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In this study, styrene was used as a functional monomer for the production of moleculatly imprinted polymer
(MIP) via free radical polymerization method, using bromocresol green dye (BCG) as template. A non-imprinted
polymer (NIP), that excluded the template, was also synthesized. Both polymers were applied for the removal of
BCG from aqueous medium. The synthesized polymers were characterized with Fourier transform infrared
spectroscopy, scanning electron microscopy, and X-ray powder diffraction spectroscopic techniques. The effect
of operating variables, such as pH, contact time, initial dye concentration and process temperature, on the
efficiencies of the polymers in removing the dye were evaluated. Equilibrium time of BCG adsorption onto the
MIP was reached within 40 min, with adsorption capacity of 49.68 mgg" . The adsorption process followed the
pseudo-second-order kinetic and Freundlich isotherm models, while chemisorption mechanism was predicted.
The adsorption process was spontaneous and exothermic in nature, with AH values of -140.03 and -25.01
kJ/mol" recorded for BCG removal by MIP and NIP, respectively. The styrene-based MIP showed good
mechanical stability, and retained up to about 99% of its adsorption capacity after six sequential cycles of
regeneration. Comparatively, the MIP (99.81mg g") performed considerably better than its NIP (59.00 mg g)
analogue in the removal of BCG from aqueous medium, thus affirming the potentials of the molecular
imprinting technique in the production of efficient adsorbents for adsorption of toxic dyes from industrial
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ADSORPTION OF HAZARDOUS BROMOCRESOL GREEN DYE: EQUILIBRIUM,

ABSTRACT

effluents.
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INTRODUCTION

The huge production and massive utilization of
synthetic dyes have resulted in substantial
environmental pollution, thus, constituting a
serious menace to the public. Dyes are primarily
found in effluents released from rubber, plastics,
dye processing, cosmetics, textile and leather
industries (Nidheesh ez a/, 2012; Linh ez a/., 2019).
The three primary groups of dyes are the anionic
(which comprise acid, reactive, and direct dyes),
cationic (which are majorly basic dyes), and the
nonionic (e.g. disperse dyes). BCG
(tetrabromocresolsulfonphthalein) is an anionic
dye containing triarylmethane backbones. The dye
has found use as a tracking agent for DNA agarose
gel electrophoresis. Other areas of application
include its use in protein determinations, as pH
indicator, and in complexation processes
involving charge-transfer (Ghaedi ez a/, 2012).
BCG is among a class of dyes commonly referred
to as sulfonephthaleins, and is a member of the

benzofurans. The free acid form of the dye is in
form of light brown solid, while its sodium salt
form is dark green solid. The dye is used in thin
layer chromatography to visualize compounds
whose functional groups has pK, that is below 5.0.
The complete biodegradation of BCG is very
difficult and complex because of its multiplex
aromatic molecular structures (Hassan and Carr
2018; Yavuz et al, 2011). Many industrial dyes,
BCG inclusive, are toxic even at low
concentrations, causing many harmful effects on
human beings, such as eye diseases and nausea
upon ingestion. They disturb and affect the
marine life, food cycle and have even showed
evidences as potential candidates to cause cancer
(Yuzhu and Viraraghavan 2002; Purkait and
Dasgupta 2005; Faraji ezal., 2010). In order to avert
potential ecological degradations and counter
toxicological effects, a number of remediation
methods have been developed for the removal of
BCG from aqueous solutions. These comprise
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reverse Osmosis, precipitation, irradiation, ion
exchange, oxidation, bio-sorption, photocatalysis,
adsorption, flocculation, membrane filtration,
coagulation, and integrated approaches (Banat ez
al., 1996; Babu ez al., 2007; Zaharia et al., 2007; Ali ez
al, 2011). Unfortunately, many of the eatlier
mentioned methods are found to be capital
intensive — they involve multiple operations and
require high operational energy, thereby
hampering their full-scale industrial applications
(Nwabanne ezal., 2018).

Adsorption, on the other hand, is considered as a
promising and affordable technique. Its
advantages over other techniques include its ease
of operation and high efficiency. Other
advantages are: availability of a wide range of
adsorbent materials, high possibility of
regeneration and reuse, and low-energy requiring
technology (Kanawade and Gaikwad, 2011; Priya
et al, 2014; Anjum et al, 2017). Few of the
adsorbent materials so far explored for adsorption
purpose include sugarcane bagasse, chitin, maize
cob, hazelnut shell, microorganisms such as
fungus and yeasts, zeolites, lignin-based hydrogels
and activated carbon (Jiang ez al, 2020; Li et al.,
2021; Wang et al., 2021; Sterenzon et al., 2022).
However, as promising as these adsorbents are,
many failed in their selectivity towards particular
analytes, while others suffer from attrition,
rendering them non-reusable (Awokoya ez al,
2019, 2021); hence the need for the development
of alternative adsorbents that are capable of
overcoming the deficiencies of common
adsorbents.

Molecularly imprinted polymer (MIP) is a
promising adsorbent because of its high
specificity and selectivity towards analytes; its
applicability in harsh chemical media; its high
accessible specific cavities; its repeated use
without loss of activity and its high mechanical
strength (Awokoya ef al, 2013). Owing to these
aforementioned reasons, MIPs have found
usefulness in a wide area of applications
(Muldoon e# al., 1997; Le Moullec et al, 20006).
They have been applied in membrane separation
(Hosoya et al., 1996), solid phase extraction (Zhu ez
al., 2009), in vivo detection (Erturk-Bergdahl ef a/,
2019), and electrochemical sensing (Mazzotta et
al., 2022). A typical MIP is prepared, simply by the
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copolymerization of a functional monomer with a
crosslinker in the presence of a target analyte
(template molecule), a porogenic solvent and an
initiator. The template is subsequently removed,
thus leaving binding cavities that are compatible
with the shape, size, and functionality of the
template within the polymeric network (Awokoya
etal., 2013; Mazzotta et al., 2022).

The intention of this work was to introduce a
styrene-based imprinted polymer as a high-quality
adsorbent, followed by its utilization in the
removal of BCG from aqueous solution. The
specific objectives of the work included the
characterization of the synthesized polymer, using
SEM to investigate the morphology of the
material; FTIR spectroscopy to identify functional
groups; and XRD to identify the crystalline
orientation of the polymer. The work also
involved the fitting of experimental data into
various isotherm and kinetic models such as the
Langmuir, Freundlich, pseudo-first-order,
pseudo-second-order and Elovich models. The
thermodynamics of the process was also
investigated.

MATERIALS AND METHODS

Bromocresol green, styrene, benzoyl peroxide
(BPO) and divinyl benzene (DVB) were procured
from Sigma-Aldrich (Germany). Other materials
used include acetic acid, methanol and distilled
water. All chemicals and reagents were used as
obtained.

Instruments/Equipment

X-ray diffractometry analysis (for the
determination of the crystallinity and phase of the
polymers) was conducted by the use of a Bruker
D8 Advance X-ray diffractometer with Cu Ko
radiation (Germany). The surface structure and
morphology of the materials were characterized
using a Zeiss 6100 ultra plus FEGSEM
(Germany). FTIR spectra were obtained on a
Thermo Fisher Scientific Nicolet Avatar 330
spectrometer (USA) at a wavenumber range of
650-4000cm .

Procedure for the Preparation of Imprinted
and Non-Imprinted Polymers

The synthesis was carried out according to the
method of Awokoya ez al., 2021. A 422 mg sample
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of BCG (template molecule), 200 mg of benzoyl
peroxide (initiator) and 5 ml of distilled water
were separately measured and mixed in a 100 mL
standard flask for 10 min. Afterwards, 60 mlL.
(524.2 mmol) of styrene (functional monomer)
and 2.5 mL (17.3 mmol) of crosslinking agent
were added to the flask. The mixture was stirred at
600 rpm for another 10 min at room temperature.
The standard flask containing the mixed solutions
was then placed on a heating module and heated at
70 “C for 30 min to obtain a very hard polymer.
The resulting polymer was ground with pestle and
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mortar. Template removal was performed by 10 —
times hourly repeated washing of the ground
polymer with 300 mL of ratio 9:1 (v/v) mixture of
methanol/acetic acid. The washing process was
monitored using UV/Vis spectrophotometet.
The resulting material was dried for 24 h and
thenceforth referred to as molecularly imprinted
polymer (MIP). The non-imprinted polymer
(NIP) variant was similarly synthesized, following
the same procedure, but without the addition of
template (BCG). This was to serve as a control.
Scheme 1 shows the MIP preparation process.

Scheme 1: Preparation process of the MIP

BCG Removal Experiment

BCG removal was performed in a batch
adsorption procedure. The experiment was
performed to investigate the effect of the pH of
the dye solution, time of contact, temperature,
and initial BCG concentration. To investigate the
effect of pH, 50 mg polymer was separately added
to a 20 mL solution of 100 mg1." BCG of varying
pH, and then agitated at room temperature for 1 h
on a GFL shaker (Burgwedel, Germany). The pH
of each solution was varied to the desired pH
value (from 1 — 9), by the addition of drops of
either or both HCl and NaOH (0.1 — 1 M). The
supernatant was separated by centrifugation (6000
rpm for 10 min), and the amount of dye removed
was estimated by the use of a Shimadzu 1800 UV-
vis spectrophotometer (Canby, Oregon, USA) to
measure the remaining concentration in the

MIP

supernatant at the wavelength of 442 nm. The
studies on the effects of other parameters were
similarly conducted as described for the effect of
pH. With the exception of the parameter under
study, all other parameters were kept constant at
their optimum values, or properly defined. For the
effect of time, agitation time was varied from 5 to
120 min; for temperature dependent study,
temperatutre was varied from 30 to 60 "C; while the
concentration of BCG was varied from 10 to 200
mg I for concentration dependent study. The
reusability of the MIP was investigated by
repeating the adsorption-desorption experiments
six (6) times. Desorption of the dye from the spent
MIP was performed by using a mixture of MeOH
and acetic acid (9:1). The quantity g, (mg g ) and
percentage BCG dye adsorbed (%) were estimated
according to equations 1 and 2:
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(C, = oV
T 1

% ads = ——= X 100 2
CG

Where C, and C, (mg L") respectively stand for
initial and equilibrium BCG concentrations; m (g)
stands for mass of MIP or NIP; while V (L)

represents volume.

Modelling of the Kinetics, Isothermal
Behavior and the Thermodynamics of the
Process

To probe the mechanism of BCG adsorption,
experimental data were fitted into the equations of
the following models: pseudo-first-order
(Equation 3), pseudo-second-order (Equation 4),
Elovich (Equation 5) and Weber and Morris (W-
M) (for kinetic study) (Weber and Morris 1963;
Lagergren 1898; Ho and McKay 1999); and two
most broadly used adsorption isotherms:
Langmuir (Equation 6) and Freundlich (Equation
7) (Freundlich 1906; Langmuir 1918; Singh and
Mishra 2010). Investigation of the
thermodynamics of the adsorption process, was
undertaken by fitting adsorption data into the
van't Hoff's equation (Equation 8). Linear plots of
the models were obtained, and required
parameters were quantified from the values of
slopes and intercepts of the various plots. The
Gibb's free energy (AG”) was calculated using
Equation 9.

In(q, —q,) = Inq, — k4t 3
t _ t 1
A 9 k.q 4
q, = %Inrxﬁ +%1nt 5
e = G 1 6
e 9max (KaQmex)

1
logg, = logk, + Elogﬁ'g 7
nK = A5®  AH®
PR R T RT 8
AG® = AH®— TAS® 9

Where ge and qt (mg g') denote equilibrium BCG
adsorbed; t (min) represents adsorption time; k;
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(min") and k, (g/mg min) respectively represent
pseudo-first-order and pseudo-second-order rate
constants; o (mg/min) and § (g/mg) are constants;
C, (mg L") denote the residual BCG
concentration in solution at equilibrium; q,,,, (mg
g ") stands for maximum adsorption capacity; K, (L.
mg) and k, (mg g) signify Langmuir and
Freundlich constants, respec%e vely; while n denote
Freundlich intensity constant. The equilibrium
constant, K, is defined as (C, represents the
concentration of the BCG on the polymer); the
gas constant is represented by R (8.314 ] mol 'K);
whereas, T represents temperature in Kelvin (K).

RESULTS AND DISCUSSION
Characterization of MIP and NIP

The FTIR spectra, X-ray diffraction patterns and
SEM images of all the adsorbents are depicted in
Figure 1. For FTIR (Figure 1A), it was observed
that the spectrum of the synthesized MIP showed
vibrational peaks that are very similar to its non-
imprinted counterpart. This similarity in the
backbone structure confirmed that the BCG
template molecule has been successfully removed
from the synthesized MIP. All the spectra show a
particular peak at 2918 cm’. This peak has been
ascribed to C - H stretching (da Silva ef al., 2020).
The vibrational peak at 1490 cm’' is ascribable to
the C - C vibrations of the polymeric network
(Dinali ¢z al, 2021), while the peak at 1449 cm’
confirms the existence of € = C stretching
vibrations in the aromatic rings from styrene,
DVB and BPO (Gupta and Kumar, 2011). Of all
the three spectra, only the spectrum of MIP,,,,
(after adsorption) exhibited a distinct peak at 1181
cm’. This peak is characteristic of the $= 0 of the
S0, group of the BCG dye. Thus, confirming the
adsorption of BCG molecule in the MIP,,
material. The XRD patterns of MIP,,,, MIP,,,,,
and NIP are presented in Figure. 1B. All the three
diffractograms showed the same features. No
apparent changes in the crystal ordered
arrangement were observed before and after
adsorption. The two distinct crystalline peaks that
were observed in all the diffractograms with the
strongest peak around 20.92° and a shoulder peak
in the region 13.98" correspond to the anhydrous
crystal size of the polymers (Awokoya e al., 2018).
The morphologies of the MIP (after

after
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absoption), MIP,,,, (before adsorption) and NIP
were observed by SEM (Figure. 1C-E). The SEM
micrograph of the MIP,,,,,showed large lumps of
aggregated particles with the formation of cavities
of different sizes that revealed the porous nature
of the surface of the material. After the
adsorption of BCG (MIP,,,,), a change in surface
morphology was observed: a reduction in the sizes
of the aggregated particles was observed. This
was, most possible, as a result of the interaction of
the dye with the MIP. As can be seen in the NIP
micrograph, the non-imprinted polymer had a
more smooth, regular and uniform shape than its

Transmittance (%)
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imprinted counterparts, probably, due to the
absence of the template cavities. The more
irregular and rougher surface observed in the MIP,
when compared with the NIP, could be
responsible for the much better BCG removal
efficiency recorded, thus strongly suggesting that
the formation of template cavities on the MIP
played a significant role in its adsorption
performance. This phenomenon has been
observed in our previous studies where pyrrole
and pyridine were used as the molecular templates,
and styrene was used as functional monomer to
prepare MIP by bulk polymerization (Awokoya ez
al., 2021).

— NIP

M IPBEFGRE
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AFTER

0 10 20 30 4 G 60 7 s s
2 theta (degree)

Figure 1 FTIR spectra (A). X — ray dif fraction patterns (B) and 5EM images of the polymers (€ — E)

Adsorption of BCG

Effect of pH on the Adsorption of BCG

The pH of an adsorbate solution is considered to
be a very crucial parameter influencing the
adhesion of adsorbate molecules to the surface of
adsorbents. Its influence involves alteration of
adsorbent's surface charge and adsorbate form in
solution (Zhao et al., 2021). The effect of pH on
the adsorption of BCG onto both the MIP and
NIP was investigated under a batch adsorption
study. The chosen experimental condition
involved fixing adsorbent dose at 50 mg; agitation
time at 60 min; BCG concentration at 100 mg L'
and temperature at 27 £ 1 °C. As presented in
Figure 2a, a similar profile was obtained for the
adsorption of BCG on both the MIP and NIP.

With MIP as the adsorbent, a slight rise in BCG
uptake, from 97.8 to 98.2%, was observed with
increase in solution pH from 1 to 2. After the
initial rise, a gradual decrease in BCG uptake was
observed, reaching about 89.2% at pH = 9.
Hence, optimum adsorption was observed at pH
= 2.This possibly implies that at acidic pH = 2, the
number of H ion in the solution was very high,
resulting in electrostatic attraction which favoured
the adsorption of BCG onto the MIP surface (Liu
et al, 2019). Comparing the adsorption
performance of the MIP and NIP at the optimum
pH = 2, it was discovered that the adhesion of
BCG on the MIP was over 2-fold the performance
of NIP (98.2% by MIP and 46.8% by NIP). This,
therefore, highlights the significance of molecular
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imprinting technology in the preparation of
efficient adsorbents. For subsequent studies, pH =
2 was maintained as the solution pH.

Effect of Agitation Time on the Adsorption of
BCG

The resultant effect of varying the agitation time
on BCG removal by both the MIP and NIP was
studied. As shown in Figure 2b, early rapid
increase in BCG adsorption was observed within
the first 20 min for both the MIP and NIP
adsorbents. The rate of the dye uptake became
gradually slower after 20 min, and attained
equilibrium after 40 min. At equilibrium, about
49.68 and 23.40 mg g of BCG were removed by
MIP and NIP, respectively. As observed under the
pH dependent study, the performance of the MIP
was over 2-fold that of the NIP at equilibrium. As
depicted in the time dependent adsorption profile,
the rapid dye adsorption observed at the early
phase of the process could be attributed to the
availability of large number of accessible binding
sites, occasioned by the cavities created at the
surface of the MIP. These binding sites later
became substantially occupied over time, thereby
resulting in electrostatic repulsions between the
adsorbed and incoming BCG molecules. After 40
min, equilibrium adsorption/ desorption rate was
observed (Bentahar ezal., 2018).

Effect of dye Concentration on the Adsorption
of BCG

Highly coloured wastewaters from textiles and
related factories often contain a diverse range of
dyes in high concentrations (Tkaczyk ez /., 2020),
hence the need to estimate the quantity of dye that
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a fixed amount of adsorbent can efficiently
remove. The concentration effect on BCG
removal is depicted in Figure. 2c. BCG
concentration was varied from 10 to 200 mg I.",
while all other parameters were kept constant. The
obtained result showed that BCG uptake
increased as the initial concentration of the dye
became increased. When BCG concentration was
50 mg L', the observed uptake by the MIP and
NIP were 24.51 and 10.34 mg g, respectively.
Upon concentration increase to 200 mgl.’, the
quantity of BCG adsorbed were found to be 99.81
and 59.00 mg g for MIP and NIP, respectively. At
low dye concentration, few BCG molecules were
available for binding. This resulted in near
complete removal of the dye molecules in
solution. However, as shown in the effect of
concentration profile, the resultant quantity
adsorbed was apparently small. With increasing
dye concentration, more dye molecules became
available for binding. This resulted in increasing
amount of BCG adsorbed up to 200 mg I." (the
highest BCG concentration investigated). The
steady rise in dye uptake (up to 200 mg I.") implies
that the number of cavities on the adsorbent can
sufficiently accommodate the binding of BCG
molecules at concentrations beyond 200 mg L.
(Fernandes ezal., 2020).

Kinetics Modeling of BCG Adsorption

The kinetics as well as the mechanism of BCG
adsorption onto the synthesized MIP and NIP
were evaluated from the intercepts and slopes of
the kinetic models' plots (linear) of the time
dependents data. Values of the various kinetic
parameters were recorded as precented in Table 1.

Table 1: Kinetic model (linearized equations) and the values of parameters estimated from their plots (PFO pseudo — first—

order, PSO pseudo —second —order & Elovich).

Kinetic model  Linearized equation Parameter MIP NIP
PFO In(qe—q,) = Inq, —k, t R? 0.7720 0.2822
k, (L min~") 0.0655 0.0344
Qecexpy (MG g7") 7.9019 1.3509
Geccarc(mg g™ 15.887 7.1132
PSO A o R? 0.9998 0.9997
9 Qe K2Qe
k, (g mg 'min™") 0.0153 0.0474
Qecexpy (Mg g7 ") 50.251 23.640
Qe(calc Zl(rng g- ! ) 50.464 23.663
Elovich q, = é]nlaBI + ﬁ]m R? 0.9456 0.8133
a 281E+12 1.6TE+4
B 0.2029 0.2985
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As evaluated by the value of the determination
coefficient, R’, the best fit of the experimental
data was ascribed to the pseudo-second-order
model, with R* = 0.9998 for MIP and 0.9997 for
NIP. This postulation was corroborated by the
closeness of both the calculated and experimental
q. values obtained for the pseudo-second-order
model (q,,, Was estimated as was estimated as
50.25 mg g (for MIP) and 23.64 mg g (for NIP),
while q,,,) Was estimated as 50.46 mg g'1 (for MIP)
and 23.66 (for NIP)). On the other hand, a marked
difference in the estimated q, values were obtained
for the pseudo-first-order model as revealed in
table 1, thereby suggesting that the adsorption of
BCG onto MIP/NIP failed to follow the pseudo-
first-order kinetic model. The best fitting by the
pseudo-second-order model implies that the
adsorption process was mostly controlled by
chemical interactions between BCG molecules
and the surfaces of the polymers. The pseudo-
second-order model assumes that the overall rate
of adsorption is measured by the rate of diffusion
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of adsorbate in the available sites or cavities on the
adsorbent material (Plazinski ez a/., 2013). Elovich
equation model has been broadly applied to
chemisorption data and mostly useful in a
heterogeneous adsorbing surface (Cheung e al,
2000). The R” values of about 0.8133 to 0.9456
obtained for the Elovich model demonstrate
substantial fits, thereby indicating the possible
involvement of chemisorption, which mostly
involves the formation of chemical bonds,
triggered by electrons sharing between adsorbents
and adsorbates (Sterenzon et al, 2022). This
finding is in concordance with the one previous
reported for the removal of BCG by chitosan
poly(methacrylate) composites (Liu ezal., 2019).

Isothermal Modeling of BCG Remowval

To describe the dye distribution and the types of
adsorbate layers formed during the adsorption
process, studies based on various adsorption

isotherm models are important. The isothermal
behavior of BCG adsorption onto MIP/NIP was
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adsorption of ECG by MIP/NIP
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explored using the two widely-known models:
Freundlich and Langmuir models as shown in
Table 2. The Langmuir isotherm is a semi-
empirical relation that was originally formulated
for gas-solid interactions, but now used for all
manner of adsorbents (Elmorsi 2011). This
model has been used in describing the following:
monolayer adsorption, constant adsorption
energy, homogeneous adsorption sites, and
absence of cross interaction between the
adsorbates. On the other hand, Freundlich
isotherm has been applied in the description of
multilayer adsorption on heterogeneous sites. Its
postulates are based on the non-equivalence of
the adsorption heat distribution and adsorbate
attractions at the heterogeneous surface (Foo and
Hammed, 2010). The Langmuir constants ¢,,,, and
K, values, as well as the Freundlich constants  and
and k, were estimated from the intercepts and
slopes of the linear plots of the experimental data,
and shown in Table 2. Freundlich model had
higher calculated values of R* R = 0.9971 (MIP)
and 0.9969 (NIP) compared to the Langmuir
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model: R* = 0.9948 (MIP) and 0.6473 (NIP);
indicating that the surface of the MIP/NIP can be
said to be heterogeneous as regards the removal
of BCG. The values of lie between zero and one,
an indication of favourable adsorption of BCG

onto MIP/NIP.

Influence of Temperature and
Thermodynamics of Adsorption of BCG

Temperature is a major parameter in adsorption
reactions. The experimental results show that rise
in temperature had unfavorable effect on BCG
removal. The quantity of BCG adsorbed
decreased with increase in the operational
temperature. The decrease in the amount of BCG
adsorbed on the MIP/NIP with rise in
temperature could be due to the possible
weakening of the n — m forces between the
molecules of the dye and the MIP/NIP sutfaces.
A careful observation of the obtained profile,
Figure 2d, shows that the highest quantity of the
dye (39.98 mg g for MIP and 34.22 mg g for
NIP) was removed at 30 °C, while the least

Table 2: Isothermal model (linearized equations) and the values of parameters estimated from their plots

Isothermal model  Linearized equation Parameter MIP NIP
Langmuir - = : - 0.9948 0.6473
Qe le.lll\l.Lc. Umax
k, (Lmg™") -0.0492 0.0124
Gmax 0"9 H-' ) 46.73 9.35
Freundlich Ing, = Ink;+-InC, R? 0.9971 0.9969
ke (Lmg™) 7.00E-4 6.45E-5
0.4195 09011
Table 3: Thermodynamic parameters obtained for the adsorption of BCG onto MIP and NIP.
Parameter Temperature {K) MIpP NIP
AH (kJmol™1) -140.03 -25.009
AS (kjmol™'K™Y) -0.4102 -0.0671
AG (kjmol™) 303 -15.739 -4 6777
313 -11.637 -4.0067
323 - 7.535 -3.3357
333 - 3433 -2.6647

Table 4: Adsorptive performance of the MIP in comparison with some selected adsorbent materials

Material Dose (g) Conc (mg L™ Gmax (Mg g~ 1)

BCG
This study 0.05 10 — 200 46.73
Chitosan poly(methacrylate) 0.01 05 — 100 39.84 (Liuetal. h2019)
Ziziphus nummularia 0.80 10 — 200 19.61 (Shokrollahi et al.,2011)
Acid functionalized rice husk 2.00 50300 19.34 (Onu et al., 2023)
Chitin nanofibres 1.50 0.2-2.00 18.02 (Salmalian et al., 2019)
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adsorption was observed at 60 °C with 35.53 mg g
for MIP and 28.44 mg g for NIP. The parameters
obtained from the thermodynamic treatment of
the adsorption data are as presented in Table 3.
The change in Gibbs free energy (AG”) calculated
was negative, for the sorption of BCG on MIP
and NIP, at all the temperatures investigated. This
suggests that the process was spontaneous and
feasible (Oninla ez a/ 2022). The negative values
obtained for the entropy change (AS") and
enthalpy change (AH’) imply a decrease in
disorderliness at the solid/solution interface and
the exothermic nature of the processes. The
negative AH’ values also shows that the
adsorption process was not favoured at higher
temperatures, which is consistent with the effect
of temperature results (Kumar ezal., 2014).

Regeneration and Reusability of the MIP

One crucial parameter for evaluating the
economic usefulness of adsorbents is their
regeneration and reusability. The likelithood of the
regeneration as well as the reusability of the MIP
was investigated by conducting a desorption study
using a mixture of MeOH and acetic acid (9:1). As
presented in Figure 3, the BCG removal
percentage was 99.87% after the 1" cycle and this
percentage apparently did not reduce up till the 6"
regeneration-reusability cycles. The result
indicates that the MIP had excellent stability and
could be repeatedly used (at least up to six times)
without deformation or activity loss.

053

Comparison of the activities of other
Adsorbents with that of the MIP

The maximum BCG adsorption capacity of other
adsorbents and that of the MIP used in this study
have been compared and presented in Table 4.
Opverall, the MIP used in this study demonstrated
superior adsorption capacity in comparison with
some of the synthetic and natural adsorbents
found in the literature.

CONCLUSION

In summary, the present study looked at how a
styrene-based MIP could be employed for the
sequestration of BCG from aqueous medium.
The styrene-MIP was characterized using SEM,
FT-IR and XRD. The BCG adsorption on MIP
was substantially impacted by process parameters:
pH, agitation time, initial dye concentration and
temperature. At pH = 2 and room temperature,
about 98.2% of the dye was removed. The MIP
adsorbent exhibited excellent BCG removal due
to its unique characteristics, such as abundance of
cavities on its surface. BCG adsorption onto the
MIP fitted well to the pseudo-second-order
(kinetic) and Freundlich (isothermal) models, with
the maximum monolayer adsorption estimated to
be about 46.73 mg g'. Thermodynamic
investigation depicted chemisorption as well as
spontaneous and exothermic nature. It is
noteworthy that the MIP showed high
regeneration performance, with six sequential
cycles of regeneration attained, without the loss
of removal efficiencv. thus making the adsorbent

e

100 4

8

BCG adsorbed (%)
& 4

8

1 2 3

4 5 6

Number of cycle

Figure 3 Adsorption percentage of the MIP for BCG in six consecutive regenration cycles
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cost effective. The synthesized MIP exhibited a
relatively high adsorption capacity, when
compared with other values reported in the
literature. Hence, it can be resolved that the MIP
adsorbent appeared as a potential polymer
material for the removal of BCG from aqueous
medium.
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