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Abstract

Water polluted by dyestuffs compounds is a global threat to health and the environment; accordingly, we
prepared a green novel sorbent chemical and Physical system from an algae, chitosan and chitosan nanoparticle
and impregnated with algae with chitosan nanocomposite for the sorption of Malachite green dye from water.
The algae with chitosan nanocomposite by a simple method and used as a recyclable and effective adsorbent for
the removal of malachite green dye from aqueous solutions. Algae, chitosan, chitosan nanoparticle and algae
with chitosan nanocomposite were characterized using different physicochemical methods. The functional
groups and chemical compounds found in algae, chitosan, chitosan algae, chitosan nanoparticle, and chitosan
nanoparticle with algae were identified using FTIR, SEM, and TGADTA/DTG techniques. The optimal
adsorption conditions, different dosages, pH and Temperature the amount of algae with chitosan nanocomposite
were determined. At optimized conditions and the batch equilibrium studies more than 99% of the dye was
removed. The adsorption process data matched well kinetics showed that the reaction order for dye varied with
pseudo-first order and pseudo-second order. Furthermore, the maximum adsorption capacity of the algae with
chitosan nanocomposite toward malachite green dye reached as high as 15.5mg/g, respectively. Finally, multiple
times reusing of algae with chitosan nanocomposite and removing dye from a real wastewater has made it a

promising and attractive option for further practical applications.

*Corresponding Author: G. Annadurai D4 gannadurai@msuniv.ac.in
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Introduction

Industrial and agricultural activities have all produced
organic pollutants, radionuclides, metalloids, and
hazardous metals that are creating the environment at
risk [G.M. Gadd, 2009]. As per the reports, the textile,
dyeing, and painting industries require roughly 10,000
different types of commercially - available dyes and 700
tonnes of dyestuffs annually (Robinsson, 2001). There
are several methods for eliminating inorganic
compounds from aqueous media. A few techniques that
exist are ultrasonic irradiation, chlorination,
photodegradation, oxidation, membrane separation,
coagulation, biodegradation, precipitation, and
adsorption (Lawal et al., 2019; Peternel et al., 2007;
Kaur Parul et al., 2020; Martinez-Huitle et al., 2018;

Elbaraka et al., 2012).

Active carbon has been reported as the most effective
adsorbent (Crisafully et al,, 2008), but its usage in
large-scale water treatment has been constrained due
to its high application costs and challenging

regeneration processes/methods.

It has been documented that biosorption is able to
reduce about 20% and 28% capital and total costs in
comparison with conventional methods respectively
(Ata, et al., 2000). Organic dyes, such as safranin,
eosin, basic and acid fuchsin, crystal violet, congo red,
and methylene blue, among others, are major water
pollutants that are mostly found in the effluents of the
paper and textile industries (Dogan, et al., 2003).
Many researchers used the modified and unmodified
algae as an adsorbent to remove different dyes, such
as Congo red (Iryani, et al.,, 2018; Niu, et al., 2019;
Bentahar, et al., 2017), basic yellow 28 ( Aragaw, et
al., 2020), basic yellow 2 (Scoziidoiru, et al., 2016),
reactive red 120 (Errais, et al., 2011; Errais, et al.,
2012; Abidi, et al., 2019), basic red 46 (Karim, et al,,
2009), direct yellow 50 (Yavuz, et al, 2006),
methylene  blue (Bentahar, et al, 2017;
Boukhemkhem, et al, 2017), malachite green
(Tehrani-Bagha, et al., 2011), crystal violet (Bentahar,
et al., 2017; Nandi, et al, 2008), natural annatto
(Dias, et al.,, 2019), violet 5R and acidic blue 25

(Aguiar, et al., 2017).

One of the most extensively used strategies for
immobilisation is the use of polymeric matrixes such
as alginate, chitosan, and different resins (Zhao et al.,
2011; Karim et al., 2012; Khorramabadi et al., 2012;
Darvishi Cheshmeh Soltani et al., 2013). Because of
its hydrophilicity, biodegradability, non-toxicity, and
availability, chitosan is an appropriate natural
biopolymer for the immobilisation process (Cestari et
al., 2008; Wan Ngah et al., 2011). Chitosan is nature's
second most abundant biopolymer (Zhou et al., 2011;
Zhu et al, 2011). Furthermore, the chitosan's
adsorption capacity for sequestering anionic dyes due
to electrostatic attraction between the protonated
amine groups on the chitosan and the anionic dyes'
sulfonic groups would be beneficial to enhance
anionic dye adsorption in conjunction with the
immobilised adsorbent (Chang and Juang, 2004;
Zhou et al., 2011; Zhu et al., 2011; Darvishi Cheshmeh
Soltani et al., 2013). In this study, the capacity of
Malachite green dye to adsorb from aqueous solutions
using algae and a chitosan nanocomposite as an
adsorbent was examined. The effects of dosages, pH,
and temperature on the algae treated with chitosan
nanocomposite were investigated under Kkinetic
investigation. Malachite green dye adsorptions onto
algae with chitosan nanocomposite are evaluated
using the adsorption kinetic data to determine the
rate-limiting phase. Both the pseudo-first order and
pseudo-second order adsorption isotherms were used

to construct the experimental data.

Materials and methods

The following chemicals were of analytical grades
Chitosan powder, Acetic acid glacial (CH3;COOH)
GR (Merck), Sodium Tripolyphosphate
(NasO10P3), and double distilled water. Analytical

100%

grade Malachite green is an organic compound that is

used as adyestuffand controversially as an
antimicrobial in aquaculture. Malachite green is
traditionally used as a dye for materials such
as silk, leather, and paper. IUPAC name - 4-(4-
(Dimethylamino-phenyl-phenyl-methylidene)-N, N-
dimethylcyclohexa-2,5-dien-1-iminium chloride and
AS Number — 569-54-2 (Chloride salt) was purchased

from Merck.
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Algae

Brown marine algae known as P. boeregeseni were
found in the sea of rameswaram in the southern
region, close to rameswaram. The deionized water-
cleansed marine algae were freeze-dried, ground into
powder, and kept at 4°C for later use. When
necessary, 20 g of dried, finely ground P. boeregeseni
was cooked in 10omL of deionized water for 20
minutes at 60°C. The resulting extract was then
passed through a Millipore filter (0.45m) and used for
additional experiments within a week at 4°C. They
will be dried for 48 hours at 40 degrees Celsius before
being ball-milled to a precise geometric size. The
pulverised peels were then placed in an airtight

container, tagged, and packaged.

Preparation of Chitosan Nanoparticles

Chitosans capacity to form hydrogels in the presence
of particular polyanions and its high degree of
protonation of the amine functionalities serve as the
foundation for the ionic gelation method used to
create nanoparticles from chitosan. Chitosan forms
nanoparticles when it is cross-linked with a substance
like sodium tripolyphosphate (TPP), as a result of the
opposing charges between the two molecules. The
Ionic Gelation Method is the method used to create
chitosan nanoparticles. Polyelectrolytes' ability to
cross-link in the presence of opposing ions to produce
nanoparticles is the basis for ionotropic gelation.
Chitosan polysaccharide is dissolved in an aqueous
acidic solution in the ionic gelation process to
produce the cation of chitosan. The polyanionic
tripolyphosphate solution is then continuously stirred

while this solution is added.

Chitosan goes through ionic gelation and precipitates
to form spherical particles as a result of the
opposing
(positive/negative). (Muhammad Rafeeq et al., 2010)

complexation between charges
Chitosan was dissolved in 2% (v/v) acetic acid after
being diluted to 1% w in order to generate a solution.
Sodium tripolyphosphate (STPP) (1% (w/v)) was used
as an ionic cross-linker. Chitosan nanoparticles were
produced by sonicating 1omL of chitosan solution at

room temperature for an hour with 1mL of STPP.

Synthesis of Algae with chitosan nanocomposite

With constant magnetic stirring at room temperature,
5.0 g of produced chitosan nanoparticles were
dissolved in a 1:1 mixture of ethanol and water. The
aforesaid reaction mixture was then mixed with 25g
of algae powder. The suspension was continuously
agitated for two to four hours before being transferred
to a sonication bath for four hours. Centrifugation
was used to separate the chitosan nanoparticle from
the final product for 30 minutes, and it was then
dried in a hot air oven at 100°C. Chitosan

nanocomposite containing algae was created.

Characterization of Studies

The functional groups of algae with chitosan
nanocomposite were located using the FTIR spectra. On
a Perkin Instruments FTIR spectrophotometer, samples'
IR spectra were captured. A scanning electron
(SEM) and

spectroscopy (EDX) were used with a Merlin Compact

microscope energy-dispersive ~ X-ray
6073 scanning electron microscope to determine the
surface morphology, textural structure, and elemental
content of the samples (Carl Zeiss, Germany).
(UV-Vis)

method for measuring light absorbance across the

Ultraviolet-visible spectrophotometry, a
ultraviolet and visible ranges of the electromagnetic
spectrum, was used to quantify the dye concentration.
In the thermal analysis technique known as
thermogravimetric analysis (TGA), the mass of a

sample is tracked over time as the temperature varies.

Adsorption methods

In doubly distilled water, a stock solution of the
Malachite green dye (1000ppm) was made. Under a
variety of process variables, including pH, time,
temperature, and adsorbate concentration, the
adsorption of dye was investigated in batch mode
studies. The process of dye adsorption involved
shaking a known volume of dye solution in a shaker at
a constant speed of 180 rpm for a predetermined
amount of time, after which the adsorbent was
separated by centrifugation. After that, (UV-Vis)
spectrophotometry was employed to measure the
concentration of dye in the supernatant. 0.1 M HCl
and 0.1 M NaOH were used to change the pH of the
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mixture. The following equations (1) and Table.1 were
used to determine the amount of dye ions adsorbed.
qe (mg/g) is the quantity of dye adsorbed onto the
adsorbent at equilibrium, V (L) is the volume of

solution, and m (g) is the mass of the adsorbent,

where Co (mg/L) and Ce (mg/L) are the initial and
equilibrium concentrations of dye, respectively.
= ﬁ X\

Qe
m (1

Table 1. Pseudo-first order and Second-order different types of Linear and Non- Linear form.

Type Non-linear form

Linear form Plot

Lagergren Equations
Pseudo first order

Pseudo second order

q=K,qgt / 1+K,qct

q=0q,(1-exp™) Log(q. -a)=loglq,)-Kt/2.303 Log(q, -q)vst
t/q=1/ Ka’+{L/ q)

t / qvst

Result and discussions

SEM Analysis

A representative SEM picture of the resulting
composites is shown in Fig. 1. The illustration
demonstrates the uneven surface and different pore
diameters of the algae, chitosan, chitosan algae, chitosan

nanoparticle and chitosan nanoparticle algae.

In addition, the morphologies of the -chitosan
nanoparticles in the algae, chitosan, chitosan algae
made of algae do not resemble those of chitosan
nanoparticles. The created chitosan nanoparticles
with algal exhibit uniform morphological structure
and  well-developed  exterior = macroporosity,
supporting the successful development of uniform
morphologies, as shown in Fig. 1 A and F. Fig. 1
displays SEM pictures of algae, chitosan, chitosan
chitosan chitosan

algae, nanoparticle  and

nanoparticle algae.

Although the algal nanoparticles were not filtered and
just a little amount of microsize algae were present,
they are homogeneous. This size distribution is
advantageous because it makes the brown chitosan
nanoparticles with algal easier to transport, store, and
handle. A microsized fragment of algae can be seen
mixed in with the uniform algal nanoparticles in Fig. 1
C and D. Chitosan is described as an efficient algal

flocculant by several writers.

Chitosan, a substance with a heterogeneous surface
structure, was clearly responsible for this change in

the surface (Rashid et al., 2013).

ALGAE (A)

CHITOSAN (B)

CHITOSAN ALGAE (C) CHITOSAN NANOPARTICLE (D)

Fig. 1. SEM of the Algae, Chitosan with Algae,

Chitosan Nanoparticle, and Chitosan Nanoparticle

with Algae Nanocomposite.

Fourier transforms infrared

Fig. 2 displays the findings of the FT-IR study for
algae, chitosan, chitosan algae, chitosan nanoparticle,
and chitosan nanoparticle. The hydroxyl (-OH) broad
peak was seen at about algae (3435cm™), chitosan
(3394cm™), chitosan algae (3400cm™), chitosan
nanoparticle (3389cm™), and chitosan nanoparticle
algae (3441cm™) in the FT-IR spectra of algae,
chitosan, chitosan algae, and chitosan nanoparticle
algae. An absorption peak is seen at 1617cm,
1646cm™,  1741cm’,

1646cm™, and 1644cm,
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respectively, in the structures algae, chitosan,
chitosan algae, chitosan nanoparticle, and chitosan
nanoparticle algae. These absorption peaks can cause
tensile vibrations of the C=C groups of unsaturated
aliphatic structures and carbonyl/carboxyl structures
like C (Song et al., 2014; El-Aassar et al., 2020; 2021).
The vibrations of the C=C group are represented by
the absorption peaks at 1420cm, 1413cm™, 1417cm™,
11385cm™?, and 1385cm™ in the materials algae,
chitosan, chitosan algae, chitosan nanoparticle, and
chitosan nanoparticle algae. It's also important to
note that the vibrations of the functional groups -CO,
-OH, and CH are responsible for the vibrations in the
ranges of 1038cm™, 1038cm™, 1021cm™, 1038cm™,
1038cm™, 1029cm?, 1094cm?, and 1073cm?,
respectively. An absorption peak was found in the
range of 603-598cmin the structure of algae,
chitosan, chitosan algae, chitosan nanoparticle, and
chitosan nanoparticle algae, which is associated with
the bond vibration. According to Fig.s 2, chitosan's
peak absorption (amide II and N-H bending
vibration) appeared at 1647cm? and 1644cm?,
respectively, and algae and chitosan shared the same
functional group of hydroxyl (OH) stretching
vibration, alkane C-H stretching vibration, and C-O

stretching vibration from polysaccharide polymers.

600

550 —— AL = CH=—CH AL = CHNP=—— CHNP AL
500

450
400
350
300
250

Transmittance %

200
150
100

50

0
4000 3500 3000 2500 2000 1500 1000 500

Wavelength cm't

Fig. 2. FTIR curves of the Algae, Chitosan with Algae,
Chitosan Nanoparticle, and Chitosan Nanoparticle

with Algae Nanocomposite.

Thermal Gravimetric Analysis
The thermal stability behaviour of algae, chitosan,
chitosan algae, and chitosan nanoparticle algae was

investigated using the TGA analysis. In Fig. 3, the

test's outcome is displayed. Up to a temperature of
260°C, weight loss was observed for both samples of
algae at a rate of 51.6%, chitosan at a rate of 69%,
chitosan algae at a rate of 47.3%, chitosan
nanoparticle at a rate of 62.3%, and chitosan
nanoparticle algae at a rate of 38.92%. For samples of
algae, chitosan, chitosan algae, chitosan nanoparticle,
and chitosan nanoparticle algae, the weight loss was
discovered to be between 1% and 3% in the first
phase, respectively. The evaporation of moisture
present in the materials is responsible for the weight
loss in the first stage. It is important to note that the
weight loss of the chitosan nanoparticle algae sample
is more than that of the chitosan, chitosan, chitosan,
and algae samples at this stage, which may be caused
by the presence of more water molecules in the
structure. The breakdown of organic components in
the samples and their conversion to gas may be to
blame for the second phase of weight loss, which
happened in the 220-600°C range. There was a
modest weight loss in the samples, which might be
the result of the materials under study losing some of
their structural integrity. Algae, chitosan, chitosan
algae, chitosan nanoparticle, and chitosan
nanoparticle algae all commonly lost between 69%
and 38.92% of their weight during the TGA
procedure. According to the findings, chitosan
nanoparticle algae have superior thermal stability
than chitosan, algae, chitosan algae, and chitosan
nanoparticle. The successful inclusion of algae,
chitosan, chitosan algae, chitosan nanoparticles, and
chitosan nanoparticle algae structure may be the

cause of this stability.

—— CHNP AL CHNP CH AL AL CH
70 - 225° @ 38.92%
01 \—» 2510 @ -62.3%

TGAMg

304 236.1% @ 47.3%
20

10 m
2607 @ -51.6%
104

100 200 300 400 500 600
Temp (°C)

Fig. 3. TGA curves of the Algae, Chitosan with Algae,
Chitosan Nanoparticle, and Chitosan Nanoparticle

with Algae Nanocomposite.
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Differential Thermal Analysis (DTA/DTG)
Thermogravimetry and differential thermal analysis
have both been used in conjunction for thermal
examinations of analytical precipitates. The benefit of
using two methods simultaneously is that the same
thermal change can be identified and represented by
both a weight loss and a temperature change. The
findings of the two sets of measurements can be
compared in order to spot changes that would not have
been obvious without the use of this dual approach.
Changes in the sample, whether exothermic or
endothermic, can be found relative to the inert
reference. Differential thermal analysis was performed
using the following materials: algae (293.5 and 471.8°C
Wt- 8.83 and 12.32V), chitosan (318.2 and 383.7°C Wt-
147.3 and 67.23V), chitosan algae (293.6 and 544.4°C
Wt- 6.070 and 3.314uV), chitosan nanoparticle (112.9.9
and 243.4°C Wt- 126.9 as shown in Fig. 4.

150
363.4°C @ 10.93UV ~——————— /v» 471.8° @123V

293.6° @ 6.070uV

1004
2935° @8.83uV/ 2434°c @ 67.23uV

I3
=}
1

3182 @ 147.3UV

3837° @67.23uV

1245.3% @ 6.070uV

DTA (uV/mg)

112.9° @ 12690V

=}
1

——CH

—AL

—— CHAL

—— CHNP
CHNP AL

-50 4

0 200 400 600 800
Temp. (Cdl)

Fig. 4. DTA curves of the Algae, Chitosan with Algae,
Chitosan Nanoparticle, and Chitosan Nanoparticle

with Algae Nanocomposite.

The differential thermal analysis method also
completes the thermogravimetry measurements in
the case where there is no weight loss. It is
challenging to draw accurate quantitative conclusions
from differential thermal analysis thermograms that
may be drawn from thermogravimetry results. Similar
to the area under a DTA peak study for algae (277°C
(299.6°C Wt-

(271.3°C  Wt-

Wt-5.53mg/min), chitosan

10.63mg/min), chitosan algae
9.19mg/min), chitosan nanoparticle (253°C Wt-

10.63mg/min), and chitosan nanoparticle algae

(251.6°C Wt-7.690mg/min) as shown in Fig. 5. Then,
this differential temperature in algae, chitosan,
chitosan algae, chitosan nanoparticle, and chitosan
nanoparticle algae is shown against time or against

temperature (DTG curve) as shown in Fig. 5.

100
2536% @ 10,63 mgimin 271.3% @ 9.19 mg/min i::'
299.6% @10.63 mg/min ——CHAL
804 251.6° @7.69 mg/min ——CHNP
277% @553 mgimin CHNP AL
— —
= 60 -
IS
>
£
— 404
]
=
o
204
04
T T T T
0 200 400 600 800

Temp. (Cel)
Fig. 5. DTG curves of the Algae, Chitosan with Algae,
Chitosan Nanoparticle, and Chitosan Nanoparticle

with Algae Nanocomposite.

Effect of dosages

To investigate the influence of algae with chitosan
nanocomposite dose on the efficiency and capacity of
the adsorption, a test run was done under the
conditions of dye concentration of 20mg/L, pH of 8.7,
and temperature (30°C) contact time of different min
and by orbital shaking instrument. The results are
shown in Fig. 6. The same trend was observed for the
adsorption process of dye. By increasing the
adsorbent dose, the adsorption efficiency of Malachite
green dye onto the algae with chitosan
nanocomposite increased. This increase in efficiency
can be due to an increase in the available surface area
to react with dye molecules (Weber et al., 1963;
Tehrani-Bagha et al., 2011). According to Fig. 6, with
an increase in the adsorbent dose from
20mg/L/100mL to3.0g/100mL, the Malachite green
dye adsorption efficiency increased from 75%,
respectively. It should be noted that after the dose of
20mg/L/1oomL toi.0g/ioomL, the adsorption
efficiency of cationic dyes using the magnetic
composite was not altered. This issue could be due to
the adsorbing of approximately all the dye molecules

onto the algae with chitosan nanocomposite surface
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and the establishment of equilibrium conditions
between the pollutant in the solution and on the
adsorbent. Also, according to the results, with
increasing adsorbent dose, the adsorption capacity of
both dyes was reduced (Seozudoru et al., 2016; Sejie
and Nadiye, 2016). To justify this, it can be stated that
when the algae with chitosan nanocomposite dose in
the solution is low, the dye is in contact with all
existing active sites on the adsorbent surface and
therefore, it becomes adsorbed. In other words, the
algae with chitosan nanocomposite surface are
saturated with dye molecules. However, by increasing
the adsorbent dose in the solution the dye molecule is
exposed to active sites that require less energy to

adsorb, so it is adsorbed quickly.

16

14

12

10

Amount of dye Adsorbed (mg/g)
®

—e—1.0g/L
—=—2.0g/L
—a—3.0g/L

o 25 50 75 100 125 150

Time (mints)
Fig. 6. Effect of specific Malachite green dye uptake
at Different Dosages with time (min) algae with

chitosan nanocomposite.

Effect of Temperature

The effect of temperature on the sorption of algae
with chitosan nanocomposite is shown in Fig 7. The
percentage of dye removal decreases from 94% to
89% for dye as the solution temperature increases
from 30 to 60°C. Because the adsorption decreased as
the temperature increased, the system is considered
to be exothermic. A similar trend was reported by
(Daneshvar et al., 2007; Dias et al., 2019) for the
adsorption of MB on activated carbon prepared from
durian shell, who explained that as the temperature
increased, the physical bonding between the organic
compound (including the dye) and the active sites of
the adsorbent weakened. In addition, the dye

solubility also increased, which caused the interaction

between the solute and solvent to become stronger
than that between the solute and adsorbent.
Therefore, the solute was more difficult to adsorb in

dye molecule.

Amount of dye Adsorbed (mg/g)

0 25 50 75 100 125 150

Time (mints)
Fig. 7. Effect of specific Malachite green dye uptake
at different pH with time (min algae with chitosan

nanocomposite.

Effect of pH
Acidity is very important in the adsorption process,

especially for dye adsorption. The pH of a medium
will control the magnitude of the electrostatic charges
imparted by the ionized dye molecules. Both the
adsorbent and adsorbate may have functional groups
that can be protonated or deprotonated to produce
different surface charges in solutions at different pH,
resulting in electrostatic attraction or repulsion
between the charged adsorbate and adsorbents
(Daneshvar et al., 2007; Dias et al., 2019). Therefore,
the effect of pH on the adsorption behavior of the dye
on the adsorbent was studied by observing the
percentage of dye adsorption over a wide pH range of
6.4 to 8.7. The variation in the adsorption of malachite
green dye with pH is shown in Fig. 8. As presented in
the fig., the obtained results show that the percentage
adsorption of dye decreases slightly with increasing
basicity up to pH 8.7, after which it remains almost
constant. This behavior may be due to the increase in
negative charge density of surface at acidic pH,
resulting in an attraction between the positively
charged dye molecule and adsorbent (Elbaraka et al.,
2012; Errais et al,, 2011). As the pH increases, the

surface charges density on the adsorbent decreases,

15| Manaobala et al.



J. Bio. & Env. Sci. | 2023

resulting in electrostatic repulsion from the positive

charge of the dye molecule.

12

-
o

Amount of dye Adsorbed (mg/g)
o

—e—pH:6.4

2 ——pH:8.7
—te—pH:7.4
V]
] 25 50 75 100 125 150

Time (mints)
Fig. 8. Effect of specific Malachite green dye - uptake
at different temperatures with time (min) algae with

chitosan nanocomposite.

Kinetic study

On the basis of kinetic investigations in the
adsorption process, the rate and mechanism of
adsorption were examined. As a result, several times
were chosen for each of the contaminants. According
to the suggested method, surface absorption was
examined under ideal circumstances using other
useful metrics. According to the correlation
coefficient values for the linear mode of several
kinetic equations, the desired kinetic model was then
chosen to explore the kinetics and the mechanism of
adsorption. The rate of adsorption is rapid, and the
outer surface's adsorption quickly achieves
saturation. The dye is simultaneously absorbed by the
interior surface of the chitosan nanocomposite
particle and enters the algae through a pore within

the particle.

The findings of the kinetic experiments are examined
using the first-order kinetic model and the second-
order kinetic model, respectively, in order to have a
thorough understanding of the dye transient
behaviour onto algae with chitosan nanocomposite
(Hameed et al, 2008). The following equations
provide the models. A lumped study of adsorption
rates is therefore sufficient for practical operation

from the perspective of system design. The pseudo-

first-order equation provides a straightforward

kinetic analysis of adsorption:

% = Kl(qeq - qt)

O, (2)
After definite integration by applying the initial
conditions g:=0 at t=0 and q:=q: at t=t, equation (2)
becomes;

K
|09(qeq - qt): log g, = mt G

Where qeq and qt are amounts of dye adsorbed at
equilibrium and at the time, inmg g-1 respectively, and
the k: (mg g* min) and g. (mg g* min™), was applied
to the present studies of dye adsorption. As such the
values of log (qe-qt) vs t were calculated from the
kinetic data of (Fig. 9 - 11) and plotted against time (Ho
and McKay, 1998). The first-order rate constant

calculated from the plots is shown in (Table 2).

1.2
= 1.0gL
A 20gL
1 * 3.0L
——Linear (1.0g/L)
~ 08 ——Linear (2.0g/L)
T ——Linear (3.0/L)
@
g o0s
o
o
-
0.4
0.2
0 - -
18 38 58 78 98

t (min)
Fig. 9. Pseudo-first order plot for the adsorption of
Malachite green dye using algae with chitosan

nanocomposite at various plots at Different Dosages.

1.2

m 30C

A 45C

e 60C
= Linear (30 C)
Linear (45C)
Linear (60 C)

0.8

0.6

Log(qe-qt)

04

0.2

18 68 118 168

t (min)
Fig. 10. Pseudo-first order plot for the adsorption of
Malachite green dye using algae with chitosan

nanocomposite at the various plot at Temperatures.
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1.2
1 m pH:64
A pH:74
= 0.8 ] ® pH:87
g Linear (pH:6.4)
% 0.6 = Linear (pH:7.4)
3 e Linear (pH:8.7)
0.4 | A
|
0.2 1
0 - -
0 50 100 150

t (min)
Fig. 11. Pseudo-first order plot for the adsorption of
Malachite green dye using algae with chitosan

nanocomposite at the various plot at pH.

The Malachite green dye reversible first-order kinetic
plot for sorption onto algae with chitosan
nanocomposite is shown in Fig. 12-14. Table 3
displays the estimated K values together with the
matching R2 1 values for the linear regression
correlation coefficient. The adsorption process'
dominance was confirmed by the fact that the forward
rate constant K; K> was significantly higher than the
reverse rate constant K. (Jumasiah et al., 200s5;
Konicki et al., 2013). R2 1 values for the linear
regression correlation coefficient were found to vary
from 0.8367 to 0.9758, on average, with a value of
0.9944. This model's applicability is confirmed by the
lower R2 1 value; however it is not the right one. The
solute sorption onto a sorbent mechanism can be
expressed in a number of steps. The constants of
sorption and intraparticle diffusion of dyes were
calculated using the equations of Lagergren (1898), a
pseudo-second order process, and Weber and Morris
(1968) in order to explore the sorption mechanism.
For some systems, a pseudo-second-order process
can also explain adsorption kinetics Franke et al.
(1987); (1991).
equilibrium capacity-based pseudo-second-order

Bolan et al The adsorption

equation may be written as;

dg 2
q L= K 2 (qeq - qt )
! (4)
Where k- is the rate constant of pseudo-second-order
adsorption. Integrating equation (4) and applying the

initial conditions, we have

S R S
(qeq - qt) de 5)
or equivalently,

t_ = ;2+ Lt

qt K quq qe (6)

The equilibrium adsorption capacity (geq), and the
second-order constants k. (g/mg min) can be
determined experimentally from the slope and
intercept of plot t/q: versus t. The applicability of the
pseudo-second-order models can be examined by the

linear plot as shown in (Fig. 12-14).

The correlation coefficient R2 shows that the pseudo-
second-order model an indication of chemisorption’s
mechanism that fits the experimental data slightly
better than the pseudo-first-order model. Therefore,
the adsorption of Malachite green dye can be
approximated more favourably by the pseudo-second-
order model (Ho and McKay, 2000; Longhinotti et
al., 1998). This model has been successfully applied to
describe the kinetics of many adsorption systems.

Calculated correlations are closer to unity for the

second-order kinetics model; therefore, the
adsorption kinetics.
12.00
m 1.0gL
e 20glL
[ |
10.00 4 30gl
e Linear (1.0g/L)
e |_inear (2.0g/L)
8.00 e Linear (3.0g/L)

6.00

t/qt

4.00

2.00

0.00

48 68 88 108 128
t (min)
Fig. 12. Pseudo-second order plot for the adsorption

of Malachite green dye using algae with chitosan

nanocomposite at different Dosages.
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16.0 — Table 3. Pseudo second Order (Type - I) rate
PH:6. . .
® pH:74 constant at different dye concentration, pH, and
A pH:8.7 . . .
Linear (pH:6.4) temperature Malachite green dye algae with chitosan
Linear (pH:7.4) - nanocomposite.
12.0 Linear (pH:8.7)
) Pseudo
second Order Pseudo second order rate constant
§- Type - 1
1.0 Qeq = 16.07; K2 = 0.0015; R2= 0.9527
% Dosages (g/L) 2.0 Qeq = 18.55; K> = 0.0012; R2= 0.9611
8.0 | 3.0 Qeq = 19.04; K> = 0.0017; R2= 0.9822
) 5.8 Qeq =20.00; K> =0.004; R2= 0.8062
° pH 6.8 Qeq =17.45; K2 = 0.008; R2= 0.9292
9.4 Qeq = 16.18; K> = 0.001; R2= 0.9545
Temperature 30 (eq = 16.07.; Ko= 0.0015§; §2= 0.9527
Q) 45 (eq = 17.24; K> = 0.0021; R2= 0.9801
4.0 60 Qeq = 18.55; Ko = 0.0023; R2=0.9944
48 98 148
Conclusion
t (min)

Fig. 13. Pseudo-second order plot for the adsorption
of Malachite green dye using algae with chitosan

nanocomposite at various plots at pH.

12.0
= 30C
e 45C
10.0 | a 60C -
’ Linear (30 C)
Linear (45 C) °
8.0 1 Linear (60 C)
s 6.0
=
4.0
2.0
0.0
48 68 88 108 128

t (min)
Fig. 14. Pseudo-second order plot for the adsorption
of Malachite green dye using algae with chitosan

nanocomposite at the various plot at Temperatures.

Table 2. Pseudo-first order rate constant at different
dye concentration, pH, and temperature Malachite

green dye algae with chitosan nanocomposite.

Pseudo-first

Pseudo-first-order rate constant
order

1.0 Ki=0.0175; qeq=1.149; R2= 0.9758
Dosages (g/L) 2.0 Ki=0.0027; qeq =1.103; R2= 0.9537
3.0 Ki=0.0245; qeq=1.0247; R2= 0.8556
5.8 Ki=0.0016; geq =1.417; R2= 0.9094
pH 6.8 Ki=0.0228; qeq =1.540; R2=0.8779
9.4 §1=0-0318; Qeq =1-459}é Rz= 3-9954
30 K;=0.009; qeq =1.03; R2= 0.8075
’(I(‘)ecrglperature 45 Ki=0.0154; qeq=0.971; R2= 0.8367
60 K;=0.0253; Geq =1.000; R2=0.9234

The kinetics of sorption of Malachite green dye on
algae with chitosan nanocomposite was studied on
the basis of the pseudo - first - second order rate
mechanism. FT-IR, SEM, and TGA were used to
determine the morphologies and textural
characteristics of the newly synthesised algae with
chitosan nanocomposite adsorbent. The sorption of
capacity of Malachite green dye is much adsorption
Malachite green dye because of the ionic charges on
the dye and the character of the composite. Kinetic
studies were conducted for dye adsorption on
unburned algae with chitosan nanocomposite in
aqueous solution. The adsorption of malachite green
dye was found to be dependent on solution pH,
dosages and temperature were investigated. A
comparison of the kinetic models and the overall
adsorption capacity was best described by the pseudo
first - second-order kinetic model. The activation
energy of sorption can be evaluated with the pseudo-
second order rate constants. The temperature and pH
play a role in the adsorption process. Greater
adsorption occurred at high temperature and pH. The
thermodynamic calculations indicated that the
process was spontaneous and exothermic. The
kinetics analysis revealed that the pseudo-second-
order model was a better fit of the experimental data
than the first-order kinetic expressions. The sorption
of malachite green dye by algae with chitosan
nanocomposite is an exothermic activated process.
For dye/ algae with chitosan nanocomposite systems
chemical reaction seems significant in the rate

controlling step and also the pseudo-second order
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chemical reaction kinetics provide the best
correlation of the data. A capacity of sorption has also
been evaluated with the pseudo -first - second order

rate equation were determined.
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