agents and their efficiency for degradation of industrial effluents

St.No. Agents for dye degradation ~ Adsorbate Efficiency and conditions References
1 Gamma radiations with H,O, RB-19 Complete reduction was obtained with H,O, [22]
(0.9 mL) and 12 kGy gamma radiation dose
2 Ag NPs using Diospyros lotus  Industrial wastewater 72.91% decolorization, contact time 54 h, pH [23]
fresh leaf extracts 8.6, AgNO, 1.5 mM and 10 mL leaf extract
3 Plantago psyllium and Methylene blue and 5.45 and 3.25 mg/g degradation, 0.05 g [24]
eggshell membrane Methyl orange adsorbent, dye initial concentration
10 mg/L, pH 11 and 3
4 Photo-Fenton process Disperse Violet-26 93% dye removal with UV/H,O,/TiO,, pH 3, [25]
60 min
5 Native/MRH/PVA/CMC DB-67, DO-26, EDO-3, MRH biomass showed excellent degradation [26]
and ALG immobilized DR-31 of dyes
biomasses
6 Peels of Citrus limetta Textile industrial effluents  Decolorization (>99%) of effluent, pH 5, 55°C, [27]
H,0, 2 mM, enzyme dose 40 U/mL within
60 min of incubation
7 PVA/CMC/ZSM-5 zeolite Methylene blue 7.83 mg/g decolorization, 10 mg/L, 10 h, 30°C [28]
8 Pitpapra waste biomass Industrial effluents All the plant parts showed excellent potential [29]
225 and 230 mg/g for Co(II) and Zn(II) from
aqueous media
9 Fe/H,O, Basic turquoise blue and =~ BTB X-GB 85.83% and BB X-GRRL, 74.98% deg- [30]
Basic blue radation, pH 3 and 5, H,0, 4.8 and 5.6 mM,
50°C and 40°C, 80 and 60 min, respectively
10 Chitosan/starch/PA/PP/ AB-234 Complete degradation, pH 2-5, dose 0.05 g, [31]
sugarcane bagasse 60 min, 125 mg/L
11 Chitosan composite DR FRN 17.18 mg/g was degraded in contact time of [32]
40 min
12 Silane-functionalized rice RY-15, RR-241 Complete degradation occurs at 10 mg/L, [33]
husk 50°C, 200 mg/g, pH 4
13 3D MnO, nanofibrous mesh  Crystal Violet 97% degradation in 90 min of irradiation [34]

time under visible light
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Fig. 1. Structures of Disperse Blue 79 (11345), Disperse Red 13 (11115) and Disperse Yellow 114 (128455), which are the constituents

of Foron Black RD 3GRN.

Sigma-Aldrich (Darmstadt, Germany). The dye was obtained
from Clariant dye industry, Faisalabad, Pakistan.

2.2. Screening test

Different agricultural wastes were screened out for
their sorption capacity against the FB-3 dye. Fig. 2 shows
the results of screening test for different biomasses.
The results specified that sugarcane bagasse has shown
the highest adsorption capability (20.70 mg/g) compared
with other agricultural wastes. For that reason, it was
selected for further study.

2.3. Preparation of biomass

The sugarcane bagasse was purchased from local mar-
ket and washed many times to remove dust particles with
distilled water. This biomass was sun dried for 72 h fol-
lowed by oven drying for 24 h at 60°C. The dried biomass
was ground to fine powder and sieved through mesh size
0.250 mm. The powdered biomass was stored in sealed
containers till further use.

2.4. Biomass pretreatments (modification and immobilization)

The adsorption process takes place on the surface of bio-
mass, so the adsorption capacity of different biomass can
be increased using pretreatments. Surface modifications
may expose or activate part of surface molecules attached
on the biomass, which may result in improvement of its
capability. Different chemicals, for example, acidic, basic,
surfactants, organic solvent, chelating agent and physical
treatments (autoclave and boiling) were carried out for their
effectiveness against FB-3 dye. Five different surfactants
were employed for modification of biosorbent including tri-
ton-100, CTAB, Ariel, sodium dodecyl sulfate (SDS), Excel
to check their effects. The chemical composition of biomass
was evaluated using Fourier transform infrared (FTIR).

This was done to improve the adsorption capabil-
ity and results are shown in Fig. 3. All the pretreatments
worked very well for sorption capability of biomass but
CTAB treatment has shown the maximum effect. CTAB is
surfactant and treatment of biomass with surfactant may
result in the removal of waxes and impurities from the sur-
face, in turn increases exposure of buried active sites and
enhanced the adsorption capacity of biomass [17]. Hence
CTAB-treated biomass was used for further study. The solu-
tion of cationic surfactant CTAB (5%) was used to treat the
sugarcane bagasse biomass to enhance the sorption poten-
tial. After shaking the solution for 60 min, the biosorbent
was filtered. This biomass was then washed and oven dried
at 60°C for 24 h. The comparison among the native, pre-
treated and immobilized biosorbent was performed using
Na-alginate beads and sugarcane bagasse biomass. For the
preparation of immobilized adsorbent, Na-alginate (2%,
w/v) solution was prepared in hot water (60°C), which was
stirred for few min to avoid lump formation and cooled
down to room temperature. Then, 1 g of biomass (sugarcane
bagasse) was mixed in it with constant stirring. The mixture
(slurry of Na-alginate and sugarcane bagasse biomass) was
extruded into 0.1 M CaCl, solution (50 mL). On the interac-
tion of slurry with CaCl,, it was changed into beads shape.
These formed beads were separated and cleaned with
H,O and kept at 4°C in a solution of calcium chloride [41].

2.5. Biosorption experiments

The FB-3 dye standard aqueous solution was prepared
(1 g/1,000 mL). Various concentrations were made ranging
from 10 to 600 mg/L from stock solution. The absorbance
of dye solution was measured using spectrophotometer
(Shimadzu, Tokyo, Japan) to generate standard curves.
The A___for the FB-3 was recorded at 586 nm.

The standard batch technique was used to study the
biosorption of FB-3 on sugarcane bagasse. The experiments
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Fig. 2. Screening of different biomasses for the removal of dye (pH 6; biosorbent dose 0.1 g; initial dye concentration 100 mg/g;
temperature 30°C) (Values are average of triplicate runs and variation among individual runs was in the range of 2%—-3%).
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Fig. 3. Effect of different pretreatments on the adsorption capacity of sugarcane bagasse (pH 6; biosorbent dose 0.1 g; initial dye
concentration 100 mg/g; temperature 30°C) (Values are average of triplicate runs and variation among individual runs was in the

range of 2%—-3%).

were carried out in conical flasks (250 mL) using pre-weighed
quantity of biomass and dye solution (50 mL) of known
concentration. The flasks were placed on shaker (120 rpm)
for homogenous mixing of reaction mixture isothermally
for known time interval. All the samples were agitated for
fixed time interval. Different process variables such as pH,
adsorbent dose, contact time, concentration of dye and tem-
perature were varied. The samples were then processed
through the filtration and centrifugation to get rid of solid
particles from the solution. The supernatant solution was
examined with UV-vis spectrophotometer. This was done by
measuring the absorbance at 586 nm. The experiments were
carried out in triplicate to ensure accuracy. The biosorption
capacity can be evaluated by the following equation [17]:

= @

where Cjand C, stands for initial and equilibrium con-
centrations, V denotes volume in liters while W stands for
biosorbent weight grams.

2.6. Biosorption equilibrium and kinetics

To carry out the biosorption kinetics and equilibrium
experiments, 50 mL dye solution was mixed with known
quantity of biomass. The initial dye concentrations were
10-600 mg/L. The flasks were agitated isothermally at
(30°C) for several time intervals up to 180 min. This was
done in an orbital shaker at 120 rpm. Later on, samples were
centrifuged and examined for residual dye concentrations
at different time intervals. Different equilibrium and kinetic
models were applied for testing data, for example, pseudo-
first-order [42], pseudo-second-order [43], intra-particle
diffusion [44], Langmuir [45], Freundlich [46], Temkin [47],
Harkins—Jura [48] and Dubinin—-Radushkevich [49].



H.N. Bhatti et al. / Desalination and Water Treatment 216 (2021) 423-435 427

3. Results and discussion
3.1. Effect of pH and biosorbent dose

Medium pH has a significant effect on adsorption mech-
anism because it affects the ionic state of both the adsor-
bate and adsorbent [9]. The effect of pH on adsorption of
FB-3 dye was carried out by varying the solution pH from
2 to 9. Three different forms of sugarcane bagasse biomass
including native, modified (CTAB treated) and immobi-
lized form (Na-alginate) were employed for the job. Fig. 4
shows the results, which indicate that if pH increases from
2 to 6, there was a continuous increase in adsorption capac-
ity of biosorbent in all its three forms. The pH 6 was con-
sidered the optimum value for acidity since beyond this
level the dye removal process becomes less effective. The
synthetic dye (Foron Black RD 3GRN) is a dispersed dye
— which is nonionic in nature — due to this reason, the
adsorption was found to be favorable at pH 6, which is
near neutral pH. Results also showed that CTAB-treated
biomass depicted highest adsorption for the removal of dye.

The dose measurement of biosorbent is very crucial for
the process [15,16]. It tells us about the biomass capacity for
fixed quantity of adsorbate. Different biosorbent doses were
used to investigate the effect on biosorption. Fig. 5 shows
the results. This indicated that maximum dye removal for
all the three forms of biosorbents was attained at lowest
(0.05 g) biosorbent dose. On the other hand, when dose
was increased from this lowest point, no considerable effect
was observed. This may be attributed to the aggregation
of biomass at higher concentrations. This results in surface
area reduction of biomass, which leads to the less available
active site. The reduction in available active sites results
in decrease in adsorption capacity. Furthermore, the num-
ber of adsorbate molecules available to each active site gets
reduced, which results in lower adsorption capacity. Similar
results for the Solar Red BA removal has been reported [16].
The removal was performed using barely husk biomass.

3.2. Effect of contact time

The biosorption process is also affected by contact
time. The biosorption experiment was performed to check
the impact of time. Fig. 6 shows the results with sugar-
cane bagasse biomass for the adsorption of Foron Black RD
3GRN dye. The results favor that, at initial level, biosorption
is a very quick process. Almost half an hour is good enough
to establish the equilibrium point for native and CTAB-
treated biomass, respectively. Initial rapid dye removal
belongs to the availability of more active sites, which are
gradually occupied and saturated [50]. The immobilized
biomass took 2 h to attain equilibrium. This can be linked
to the fact that the biomass is embedded inside the immo-
bilized matrix. Hence, the dye molecules take time to reach
the biomass active sites that leads to slow removal of dye
[13]. Amin [51] found similar results while working for
the removal of direct blue-106 dye.

3.3. Effect of initial dye concentration and temperature

The effect of initial dye concentration was moni-
tored on biosorption phenomenon and for that purpose
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Fig. 4. Effect of pH on the removal of Foron Black RD 3GRN
dye (biosorbent dose 0.05 g; initial dye concentration 100 mg/g;
temperature 30°C) (Values are average of triplicate runs and
variation among individual runs was in the range of 2%-3%).
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Fig. 5. Effect of biosorbent dose on the removal of Foron Black
RD 3GRN dye (pH 6; initial dye concentration 100 mg/g;
temperature 30°C) (Values are average of triplicate runs and
variation among individual runs was in the range of 2%—-3%).

the concentration was varied from 10 to 600 mg/L (Fig. 7).
The sorption capability biomass increases with the rise in
initial dye concentration. This increase was continued up
to 400 mg/L. Any additional increase in dye concentration
has put no extraordinary change on sorption capacity. An
important lashing force is provided by initial dye concen-
tration for overwhelming of the mass transfer properties
between two different phases. It was the balance between
dye concentration and biosorbent surface, which established
equilibrium [37,38]. Similar results were reported by Duman
et al. [52]. This can be attributed due to the fact that initially
a large number of active sites are available on the biosorbent
surface. These will be occupied at higher dye concentration.
After a certain dye concentration, all the active sites get satu-
rated and no more functional group on the biomass surface is
available to adsorb the dye molecule [39]. Hence, higher ini-
tial dye concentration boosts up the adsorption process [40].
Textile effluents are released at higher temperatures.
It seems that the temperature could be vital in sorption
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Fig. 6. Effect of contact time on the removal of Foron Black
RD 3GRN (pH 6; biosorbent dose 0.05 g; initial dye concentra-
tion 400 mg/g; temperature 30°C) (Values are average of trip-
licate runs and variation among individual runs was in the
range of 2%-3%).
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Fig. 7. Effect of initial dye concentration on the removal of
Foron Black RD 3GRN dye (pH 6; biosorbent dose 0.05 g;
temperature 30°C) (Values are average of triplicate runs and
variation among individual runs was in the range of 2%—-3%).

mechanism. So, experiment was conducted at different tem-
peratures, that is, 30°C-60°C (Fig. 8) to evaluate the effect
on sorption process. The results specified that with rise in
temperature, dye removal decreases by sugarcane bagasse
in either form, that is, native, immobilized and CTAB
treated. It can be said from the above facts that the nature of
adsorption process is exothermic. Furthermore, the adsorp-
tive forces get weaker, which leads to the low dye removal.
On the other hand, higher temperature can deactivate
active sites resulting in decreased dye adsorption [16].

3.4. Kinetic study

During the wastewater treatment, the mechanism of
biosorption and rate governing steps are vital for design-
ing the experiments. For this purpose, various kinetic
models can be applied to explain the kinetic behavior of
dye removal process using biomass. This has been done
to evaluate the experimental data for biosorption kinetics.

100 +
90 4
80 | %
70 4

60 -
50 4
40 A
30 4
20 4
10 - ‘\.—.\__‘\‘
0

q. (mg/g)

30 3 40 Tempera‘tlgre (°C) 0 60

‘ —e—Native —&— Pretreated —&—Immobilized ‘

Fig. 8. Effect of temperature on the removal of Foron Black
RD 3GRN dye (pH 6; biosorbent dose 0.05 g; initial dye con-
centration 400 mg/g) (Values are average of triplicate runs and
variation among individual runs was in the range of 2%—-3%).

The correlation coefficients (R?) have been the key factor
as for as evaluation of the kinetic models are concerned.
Pseudo-first-order kinetic model reports the change in dye
concentration with respect to time (Eq. (2)).

1

2303 @)

log(q, —q,) =logq, -k,

where g, is the biosorption capacity (mg/g) at equi-
librium and g, is capacity at time t, k, is rate con-
stant (L/min) and ¢ is the contact time (min). The
results of kinetic models (Table 2) show that there is a
large difference between experimental and calculated
adsorption capacities. Furthermore, the low value of
correlation coefficient portrays the inharmoniousness
of pseudo-first-order kinetic model to the experimental
data and it is found to be good only for the initial stage
of adsorption process, as reported previously [53]. On
the other hand, the pseudo-second-order kinetic model
is used to appreciate the mechanism of biosorption
over a complete range of the contact time (Eq. (3)).

it
9.) k. 4.

The value of k, and g, can be calculated using a plot
between t/q, vs. t. The values of R? are also very high for
the biosorption data. So, the kinetic data best fit into
pseudo-second-order kinetic model, which is more effec-
tive than another kinetic model. The drive of dye mole-
cules from aqueous solution to the biosorbent surface takes
place through multiple steps. The batch system involves
fast and continuous stirring and film diffusion is the rate
limiting step (Eq. (4)).

q, =Kt +C, 4

where C,is the intercept which describes the boundary
layer thickness and K, (mg/g min'?) is the rate constant of
intra-particle diffusion. The intra-particle diffusion model
suggests that the plot of g, vs. #2 should be a straight line.
If the intra-particle diffusion is involved then a plot of g,
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Table 2
Kinetic modeling of data for the removal of Foron Black RD
3GRN dye by sugarcane bagasse biomass

Kinetic model parameters Native Pretreated Immobilized

Pseudo-first-order

q,Experimental (mg/g)  81.93*  91.97 15.70
g,Calculated (mg/g) 6.07 5.22 18.94
k, (1/min) 0.015  0.0158 0.026
R? 0.4595  0.322 0.9479
Pseudo-second-order

q,Experimental (mg/g)  81.93  91.97 15.70

g, Calculated (mg/g) 8130  91.74 18.323
k,(g/mg min) 0.031 0.022 0.0015
R? 0.9999  0.9999 0.9027
Intra-particle diffusion

C,Experimental (mg/g)  68.042  76.25 -0.0135
C, Calculated (mg/g) 1.3452  1.5372 1.2659
K, (mg/g min'?) 0.6543  0.6526 0.9629
R? 0.97 0.96 0.99

*Values are average of triplicate runs and variation for all runs was
in the range of 2%-3%.

against square root of time (#') would give a straight line.
Furthermore, if the line passed through the origin, then
particle diffusion would be the rate controlling step [54].
The low value of correlation coefficient portrays the mis-
match of this model with investigational results (Fig. 9).
Similar results were obtained for the adsorption kinetics
of various pollutants onto different adsorbents [55-58].

3.5. Equilibrium study

Different equilibrium models are applied to explain
the mechanism of biosorption. The Langmuir isotherm
describes the biosorption where a finite number of bind-
ing sites act as a monolayer. The linear form of equation is
as follows [38]:

Zem— = ©)

The plot between C/q, vs. C, can predict the Langmuir
constants, q, (mg/g) and b related to the energy of biosorp-
tion (L/mg). Multilayered biosorption can be predicted
by Freundlich adsorption isotherm model. This could
also be related to the heterogeneous surface of biosor-
bent and the interaction between nonuniform distribution
of heat of sorption and adsorbed molecules (Eq. (6)).

logg, =logK, + 1log C, (6)
n

where g, (mg/g) is the amount of dye adsorbed per unit of
adsorbent at equilibrium time and C, (mg/L) is equilibrium
concentration of dye in solution. The K, [(mg/g) (L/mg)""]
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Fig. 9. Intra-particle diffusion plot for the removal of Foron
Black RD 3GRN dye.

and n describe the biosorption capacity and is a measure
of deviation from linearity. These constants are used to
verify different types of biosorption [59].

Temkin isotherm model describes the equal distribu-
tion of binding energies over the number of the exchang-
ing sites on the surface and linear form of model is
given in Eq. (7) [47].

g, =BInA+BInC, (7)

where B corresponds to the heat of sorption and is equal
to RT/b; T is the absolute temperature in Kelvin; b, A and
R is Temkin constant, equilibrium binding constant and
universal gas constant (8.314 ] mol™ K™), respectively.

Based on the heterogeneous pore distribution, the
Harkins-Jura isotherm model can explain multilayered
adsorption phenomenon and linear form of equation is
[48] as follows:

1 B 1

—=|—1|-|—|logC 8

L) <>
The Dubinin—-Radushkevich (D-R) isotherm model is

based on the fact that there is no homogeneous surface or

constant biosorption potential. The linear form of model

given in Eq. (8) is used to estimate the porosity apparent free
energy [50].

Ing, =Ing, —Be’ ©)

where 3 (mol® k]?) corresponds to biosorption energy,
g, (mg/g) indicates theoretical saturation and ¢ represents
the Polanyi potential. The data of application of equilibrium
models are shown in Table 3 (Figs. 10A-E). The high value
of correlation coefficient for Langmuir adsorption isotherm
confirms the fitness of this model for native and CTAB-
treated biomass. For immobilized biomass, the experi-
mental results are more in correlation with Freundlich
adsorption isotherm, which indicates physio-sorption
phenomena in immobilized biomass. Similar results were
reported for the adsorption isotherms of various dyes onto
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Table 3
Equilibrium modeling of data for the removal of Foron Black RD
3GRN dye by sugarcane bagasse biomass

Isotherm Native Pretreated Immobilized
Langmuir

4. Experimental (mg/g) 250.20* 264.31 128.18
q,.. Calculated (mg/g) 285.71  277.78 -101.01
b (L/mg) 44.03 15.42 —686.42
R?(J mol'K™) 0.99 0.99 0.35
Freundlich

K, [(mg/g) (L/mg)""] 979 2798 0.07

n 1.56 2.28 0.79
R?(J mol'K™) 0.90 0.74 0.94
Temkin

A (L/mg) 0.39 1.82 0.05

b 4720  59.52 69.97
R? (J mol'K™) 0.95 0.92 0.74
Dubinin—-Radushkevich

4. Experimental (mg/g) 250.20 264.31 128.18
q,.. Calculated (mg/g) 117.16  160.52 26.81

B (mol> kJ?) 3x10° 7x107 5x10°
R?(J molK™) 0.75 0.66 0.49
Harkins—Jura

A —243.90 -526.32 -2.93

B -1.85  -1.95 -2.20
R?(J mol'K™) 0.36 0.22 0.47

*Values are average of triplicate runs and variation for all runs was
in the range of 2%-3%.

different adsorbents including carbon nanotube [60] and
sepiolite [61].

3.6. Thermodynamics study

The thermodynamic study is useful to understand the
adsorption behavior. The Gibbs free energy change was com-
puted as shown in Egs. (10)—(12):

AG° =-RTInK, (10)

AG® = AH®—TAS® (11)

InK, = AH® | AS (12)
RT R

where K, is the Langmuir constant (L/mg), R is the uni-
versal gas constant (8.314 ] K'mol™), and T is the absolute
temperature (K). The Gibbs free energy change was cal-
culated from the plot of InK, against 1/T. The plots give a
straight line of slope (1/g,, ) and intercept (1/q_, K,). The
negative values of Gibbs free energy change indicate that

the adsorption of dye was a spontaneous process (Fig. 10f).
The present study revealed that thermodynamic parameters
have a linear correlation coefficient for native, pretreated
and immobilized adsorbent with R?= 0.98, 0.92 and 0.96,
respectively.

3.7. Effect of surfactants, salts and heavy metal ions

Textile industries discharged surfactants along with
the dyes into water channels. The surfactant effects have
been determined on the dispersed dye uptake in this study
(Fig. 11). The different surfactants used for this experi-
ment were CTAB, SDS, triton-100, Ariel and Excel. The
results specified that occurrence of surfactants significantly
reduces the adsorption capacity of biomass. This happens
as the detergents compete for the preferential attachment
on biomass active sites compared with dye molecules [39].
This result is consistent with the literature [62]. Industrial
wastewater contains various salts/electrolytes, which may
affect the dye biosorption. The effect of ionic strength of
NaCl was investigated. The effect of different concentra-
tions (0.2%, 0.4%, 0.6%, 0.8% and 1.0%) on the adsorption of
dye was studied and responses are shown in Fig. 12a. It was
observed that the dye adsorption decreased by increasing
the concentration of salt. This may be due to the masking
effect of Na* ions on the biomass surface. The presence of
ions produced salting out phenomenon and reduced the
solubility of direct dyes. As a result, the adsorption of dye
decreases. An influence of Pb* on Foron Black RD 3GRN
adsorption was studied and response is shown in Fig. 12b.
The adsorption capacity of Foron Black RD 3GRN dye
was decreased by increasing the metal ions. This decrease
might be due to the antagonistic effect of metal ions.

3.8. Desorption

For desorption, NaOH (0.2-1 M) solutions were used.
First adsorption was performed and loaded adsorbent
was separated and subjected to Foron Black RD 3GRN
desorption. A 50 mL eluting agent was stirred for 2 h and
desorption (%) of Foron Black RD 3GRN was estimated
as shown in Eq. (1). Among different concentrations
(0.2-1.0 M) of NaOH, 0.4 M showed maximum desorp-
tion of Foron Black RD 3GRN (Fig. 13c). These findings
are in line with previous studies, that is, sodium algi-
nate bio-composites desorption was studied using NaOH
and 0.5 M was found to be efficient [63]. Similarly, NaOH
(0.1 M) was found to be efficient for the desorption of
adsorbate from corn cob immobilized adsorbent [64]. Also,
NaOH revealed promising efficiency for the desorption of
adsorbate form Eriobotrya japonica seed bio-composite [12].

Dye desorbed (mg/g)

Desorption(%) = %100

1
Dye sorbed(mg/g) (13)

3.9. FTIR analysis

FTIR of FB-3 dye-loaded sugarcane bagasse biomass
was analyzed to check out the participation of functional
groups involved in adsorption process [8,65-68]. The FTIR
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Fig. 10. Isotherm modeling for the adsorption of Foron Black RD 3GRN, (A) Langmuir, (B) Freundlich, (C) Temkin,
(D) Dubinin—-Radushkevich (D-R), (E) Harkin-Jura and (F) thermodynamics study.

spectrum was monitored in the range of 400-4,000 cm™
(Fig. 13). Presence of doublet or singlet peaks at about
3,700 cm™ may indicate the presence of N-H group on
biomass surface. The peak at 3,340 cm™ may indicate the
presence of bonded O-H group while free O-H group
will appear about 3,600 cm™. The presence of O-H may
indicate the presence of carboxylic acids, phenols and alco-
hols on the surface of biosorbent, for example, cellulose,
pectin and lignin. A very broad band in the range of 2,400-
3,400 cm™ may lead to presence of acids; otherwise there is
more possibility of phenols and alcohols. The peak at about
1,700 cm™ allocates the C=O stretching vibrations while
C=C is manifested by the peaks in the region of 2,370 cm™.

This shows that amino and carbonyl groups are mainly
involved in the adsorption process.

Previous studies explain the degradation of dyes using
different agents. These agents may include some bio-
composites, oxidizing agents or some kind of radiations.
In one study, the dilapidation of RB-19 with the help of y
radiations and H,0, using advanced oxidation process was
reported. Maximum efficiency was obtained using 0.9 mL
H,O, and 12 kGy gamma radiation dose. This reduces the
COD/BOD up to 60%. The advanced oxidation process
(AQP) efficiency was evaluated with respect to dye removal,
COD/BOD reduction and dye toxicity. They have character-
ized the samples using spectrophotometer absorbance and
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Fig. 11. Effect of surfactants on the removal of Foron Black RD
3GRN dye (pH 6; biosorbent dose 0.05 g; initial dye concen-
tration 400 mg/g; temperature 30°C) (Values are average of
triplicate runs and variation among individual runs was in the
range of 2%-3%).
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Fig. 12. (a) Effect of salt (NaCl) on the removal of Foron Black RD
3GRN dye, (b) effect of heavy metal (Pb) on the removal of Foron
Black RD 3GRN dye and (c) adsorption of Foron Black RD 3GRN
dye using NaOH.

FTIR spectra before and after irradiation. Results have shown
the complete destruction of various nitrogen structures
and linkages in amino groups of RB-19 under y treatment.
LC-MS declared some organic acids as primary degradation
products. The y/H,O, treatment reduced mutagenicity up to
98% against different bacterial strains. This study revealed
that AOPs based on vy radiation could possibly be applied
for the remediation of dyes wastewater [22]. In another
study, silver nanoparticles were synthesized using herbal
extracts (Diospyros lotus fresh leaf) and this green method is
considered an emerging research aspect in nanotechnology.
Different process variables including pH, AgNO, concen-
tration and quantity of leaf extract was optimized. Finally,
these synthesized nanoparticles were employed for photo
catalytic activity (PCA) and 72.91% industrial wastewater
was decolorized in about 2 d contact time [23]. Similarly, the
mucilage of Plantago psyllium membrane from eggshells and
alginate double cross-linked bio-composite was used for
elimination of cationic and anionic dyes. The dye adsorp-
tion processes are spontaneous, exothermic and follow the
pseudo-second-order kinetic model and the data obtained
best fitted the Freundlich isotherm [24].

Different catalysts were employed for removal of
disperse V-26 dye in solution. The impacts of initial pH,
H,O, concentration and the effect of concentration of dye
on elimination were considered. The degradation was 90.1%
with UV/H,0,/ZnO but maximum degradation (93%) was
obtained with the composite catalyst UV/H,O,/TiO, at
acidic pH in about 1 h. The absence of certain functional
groups from FTIR spectra in dye molecule confirms extreme
removal of dispersive V-26. Toxic level of effluent was
analyzed through biological treatment, that is, reduction
in cytotoxicity and Ames test were used for this purpose.
The amount of dissolved oxygen was moved up to 82%
along with considerable reduction in COD/BOD level indi-
cating degradation of dye [25]. The process of industrial-
ization is devastating the water channels and rising up as
an important environmental problem. In one of the previ-
ous studies, the sorption behavior of different dyes namely
DR-31, EDO-3, DO-26 and DB-67 were tested against vari-
ety of biomasses. These immobilized biomasses include
native rice husk, modified rice husk (MRH), polyvinyl
alcohol (PVA), carboxymethyl cellulose (CMC) and alginate
(ALG) were examined for degradation of above-mentioned
dyes. Under different experimental circumstances, HCl
pre-treated biomass performed better than native biomass
with respect to sorption capacity of dyes. So, MRH is con-
sidered excellent biosorbent for the group of dyes already
discussed. The better capacity of MRH is also evident from
FTIR analysis [26]. Another very promising biomass that
was used for degradation studies is known as decontami-
nated peroxidase, which was extracted from peels of Citrus
limetta for decolorization of textile effluents. The optimum
pH and temperature were 7 and 35°C, respectively, while
the values for K and V_ _ were 0.66 mM and 6,666 umol/
mL/min correspondingly. The complete decolorization of
effluent was obtained at a pH and temperature of 5 and
55°C, respectively [27]. One of the very important materials
was prepared using PVA, ZSM-5 zeolite and CMC, which
can be employed for removal of dyes. This synthesized
material was examined from various aspects. These aspects
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Fig. 13. FTIR spectrum of dye-loaded sugarcane bagasse biomass.

may include initial dye concentration, zeolite loading, con-
tact time and temperature to find out its efficiency for dye
removal capacity. It was realized that for high adsorption
capacity, the key parameters were zeolite contents and dye
initial concentration. On the other hand, the high tempera-
ture had inverse effect. It is concluded from this study that
PVA/CMC/ZSM-5 are probably the most vital candidate
for effective removal of dyes from aqueous solutions [28].

In an alternative study, emphasis was aimed to evaluate
cost-effective and efficient adsorbents exploration. In this
regard, the Pitpapra roots, leaves and stem were analyzed
for removal of different metals from industrial wastewater.
Pitpapra biomass presented auspicious efficiency for the
adsorption of metals from aqueous streams particularly
Co(Il) and Zn(II) ions. Results have exhibited that Pitpapra
biomass could possibly be an efficient adsorbent for the
removal of metals from aqueous streams [29]. Similarly, it
has been reported that textile industries release wastewa-
ter containing dyes. This causes water pollution; a serious
problem for human survival. In this respect, AOPs (Fenton
process) was employed for degradation of basic turquoise
blue and basic blue dyes. The optimum process variables
were calculated and maximum removal was made using
ideal working conditions. It has been declared that decol-
orization of dyes is directly proportional to H,O, concentra-
tion. At optimized conditions, the decolorization was more
than 85% and 75% for BTB X-GB and BB X-GRRL, respec-
tively. The Fe**/H, O, is considered the most promising cata-
lyst for wastewater treatment containing dyes [30].

Acid black-234 dye was eliminated from effluents using
polymeric bio-composites including polyaniline/sugarcane
bagasse, polyaniline/chitosan, polypyrrole, polypyrrole/
starch and polyaniline/starch. The data regarding dye
adsorption followed pseudo-first-order for some of the
adsorbents while pseudo-second-order kinetic model for
other adsorbents such as PPy/SB and PPy/Ch. The ther-
modynamic study exposed that the phenomenon of dye
adsorption was exothermic in nature and used biomate-
rials in the form of polymeric composite are better adsor-
bent for the dye degradation from wastewater channels
[31]. In another study, chitosan and clay were modified to
form composite and were used for the elimination of direct

Rose FRN dye from water solution. Maximum degradation
capability was observed through batch sorption experi-
ments with in first 40 min. The sorption process was found
to be exothermic, feasible and spontaneous. The estab-
lished method could be applied on the textile effluents for
efficient removal of pollutants [32]. Again, very cost-effec-
tive raw material was evaluated against reactive yellow 15
(RY-15) and reactive red 241 (RR-241). The adsorbent was
made silane functionalized using glycidoxypropyl trime-
thoxysilane, sulfur and silane to improve the elimination
efficiency of pollutants. The adapted material (RHSi) was
proved better than raw material revealed by batch absorp-
tion studies. Results displayed that there was very hard and
fast competition among the components for available bind-
ing sites on surface of adsorbent and silane grafting offered
more active sites as compared with the untreated rice husk
[33]. In yet another study, organic dyes were removed
from industrial effluents by using novel material namely
3D MnQO, nanofibrous mesh. The mesh was synthesized
through cost-effective hydrothermal approach. The syn-
thesized material was reported to have great potential for
removal of CV dye under the effect of light. The performance
of these materials as a potent tool for removal of dye was
monitored under ultraviolet as well as visible light. Both the
optimum and best performance were achieved under sun-
light within 90 min. Furthermore, the prepared catalyst was
also tested under different experimental conditions. It was
observed that synthesized material and technique can be
easily adapted for degradation of various toxic pollutants.

4. Conclusions

The efficiency of native, CTAB treated and immobilized
biomass was evaluated for the elimination of Foron Black
RD 3GRN dye. The aqueous solution of dye was employed
for the study. Out of the three varieties of biomasses, CTAB-
treated biomass portrayed maximum adsorption potential
for the dye. Different parameters that can probably affect the
dye removal were optimized. These may include pH, tem-
perature, contact time, initial dye concentration and biosor-
bent dose. The optimum conditions for degradation of dye
were pH 6, 30 min, 400 mg/L and 30°C. Sugarcane bagasse
biomass was found to be a good option for removal of dyes
from aqueous solution.
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