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Chapter V (A)

5.1.1. Introduction

Wastewater effluents discharged from various sectors such as agriculture, households and
industry contain a variety of organic and inorganic contaminants such as cyanides, heavy metals,
phenols, pesticides, and dyes 12, Direct release of these effluents into the natural system without
prior treatment degrades the environment that affects flora and fauna as well as humans in the
long term®. Dyes represent a significant group of organic pollutants present in industrial
effluents, as they are used in many areas such as textiles, rubber, pharmacy, food, paper, leather
and cosmetics®. In addition to the annoying aesthetic nature, the presence of dyes pollutes both
surface and groundwater because of their indestructible nature and toxicity. The dyes impart
several adverse effects on the environment such as enhancement of chemical oxygen demand of
water body, obstruction to the usual photosynthetic activity of aquatic flora and irregular aquatic
organism metabolism®. Other than imparting colors, dyes could cause severe teratogenic
carcinogenic and mutagenic effect®.

Cationic dye Methylene blue (MB) is broadly utilized in the dyeing of wood, cotton, silk and so
on. Various adverse effects such as nausea, burning sensation, skin irritation, vomiting,
diarrhoea, eye injury and breathing issues are caused by direct ingestion of MB’. Rhodamine B
(RB) is an amphoteric dye used as the tracer for determining water flow. Carry out the role of
histological dyes, from flurochrome to fluoroprobes, commonly utilized with the fluorometer and

application of biotechnology. Ingestion of RB causes gastrointestinal problems, reproductive

damage, nose irritation, tongue and skin®. Consequently, wastewater treatment before disposal in

the natural environment is necessary. There are several reported biological, chemical and
physical methods for the elimination of dyes from wastewater such as flocculation and
coagulation, adsorption, oxidation process, membrane filtration, nanotechnology, ozonation and
ion exchange®!!. Adsorption is regarded as the most practical, economical and easy-to-use
method of removing dyes from the aqueous solution. In order to eliminate pollutants from
wastewater various adsorbents have been reported till date such as hydrogels!?!3, seaweeds®,
polymer-clay®®, agricultural wastes®®, alumina®’, activated graphene oxide!®, bioadsorbents
111920 "carbon?!, mesoporous Si02??, aerogels?>?*, MCM-41 and MCA? and nanoadsorbent?®.

The bioadsorbents exhibit the advantages of high sorption capacity, ease of availability,
regeneration, less financial input, less sludge generation, ecofriendly and harmless nature due to

which it gathers the attention of researchers now-a-days for elimination of contaminants from
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polluted water 2’. The bioadsorbent has several active functional groups such as carboxyl,
hydroxyl and amine groups on its surface, which contributes to a high adsorption capacity?.
Materials from biological sources and their derivatives could be used to remove pollutants.
Recently, marine algae have attracted special attention as bioadsorbent as they have various

advantages over other adsorbent system. Depending on the climatic conditions, seaweeds, a form

of renewable resource grows easily in fresh and salt water system 2°. Dried seaweed could be

stored longer without losing its properties®. Fucus vesiculosus, a brown macroalgae, is abundant
in coastal areas with significant polysaccharides proportion. They are primarily used in
foodstuffs, nutritional supplements and cosmetics *:. Some of the reported environmental
remediation studies utilizing seaweeds have been discussed such as single and binary adsorption
of reactive blue 4 and reactive orange 16 dyes studied by Thivya et al, utilized Kappaphycus
alvarezii derived biochar®2. The report of Laabd et al., represents elimination of crystal violet and
congo red dye using green seaweed Codium decorticatum alga (CDA) with higher removal
efficiency of 96.9% and 89.8%, respectively 2. Successful removal of methylene blue dye was
observed with adsorption capacity of 191.38 mg/g utilizing Sargassum muticum seaweed has
been reported®*. Since the simultaneous adsorption of pollutants is important as far as practical
applicability is concerned, this study therefore, represents the mono component and the
simultaneous adsorption of the dyes in mixture.

In this study, Fucus vesiculosus, a brown seaweed has been used as bioadsorbent for elimination
of cationic dyes like Methylene Blue and Rhodamine B from their aqueous solution. The
presence of various functional groups on Fucus vesiculosus seaweed bioadsorbent (FVSB)
surface helps in elimination of dyes from single and binary system with high removal efficiency
and adsorption capacity. Several techniques such as Thermogravimetric Analysis (TGA), Fourier
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscope (SEM) and Energy
dispersive X-ray (EDX) has been utilized for characterization of FVSB. Adsorption parameters
such as dosage, pH, concentration and temperature variation have been explored. The
experimental data were fitted into adsorption isotherm, kinetics and thermodynamic models.
FVSB, successfully remove dyes from their aqueous solution and environmental sample with
high removal efficiency and could be used as promising approach for environmental

remediation.
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5.1.2. Materials and Methods

5.1.2.1.Materials

The seaweed sample of Fucus vesiculosus was collected from nearby areas of Amlwch port
during the low water tide®®. Methylene Blue and Rhodamine B were purchased from Fisher
Scientific, Navi Mumbai, India. De-ionized water was used for preparation of dye solutions.

Analytical grade reagents were used as received.

5.1.2.2. Preparation of Fucus vesiculosus Seaweed Bioadsorbent (FVSB)

The collected sample of seaweed was washed thoroughly using distilled water for 3-4 times and
sun dried. The dried samples were kept in the oven at 60°C till constant weight was procured.
The samples were ground, converted into uniform size and stored for further utilization. Before
adsorption study, the seaweed was kept in water to remove color. After decolorization the
seaweed sample was dried again till constant weight and used for adsorption study as shown in
Figure 5.1.1.

Fucus vesiculosus Seaweed Bioadsorbent (FVSB)

Figure 5.1.1: Preparation of bioadsorbent FVSB

5.1.2.3.Characterization of FVSB

FTIR spectra of FVSB as KBr disc was done with PerkinElmer IR spectrophotometer at room
temperature. JSM-5000 LV was utilized for the analysis of Scanning Electron Microscopy
(SEM) and Energy Dispersive Spectrometer (EDS) of vacuum dried FVSB before and after
adsorption. TG-DTA 6300 INCARP EXSTAR 6000 was used for Thermo gravimetric analysis
(TGA) of FVSB in the range of 30-500°C and 10°C/min heating rate with nitrogen atmosphere
maintained throughout the process. Agilent Technologies Cary 60 UV-vis spectrophotometer

was used for UV-vis spectrophotometric measurements.
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5.1.2.4. Adsorption of Organic Dyes

The adsorption capacity of FVSB was investigated using two cationic organic dyes i.e.
Methylene Blue (MB) and Rhodamine B (RB). 50 mL dye solution was kept in 150 mL conical
flask for adsorption process. The optimum concentration of MB and RB dye was determined
using the range of 50-250 mg/L with a fixed amount of bioadsorbent. The mixture was kept on
magnetic stirrer for adsorption of dyes till equilibrium was obtained. The aliquots were collected
after filtration and un-adsorbed adsorbate concentration was determined using UV-Vis
Spectrophotometer. Further, the optimized concentration of the solution was utilized for
subsequent experiments. To determine the optimum quantity of FVSB utilized further in
experiments, the range of 25- 200 mg of FVSB was added individually in optimum concentration
(100 mg/L) of prepared MB and RB solutions. For optimum pH investigation, the adsorption
process was performed with varying pH range of 2-12 until equilibrium was obtained. NaOH and
HCI were used for adjustment of pH. All the solutions were placed on shaker for 420 minutes at
room temperature (other than temperature variation study) with 160 rpm shaking speed to attain
equilibrium condition. The filtered supernatant was analyzed on UV-visible spectrophotometer
within the 400-800 nm range for concentration determination. With the help of optimized
condition, at different time interval kinetics experiments were performed. 25 °C to 45 °C was the
temperature range selected for the study of temperature variation effect on adsorption process.
Each experiment of adsorption parameter was performed in triplicates and mean values were

reported. Calculation of adsorption capacity, removal percentage as well as adsorption at

particular time ‘t” was done using the following equations®:

where,
‘0e’, ‘%Re’ and ‘qe denotes adsorption capacity (mg/g), removal efficiency of dyes and
adsorption capacity at particular time ‘t* (mg/g), respectively. ‘Co’ and ‘Ce’ is initial

concentration (mg/L) and equilibrium concentration (mg/L). C: represents the concentration of
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dyes in aqueous solution at time ‘t” (mg/L); ‘V’ and ‘m’ represents solution volume (L) and

weight of the adsorbent (g).

5.1.2.5. Simultaneous Adsorption of MB and RB

To investigate simultaneous adsorption, the binary system of MB and RB was used for
adsorption study considering the practical relevance. 50 mL of 100 mg/L MB and RB solutions
were taken for adsorption of binary system in the ratio of 1:1 using FVSB. The set up was kept
on magnetic stirrer till equilibrium condition was attained and resultant were observed under

UV-visible spectrophotometer.

5.1.2.6. Desorption Experiment and Reusability

Desorption experiment was performed using FVSB (100 mg) in 100 mg/L solution of MB and
RB individually and stirred for 420 minutes till equilibrium. Solutions were filtered for
concentration determination. Further, dye loaded FVSB was utilized for desorption study stirring
continuously with 0.1 M HCI as desorbing agent. Regenerated FVSB were washed extensively
with distilled water, dried and stored for next batch adsorption. Following equation was used for
calculation of desorption efficiency (4)*’

Amount of Pollutant Desorbed
Amount of Pollutant Adsorbed

Desorption Efficiency =

5.1.3. Results and Discussion

5.1.3.1.Characterization of Bioadsorbent

5.1.3.1.1. FTIR Spectra Analysis

FTIR spectra of FVSB were analyzed before and after adsorption of dyes MB and RB within the
range of 500-4000 cm™ (Figure 5.1.2). The spectra of native bioadsorbent and dye loaded
bioadsorbent exhibits same pattern with some changes. The hydroxyl (-O-H) and amine group (-
N-H) presence was represented by broad band between the ranges of 3200-3500 cm™. The —C-H
bond was represented by the peak of 2935 cm™ associated with stretching vibration of alkyl
groups. The peak at 1242 corresponds to presence of sulfur groups probably due to presence of
fucoidan component in seaweed®. The sharp peak around 1600 cm™ represents —C=0 group of
carboxylates and 1057 cm™ shows —C-O stretching vibration carboxyl groups®. 1418 cm™ is

associated with —C-H as well as primary and secondary amines representing the presence of

The Maharaja Sayajirao University of Baroda 149




Chapter V (A)

lipids and proteins®. It was discovered that after adsorption process the functional groups shifted
from 3343 to 3304 (for MB) and 3408 (for RB); 1644 to 1649 (for MB) and 1645 (for RB); 1533
to 1537 (for MB) and 1549 (for RB). The shifting confirms their participation in adsorption of
dyes on FVSB.

FVSB+MB
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Figure 5.1.2: FTIR spectra of FVSB, FVSB+MB and FVSB+RB

5.1.3.1.2. SEM-EDX Analysis

Scanning Electron Microscope coupled with Energy Dispersive Spectrometer was utilized for
the investigation of elemental composition and surface morphology of FVSB as well as dye
loaded seaweed Figure 5.1.3. SEM analysis of FVSB represents a rough surface with different

size and shapes of pores contributing to larger surface area for interaction of dyes®. The
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adsorption of dyes (MB and RB) on the surface of FVSB smoothens the surface as shown in

Figure 5.1.3 (I). EDS analysis of seaweed measure the elemental composition before and after

adsorption. The results represent that FVSB dominates in carbon and oxygen content (Figure

5.1.3 (I1)). After adsorption, increase in carbon percentage, decreasing oxygen content and the
addition of nitrogen content shows the successful adsorption of MB and RB on surface of
FVSB. The elements corresponding to molecules of adsorbate appear in the spectra of EDS

showing transfer of dyes from solution to FVSB as shown in Table 5.1.1.

] 1 2 3 4
Full Scale 2091 cts Cursor: 0.000

o 1 2 3 4
Full Scale 4757 cts Cursor. 0.000

Figure 5.1.3: (I) SEM images of (A) FVSB, (B) FVSB+MB and (C) FVSB+RB; (1)
EDS curves of (A) FVSB, (B) FVYSB+MB and (C) FVSB+RB
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Table 5.1.1: Elemental composition of FVVSB before and after adsorption of MB and RB

Material C N O Mg Al S Si
(wt-%) | (wt-%) | (wt-%) | (wt-%) | (wt-%) | (wt-%) | (wt-%)

FVSB 48.67 0.05 43.64 0.48 0.66 1.33 1.31

FVSB+MB 51.53 244 41.63 0.44 1.46 1.34 1.16

FVSB+RB 59.96 1.06 38.45 0.10 0 0.05 0.38

5.1.3.1.3. TGA Analysis

Thermogravimetric analysis (TGA) of FVSB was performed in order to explore the thermal
property of bioadsorbent. The mass loss was observed in two stages as shown in Figure 5.1.4.
The first stage mass loss of 12.3% was associated with the removal of residual moisture present
in bioadsorbent within the range of 30 to 150 °C. The second stage of degradation occurs in the
range of 150-500 °C corresponding to 49.8% mass loss due to the presence of volatile matters,

carbohydrates, cellulose, hemicelluloses, minerals and lipid content of FVSB*.

Mass Loss (pg)

200 400

Temperature (°C)

Figure 5.1.4: Thermogravimetric curves for FVSB
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5.1.3.2. Effect of FVSB Dosage

One of the significant parameters related to adsorption process is the quantity of adsorbent which
is directly related to vacant active sites. Increase in adsorbent quantity increases functional
groups as well as active sites ultimately enhancing the removal efficiency of dyes. The same
trend was observed in this case wherein removal efficiency increases with increasing adsorbent
quantity (Figure 5.1.5). According to the results obtained, enhancement of removal efficiency is
from 66.06% to 98.96% for MB and 75.31% to 95.14% for RB as the quantity of FVSB
increased from 25 mg to 200 mg. 100 mg was considered as an optimum quantity in the
adsorption process of MB and RB dyes.
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Figure 5.1.5: Effect of FVSB dosage on the percentage removal of 100mg/L of MB

and RB at room temperature

5.1.3.3. Effect of Initial Concentration

Initial concentration of dyes has significant impact on removal efficiency and adsorption
capacity in process of adsorption. For this study, the concentration range of adsorbate was 50
mg/L to 250 mg/L as shown in Figure 5.1.6. Results obtained from investigation exhibits

increasing adsorption capacity from 48.9 to 185.68 mg/g and 47.67 to 158.38 mg/g for MB and
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RB, respectively. The removal efficiency decreases from 97.81 to 74.27% and 95.35 to 63.35%
for MB and RB, respectively, with an increment of initial concentration of dyes from 50 to 250
mg/L. Mass transfer gradient initiates dye molecules transfer from solution onto the surface of
bioadsorbent. After optimum uptake of solute molecules, the removal efficiency decreases with
increasing initial concentration due to repulsive forces between dye molecules of bulk solution
and those present on bioadsorbent surface. In general, the adsorption dynamic exhibits various
adsorption steps to transfer to solute such as particles diffusion i.e. adsorption of adsorbate into
interior region of adsorbent, film diffusion like adsorption of adsorbate molecules from solution
to the outer surface of adsorbent as well as the movement of adsorbate on interior surface of
absorbent pores #. The rapid uptake of dyes in lower concentration shows maximum removal
efficiency, therefore, 100 mg/L was considered as an optimum concentration for the adsorption
study with removal efficiencies of 97.14 and 94.03% for MB and RB, respectively. The
decreasing free active sites of adsorption and saturated condition does not favor further

adsorption and results in decreasing nature of graph 4243
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Figure 5.1.6: Effect of initial concentration of MB and RB on adsorption capacity

and removal efficiency using FVSB at room temperature

5.1.3.4. Effect of pH
The initial pH is an important factor affecting the process of adsorption directly. The influence of
initial pH on adsorption of MB and RB was explored in the range of 2-12. Several factors such
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as change of the adsorbate degree of ionization, functional group dissociation level on active
sites with bioadsorbent and charges affiliated with bioadsorbent surface**. MB shows maximum
removal efficiency at higher pH and RB shows maximum removal in acidic pH. At basic pH the
negatively charged functional groups on surface of bioadsorbent promotes the adsorption of MB
dye. The presence of H* ions in acidic condition competes with MB molecules on surface of
adsorbent®. Therefore, the removal efficiency increases from 34.35% to 98.01% with increasing
pH. In case of RB, the maximum removal efficiency was observed at pH 4 i.e. 94.07% and
minimum removal efficiency was observed at pH 12 i.e. 60.74% (Figure 5.1.7). Cationic and
monomeric forms of RB exist in acidic condition, due to which removal efficiency is higher in
acidic pH. The change in pH forms different ionic species, mainly zwitterionic form at pH higher
than 4. The formation of dimer due to the interaction of carboxyl and xanthene groups of RB
reduces the removal efficiency of RB at higher pH. The optimum pH for MB adsorption is
considered as 8 with removal efficiencies of 97.14% as no significant increase in removal
efficiency was observed with raising pH, whereas the optimum pH for RB adsorption was
considered as pH 6. The same pattern of adsorption of RB with maximum removal efficiency
between pH 3 to 4 was previously reported®®.
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Figure 5.1.7: Effect of pH on removal efficiency of MB and RB on FVSB at room

temperature
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5.1.3.5. Effect of Contact Time

The effect of contact time on adsorption of dyes using FVSB at 60, 120, 180, 300 and 420
minutes has been represented in Figure 5.1.8. The pH of MB was fixed at 8 and for RB the pH
was fixed at 4. After 420 minutes, the removal efficiency of MB and RB was observed as
95.13% and 93.44%, respectively. The presence of many unoccupied active sites results in rapid
adsorption during initial phase as dye molecules interact with surface of bioadsorbent. Very slow
adsorption was observed in between 300 to 420 minutes as active sites become saturated as well
as difficult to be captured by adsorbate molecules; already present dye molecules on
bioadsorbent surface repel those present in solution. The hydrogen bonding and electrostatic
interaction are the two major processes that facilitate adsorption of dyes on FVSB. The trend of

initial rapid increase and later constant removal efficiency has been reported 2047,
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Figure 5.1.8: Effect of contact time on the percentage removal of 100mgL* of MB and RB
at pH-8.0 and pH- 4.0, respectively at room temperature

5.1.3.6. Effect of Temperature
The increasing and decreasing removal efficiencies of dyes are directly affected by temperature

variation. In this study of MB and RB adsorption on FVSB, the removal efficiency increases
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with raising temperature range 25°C to 45°C as represented in Figure 5.1.9. The removal
efficiency increases from 97.21 to 98.71% in case of MB and 93.57 to 96.68% in RB with
increasing temperature. This adsorption study is favored at higher temperature; therefore the
process of adsorption of dyes on FVSB is endothermic in nature. Temperature enhancement
increases the adsorbate molecules mobility and also provides enough energy for interaction of

adsorbate molecules and bioadsorbent surface “8. A similar trend was also observed in some

reported works of adsorption?%3"
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Figure 5.1.9: Effect of temperature on removal efficiency of MB and RB with increasing
temperature from 25 °C to 45 °C

5.1.3.7. Adsorption Isotherms

The equilibrium adsorption isotherm is one of the significant aspects used in designing
adsorption system for interpretation of adsorbate and adsorbent interaction, data analysis as well
as adsorbent performance. Adsorption isotherm was represented as relationship of equilibrium
concentration of adsorbate and equilibrium adsorption amount based on per unit gram of

adsorbent. In this study, the Langmuir and Freundlich adsorption isotherm models were
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investigated based on adsorption capacities of MB and RB. The following equation was utilized
for evaluation of adsorption isotherm (Figure 5.1.10).

Ce 1 Ce

0. K, g

1
logq. = logKy + HlogCe )

where, Ce (mg L?), ge (mg g?), gm (Mg g?) represents equilibrium concentration of dyes,
adsorption capacity of FVSB at equilibrium and maximum adsorption capacity, respectively. 1/n
is constant affiliated with measurement of adsorbent and adsorbate relationship. K. (L mg™) and
Ke (L mg™?) represents Langmuir equilibrium adsorption constant and Freundlich equilibrium
adsorption constant, respectively. The value of KL (0 < K < 1) shows the favorable condition,
(KL > 1) represents unfavorable condition and linear adsorption process was observed under the
condition of (K_=1) #°.

Table 5.1.2 represents calculated values of Langmuir and Freundlich isotherm model. The
experimental data was best fitted with Langmuir model with R? value of 0.998 and 0.999 for MB
and RB. Since, the co-relation coefficient of Langmuir adsorption isotherm was higher than
Freundlich adsorption isotherm therefore; representing Langmuir model accuracy i.e. monolayer
adsorption of both dyes. In this model, homogenous spreading of active sites on the bioadsorbent
surface was assumed. It could be concluded that, adsorption of both MB and RB shows

monolayer coverage on energetically identical binding sites of FVSB 330,

Table 5.1.2: Adsorption isotherm constants for 100 mgL™? of MB and RB at room

temperature

Dye Molecule Langmuir Freundlich
KL Kr
(L mg?) (L mg?)
Methylene Blue 0.25 57.14
Rhodamine B 0.206 4591
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Figure 5.1.10: (A&B) Langmuir and (C) Freundlich adsorption isotherm for the

removal of 100mgL* of MB and RB at room temperature
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5.1.3.8. Adsorption Kinetics

200 300 400

Time (minutes) Time (minutes)

--MB ==-RB --MB -=-RB
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100 200 300 200 300
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Figure 5.1.11: Graphs of (A) Zero order (B) First Order (C) Second Order (D) Third
Order (E) Pseudo first order (F) Pseudo Second Order kinetic curve for MB and RB
adsorption on FVSB

The time course trail was performed during adsorption of MB and RB for quantification of

reaction time to reach equilibrium in mono-component solution system. It is a very significant
factor for evaluation of designing process, practical applications and control of operation. The
mechanism of adsorption as well as solute uptake has been described by adsorption Kkinetic
models by managing dyes uptake time at the solid-solution interface. Zero order, First order,

Second order, Third order, pseudo-first order and pseudo second order kinetic models were fitted
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with experimental data to investigate the mechanism of adsorption. The following equations

were utilized for calculation of adsorption kinetics parameters:

In(q. — q;) =lnq, — kqt ... cco e e ... (7)

t 1 4 t 8)
4. FqZ g,

where, Qe and Ot (Mg g 1) shows amount of dyes adsorbed at equilibrium, is amount of dyes

adsorbed at time t (minutes). ki is rate constant of pseudo-first order kinetic model while ko (mg
min g1) is the rate constant of pseudo-second order kinetic model. Taking consideration of co-
relation coefficient, the experimental data fitted best with pseudo- second order model as
represented in Figure 5.1.11.

The co-relation coefficient of MB data was found to be 0.999 and for RB the R? value was 1.
The adsorption kinetic parameters of MB and RB have been shown in Table 5.1.3. The
experimental data follow pseudo-second order model, suggesting that adsorption of dyes are
affiliated with their chemical interactions with FVSB surface and rate determining step is

chemisorption.>?

Table 5.1.3: Kinetic parameters for adsorption of MB and RB on FVSB

Pollutants Pseudo First Order Pseudo Second Order

Qe (Mg/9)

ki (10°)

R2

Qe ( mg/g)

kz (10°7)

RZ

19.7

-1.2

0.84

100

0.67

0.999

17.4

-1.9

0.97

100

0.88

1

5.1.3.9. Adsorption Thermodynamics

The spontaneity and mechanism of adsorption process is evaluated by adsorption
thermodynamics parameter. Therefore, it has been considered as a significant parameter in
adsorption study. The experimental data obtained from temperature variation of 25°C, 35°C and
45°C was taken into consideration for thermodynamic study. The Gibbs free energy (AG®), Free

energy change (AH°®) and entropy change (AS°) are some parameters calculated from the slope
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and intercept of a Vant Hoff plot of experimental data on K¢ versus 1/T at various temperatures
i.e. 298, 308 and 318 K (Figure 5.1.12).
AG° = —RT In(K,)

AS°  AH° 1
InK,.= -——.=
R

where, ‘K¢’ is adsorption affinity i.e. Qe/Ce, ‘T’ and ‘R’ is temperature (K) and gas constant
(8.314 J.molt. K1)

The negative values of AG® obtained at various temperatures shows that the adsorption of MB
and RB on FVSB is a spontaneous process. The increasing negative values of AG® with rising
temperature suggest that process of adsorption is energetically favored. The parameter of
thermodynamic study has been shown in Table 5.1.4. The endothermic nature of MB and RB
adsorption with FVSB was represented by positive value of AH°. Positive value of AS°
represents enhancing randomness at the adsorbate/adsorbent interface during adsorption
process. It has been reported that AH® value between 2.1-20.9 kJ mol shows physisorption
process, whereas in between 80-200 kJ mol~ shows chemisorption. In this study, the calculated
AH® value is more than 20.9, thus, chemisorption process facilitates adsorption of MB and RB
onto FVSB. This trend is also supported by the kinetics modelling obtained as well as reported

by other researchers. 523

Q__
B

—
+

__Q
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D | |
0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034

1/T(K?)

Figure 5.1.12: In (Qe/Ce) versus 1/T graph for estimation of thermodynamic
parameters for adsorption of MB and RB on FVSB
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Table 5.1.4: Thermodynamic parameters for the adsorption of MB and RB on FVSB

Contaminants

Ke

298 K

308 K

318 K

AH®

AS°

AG°

298 K

308 K

318 K

MB

34.85

51.78

76.56

30.711

0.132

-8.79

-10.08

-11.44

RB

15.46

19.78

29.12

27.52

0.114

-6.61

-7.63

-8.90

5.1.3.10.

The simultaneous adsorption of more than one dye increases the practical applicability of

Simultaneous Adsorption Study of MB and RB

adsorbent. The result of simultaneous adsorption of MB and RB has been represented in Figure
5.1.13. For MB and RB, the removal efficiency was found to be 99.37% and 98.87%
respectively in binary solution. The effect of simultaneous adsorption of dyes on FVSB was

measured by utilizing the ratio of adsorption capacities (Rq).

_ qpl
Am &

where, gm,i represents the adsorption capacity of component i’

R

e (13)

q

in single system and qp,i
represents adsorption capacity of component ‘i’ in binary system with same initial concentration.
In general, three conditions are reported in case of simultaneous adsorption i.e. i) Synergism: the
condition occurs when Rq > 1, where adsorption of one dye is escalated in the presence of
another dye; ii) Antagonism: the condition occurs when Rq < 1, in this situation the adsorption of
one dye is inhibited in presence of other dye and iii) Non-interaction: this condition occurs when
Rq = 1, showing adsorption of one dye is unaffected by the presence of other dye. This study
shows synergism, as Rq > 1 i.e. adsorption of dyes enhances in the presence of other dye?.
Therefore, the FVSB synergistically facilitates the removal of both dyes in binary system. No
antagonistic effect was observed during the process of adsorption when both dyes co-exist in

mixture.
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Figure 5.1.13: (A) Photographic images of binary solution before and after adsorption (B)

UV-vis spectra of MB and RB in binary solution with time

5.1.3.11. Desorption and Regeneration

The important index considered for regeneration of bioadsorbent is desorption study that also
helps in recovering adsorbate molecules. The efficiency and effectiveness of FVSB could be
determined by desorption study. The suitable eluent system was selected based on the type of
relationship occurring between adsorbent and adsorbate system. For assessment of regeneration
and reusability of FVSB the consecutive adsorption and desorption cycle was executed using
0.1M HCI and 0.1M NaOH **, Since, better results were obtained with HCI therefore, it was used

as eluent system for desorption cycle after washing with distilled water. The maximum removal
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efficiency obtained after the first desorption cycle was 96.3% and 92.2% for MB and RB,
respectively. As the Figure 5.1.14 (A) represents, the removal efficiency decreases slowly after
every cycle reuse of FVSB. The FTIR spectra of FVSB after five adsorption cycles have shown
that the structure of the bioadsorbent is not degraded or affected during the regeneration process.
The outcomes exhibit that FVSB acquire significant reusability characteristics aiding to the
economic viability of the process as shown in Figure 5.1.14 (B). This suggests that F\VSB retain

their structure after successful adsorption of MB and RB.

A
A

96.3%
Sz 90.6% 77
90

60

Removal Efficiency (%)

Number of Cycles

C

FVSB+RB

FVSB+MVB

Transmittance (%)

3500 2500 1500

Wavenumber (cm-1)

Figure 5.1.14: (A) Percentage removal of MB and RB after successive
desorption/adsorption cycles using 0.1M HCI as eluent; (B) FTIR spectra of
regenerated FVSB
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5.1.3.12. Adsorption Mechanism

Hydrogen Bonding
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Figure 5.1.15: Probable mechanism of adsorption of MB and RB on FVSB

The plausible mechanism of MB and RB adsorption on FVSB has been represented in Figure
5.1.15. Various factors control and govern the process of adsorption; some of them are functional
and structural behaviour of adsorbate molecules and several bioadsorbent surface characteristics
like surface area, pore size, surface chemical groups, active sites etc. The adsorbate molecules of
this system i.e. MB and RB are cationic dye pollutants. The surface of FVSB, contains several
active functional groups like hydroxyl, carboxylic and amine groups that govern the process of
adsorption. The MB and RB dye uptake was basically facilitated by the electrostatic interaction
and hydrogen bonding between adsorbate and bioadsorbent surface. The FVSB could be
considered as effective, sustainable and eco-friendly adsorbent system for efficiently removing
the dyes from single and binary component system. The investigation of adsorption mechanism
was done by using FTIR analysis. Before and after adsorption spectra of FVSB, helps in
determining the interaction of dyes and surface of bioadsorbent. The slight shift of 2-4 cm™

peaks of —O-H and —C=0 confirms their contribution in adsorption mechanism. The decreasing

intensity after adsorption represents the utilization of functional groups in adsorption process®.
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5.1.3.13. Adsorption of real sample using FVSB

The removal of color from real environmental sample has been investigated using textile
effluent. The preliminary study of adsorption using FVSB has been done on real sample diluted
in ratio 1:3. The 20 mL of diluted solution was investigated for adsorption study using 100 mg of
FVSB for 420 minutes. The result shows decrease in color intensity visibly as well as supported
by UV visible spectra of solutions before and after adsorption demonstrating successful

environmental remediation process (Figure 5.1.16).

Before Adsorption After Adsorption

2 2

—Before Adsorption

—After Adsorption

Absorbance

T I

550 650

Wavelength (nm)

Figure 5.1.16: Photographic images and UV visible spectra of environmental sample

adsorption using FVSB
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The comparison table represents that maximum adsorption capacities of MB and RB obtained by

Comparison with Other Adsorbents

Chapter V (A)

using FVSB is better than other reported bioadsorbent (Table 5.1.5). FVSB could be regarded as

preferable and promising bioadsorbent utilized for elimination of organic pollutants such as dyes

from aqueous solution.

Table 5.1.5: Comparison of maximum adsorption capacities of FVSB with other adsorbents

Adsorbent

Adsorbate

Qm (mg/g)

Reference

Ethanol modified Gracilaria edulis
(EGE), Ethanol modified Gracilaria
salicornia (EGS) and Ethanol modified

Kappaphycus alvarezii (EKA)

RB

97.08 mg/g, 105.26
mg/g and 112 mg/g

8

magnetic iron oxide nanoparticles
functionalized cress seed mucilage
(CSM-MIONSs)

44.6 mgl/g

Eucheuma cottonii seaweed biochar

133.33 mg/g

Pomegranate peel

30.47 mg/g

Casuarina equisetifolia needle (CEN)

82.34 mg/g

waste seeds Aleurites moluccana (WAM)

178 mg/g and 117
mg/g

Activated carbon/cellulose composite
(ACC) biosorbent

103.66 mg/g

Banana Peels (BP), Cucumber Peels (CP)
and Potato Peels (PP)

211.9 mg/g, 179.9
mg/g and 107.2

mg/g

FVSB

MB and RB

200 mg/g and 166.6
mg/g

This work
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5.1.4. Conclusion

In coastal region huge amount of seaweeds are available and implementation of biomass waste as
bioadsorbent has been considered under this study. In summary, the present work investigated
the adsorption of organic dyes i.e. MB and RB using Fucus vesiculosus seaweed bioadsorbent
(FVSB). The FVSB is economically viable, efficient, sustainable, eco-friendly and easily
available approach of pollutant removal. The removal efficiency of MB and RB was found to be
98.71% and 96.68%, respectively. The results obtained from adsorption process represented
efficient adsorption capacity of 200 mg/g for MB and 166.66 mg/g for RB. The investigation of
various adsorption parameters includes adsorbent dose, concentration, pH as well as temperature
variation. The Langmuir adsorption isotherm model fitted well with experimental data
representing monolayer adsorption and follows the pseudo-second-order Kkinetic model
exhibiting chemisorption mechanism for adsorption. The thermodynamic study exhibits
spontaneous process of adsorption of dyes. The detailed observation revealed that adsorption of

MB and RB on FVSB is governed by electrostatic interaction and hydrogen bonding. At last, the

FVSB was regenerated and reutilized by using 0.1M L™ HCI in desorption process. No

significant decrease was observed up to five subsequent cycles. FVSB was successfully utilized
for removal of color from environmental sample. Therefore, FVSB could be considered as
promising and preferable bioadsorbent for removal of organic dyes and aiding the environmental

remediation process.
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