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ABSTRACT

The present research work was designed to explore the biosorption efficiency of sugarcane
bagasse (SB) biomass for the removal of Direct Violet 51 dye from aqueous solution. The
modification of SB biomass was carried out by different physical and chemical treatments.
HCl-treated SB biomass depicted maximum biosorption efficiency among all the modified
SB biomasses. Box-Behnken experimental design was employed to illustrate the effect of
three independent variables (initial dye concentration (A), biosorbent dose (B), and pH (C))
on the dye removal process. Maximum dye removal (63.0 mg g ') was achieved at pH 2
and 0.05 g biosorbent dose. Higher initial dye concentration was found to be favorable for
the dye removal process. Desorption study was conducted using NaOH solution of different
strengths, and it was observed that 61.58% dye can be desorbed from the loaded biosorbent
using 1 M NaOH solution. Characterization of SB biomass was also carried out by FTIR,
scanning electron microscope, and TGA analysis. The results indicated that SB biomass can
be used as an efficient biosorbent for the treatment of dye containing wastewater.

Keywords: Direct Violet 51; Box-Behnken experimental design; FTIR analysis; TGA analysis;
Desorption study

1. Introduction

The extensive industrial operations have intensi-
fied the deterioration of several ecosystems, and this
situation is seriously threatening the human health
and environment. Water scarcity and contamination
of natural water resources has limited the availabil-
ity of high-quality potable water supplies for public

*Corresponding authors.

consumption [1]. The water pollution control has
become an arduous task for the scientific community
today. The scientist and researchers have developed
different treatment technologies (sedimentation,
precipitation, ion exchange, membrane technologies,
biological degradation, adsorption, etc.) for water
recycling and scavenging of the industrial effluents.
These technologies have different levels of successes

[2].
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Among the different treatment technologies, the
adsorption process has become the focus of intense
interest for the researchers and environmentalists [3].
Adsorption is found to be highly efficient, promising,
economically viable, and technically feasible technique
for the wastewater treatment [4]. Since the past few
decades, the agro-based waste materials have found
potential applications in the field of adsorption [5].
The abundant availability of agro wastes and presence
of different functional groups on their surface has
made their use more attractive [6]. Many scientists
and researchers have conducted researches on the
exploitation of agricultural wastes for the wastewater
treatment [7-9]. The exploitation of agricultural waste
materials provides twofold advantage with respect to
environmental management. One advantage is that
the water pollution can be overcome using these waste
biomaterials at a reasonable cost, and the second
advantage is that large volumes of agricultural
byproducts can be reduced by this practice which
otherwise may create solid waste problems [10,11].

Surface modification has found to be an emerging
field in the adsorption process. The surface-modified
adsorbents exhibit high adsorption capacity for the
pollutants [12]. The surface modification technique
helps in increasing the number of binding sites and
also helps in enhancing their activation on the surface
of adsorbents which leads to the enhancement in
adsorption potential [13]. Different researchers have
worked on the treatment of biosorbents to increase
their adsorption potential for the removal of dyes
from aqueous solutions [14-16].

No work has been reported for the adsorptive
removal of Direct Violet 51 dye using sugarcane
bagasse (SB) biomass. Direct Violet 51 is a locally
available commercial dye which has been used in tex-
tile industries. So, the present work was designed to
check out the adsorption potential of SB biomass in its
treated form for the removal of Direct Violet 51 dye
from aqueous solution. Different physical and chemi-
cal treatments were carried out to enhance the adsorp-
tion potential of SB biomass for the removal of anionic
dye. Box-Behnken experimental design was employed
for the optimization of important process variables
during adsorption process. Desorption studies were
also carried out for the regeneration of adsorbent and
adsorbate.

2. Materials and methods
2.1. Preparation of biomass

SB was collected from the local market of
Faisalabad, Pakistan. The washed and dried biomass
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was ground with a food processor (Moulinex, France)
and sieved using Octagon sieve (OCT-DIGITAL
4527-01) to a 300 pm mesh size. SB biomass was pre-
treated physically and chemically. During physical
treatments, autoclaving (the SB biomass was
autoclaved at 121°C for 15 min) and boiling (5g of
biomass/100 mL of H,O and boiled for 30 min) was
carried out. In chemical modifications, 1g of the
biosorbent was treated with 5% of different acids
(HCl, H,SO,4, and HNO3, CH3COOH), alkali (NaOH),
surfactants (CTAB, SDS, and Triton X-100), chelating
agents (PEI, EDTA, and glutaraldehyde), and organic
solvents (benzene and methanol). The chemical
treatments were carried out in orbital shaker at 30°C
and 120 rpm shaking speed for 1h. Then, all the
modified biomass was washed with double-distilled
water and filtered. The modified biosorbent was dried
in oven at 60°C for 24 h and grounded [17].

2.2. Preparation of aqueous dye solutions

Direct Violet 51 dye was obtained from Sandal
Dyestuff Industries, Faisalabad, Pakistan, and was
used without further purification. Stock solution was
prepared by dissolving 1 g of dye in 1,000 mL of dou-
ble-distilled water. The experimental solutions (50 mL)
of different concentrations ranging from 10 to
200 mg L' were made by further dilutions. The Apax
for Direct Violet 51 dye was found to be 549 nm.

2.3. Characterization of SB biomass

The characterization of biosorbent was carried out
by FTIR, scanning electron microscope (SEM), and
TGA. The unloaded and dye-loaded HCl-treated SB
biomasses were analyzed and interpreted by Bruker
Tensor 27 Fourier transform infrared spectrometer
with the samples prepared as KBr discs. The surface
structure of SB biomass was analyzed by JEOL JMT
300 SEM. The surface area of SB biomass was also
determined using surface area analyzer (Quanta-
chrome v2.1 (Nova Station B) by Brunauer, Emmett,
and Teller (BET) and Barrett-Joyner-Halenda (BJH)
methods. Results were obtained by the adsorption of
pure liquid N, at 77 = 0.5 K. Thermal analysis was per-
formed using a SDT Q 600 V 8.2 Build 100 universal
instrument.

2.4. Experimental design

Box-Behnken experimental design was employed
for this study which has been proved appropriate for
fitting the quadratic surface [18]. Three important
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process variables (initial dye concentration (A), biosor-
bent dose (B), and pH (C)) were selected for this
study. Total 17 experimental runs were generated by
Design Expert software (version 7.0.0) using the
following formula:

N =K*+K+CP 1)

where N represents total number of experiments, K is
the number of variables, and CP is the number of
replicate of center points.

The second-order equation was used to show the
relationship between dependent and independent
variables, and was given as:

Yy = Bo + 1A+ BB + B3C + B12AB + B13AC + B3 BC
+ B11A% + BB + P C: + &
)

where y: the response variable; f5,: intercept, f;, f,, fs:
the coefficients of A, B, and C; f,, B3, f23: coefficients
of cross products; B, By, f33: coefficients of quadratic
terms, and &: 8~N(O, 0’2).

A positive sign in the equation represents a syner-
gistic effect of the variables, while a negative sign
indicates an antagonistic effect of the variables. The
optimum values were obtained by solving the regres-
sion equation, analyzing the contour plot, and also by
setting the constraints for the levels of the variables.

The upper and lower limits of process variables for
Direct Violet 51 dye biosorption are presented in
Table 1.

2.5. Batch experimental program

The batch experiments were conducted as
designed by the Box-Behnken experimental design at
120 rpm and 30°C for 1h of agitation time to check
out the effect of initial dye concentration, biosorbent
dose, and pH on the removal of Direct Violet 51 dye.
Solution pH was adjusted by using 0.1 M NaOH and

Table 1
Experimental ranges and levels of independent variables

Ranges and levels

Factors -1 0 +1
A: Initial dye concentration (mg L™") 10 105 200
B: Biosorbent dose (g) 005 017 030
C:pH 2 5.5 9
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0.1 M HCI After 1h of agitation, the samples were
taken out and centrifugation was performed at
5,000 rpm for 20 min, and the concentration of remain-
ing dye solution was determined by using UV-vis
spectrophotometer (Schimadzu, Japan). The responses
were recorded in the form of biosorption capacity
(mg g ™).

The equilibrium biosorption uptake, g, (mgg™ "),
was calculated using the following relationship:

e = (CO —wce)v (3)

where C, is the initial dye concentration (mgL™), C,
is the equilibrium dye concentration (mg LY, V is the
volume of the solution (L), and W is the mass of the
biosorbent (g).

2.6. Desorption study

Desorption study was performed using NaOH
(0.2-1.0 M). Sorption procedure was carried out by
adding 0.1 g of selected biosorbent in 50 mg L™ of
dye solution at optimized pH and 30°C for 3 h. The
amount of dye adsorbed (mg g™') was calculated. The
dye solution was then filtered and the loaded biosor-
bent was dried in oven at 60°C. Desorption process
was studied by shaking the dried, dye-loaded biomass
with NaOH. The % age desorption can be estimated
by using following equation:

Desorption % = Amount of dye desorbed (mg/g)/
Amount of dye adsorbed (mg/g) x 100
4)

3. Results and discussion
3.1. Effect of pretreatment

Different chemical and physical treatments were
carried out to see their effect on the adsorption poten-
tial of SB for the removal of Direct Violet 51 dye. The
following order was observed regarding various phys-
ical and chemical treatments on the biosorption capac-
ity of SB as compared to its untreated form: CTAB <
SDS < NaOH < Triton X-100 < HNOj3 < Native < Glu-
taraldehyde < Methanol < Boiled < CH3COOH < auto-
claved < benzene < EDTA < PEI < H,S50, < HCl
(Fig. 1). The results indicated that the treatment of bio-
sorbent with acids, chelating agents, and organic sol-
vents resulted in increase in the biosorption capacity
of biomass as compared to its native form. Physical
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treatments also resulted in significant improvement in
the adsorption potential of biosorbent. Maximum dye
removal (24.19 mg g ') among all types of chemically
and physically treated biomass was achieved with
HCl-treated SB biomass. Acid treatments have been
found suitable for enhancing the adsorption capacity
of biosorbents. Acid treatments results in the removal
of impurities present on the surface of biosorbent
results in the increased surface area and number of
binding sites of biosorbent leading to the enhanced
pollutant removal [19,20]. The treatment of SB with
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chelating agents also enhanced the biosorption capac-
ity of biomass. Among the three chelating agents
(EDTA, PEI, and glutaraldehyde), PEI-treated biomass
depicted the highest dye removal. PEI undergoes
cross-linking with the biomass and as a result of this
cross-linking, large number of amine groups have
been introduced on the surface of biomass and some
more hydroxyl groups have also been introduced as a
result of cross-linking reaction. This results in the
increase in electrostatic interaction between dye anions
and amine groups which lead to the increased dye
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Fig. 1. Effect of pretreatments on the biosorption efficiency of SB for the removal of Direct Violet 51 dye.

Table 2

Box-Behnken design matrix for the real and coded values along with experimental and predicted results for the removal

of Direct Violet 51 dye by HCl-treated SB biomass

Real (coded) values

Biosorption capacity (mg g_l)

Run order A B C Experimental Predicted
1 105(0) 0.05(-1) 9(+1) 24.14 25.86
2 10(-1) 0.17(0) 2(-1) 5.8 7.72
3 10(-1) 0.05(-1) 5.5(0) 6.7 6.01
4 105(0) 0.17(0) 5.5(0) 28.78 28.94
5 105 (0) 0.17(0) 5.5(0) 28.99 28.94
6 200(+1) 0.17(0) 9(+1) 22.1 22.18
7 105(0) 0.3(+1) 9(+1) 17.22 18.46
8 10(=1) 0.17(0) 9(+1) 2.39 1.36
9 105(0) 0.17(0) 5.5(0) 29.52 28.94
10 200(+1) 0.3(+1) 5.5(0) 18.9 19.59
11 105(0) 0.17(0) 5.5(0) 28.51 28.94
12 105(0) 0.3(+1) 2(-1) 28.7 26.98
13 200(+1) 0.05(-1) 5.5(0) 56.7 56.9
14 105(0) 0.05(-1) 2(=1) 63 61.76
15 105(0) 0.17(0) 5.5(0) 28.91 28.94
16 10(-1) 0.3(+1) 5.5(0) 1.35 1.15
17 200(+1) 0.17(0) 2(=1) 57.2 58.23

Note: A: initial dye concentration (mg L"), B: biosorbent dose (g), and C: pH.
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Fig. 2. Normal probability plot of residuals for Direct
Violet 51 dye.

removal [13]. The enhanced biosorption capacity of
benzene-treated SB was due to the elimination of lip-
ids and proteins from the surface of biosorbent result-
ing in the exposure of more active sites [15]. Physical
treatments also enhanced the biosorption capacity of
SB. This is because of the fact that these physical treat-
ments help in the removal of the organic and mineral
molecules from binding sites by dissolving and
decomposing them [17].

Treatment of SB with NaOH has resulted in signifi-
cant reduction in the biosorption capacity of SB. This
might be due to the fact that alkali treatment results
in the de-protonation of functional groups present on
the surface of biomass. The Direct Violet 51 dye is
anionic in nature and electrostatic repulsion takes
place between negatively charged dye anions and
deprotonated functional groups on the surface of
biosorbent [21].

Table 4
ANOVA results for the removal of Direct Violet 51 dye

3.2. Response surface methodology

Batch experiments were conducted as designed by
Box-Behnken experimental design to check out the
effect of three important process variables (initial dye
concentration (A), biosorbent dose (B), and pH (C)) for
the removal of Direct Violet 51 dye using HCl-treated
SB biomass. The experimental results clearly indicated
that these three variables significantly affect the bio-
sorption process. The experimental and predicted bio-
sorption capacity (mg g ') of HCl-treated SB biomass
for Direct Violet 51 dye is presented in Table 2. The
results revealed that maximum dye removal
(63.0 mg g~ ') was achieved at pH 2 with the biosor-
bent dose of 0.05g using initial dye concentration of
105mgL™" (Run 14). The results indicated a close
agreement between experimental and predicted
adsorption capacities of SB for the removal of Direct
Violet 51 dye. This close correlation between the
experimental and predicted adsorption capacities was
also shown by the values of R* (0.996) and adjusted R*
(0.991) which are found to be closer to one (Table 3).
For a model with good prediction efficiency, the value
of R* should be close to 1.0 [22]. The prediction of
maximum adsorption potential was carried out by
using second-order quadratic equation. The value of
predicted R* was also found to be in agreement to the
R? and adjusted R? values. The value of adequate pre-
cision was found to be 46.64 which shows high signal-
to-noise ratio, and signal-to-noise ratio above 4 is
desirable.

The model suitability can also be checked by the
residual graphs. The difference between the actual
and predicted values is called residual, and visual
inspection of residual graph gives valuable informa-
tion [23]. The plot of normal % probability vs. studen-
tized residuals is presented in Fig. 2. The normality
assumption was satisfied as the residual plot approxi-
mated along a straight line.

Source Coefficient estimate Standard error F-value p-value (probability > F)
Intercept 28.94 0.76

Xi 17.33 0.60 837.24 <0.0001
X5 —-10.55 0.60 309.97 <0.0001
X3 -11.11 0.60 343.77 <0.0001
X1 X5 —-8.11 0.85 91.71 <0.0001
X1X;3 —-7.92 0.85 87.46 <0.0001
X,X5 6.85 0.85 65.29 <0.0001
X; -9.71 0.83 138.33 <0.0001
X,? 1.68 0.83 4.15 0.0811
X5° 2.64 0.83 10.23 0.0151
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of Direct Violet 51 dye.
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The results were also analyzed by the analysis of
variance (ANOVA). The application of ANOVA is
found to be the most reliable way for the evaluation
of the quality of the fitted model [18]. By using
ANOVA, one can compare the variation due to the
treatment (change in the combination of variable lev-
els) with the variation due to random errors inherent
to the measurements of the generated responses. Lin-
ear coefficient of quadratic, interaction effects, and
p-values are shown in ANOVA table (Table 4). The
larger F-values and the smaller p-values indicate a
greater significance of the corresponding coefficients.

In RSM, the regression model can be visualized
using two-dimensional plots (contour plots) which are
found to be helpful in understanding the nature of
response at different factor levels. Fig. 3(a) represents
the effect of initial dye concentration and biosorbent
dose on the removal of Direct Violet 51 dye by keep-
ing the pH constant at 5.5. Both the factors have
played a very significant role in the biosorption pro-
cess. The results indicated an increase in biosorption
capacity of HCl-treated SB with the increase in initial
dye concentration from 10 to 200 mg Lfl, and reverse
order was observed with regard to the effect of biosor-
bent dose. The increase in biosorbent dose resulted in
decreased biosorption capacity of SB biomass. The
high concentration of dye solution acts as a driving
force to transfer dye molecules from bulk solution to
the biomass surface; hence, it overcomes the mass
transfer resistance between the aqueous and solid
phases [24,25]. Different researchers have investigated
the effect of initial dye concentration on the biosorp-
tion of dyes and found similar trend. Reddy et al. [11]
performed experiments to check out the effect of ini-
tial dye concentration on the removal of Congo red
dye using Indian jujuba seeds biomass [11]. The
results depicted that with the increase in Congo red
concentration from 25 to 100 mg L™', the dye removal
increased from 10.4 to 34.6 mg g '. The higher bio-
sorption capacity of biosorbent at lower biosorbent
dose was due to the overlapping or aggregation of
active sites resulting in the decrease of the total bio-
sorbent surface area available for the attachment of
dye molecules and an increase in diffusion path length
[26]. This fact can also be explained as at high biosor-
bent dose, the available dye molecules are insufficient
to completely cover the available binding sites on the
biosorbent surface, which usually results in low solute
uptake [27]. Dawood and Sen [20] also investigated
the effect of biosorbent dose on the removal of Congo
red dye using pine cone biomass [20], and found a
decrease in adsorption of dye from 1344 to
6.28 mg g~ ' with the increase in biosorbent dose from
0.01 to 0.03 g.
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The effect of pH and initial dye concentration on
the removal of Direct Violet 51 dye is shown in
Fig. 3(b). The results revealed that maximum dye
removal is favorable at lower pH and higher initial
dye concentration. pH seems to affect the solution
chemistry of dyes and functional groups of biosor-
bents [28]. It monitors the magnitude of electrostatic
charges on adsorbent and adsorbate. Hence, pH exerts
a pronounced effect on the biosorption of dyes [29].
Maximum dye removal (63.0 mg g~ ') was achieved at
pH 2. Acidic pH was found to be favorable for
the removal of anionic dyes from aqueous solutions.
The maximum dye removal at acidic range of pH
might be due to the fact that at lower pH, protonation
of functional groups takes place on the surface of bio-
sorbents. The positively charged surface of biosorbent
facilitates the attachment of dye anions to the biosor-
bent [30]. At higher pH levels, the concentration of
OH" ions increase in the solution which compete to
the negatively charged dye anions for attachment to
the biosorbent surface. Hence, the biosorption of anio-
nic dyes decreases at higher pH levels [31,32].

Fig. 3(c) indicates the effect of biosorbent dose and
pH on the Direct Violet 51 dye removal by using HCl-
treated SB biomass while keeping the initial dye con-
centration constant (105 mg L™, and the results
depicted that lower biosorbent dose and lower pH
were most favorable conditions for maximum dye
removal. The same criteria have been shown by sur-
face plots (Fig. 4).

The perturbation plot is shown in Fig. 5 to check
out the simultaneous effect of all the three independent
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variables on dye removal. The perturbation plot shows
how the response changes as each factor moves from
the chosen reference point, with all other factors held
constant at the coded zero level of each factor. It is
clearly depicted from the perturbation plot that all the
three independent variables viz, initial dye conc. (A),
biosorbent dose (B), and pH (C) are playing significant
role in the dye removal process. The removal of Direct
Violet 51 dye was found to be more dependent on the
variation in initial dye concentration parameter as
shown by the sharp curvature for this parameter as
compared to the biosorbent dose and pH.

3.3. Desorption study

Desorption study was conducted to check out the
possibility of adsorbent and adsorbate recovery after
the adsorption process. For desorption study, NaOH
was used as eluant in different concentrations
(0.2-1.0 M). As the anionic dyes show strong adsorp-
tion at acidic pH, a base can be used as a good
desorbing agent. The results indicated that with
increasing the concentration of NaOH, the desorption
of Direct Violet 51 dye from HCl-treated SB increased.
Maximum desorption (61.58%) was achieved using
1 M NaOH. This is due to the fact that in the presence
of NaOH, the biosorbent surface acquires negative
charge and electrostatic repulsion between sorbed dye
molecules, and negatively charged biosorbent surface
leads to the detachment of dye molecules [28]. Patel
and Suresh [33] also conducted the desorption study
for the recovery of reactive black 5 dye from dye-
loaded Aspergillus foetidus biomass [33]. NaOH was
used as eluant in different concentration (0.1-1 M).
Maximum desorption of reactive dye was found to be
90% with higher concentration of NaOH solution.

3.4. Characterization of biomass

FTIR spectra give important information about the
functional groups involved in the adsorption process
[34]. FTIR analysis of unloaded HCl-treated SB bio-
mass and Direct Violet 51 dye loaded biomass were
carried out in the range of 400-4,000 cm ™" (Fig. 6). The
different major peaks on the surface of unloaded
HCl-treated SB biomass were (i) 3,757.33 cm™! which
indicates the presence of N-H group, (ii) 3,344.57 cm™"
which confirms the presence of O-H group (carboxylic
acid, phenol, and alcohol), (iii) 2,904.80 cm™' which
might be due to the stretching vibrations of C-H and
reveals the presence of -CH and CH groups,
(iv) 2,378.23 cm™' which is due to the C=C stretching
vibration, and (v) 1,701.22 cm™! which confirms the
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Fig. 6. FTIR spectra of unloaded and Direct Violet 51 dye-loaded HCl-treated SB biomass.

presence of C=0O group. A change in the FTIR
spectrum was observed after the loading of biomass
with Direct Violet 51 dye. The peak present on
3,757.33 cm ™' has been disappeared after the biosorp-
tion process. The involvement of all the above men-
tioned functional groups in the biosorption process is
confirmed due to the vanishing or disappearance of
these groups at lower frequencies in the dye-loaded
biomass (Fig. 6).

The surface features of SB biomass were analyzed
by SEM and surface area studies. The results revealed

that the BET-specific surface area of SB biomass was
89.49 m* ¢!, BJH pore volume was 0.69 ccg™', and
the total pore diameter was found to be 133.24 A. The
results revealed that in the structure of SB biomass,
the major contribution is of mesopores (IUPAC Classi-
fication 20A < d < 500 A) which is favorable for the
adsorption process [35]. The surface morphology of
unloaded and dye-loaded biomass are shown in SEM
images (Fig. 7(a) and (b), respectively). These photo-
graphs indicated the porous structure of SB biomass
which is helpful in biosorption process.
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Fig. 7. (a) SEM analysis of unloaded SB biomass and (b) SEM analysis of Direct Violet 51 dye-loaded SB biomass.
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Fig. 8. TGA analysis of SB biomass.

The TGA analysis of SB biomass was carried out to
study the change in weight loss of the biosorbent as a
function of temperature (Fig. 8). The TGA analysis
showed that at about 211°C temperature, there was
almost 9% loss in the weight of biosorbent. This short
weight loss phase can be suggested as a drying phase
in which water is liberated from the biosorbent lead-
ing to the low loss in biosorbent weight. With the
increase in temperature, significant weight loss was

Universal V4.2E T A

observed. At about 400°C, almost 96% reduction in
biosorbent weight was observed which was due to lib-
eration of hydrocarbons coming from the decomposi-
tion of cellulose, hemicellulose, and lignin present in
the structure of SB biomass [36]. A continuous weight
loss has also been observed even above the 500°C.
This might be due to the decomposition of some
heavier lignin compound which remained stable at
lower temperatures.
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4. Conclusion

The present investigation focused on the utilization
of SB biomass for the adsorptive removal of Direct
Violet 51 dye from synthetic wastewater. HCl-treated
SB depicted enhanced removal efficiency for Direct
Violet 51 dye as compared to the other different physi-
cally and chemically treated SB biomasses. Maximum
removal of Direct Violet 51 dye (63.0 mgg ') was
achieved at pH 2 and 0.05 g biosorbent dose. Maxi-
mum desorption from dye-loaded biomass was
achieved by using 1M NaOH solution. The results
indicated that HCl-treated SB can be used as an effi-
cient biosorbent for the removal of Direct Violet 51
dye from aqueous solutions.
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