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ABSTRACT

An efficient dye decolorization platform was developed through one-step hydrothermally route based
on magnetic polymeric resin and employed in aqueous crystal violet (CV) adsorption. The polymer
nanohybrid composed of ZnFe,O, and hydroxybenzoic acid—resorcinol resin as metal and organic frag-
ment, respectively. Several techniques such as X-ray diffraction, N? — adsorption desorption, vibration
sample magnetometer, field emission scanning electron microscopy and Fourier transform infrared
spectroscopy were employed for characterization of as-prepared nanohybrid. CV adsorption showed
low equilibrium time within 10 min with the adsorption capacity of 83.3 mg g™. Regeneration of the
sorbent performed by methanol-HNO, solution. The thermodynamic study revealed that adsorption
follows the endothermic path as well as it is spontaneous.
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1. Introduction

Synthetic dyes are extensively presented in the effluent
water from textile, leather, rubber, plastic and dyestuff indus-
try. Dye attendance in the environment, generate high toxic-
ity and disturbances in the aquatic ecosystem since they pre-
vent penetration of light into the water as well as deplete the
dissolved oxygen [1-4]. In addition, the dye decolorization is
difficult owing to the presence of conjugated aromatic back-
bone and various chromophore on their structure. Moreover,
some intermediates were produced by hydrolysis and oxida-
tion of dye which makes them mutagenic and carcinogenic
[5,6]. Up to now, gentian violet or crystal violet (CV) as a
cationic triphenylmethane dye widely employed for tempo-
rary hair coloring, dyeing cotton, as well as ink and derma-
tological agent. Importantly, skin contact and inhalation of
CV are harmful moreover, causes cancer to human beings.

* Corresponding author.

Moreover, it persists in various environments since it is non-
biodegradable, and poorly metabolized by microbes [7-10].
There are many conventional physicochemical methods
for dye removing such as reduction, membrane filtration,
ion exchange, chemical precipitation, reverse osmosis and
adsorption. Among these methods adsorption process has
been recognized as an attractive separation technique since;
adsorption is a low cost, efficient and simple design method
which does not produce waste by-products [11-13]. In the
recent decade, the scientific researchers have focused on
searching for more efficient materials in order to manipulate
the water pollution. As a result, various types of adsorbents
including agricultural waste, rice husk, sawdust, sugarcane
bagasse, opal and activated carbon have been successfully
employed for dye removing [14-19]. Even though the mate-
rials showed advantages, but they suffer the main draw-
back of difficulty in regeneration. As a result, selection of
a proper adsorbent is still very important in the aforemen-
tioned method, since it affects the efficiency of the methods.
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Recently, it was found that nanotechnology can obviate many
issues about the water quality. In other words, inimitable
routes provided by nanomaterials can dispel the prob-
lematic topic involved with pollutants in the efficient and
cost-effective way [20]. Hence, various nanosorbents such as
7Zn0O, TiO,, MCM-41, y-alumina, nickel nanoparticles, zeo-
lite and zeolite-based composites have been proposed in this
outline [21-28].

Recently, smart hydrogels, especially phenolic resins,
are largely employed for preparing various nanostruc-
tured carbons for adsorption of dyes. Smart hydrogels with
three-dimensional cross-linked structure are able to retain
water and solute molecules. In fact, the characteristics and
adsorption capability of hydrogels depend on the presence
of the hydroxyl and carboxyl functional groups [29,30].
However, some of these materials are not proving to be
good adsorbents due to lower adsorption rate. This lim-
itation can be eliminated by hybrid nanocomposites with
inorganic materials by using cavitation during the synthesis
[31]. Among various types of inorganic reinforcing materi-
als, metal oxides especially magnetic ferrite nanoparticles not
only allow higher adsorption capacity for cationic dyes, but
also facilitate the nanohybrid separation from solution by a
simple external magnetic field [32-34].

In this research, a novel magnetic phenol-formaldehyde
resin has been synthesized and employed for removing
aqueous CV. The nanohybrid was synthesized by one-step
hydrothermal process as it consists of ZnFe,O, nanoparticles
and hydroxybenzoic acid-resorcinol fragments. Dye adsorp-
tion characteristics such as equilibrium time, adsorption
capacity and temperature dependence behavior were inves-
tigated and optimized.

2. Experimental
2.1. Materials and instruments

Resorcinol, 4-hydroxybenzoic acid, paraformaldehyde,
NaOH, Zn(NQO,),.6H,0, FeCl,.6H,O and ammonia (25% w/w)
were supplied from Merck (Darmstadt, Germany). Working
solutions of CV were obtained by dilution of 1,000 mg L™
solution. The crystallinity and surface morphology of
prepared magnetic particles were studied by powder X-ray
diffraction (XRD) and field emission scanning electron
microscope (FE-SEM) using a Phillips powder diffractometer,
X’ Pert MPD and HITACHI S 4160 instruments. An Equinox
55 Bruker spectrometer was used to measure Fourier
transform infrared (FTIR) spectra with attenuated total
reflectance (ATR). The N, adsorption—-desorption isotherms
and magnetization measurement were performed on a Nova
Station A system, and a vibration sample magnetometer
(VSM; Model 7400, Lake Shore Cryotronics, Inc., Westerville,
OH). The pH adjustment was performed with a digital
pH-meter (model 692, metrohm, Herisau, Switzerland).
Dye adsorption properties were recorded with a Lambda-25
UV-Vis spectrophotometer.

2.2. Synthesis of magnetic resin

A one-step hydrothermal route has been employed for
preparing ZnFe,O,@polymeric resin. For this purpose, 0.5 g
of resorcinol and 0.5 g of hydroxybenzoic acid was dissolved

HO\©/OH
Fe3', Zn?*, NH,
OH

P - formaldehyde

Fig. 1. Synthetic route to prepare magnetic resin.

in 25 mL of distilled water containing 3 mL of concentrated
NH, (25% w/w). Thereinafter, 1.12 g of FeCL,.6H,O and 0.6 g
of Zn(NO,),.6H,0 in 10 mL of distilled water have been
added to the above solution and stirred for 5 min. In a sub-
sequent step, 0.5 g of p-formaldehyde has been added to the
mixture and the pH of them was adjusted to 12 with NaOH.
After stirring for 30 min, the reactants were transferred into a
Teflon lined autoclave and heated at 150°C for 24 h. After the
reaction, the suspension was filtered and washed with dis-
tilled water three-time and with ethanol twice. The resulted
gray products were dried at 70°C for 6 h. Synthetic proto-
col is schematically illustrated in Fig. 1. The same protocol
was employed for the synthesis of ferrite nanoparticles and
polymer.

2.3. Dye adsorption experiment

Dye adsorption experiment has been performed in 50 mL
sample solutions (0.1-40 mg L™). The pH of the samples has
been adjusted to 8.0 and after adding 30 mg of the nanohy-
brid, the mixtures have been shacked for 10 min. After the
equilibrium, the CV concentration in the supernatants or in
the eluted phase has been determined by measuring the peak
intensity at A = 590 nm using the UV-Vis spectrophotometer.

3. Results and discussion
3.1. Characterization of the nanohybrid

The XRD pattern of resin (Fig. 2(a)) shows typical main
peaks at 20 = 29.64°, 35.48°, 35.7°, 44.2°, 52.72°, 56.2°, 61.76°
and 75.1° corresponding to (220), (311), (222), (400), (422),
(511), (440) and (535) planes of zinc ferrite structure [35]. As
well as the XRD pattern showed a main broad scattering with
a maximum height at 17° which confirmed the preparation
of magnetic resin. It was obvious that the growth of the resin
not changed the crystalline behavior of ZnFe, O, nanoparti-
cles. Scherrer equation was employed to determine the aver-
age crystallite size of polymer nanocomposite.
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D = (0.94)/(p cos0) 1)

In this equation D is the average crystal size, A
(0.1540589 nm) is the X-ray wavelength used, $ (0.00165) is
the angular line width of half maximum intensity in radians
and O (17.82) is Bragg'’s angle expressed in degree. According
to this equation, the average size of 88.4 nm was obtained for
polymer nanocomposite.

In the FTIR spectrum of nanocomposite (Fig. 2(b)),
peaks at 3,342 and 2,940 cm™ are attributed to the stretch-
ing of -OH and —-CH groups. The peaks observed at 550-650
and 1,000-1,500 cm™ are owing to the vibration of Fe-O
and C=C vibration. As well as wide peaks around 1,620 and
2,500-3,300 cm™ region correspond to C=O and —-COOH
vibration [36]. As can be seen in Fig. 2(c), the nanocomposite
shows saturation magnetization (M) value of 6.7 emu g™
Low M_ value can be attributed to the presence of the resin
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onto the composite structure. The value of magnetic remnant
(M) for the nanocomposite was 0.01 emu g, which indicates
that it possesses superparamagnetic properties because each
particle is a single magnetic domain [37].

The N, adsorption—desorption isotherm at Fig. 2(d) shows
type II isotherm with a minor hysteresis loop as a result of
filling and emptying of the mesopores by capillary conden-
sation. According to the pore-size distribution curve, average
pore size was 2.5 nm which indicates the magnetic polymer
is mainly mesopores. Moreover, the specific surface area and
pore volume for the nanocomposite were 173.96 m? g and
0.29 cm?® g, respectively.

FE-SEM images (Figs. 3(a) and (b)) show fine regular uni-
form spheres with mean diameter of 90 nm. Sphere morphol-
ogy is as a result of equivalent growth along the different
directions of nucleation [38].
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Fig. 2. The XRD pattern (a), FTIR (b), VSM graph, (c) N2 adsorption-desorption isotherm and pore width distribution

(d) of as-synthesized magnetic resin.
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Fig. 3. The FE-SEM images of as-synthesized magnetic resin with various magnifications.

3.2. Removal experiments
3.2.1. Effect of pH on dye adsorption

The influence of pH on CV adsorption was studied in the
range of 2-10. For this purpose, 50 mL of CV solutions with
a concentration of 10 mg L™ and adsorbent dosage of 50 mg
were employed. After shaking for 10 min, the remained CV
in the solution (C;: mg L) was determined and the removal
percentage (R%) was calculated using the following equation:

R%=(C,~ C) x 100/C, )

where C; (mg L™) is initial concentration of CV. Based on the
results in Fig. 4(a), CV adsorption is in high level (95%) at
acidic solution and reached to 99.55% at pH 10. This result
indicates that CV adsorption onto resin surface is approx-
imately independent from solution pH. Some increase in

adsorption removal at alkali solution is owing to the adsorp-
tion between the negatively charged sorbent (estimated based
on pH__in Fig. 4(b)) and cationic dye [39]. However, high
adsorption efficiency in acidic solution confirms that various
mechanisms participate simultaneously in CV adsorption. As
known, CV is a triphenylmethane dye which contains ben-
zene ring and C-C double bonds. The adsorbent also contain
aromatic ring as a result hydrophobic interaction is a main
mechanism for efficient uptake of CV by the nanohybrid.
Other mechanisms include m—m interactions between resin
and aromatic backbones in CV structure. Hydrogen bond-
ing between CV as a polar organic chemical and potential
H-bonding sites (-OH) on the sorbent surface also participate
in adsorption. Morphology of composite has also main role in
capturing CV. Based on the BET data, as-synthesized compos-
ite possess pore areas between the fragments which is ready
to capture CV molecules. In brief, -t interaction, hydrogen
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bonding, electrostatic interaction as well as pore areas improve
CV adsorption efficiency of the nanohybrid [40].

3.2.2. Effect of time

For studying the effect of time on CV adsorption 50 mL
of sample solutions (10 mg L™) containing 50 mg of the
adsorbent have been shacked from 1.0 to 10 min and the CV
concentration in supernatant has been determined. Results
for effect of time on CV adsorption have been depicted in
Fig. 4(c). As can be seen the sorbent showed fast adsorp-
tion kinetic as more than 96% of CV has been removed at
first 1 min of reaction then complete removal obtained after
10 min. Fast equilibrium time is owing to the presence of high
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amount of active sites on the nanohybrid structure which is
easily accessible since exist in shallow zones of the sorbent.
Finally equilibrium time of 10 min was selected to access high
efficiency for CV adsorption.

3.2.3. Adsorbent dosage

Optimize the adsorbent dose could maximize the interac-
tions between CV and adsorption sites of the magnetic resin.
To investigate the effect of this parameter on the adsorption
efficiency of CV, adsorbent amount has been varied from 5 to
40 mg and the process was performed on 50 mL of CV solu-
tions with initial concentration of 10 mg L. According to the
results (Fig. 5(a)), it is observed that the removal efficiency is
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Fig. 4. Effect of pH on CV adsorption (a), the pattern of zeta potential for as-prepared magnetic resin (b) and effect of contact time (c)

on CV adsorption by magnetic resin.
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at high level (94.5%) with adsorbent amount of 5 mg. With
increase in adsorbent dosage up to 30 mg the adsorption effi-
ciency reached to 99% as a result this value was selected as
optimum adsorbent dosage for CV adsorption. These results
reveal that the adsorbent has good efficiency for dye removal
since the adsorption efficiency is quantitative at low level
of the sorbent which may be owing to the presence of vari-
ous active sites (pore volume and benzenoid ring as well as
hydroxyl functional groups) on the structure of nanohybrid.

3.2.4. Effect of ionic strength

The effect of ionic strength on CV adsorption with initial
concentration of 10 mg L™ was studied at pH 8.0, adsorbent
amount of 30 mg and time of 10 min. As shown in Fig. 5(b),
adsorption of CV onto nanohybrid decreased upon addi-
tion of 1%-10% (w/v) of NaNO, salt. At the working pH,
CV possess positive charge however the sorbent possess
negative charge in other words, the sorbate-sorbent inter-
action accompanied with electrostatic attractive. It can be
predicted that when the attractive electrostatic forces govern
at the adsorption, an increase in ionic strength will decrease
adsorption efficiency [41]. The experimental data from this
study showed good agreement with the estimation as the
decrease in dye removal observed after NaNO, addition.

3.3. Kinetic study

Effect of time on CV adsorption has been evaluated with
kinetic models owing to the fact that changes in adsorption
with time can be quantified by applying the appropriate
model. Linearized form of the pseudo-first-order and pseu-
do-second-order models can be expressed by the following
equations:

In(Q,-Q)=InQ, - Kt 3)

tHQ,=1/(K,Q2) + (1/Q)t 4)
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where K, (min™)and K, (gmg~' min™) are the pseudo-first-order
and pseudo-second-order rate constant. Q, and Q, (mg g™')
correspond to the values of the amount adsorbed per unit
mass at equilibrium and at any time f, respectively [42-44].
The values of constants can be determined experimentally
from the slop and the intercept by plotting In(Q, - Q,) and t/Q,
vs. t. The plots of these kinetic models are shown in Figs. 6(a)
and (b). Results (Table 1) indicate that the second-order plot
has better linearity for CV adsorption, however, first-order
model has linearity higher than 0.9. Further evaluation of the
models based on the adsorption capacity indicated that the
Q, obtained based on the second-order model showed lower
deviate from the experimental value relative to first-order
model [45]. Moreover, x? test [46] was used to determine best
kinetic models.

(Qup —Q)’
Qc

=y ©)

Based on the results in Table 1, the second-order model
showed lower x? value relative to first-order model. Thus,
the second-order model can be accepted as the kinetic mech-
anism for CV adsorption with the sorbent. In other words,
chemisorption is the rate-controlling step since the sec-
ond-order model is in agreement with chemisorption mech-
anism [47].

Kinetic models can be further evaluated with the intra-
particle diffusion and liquid film model. Based on the intra-
particle diffusion model (Eq. (5)), after transport of target
analytes from the aqueous phase to the surface of the adsor-
bent, it diffuses into the interior of the porous particles
[48,49]. Moreover, the liquid film diffusion model (Eq. (6)),
explains the role of transport of the adsorbate from the liquid
phase up to the solid phase boundary. These models can be
written in the following equations:

Q=Kt3+C 6)
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Fig. 5. Effect of adsorbent dosage (a) and ionic strength (b) on CV adsorption by magnetic resin.
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Fig. 6. The plot of first-order (a), second-order (b), intraparticle diffusion (c) and liquid film (d) model for CV adsorption by

magnetic resin.

Table 1
The data of kinetic models for adsorption of CV using magnetic resin
Model Coefficient Value Model Coefficient Value
R? 091 R? 0.88
First-order K, 0.28 Diffusion model K, 0.25
Q, 0.63 C 9.19
x> 2.31
R? 0.99 R? 0.91
Second-order K, 5 Liquid film K, 0.27
Q, 10 C 2.74
Qup 9.95
x> 0.26
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In(1-Q/Q)=-Kt (7)
where K (mg g™ min™5) represents diffusion rate constant, C
gives information about the thickness of boundary layer and
K., is the adsorption rate constant. According to the plot of
Q, against t"* (Fig. 6(c)), the model not shown good linearity
(R* = 0.88). Moreover, it has a high value of intercept which
limits its application as rate-controlling step. The plot of —
In(1 - Q/Q)) vs. t (Fig. 6(d)) showed correlation coefficient
value of 0.91 and the intercept value of 2.75 instead of zero
predicted by the model. As a result, the role of film diffusion
in the adsorption of CV can be dissembled.

Adsorption rate can be explained by the value of rate
constants. As can be seen from the results in Table 1, the sec-
ond-order model has high constant value (K, =5) which imply
that CV adsorption takes place with high rate. Moreover, as
can be seen liquid film model (K, =0.27) and intraparticle dif-
fusion (Kp = 0.25) possess low constant value. Low K, value
exhibits that transport of the analyte from the liquid phase
up to the boundary of the solid phase is slow. Moreover, low
K value indicates that diffusion rate is slow which is owing
to the fact that CV adsorption is along with pore diffusion
instead of surface diffusion [50,51].

3.4. Adsorption isotherm

The results for effect of CV concentration on adsorption
process are depicted in Fig. 7(a) and indicate that
as-synthesized nanohybrid uptake more than 99% of the tar-
getanalyte at an initial concentration of 10 mg L. The removal
efficiency decreased only a few percentage as it reached to
96.3% at an initial concentration of 40 mg L. To estimate
the efficiency of nanocomposite for dye removal, adsorption
process was also performed in the presence of naked ferrite
and polymer. Results at Fig. 7(a) showed that dye removal
percentage is approximately same at an initial concentration
of 10 mg L. However, it can be seen that the removal per-
centage is around 75% using polymer and 60% of the ferrite
nanoparticles at an initial concentration of 40 mg L™ which
reached to 96.3% using nanocomposite. This result confirms
the efficiency of nanocomposite for dye removal.

To further understand the adsorption behavior of the
nanocomposite, adsorption isotherms were also evaluated
based on Langmuir and Freundlich model. The Langmuir
model suggests that adsorption occurs at specific homoge-
neous monolayer surface and there is no interaction between
adsorbate molecules. In other words, monolayer’s adsorp-
tion confirms chemisorption which is responsible for the
dye removing by the proposed sorbent [52,53], however,
Freundlich model describes that multilayer adsorption occurs
on a heterogeneous surface [54,55]. The linear Langmuir and
Freundlich isotherm equation can be illustrated as follow:

CJ/Q.=1/(Q,b+CJQ, ®)

InQ,=InK + 1/nInC, 9)

where C, Q, Q , and b are the equilibrium concentration
(mg L), amount of adsorbed analyte at equilibrium (mg g™),
the maximum adsorption capacity of a monolayer (mg g™),
and the energy of adsorption (L mg™), respectively. Moreover,

K, and n are Freundlich constants. A measure of adsorption
favorability of Langmuir model, R, can be estimated with
the followed equation:
R, =1/(1+Ch) (10)
where C, is the initial concentration of target analyte. The
value of R, indicated that Langmuir isotherm can be irrevers-
ible (R, = 0), favorable (0 < R, <1), linear (R, = 1) or unfavor-
able (R, > 1). The results of Langmuir and Freundlich models
are summarized in Table 2 and Figs. 7(b) and (c). It can be
seen that experimental data fit with both models as values of
R? are more than 0.9, but, Freundlich model showed higher
linearity relative to Langmuir model. The R, value was found
in the range of 0 < R, <1 (Table 2) which indicated Langmuir
adsorption process is also favorable. The applicability of
both isotherms shows that adsorption is along with mono-
layer process followed with multilayer adsorption on the
surface of the adsorbent. In order to more accurate analysis
of adsorption models, x* test (Eq. (4)) was used to determine
best isotherm models. According to the results (Table 2 and
Fig. 7(d)), the Freundlich isotherm model shows a lower
value of x? test and higher nonlinear R?value compared with
the Langmuir isotherm and suggests that this model can bet-
ter describe sorption behavior of dye.

3.5. Thermodynamic study

To study the effect of temperature on decolorization, the
process has been performed at 50 mL volumetric flask with
an initial dye concentration of 10 mg L™ at 295, 303 and 318 K.
According to the results at Fig. 8(a), dye adsorption increased
with the increase of temperature which indicates that process
is feasible at high temperature. The thermodynamic parame-
ters for the adsorption process were evaluated and the values
of AH® (k] mol™), AS° (J K mol™) and AG® (k] mol™) were
calculated using the following equations:

AGO = —RTIH(Q/C) (11)
AG°® = AH® - TAS® (12)
In(Q/C) = AS°/R - AH°/RT (13)

where R and T are gas constants (8.314 x 10~ k] K™ mol™) and
absolute temperature (K), respectively. The plot of In(Q/C)
vs. 1/T is shown in Fig. 8(b) as the slope and the intercept
giving values of AH® and AS° [56]. The results in Table 3 indi-
cate that decolorization was accompanied by a decrease in
the Gibbs energy (AG°®), which makes the interaction spon-
taneous. Entropy increased for dye adsorption as the value
of AS° was positive. Moreover, positive enthalpy changes
revealed endothermic adsorption path [57,58].

It is known that adsorption is a spontaneous process
since it takes place by adsorbate getting adsorbed on adsor-
bent hence AH® has to be negative. In other words, owing
to forces of attraction between adsorbate and adsorbent heat
energy is released which confirm adsorption is an exothermic
process. The result obtained in this work is in conflict with the
mentioned rule (AH® = +3.52). This is owing to the fact that
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Fig. 7. Effect of initial CV concentration on CV adsorption efficiency of ferrite nanoparticles, polymer and nanocomposite (a),
Langmuir isotherm (b), Freundlich isotherm model (c) and fitting experimental data with calculated values (d) for CV adsorption by

magnetic resin.

adsorption from solution is governed by multiple adsorp-
tion steps including adsorbent-adsorbate, adsorbate—solvent
and adsorbent-solvent interactions. In other words, the rise
in temperature increases the pore diffusion through weaken
the hydrogen bonds between solvent molecules and between
solvent and adsorbate or adsorbent [59]. Therefore, increase
in temperature assists dehydration of CV, which gives them
a larger dipolar moment and enhances interactions with
the sorbent. Moreover, at higher temperature the planarity
of organic molecules increases which causes greater access
to the microporosity of the sorbent [60]. As a result, CV

adsorption is endothermic because of endothermicity nature
of dehydration process.

3.6. Regeneration

To make the adsorption process more economic, it is
important that the sorbent could be regenerated. As a result,
desorption experiments were studied using organic solvents
such as methanol, ethanol, acetone and dimethyl sulfoxide.
Selection of organic solvents was based on the fact that CV is
an organic compound. In other words, its structure contains
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benzene ring and other hydrophobic fragments which
have a high affinity toward organic solvents. According to

Table 2
The data of isotherm models for CV adsorption using magnetic
resin

H. Alijani et al. / Desalination and Water Treatment 108 (2018) 299-310

the results, release efficiency was 64%, 62%, 52% and 55%
using methanol, ethanol, acetone and dimethyl sulfoxide as
eluent, respectively. It is known that CV is a cationic dye
hence it assumes that acidic solution can assist dye release
from the sorbent surface. Based on the pH_ study the sor-
bent possess positive charge at an acidic solution which
can repulse cationic dye. Therefore, a mixture of nitric
acid-methanol was also employed for dye release. It was

% 83.3
Q, ms g™ found that elution efficiency was 90%. Hence, 5 mL of meth-
R 0.94 anol-HNO, (0.1 mol L) mixture was used for dye release
b 3.0 from sorbent surface.
Langmuir . 0.0087-0.034
X’ 11.16 Table 3
R 091 The thermodynamic data for CV adsorption using magnetic res-
n 2.54 in
K 54.7
/ AG? (k] mol) AH® AS°
Freundlich R? 0.97 (k] mol ™) (J K'mol™)
x 1.06 295K 303K 318K
aR? 0.96
-1191 -12.36 -13.11 +3.52 +52.37
*Nonlinear.
96.7 4.98
a b
gﬁ .ﬁ _ -‘7'- .gﬁ 7]
4.94-
E 96.5
—
o 5 4.92
T 964 §; a
T 4.9
=
96.3
4.881
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Fig. 8. Effect of temperature on CV adsorption (a) and plot of InK vs. 1/T for CV adsorption by magnetic resin.
Table 4
Comparison of CV adsorption by magnetic resin with some adsorbents reported in the literature
Sorbent Time (min) Adsorption capacity (mg g™) Reference
Plant waste 4h 5.14 [1]
Calcium ferrite 30 10.67 2]
Carboxylate cellulose 240 243.9 [6]
Nanoporous carbon 150 68.97 [10]
Formosa papaya seed 60 85.99 [14]
Artocarpus odoratissimus skin 150 195 [36]
ZnFe,O, resin 10 83.3 This work
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3.7. Comparison with other methods

The present study for CV adsorption using magnetic
polymeric resin has been compared with some reports in
Table 4. It can be seen that the performances of the prepared
nanocomposite are at the appropriate level since it demon-
strates satisfactory sorption capacities as well as show low
adsorption time. Moreover, the sorbent has been synthe-
sized by one-step route hence it is a promising system for the
removal of aqueous cationic dye to reduce its harmful effects
on the environment.

4. Conclusions

The first report for one-step preparing zinc—ferrite@
phenol-formaldehyde based polymeric resin and its
application for CV adsorption has been demonstrated in
this study. Prepared nanohybrid exhibited appropriate
efficiency for cationic dye adsorption with good adsorp-
tion capacity (83.3 mg g™) and low equilibrium time of
10 min. Kinetic study showed that CV adsorption process
followed the second-order model. The thermodynamic
study proved that the adsorption is spontaneous with
AG® = -11.91 k] mol™ which followed endothermic path-
way since AH® value is equal to +3.52 k] mol™. Moreover,
adsorption process is accompanied by an increase in
entropy (AS°® = +52.37 ] K™ mol™) which made the system
entropy stabilized.
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