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Abstract

Crystal Violet (CV) enters in water bodies through the effluents of textile,
medical, paint, biotechnology industries. CV considered as mutagenic and
mitotic in nature and also causes skin irritation, eye damage and other severe
effects on human as well as aquatic lives. Due to its toxicity and harmful
effects, environmental agencies have put strict regulations on discharge of
CV dye contaminated water into natural water bodies. In the past decades,
several processes have been cited in the literature for the decontamination of
CV dye; however they have their own limitations for purification. Most of the
cited processes require sophisticated tools to separate adsorbent from water
after purification. For the proposed adsorbent, there is no need of such filtration
processes as the proposed chitosan beads can be easily removed from water
after purification without any tools. The same beads can be utilized several times
just simple chemical reactivation. In the proposed process, we have utilized the
same beads up to eight times and the removal efficiency was found to be more
than 90% within 90 minutes. The material is cost effective, eco-friendly and easy
to synthesize. To understand the adsorption rate and the adsorption mechanism
of CV over chitosan beads, the kinetics and adsorption isotherms models were
analyzed. The obtained experimental adsorption data was found to be best fitted

to pseudo second order kinetics and Langmuir adsorption isotherm.

Keywords: Crystal Violet; Industrial waste water; Chitosan Beads;
Adsorption; Re-usable

Introduction

Synthetic dyes are routinely used in the paper, textile, food,
printing, etc. industries. The major amounts of these dyes are
released into the environment and surface water from industries,
which deteriorate the quality of surface water. Due to their non-
biodegradable nature and having complex molecular structure,
these dyes are considered to be carcinogenic and mutagenic [1].
Out of the other synthetic dye CV (C,,N,H, Cl) commonly used in
several industrial process. The chemical structure of CV has been
given Figure la, which shows triphenylmethane as chromophore
group responsible for intense color. Although CV being considered
as harmful on inhalation and causes skin irritation, conjunctiva
and permanent blindness. However, it is commonly used in
pharmaceutical industries, textile industry for violet coloration and
also used as antibacterial, antifungal and anthelmintic in patients.
The undesirable and illegal release of CV in the environment causes
significant threat to human health [2]. So, to keep the health of
mankind and aquatic life it is important to separate the dye from
contaminated water before discharging in to water stream. The
separation of dyes from contaminated water generally being carried
out by several reported technique [3] like precipitation ozonation,
oxidation, filtration, coagulation/
flocculation, advanced oxidation, reverse osmosis.

electrochemical membrane

However, these techniques are expensive, time consuming, and
generates toxic sludge. In due course, the adsorption technique has
been espousing as an appropriate and advanced treatment technique

for dye contaminated water owing to its many advantages such as
simplicity, ability to treat minute concentration of dyes as well as
regeneration capability. Activated carbon has shown good adsorption
capacity with enormous surface reactivity. However, it’s difficult
to regenerate; as on regeneration almost 15% is lost resulting in
decreased uptake capacity also hampers the large-scale application

[3].

Consequently, research has been attracted towards the
development of an effective adsorbent with high regeneration
capability. In this regard several adsorbents like de-oiled soya ash
[4], bamboo tree leaf [5], clays, surfactant modified alumina, acid
activated bentonite composite beads, powdered mycelia, activated
carbon prepared by rice husk, banana peel, charcoal, iron oxide
(Fe,0,)-coated biochar etc. have been explored for the removal of CV
from water. According to the literature review, many other different
materials also have been used for the removal of dyes like amberlite
resin, alganic acid, Mn-doped ZnO nanocrystals, manganese ferrite,

alumina-silica composite aerogels, ZnO-Fe,O,, nanocomposite [6].

Chitosan is also considered as one of such adsorbents [7] which
have been widely used in various fields of adsorption due to its
excellent adsorption affinity, and non-toxicity. Chitosan, a linear
polysaccharide consisting of randomly dispersed N-acetyl-D-
glucosamine as acetylated unit and p-(1>4)-linked D-glucosamine as
a deacetylated unit. Its chemical structure is shown in Figure 1b. In
the present work, chitosan beads activated by NaOH have been used
due to its significant adsorption properties compared to several other
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adsorbents. The adsorbent can be easily synthesized without requiring
any complicated experimental setup and serves as a potent sorbent
for decontamination of CV dye. The batch adsorption experiments
were carried out as a function of pH, sorbent dose, contact time, and
concentration of adsorbate i.e. CV dye. The experimental sorption
data obtained from the varying time and concentration were fitted
to kinetics and isotherm models to understand the adsorption
mechanism.

Materials and Methods

All reagents were of analytical purity. Acetic acid, sodium
hydroxide, and Chitosan flakes were procured from Merck, India and
used without further purification. The crystal violet (CV) was obtained
as the commercial grade. De-ionized (DI) water having 18.2 MQ-cm
resistivity was used throughout the experiments which were obtained
from Millipore milli-Q element water purification system, USA. A
stock solution containing 1000mgL'of CV dye was prepared by
dissolving required amount of dye in DI water. Further stock solution
was diluted to the desired working range. The pH of the solution was
adjusted by 0.1M NaOH and HCl and the concentration of the dye in
the solution was analyzed at an optimized wavelength (570nm) using
Hitachi; UV-VIS spectrophotometer (model U-3900H)

Preparation of chitosan beads

To synthesize Chitosan beads 3.0g of chitosan was taken in flask.
To this, 100mL of acetic acid (3% w/v) was added. The solution was
left for overnight to ensure complete dissolution. In the Chitosan
solution, 2 M NaOH solutions was poured drop wise. The beads of
varying sizes were obtained. The size of the beads depends on the
diameter of the dispenser, through which the solution is poured. The
detailed synthesis of the beads via ionic gelation technique [8]. The
beads were collected from the solution after 24 hours and were used
for further experiments. The detailed spectroscopic and microscopic
studies of chitosan beads were carried out after air-dried.

Batch adsorption experiments for
adsorption parameters

optimization of

Adsorption of CV by Chitosan beads were investigated by
batch adsorption. The adsorption parameters like pH, contact time
and dose of adsorbent and adsorbate was optimized by carrying
several experiments. Each of the adsorption study was conducted
at room temperature (20°C-30°C). Initially, the known amounts of
Chitosan beads were added to the 25mL of CV dye solution having
ImgL"! concentration. The solution was then stirred and left for 60
minutes and the chitosan beads was then separated out manually.
The remaining concentration of CV in the solution after adsorption
was analyzed using UV-Vis spectrophotometer. The schematic for
synthesis and adsorption of CV dye by chitosan beads have been
presented in Figure 2.

In order to evaluate the maximum sorption of CV dye, an entire
set of experiments were performed at varying pH (2-10), adsorbent
dose (1-15 beads), time interval (10-90 min) at room temperature. The
percent removal of CV in batch sorption experiment was calculated
using Equation 1:

Percent Removal of CV= (C-C) x 100/C, (1)

Where C, and C, represents the initial and final concentration

(mgL?!) of CV dye solution.

Desorption and recycling of adsorbent

The desorption and reusable efficiency of the Chitosan beads were
investigated. The CV adsorbed chitosan beads were immersed in the
IM NaOH solution for 24 hours to reactivate the chitosan beads.
Several sorption-desorption cycles were performed at optimized
parameters. The remaining concentration of CV was determined
after each cycle, and the percentages desorption and adsorption was
calculated.

Characterization of the beads

The infrared spectra of fresh and CV loaded Chitosan beads
were analyzed using Fourier transform infrared (FTIR) spectroscopy
(Agilent make cary 630). The phase analysis of chitosan beads was
carried out by diffraction patterns obtained from X-ray diffractometer
(Bruker make AXS D8) using CuKa radiation and diffract plus
software. The crystallite size of Chitosan beads was calculated with
the help of Debye Scherer’s equation. The surface morphology of
fresh as well as CV loaded chitosan beads were analyzed using JEOL
JSM 6701F make scanning electron microscope operated at emission
current of 3.0kV.

Results and Discussion

Characterization

XRD analysis: The phase analysis of air-dried chitosan beads was
carried out having the 20 range from 10° to 90°. The XRD pattern of
dried chitosan beads is shown in Figure 3. The Chitosan beads shows
sharp diffraction peak at 19.9° [9]. The crystallite size of Chitosan
beads calculates using Scherer’s equation [10] was found to be 5.39nm
respectively.

FTIR analysis: The FTIR Spectra of fresh as well as CV loaded
Chitosan beads are shown in Figure 4. The functional groups on
air dried chitosan beads before and after CV dye adsorption were
characterized by FTIR in the range of 4000-430 cm™ as shown in
Figure 4. In pure chitosan beads, the absorption peaks at 3340cm
! originated from N-H stretching vibration mode, the peak at
2860cm™ shows C-H alkyl group, as Chitosan is a polysaccharide
(a hydrocarbon). The peak at 1660cm™ indicates presence of C=N
group. Another peak at 1566cm™ indicates the deformation band
of the primary amine (-NH) responsible for protonation of dye and
the peak at 1400cm reveals the band arises due to axial deformation
of the C-N amide and band at 1316cm™ indicates the presence of
CH-OH and CH,-OH stretching. The band at 1020cm™ indicates
the stretching of the C-OH of the primary alcohol group [11]. The
additional peak at 875cm™ in FTIR spectra of CV loaded chitosan
beads indicates the peaks corresponding to CV adsorption. From the
spectrum it has been concluded that CV binds over Chitosan beads.

SEM-EDS

The surface morphology and elemental composition of chitosan
beads before and after CV dye adsorption is shown in Figure 5a and
5b respectively. It has been observed that drop or oval like chitosan
beads seems to have macro porous structure having interconnected
pores. These pores may be responsible for adsorption of CV. Further,
the presence of C, O and N elements in EDS spectra confirms the
synthesis of chitosan beads. In the elemental composition of CV
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Figure 1: (a) Structure of Crystal Violet and (b) Structure of Chitosan.
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Figure 2: Schematic presentation of synthesis and adsorption of CV dye over Chitosan beads.
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adsorbed chitosan beads, the increased percentage of C and N —

elements confirms the adsorption of CV over chitosan beads.

Optimization of adsorption parameters 500 -
Optimization of pH: pH is one of the significant factors I

affecting adsorption of pollutant having its prominent effect on the :- 400 -

surface feature of sorbent as well as ionization of adsorbate [12]. The E..'

percent removal of CV by Chitosan beads was studied by varying g? 300 -

the solution pH from 2 to 10 in 25mL of CV dye solution (10mgL" g

concentrations). To each solution 7 beads (weight around 1.5g/bead) ~ 200-

of Chitosan was added. From Figure 6a, the percent removal of CV

by chitosan was found to be increases as pH increase and almost 100 -

completely removed at 9.5-10 pH range. Further all the experiments P R MRS B AR LT M,

were done at optimized pH (9.5-10). 2Theta (deg)
Optimization of adsorbent dose: In order to investigate the effect Figure 3: XRD Pattern of Chitosan.

of adsorbent dose on the percent removal of CV, various number

of beads (1-15 beads) were utilized at constant concentration and
volume of CV as performed in the pH study. The respective results
are shown in Figure 6b which reveals that percent removal of CV

increases with number of beads. It is due to the increase in active sites
available on chitosan beads which enhance the adsorption capacity
[13]. The maximum removal of CV was observed at 9beads whereas

Submit your Manuseript | www.austinpublishinggroup.com

Austin Environ Sci 7(2): id1076 (2022) - Page - 03



Austin Publishing Group

105
100 -
95 <
@ ]
Q
£ 9p4
g ] C=N
E 854
g ]
& god d;aform ation
'; ] 1 amine
& .5 |——Chitosan beads
}—Chitosan beads-CV dye
70 S cBH

L L L . T - L i L d T v, Ll Ad L h L]
3870 3440 3010 2580 2150 1720 1290 860 430
wavenumber (cm™)

Figure 4: FTIR spectra of fresh as well as CV dye loaded Chitosan beads.

further increase in the adsorbent dose results in a plateau.

Optimization of contact time: Contact time between CV and
chitosan was optimized by varying the reaction time from 15 to 90 min
using fixed number of chitosan beads, volume and dye concentration
as shown in Figure 6c. It was found that percent removal of CV by
Chitosan beads increases with contact time. It is due to the fact that
an optimized contact time allows maximum interaction between
the adsorbent and the dye. The highest removal was found at 90min
beyond which it became constant.

Optimization of CV dye concentration: The CV dye
concentration was varied to evaluate the maximum sorption capacity
of Chitosan. The initial concentration of CV dye was varied from

1-300 mgL"* at earlier optimized pH, dose and time and the percent
removal was studies for each concentration. The results are shown
in Figure 6d which reveals the percent removal of CV dye decreases
with increase in concentration. The percent decrease is due to the
complete occupation of active sites of Chitosan once it adsorbs
certain concentration of CV.

Kinetics study

To evaluate the mechanism and kinetics for the adsorption of CV,
characteristic adsorption constants were determined using pseudo
first order and pseudo second order models. The Lagergren’s pseudo
first-order plot [14] and Ho’s Pseudo second-order kinetics plot [15]
along with their correlation coefficients are shown in Figure 7a and 7b.
The lower value of linear correlation coefficient of pseudo first order
in comparison to pseudo second-order kinetics model conclude that
the adsorption of CV onto the chitosan beads is not better explained
by the pseudo first-order kinetics mechanism. Higher value of the
correlation coefficient for pseudo second-order equation suggested
that CV could be speedily sequestered by carbon functional groups
which results in quickly reaching the system in equilibrium. The
confirmation of pseudo second-order kinetics indicates that the
adsorbent and adsorbate are both involved in rate-determining step,
which may be chemisorption.

Adsorption isotherm

Adsorption isotherm is required to understand the adsorption
process and to limit the adsorption efficiency for the synthesized
chitosan beads. In the present investigation, Langmuir and Freundlich
isotherm equations [16] are used to explain the adsorption ways
of the chitosan beads. The graphs obtained by plotting Langmuir
and Freundlich equations are shown in Figure 8a and 8b. The CV
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Figure 5: SEM-EDS of air-dried chitosan beads (a) pure Chitosan and (b) after adsorption of CV.
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Figure 8: (a) Langmuir and (b) Fruendlich adsorption isotherm for the adsorption of CV.
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experiment adsorption data on the chitosan beads were found to be
best fitted to Langmuir model since its correlation coefficient, R*=1 is
higher in comparison to that for the Freundlich adsorption isotherm.

Mechanism

The amine group in chitosan gets protonated after addition of
acetic acid which further gets neutralized after adding NaOH [17].
From pH study, it was found the highest sorption of CV takes place
between pH 9.5-10 which results in incorporation of negatively
charged -OH groups over the surface of spherical chitosan beads.

Further, the structure of CV possesses positively charged ‘N’ atom, so
an electrostatic interaction between the negatively charged chitosan
beads and the positively charged CV dye facilitates the adsorption
of CV over chitosan beads. The probable mechanism for interaction
between CV and chitosan has been presented in Figure 9.

Reusability

Reusability study makes the adsorbent practically cost effective
and reusable for further adsorption cycles. In reusability study, the
Chitosan-CV after adsorption experiments was kept in 1M NaOH
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solution for reactivation upto 24 hours and then used for further
adsorption of CV. Initially 7 beads of Chitosan-CV were used
for adsorption of 1mgL? to 100mgL' CV dye solution (25mL).
Interestingly Chitosan-CV beads almost completely remove CV at
first cycle. Then the reusable efficiency of Chitosan-CV was tested
for higher concentrations and found to have almost good removal
efficiency. The reusability efficiency of chitosan beads for multiple
adsorption of CV has been presented in Figure 10.

Conclusion

In this study, the low-cost chitosan beads were prepared and used
as an effective sorbent for the multi cycle adsorption of CV dye from
water. The synthesized chitosan beads are potentially non-toxic and
could be easily separated after adsorption of CV dye. The optimization
of adsorption parameters for percentage uptake of CV in aqueous
solution was conducted. A set of optimal reaction conditions for
CV uptake was obtained as contact time (90min), number of beads
[9] and pH (9.5-10). Under optimal values of operating adsorption
parameters, highest percentage uptake of dye was achieved to be
99.6%.The CV adsorption experimental data was applied to kinetic
and isotherm modelling at various process parameters to analyze
the adsorption behavior. The obtained results indicated that the
experimental sorption data was found to be best fitted to pseudo-
second order kinetics model and Langmuir adsorption isotherm.
Overall, Chitosan beads were found to exhibit the potential as an
effective sorbent for the CV dye adsorption from wastewater.
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Highlights

. Synthesis of Chitosan Beads in alkaline medium by simple
wet chemical route.

. The synthesized beads exhibit strong adsorption affinity for
crystal violet dye

. The proposed Chitosan beads can be reactivated several
times by keeping beads in NaOH solution for 15 minutes.

. The activated beads can be reutilized upto 8 times for more
than 90% removal efficiency.
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