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a b s t r a c t
Synthesis of iron-zirconium binary oxide fabricated ethylene diamine (IZBO-en) composite 
involved two step synthesis including mixed binary oxide synthesis followed by synthesis of 
binary oxide-ethylene diamine composite. Mixed binary oxide was synthesized by co-precipitation 
method using ammonia as neutralizing agent. Binary oxide based ethylene diamine composite was 
synthesized using sodium dodecyl sulfate and potassium persulfate as reagents in reaction. Yield 
of product was 88%. Characterization of the material was done using Fourier-transform infrared 
spectroscopy, scanning electron microscopy, and Brunauer–Emmett–Teller analysis. Surface area was 
found to be 54.74 m2 g–1. The synthesized material was efficient for removal of cationic dye methylene 
blue which is known for its toxicological effects. Adsorption parameters like contact time, dose, 
interference and pH were studied. Maximum adsorption capacity was found to be 242.79 mg g–1. 
Kinetic data suggested the mechanism of adsorption follows pseudo-second-order rate (R2 = 0.998) 
with a rate constant of 2.788 mg g–1 min–1 and follows Langmuir adsorption isotherm model 
(R2 = 0.987). Thermodynamic study revealed the process to be spontaneous and feasible with large 
negative free energy (ΔG = –9.54 kJ mol–1). Column study shows a removal of 600 ml 2 mg L–1 with 1 g 
material. Desorption was achieved with 79% regeneration in acidic medium. Real wastewater from 
nearby textile industry was tested and found to get decolourized with the material. In conclusion, 
IZBO-en can be efficiently used in detoxification of cationic dyes.
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1. Introduction

The rapid growth of population coupled with increased 
industrialization leads to scarcity of pure water [1]. Water 
contamination with organic compounds and heavy met-
als is becoming a serious health concern. Dyes are used 
in wide variety of important industries, including but not 
limited to: textiles, paper, pigment, paint, plastic, leather, 
food and beverages, cosmetic and pharmaceuticals [2]. 
Dyes are large complex aromatic compounds which are 
non-biodegradable and have carcinogenic effect [3]. Besides 
its detrimental effect to mankind, dyes impose serious threat 

to biological processes inside water bodies as the colour of 
dyes prevents penetration of sunlight [4]. Hence there is a 
need for removal of toxicity from wastewater. Large number 
of treatment methods used widely for removal of toxicity 
[5–10]. Adsorption has proved to be of uttermost importance 
in recent years for wastewater treatment because of easy 
implementation, cost-effectiveness and simple procedures 
[11–15]. A wide variety of adsorbents like metal oxides [16], 
activated carbon [17,18], biomass [19,20], polymer, nano-
silicates, nanoferrites, resins etc. were extensively used 
[21–27]. Polymer-based adsorbents are used worldwide 
for remediation of wastewater due to their high stability, 
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porosity and large adsorption capacities [6]. Preferably, 
polymers and composites containing reactive amine groups 
could easily interact with the medium and hence find wide 
applications in removal of toxic dyes from wastewater [6–29]. 
Recently many green synthesized nanoparticles were used 
for the removal of toxic organic and inorganic pollutants [30].

The use of magnetic metal oxide based adsorbents 
attracted the researchers in recent years due to their higher 
surface area and low diffusion resistance. Hence, several 
modifications on iron oxide nanoparticles are still interesting 
and will continue to be a part of modern research [31,32]. 
The fusion of ethylenediamine with the magnetic nano-
particles enhances its chelating tendency, improves stability 
and complexation with the adsorbent molecules. Considering 
above aspect, an iron-zirconium binary oxide fabricated 
ethylene diamine (IZBO-en) composite was prepared by 
two step syntheses [33,34].

2. Experimental section

Mixed binary oxide nanoparticles of iron and zirconium 
were synthesized by general precipitation method using 
iron and zirconium salts. The mixed oxide was then fab-
ricated with ethylene diamine using potassium persulfate 
(KPS) and sodium dodecyl sulfate (SDS) as reagents in 
reaction [35]. The present work corresponds to the batch 
and column study of Methylene blue (MB) by the synthe-
sized composite. The batch test was done to determine the 
adsorption efficiency at different parameters like dose, 
concentration pH and interference by co-existent ions. 
Column study was done for the estimation of throughput 
volume and evaluation on industrial scale.

2.1. Chemicals and methods

Ferric nitrate [Fe(NO3)3], Zirconyl oxychloride 
[ZrOCl2.8H2O], Hydrochloric acid, ammonia solution, 
Ethylene Diamine, acetone, KPS and SDS was received from 
Rankem chemicals (India). MB dye (spectrochem) was used 
as received for stock solution preparation.

2.1.1. Synthesis of Fe2O3–ZrO2.xH2O binary oxide (IZBO)

5g of ferric nitrate and 5g of Zirconium oxychloride 
octahydrate was separately dissolved in 30 ml of 0.1 M 
hydrochloric acid and mixed together. 30% ammonia solu-
tion was dropwise added till complete precipitation. After 
complete precipitation, the precipitate was left for aging for 
2 d for setting of particles. Finally the precipitate was filtered 
through sintered bed, washed several times and dried at 
80°C in oven for 10 hr.

2.1.2. Synthesis of IZBO-en composite material

2.2 ml of ethylene diamine was added in round bottom 
flask containing 30 ml of HCl, 1.5 g of synthesized binary 
oxide was added to this solution. 3 g of SDS dissolved in 
30 ml chloroform was added into the flask. The reaction 
mixture was sonicated for 1 h in ultrasonic bath. 1.5 g of 
KPS was dissolved in 20 ml water and added drop wisely 
to the stirring reaction mixture for 30 min and stirring 

was continued for 24 h. Acetone was added to quench 
the reaction. The binary oxide based ethylene diamine 
composite thus obtained was washed with methanol and 
water to remove unreacted materials. Finally it was dried 
at 60°C for 8 h in vacuum oven and kept in desiccator for 
characterization and further application. The product was 
obtained in 88% yield.

2.2. Instrumentation

Analytical balance (Denver Instrument Corporation, 
USA) was used for weighing of samples. Systronic digital 
pH meter 802 (India) was used for pH measurements. Sohag 
orbital shaker incubator was used for shaking and muffle 
furnace (Thermo-Scientific, Philippines) for drying of sam-
ples. ZIESS (Germany) scanning electron microscopy (SEM) 
Analyzer for SEM study and Hitachi double beam U-2900 
(Japan), equipped with ultraviolet (UV) solutions program 
NSJ for all UV measurements. Perkin Elmer spectrum-II 
(USA) and Remi-bench top centrifuge, India (R-8 M) were 
used for Fourier-transform infrared spectroscopy (FTIR) 
analysis and centrifugation respectively. Micromeritics 
3 Flex surface analyzer, USA (Version 3.02) was used for 
Brunauer–Emmett–Teller (BET) analysis.

2.3. Batch adsorption procedure

Molecular formula of MB is C16H18ClN3S; molar mass 
is 319.85 and λmax at 664 nm. Each experimental setup 
used 0.2 g of the synthetic adsorbent added to 50 ml of MB 
solution of known concentration. The batch mode was con-
ducted with MB solution without pH adjustment (pH 6.5) 
[36]. 5 mg L–1 MB shows pH 6.5 and it was used as such 
for further experiment. 0.2 g of adsorbent was used and 
mechanical shaking was performed for 120 min. The shak-
ing was followed by centrifugation at 3,000 rpm for 3 min to 
separate the adsorbent from the adsorbent. The absorbance 
recorded by UV-vis spectrophotometer gave the percentage 
adsorption and the adsorption capacity was calculated by 
the equation below

q C C V
me i e= −( )×  (1)

where qe = adsorption capacity, Ci and Ce were the initial and 
final concentration respectively, V is the volume of solution 
taken and m is the mass of adsorbent used. The similar setup 
was used for other parameters like concentration variation, 
dose, interference and pH keeping other conditions constant. 
All experiments were performed in triplicate set. For kinetic 
studies, a measured amount of composite (0.2 g) was added 
to 50 ml MB solution of known concentration (5 mg L–1) at 
298 K. Colourimetric measurements were done at various 
time intervals until the equilibrium was reached. For iso-
therm studies the reaction temperature and dye concen-
tration was varied (293–303 K, 10–60 mg L–1) keeping other 
parameters same. The study of thermodynamic was done at 
different temperature and dye concentration.

For desorption experiment a concentrated solution of 
MB (50 mg L–1) was prepared and a measured amount of 
adsorbent (0.2 g) was added in 50 ml solution. It was kept for 
complete saturation of the material with dye in mechanical 
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shaker. The dye saturated material was separated and 
washed followed by drying. The concentrations before and 
after adsorption were measured. The dried dye loaded 
material was used for desorption test using two different 
media, that is, acidic (0.1 M HCl) and basic (0.1 M NaOH). 
The addition of the saturated material in these media was 
followed by overnight stirring. The desorbed material was 
separated and the amount of dye desorbed was calculated. 
Regenerated material was tested for re-use. Real wastewater 
sample was collected from textile industry and analysis was 
done to estimate the efficiency on industrial scale.

3. Result and discussion

The product was obtained with 88% yield as dark brown 
solid. Since 5 mg L–1 dye solution shows pH 6.5, this pH was 
set as working pH.

3.1. Effect of time

The effect of contact time on adsorption rate of dye with 
fixed adsorbent dose (0.2 g) was tested with a time interval 
of 20 min keeping other parameters constant. A rapid uptake 

(up to 86%) was noticed within first 20 min and attains 
maximum at 100 min (Fig. 1a).

3.2. Effect of dose

The effect of dose of synthetic adsorbent on adsorption 
of dye was observed for different adsorbent dose (0.1–0.6 g). 
There was a fast and effective adsorption upon moving 
from 0.1–0.4 g of adsorbent dose, thereafter an insignificant 
improvement was seen. The fast increase in adsorption 
percent from 76.8%–92.5% for 0.1–0.4 g dose might be 
attributed to the availability of greater number of active sites 
provided through increased dose of adsorbent while the 
slow increase from 92.5%–96.8% for 0.4–0.6 g dose might be 
due to the saturation of the active sites or it might be due to 
the hindrance provided by the loaded dye molecules to the 
approaching dye molecules (Fig. 1b) [37].

3.3. Effect of concentration

Different concentration of the dye was tested for 
removal efficiency by the adsorbent. A continuous decrease 
in adsorption was seen for the increased concentration of 

Fig. 1. (a) Effect of contact time on adsorption of MB on synthetic adsorbent (C0 = 5 mg L–1, pH = 6.5, T = 298 K), (b) Effect of dose on 
adsorption of MB on synthetic adsorbent (C0 = 5 mg L–1, pH = 6.5, T = 298 K), (c) Effect of concentration variation on adsorption of 
MB on synthetic adsorbent (C0 = 10–60 mg L–1, pH = 6.5, T = 298 K), and (d) Effect of pH on adsorption of MB on synthetic adsorbent 
(C0 = 5 mg L–1, pH = 2–12, T = 298 K).
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the dye. Effect of initial concentration of MB on adsorption 
percent was studied by shaking varying concentration 
(10–60 mg L–1) of 50 ml solution containing 0.2 g of adsor-
bent at pH 6.5 for 60 min. The adsorption percent decreases 
from 94.8% to 64.2% when the initial concentration of dye 
increased from 10–60 mg L–1 which might be explained on 
the basis that fewer number of active sites were available 
for greater number of MB molecules that resulted in faster 
saturation and reduced adsorption (Fig. 1c). However, the 
adsorption percent decreases while the uptake capacity 
increases with increasing concentration of the dye which 
might be due to the increase in the number of dye molecules 
adsorbed into the same dose of adsorbent [27].

3.4. Effect of interference

Since untreated industrial effluents contain some common 
salts along with the dye, this necessitates the study of effect 
of interference of co-existing ions on the adsorption effi-
ciency of the material. The effect of interference was checked 
with different concentration of NaCl and Na2SO4. There was 
no such significant effect of interfering ions on adsorption 
percent.

3.5. Effect of pH

The process such as adsorption was well known to be a 
surface phenomenon and hence pH plays an important role 
in driving the process. The particular pH at which the batch 
adsorption experiment (except effect of pH test) performed 
was 6.5 (pH without adjustment). For the effect of pH, the 
experiments were carried out in pH range of 2–12.

The final pH of the solution was measured and com-
pared with the initial pH and the results obtained showed 
near neutral pH range of the solution after adsorption. The 
variation of adsorption percent with pH is presented in 
Fig. 1d. Increase in adsorption efficiency with increase in 
pH was seen. It can be explained as follows: basic medium 
favours the increased adsorption of the cationic dye mole-
cules onto the adsorbent surface. The increasing pH raised 
the concentration of negative charge on the adsorbent 
surface that resulted in increased adsorption of cationic 
dye. This can also be explained on the basis of pHpzc value. 
The pHpzc value for the composite was 6.1 that confirmed 
the negative charge on the surface of the composite mate-
rial. Hence, at pH lower than 6.1, the positively charged 
surface limits the adsorption of cationic dye (poor elec-
trostatic attractions) in acidic medium while at higher pH 
above 6.1, the cationic dyes were more attracted towards 
the negatively charged surface due to favored electrostatic 
attraction of the positively charged dye molecules towards 
the negatively charged surface [32,38,39].

3.6. Kinetic study

Kinetic model suggests the rate of reaction in terms of 
rate constant and adsorption capacity. Three common mod-
els namely pseudo-first-order (Eq. (2)), pseudo-second-order 
(Eq. (3)) and intra-particle diffusion (Eq. (4)) were tested.

ln lnq q q k te t e−( ) = − 1  (2)

t
q k q q

t
t e e

= × + ×
1 1 1

2
2  (3)

q k t ct i= +0 5.  (4)

where qe is the uptake capacity at equilibrium (mg g–1), 
qt is the amount of solute adsorbed at time t (mg g–1), k is 
the rate constant. Calculated model constants were given in 
Table 1. The kinetics was best described by pseudo- second-
order model with maximum R2 (Table 1). Three kinetic plots 
were shown in Figs. 2a–c [11].

Mechanism was described by pseudo-first, pseudo- 
second and intra-particle diffusion model with the latter as 
the best fit model suggesting the adsorption to be interde-
pendent on the adsorbent-adsorbate system and involved 
chemisorption with the chemical reaction between the 
adsorbate and the adsorbent as the rate determining step of 
the process. Intra-particle diffusion involves mass transfer 
of molecules from the surface to the pores of adsorbent and 
diffusion of dye into the active sites of the adsorbent. The 
intra-particle diffusion plot shows the straight line deviated 
from the origin confirm that this is not only the rate limiting 
step in the adsorption process [40–42].

3.7. Isotherm study

Isotherm models study reveals the interaction of dye 
with the adsorbent surface as a function of concentration 
at a particular temperature (at equilibrium: dose = 0.2 g, 
T = 298K, pH = 6.5, V = 50 ml). The analysis was done by 
linear and non-linear method to minimize the error occu-
pancy and achieve accuracy. The maximum value of R2 was 
obtained for Langmuir model which suggests homogenous 
interaction between the dye molecules and the adsorbent 
surface and also the model describes monolayer adsorp-
tion with identical sites and equivalent energy [43]. Linear 
plots for Langmuir, Freundlich and Dubinin-Radushkevich 
models were used for calculation of maximum adsorption 
capacity qmax and rate constant describing adsorption 
intensity (Figs. 3a–c). The results obtained for the best fit 
model (Langmuir) were found equivalent for both linear 
and non-linear methods [44]. The maximum adsorption 
capacity of 242.79 mg g–1 justifies the applicability of the 
porous adsorbent. Comparison of adsorption capacities 
with some literature is given (Table 2). The decrease in 
adsorption capacity with increasing temperature suggests 
the exothermic nature of the physico-chemical process.

The essential feature related with Langmuir model is RL, 
which is the separation factor pertaining to the extent of ease 
with which adsorption could occur.

Table 1
Selected kinetic model constants

Order qe (mg g–1) K R2

Pseudo-first 0.356 0.071 min–1 0.961
Pseudo-second 1.284 2.788 mg g–1 min–1 0.998
Intra-particle diffusion 0.984 0.035 mg g–1 min–0.5 0.941
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where Cm is the maximum initial concentration of the dye 
and b is the Langmuir rate constant. The calculated value 
of RL was 0.0062 which is in between 0 and 1 suggesting 
favourable adsorption [11].

The calculated values of various model constants using 
linear and non-linear methods were given in Table 3 and 
Table 4 respectively.

3.8. Thermodynamic study

Thermodynamic study suggests the nature of the 
occurrence of the adsorption process in terms of feasibility 
and type of heat change involved. The experimental data 
for different thermodynamic parameters are listed in 
Table 5.

The values of enthalpy ∆H and entropy ∆S were calculated 
through the slope and intercept of the plot corresponding to 

ln K vs. 1/T. The free energy value was calculated using the 
general equation

∆ ∆ ∆G H T S= −  (6)

The negative values of ∆G (Table 5) suggest that the 
adsorption process to be thermodynamically feasible and 
spontaneous. The negative values of ∆H indicate exothermic 
nature of the process.

The degree of disorder or randomness is measured by 
entropy. The positive values of ∆S obtained for the present 
study signifies the rapid movement or disorder of the 
adsorbate particles at the interaction surface during the 
adsorption process [51].

3.9. Characterization

3.9.1. Fourier-transform infrared spectroscopy

FTIR analysis was used for detection of functional 
groups present in the adsorbent. The shift in the peaks before 

Fig. 2. (a) Pseudo-first-order plot, (b) pseudo-second-order plot, and (c) intra-particle diffusion plot.
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and after adsorption describes the binding of dye molecules 
with the functional groups at the adsorbent surface. The spec-
tra before and after adsorption were shown in Figs. 4a and 
b. The broad metal oxygen bonds are present in the range 
400–600 cm–1. The vibrations corresponding to tetrahedral 
and octahedral cations M–O bond were present in the range 
550–600 cm–1 and 390–400 cm–1 respectively [52–54]. The shift 

in the peaks corresponding to the surface interaction of the 
adsorbent and the dye molecules were given in the Table 6.

3.9.2. Mechanism

The proposed mechanism for the described adsorption 
process is shown in Fig. 5. The mechanism suggests that 

Fig. 3. (a) Langmuir isotherm plot, (b) Freundlich isotherm plot, and (c) D-R isotherm plot.

Table 2
Comparative adsorption capacities of various adsorbents

Adsorbent Dye Uptake (mg g–1) Reference

MIL-53(Al)-NH2 MB 208.3 Li et al., [45]
Fe3O4@MIL-100(Fe) MB 73.80 Shao et al., [46]
NH2-MIL-101(Al) MB 188 Haque et al., [47]
Fe3O4@APS@AA-Co- MB 142.9 Ge et al., [48]
CAMNPs
Magnetite@Silica@pectin MB 85.18 Attallah et al., [49]
Hybrid nanocomposite
Propylene diamine basic activated carbon

MB 182 El-Shafey et al., [50]

IZBO-en MB 242.79 Present work
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the adsorptive binding between the dye and the composite 
was based on the H – bonding between the N-atom of dye 
and the H-atom of the composite which was also supported 
by the data obtained for FTIR peaks. Moreover, the role of 

electrostatic attraction was seen in the adsorption process 
described which was supported by the kinetic data that 
suggested the process involved chemisorption (pseudo- 
second-order kinetic).

3.9.3. Scanning electron Microscopy – Energy-dispersive 
X-ray spectroscopy

The prominent peaks of the constituent elements in the 
material were obtained that justified the combination of the 

Table 3
Calculated values of isotherm model constants using linear 
method

Isotherm model Temperature (K)

Langmuir 293 298 303
q0 (mg g–1) 242.79 213.87 214.49
b (L mg–1) 2.66 2.98 4.18
R2 0.986 0.987 0.982

Freundlich
KF (mg g–1) 98.31 92.87 96.35
n 1.02 0.94 1.71
R2 0.912 0.923 0.903

Dubinin-Radushkevich
χm (mmol g–1) 2.82 2.54 3.42
β (mol2 J–2) 4.51 × 10–3 1.39 × 10–3 6.63 × 10–3

E (KJ mol–1) 0.92 0.17 0.13
R2 0.881 0.791 0.892

Table 4
Calculated values of isotherm model constants using non-linear 
method

Isotherm model Temperature (K)

Langmuir 293 298 303
q0 (mg g–1) 241.68 213.91 216.42
b (L mg–1) 2.61 1.77 3.68
R2 0.989 0.988 0.992

Freundlich
KF (mg g–1) 98.31 92.87 96.35
n 1.98 0.64 1.22
R2 0.922 0.929 0.933

Dubinin-Radushkevich
χm (mmol g–1) 2.84 2.38 2.97
β (mol2 J–2) 4.32 × 10–3 1.89 × 10–3 6.12 × 10–3

E (KJ mol–1) 0.94 0.22 0.19
R2 0.886 0.891 0.899

Table 5
Experimental results of various thermodynamic parameters

Concentration (mg L–1) Temperature (K) ∆G (KJ mol–1) ∆H (KJ mol–1) ∆S (KJ mol–1 K–1)

10 293 –9.18 –1.83 0.32
298 –9.35 –1.83 0.32
303 –9.54 –1.83 0.32

20 293 –17.94 –2.22 0.62
298 –18.25 –2.22 0.62
303 –18.56 –2.22 0.62

Fig. 4. (a) FTIR peaks before adsorption and (b) after adsorption.
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mixed oxide nanoparticle with ethylene diamine to form a 
composite material. Energy-dispersive X-ray spectroscopy 
(EDX) analysis showed the presence of constituent elements 
in free and dye loaded adsorbent. The binding of the dye 
molecules with the adsorbent surface was confirmed by 
the appearance of additional peak of sulfur (a constituent 
element of MB) in the spectrum of dye loaded adsorbent. 
The respective peaks of the elements before and after adsorp-
tion at the composite surface are shown in Figs. 6a and b.

Surface morphology was shown by the SEM images. 
Surface of the adsorbent before adsorption was spacious and 
less crowded while the surface becomes dense and packed 
with dye molecules after adsorption which is shown in 
Figs. 6c and d. The elemental composition of the material 
before and after adsorption is listed in Table 7.

3.9.4. BET Surface Area measurement

BET surface area suggests the area available for adsorp-
tion for the adsorbate molecules on the adsorbent surface. 
The surface area was estimated by BET method (N2 adsorption 
in gaseous phase) using 0.0577 g of pre-dried sample at 
bath temperature of –195.96°C for 3 h at equilibration 
interval of 5 s. Surface area of the sample was found to be 
54.74 m2 g–1 before adsorption and 41.30 m2 g–1 after adsorp-
tion. The decrease in surface area confirms dye adsorption.

3.9.5. Regeneration and reuse

Regeneration of any adsorbent is of utmost importance 
since it is linked with efficiency. Desorption was tested with 

Table 6
Group frequencies of various functionalities before and after 
adsorption

Before adsorption 
(cm–1)

After adsorption 
(cm–1)

Group frequencies

3,420 3,400 Alcohol, H-bonded O–H
Stretching (broad)

2,865 2,848 Aliphatic C–H 
stretching

1,633 1,619 1°amine N–H bending

Fig. 5. Mechanism for the adsorption of MB on the composite 
material.

Fig. 6. (a) SEM of composite before adsorption, (b) SEM of composite after adsorption, (c) SEM morphology of composite before 
adsorption, and (d) SEM morphology of composite after adsorption.
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the dye loaded material in two different media (0.1 M HCl 
and 0.1 M NaOH). The desorption percent was calculated 
using the equation:

D
C
C
f

i

% = ×100  (7)

where Cf and Ci are desorbed and adsorbed concentration 
respectively. Best desorption was obtained with 0.1 M HCl 
(79%) while for basic medium it was limited to 6%–8%. The 
higher desorption percent promotes the reusability of the 
material for the removal of cationic dye from wastewater.

3.9.6. Column study

Batch scale performance is required to be correlated 
with column performance to ascertain its suitability for field 
application. A fixed-bed column study was done using a 
glass column of diameter 17 cm. 1 L of artificial wastewater 
(2 mg L–1) was passed through a fixed-bed height of 1.6 cm 
(1 g) at the flow rate of 8 ml min–1. The treated effluent was 
collected at regular intervals and concentration was observed. 
The total volume rendered colourless was 600 mL which cor-
responds to 165 BV (1 BV = πr2h = 3.63 mL). Column was 
then dismantled and the loaded adsorbent was tested for 
regeneration and re-use. Efficiency was found to get reduced 
only by 8%–10% in consecutive cycle.

3.9.7. Applications: real wastewater sample analysis

To evaluate the effectiveness of the material on commer-
cial scale, a fixed-bed column experiment was conducted 
with real effluent collected from a local textile industry. 
The raw effluent was collected directly and was subjected 
to pretreatment which included sedimentation, filtration, 
centrifugation and neutralization. The treated effluent was 
highly alkaline as well as highly concentrated (high dye 
contamination). Hence, it was diluted several times and 
concentration was estimated before passing into the glass 
column for dye removal by IZBO-en. The parameters of the 
fixed-bed column mode along with the experimental data are 
listed in Table 8.

The volume detoxified using 1 g of composite material 
was 800 ml which corresponds to a bed volume of 220 BV 
that justified the practical novelty of the material on 
industrial scale.

4. Conclusion

The synthesis of IZBO-en composite material was sim-
ple and obtained with high yield (88%). FTIR, SEM and BET 
analysis showed the presence of active functional groups, 
porous nature of material and large surface area available 
for adsorption of MB. EDX showed the presence of dye in 
adsorbent. Batch study was conducted at different param-
eters like contact time, dose, pH, and dye concentration. 
Pseudo-second-order kinetic was followed with correlation 
coefficient of 0.998. The isotherm study suggested the pro-
cess followed Langmuir model with maximum adsorption 
capacity of 242.79 mg g–1. The thermodynamic study sug-
gested the process to be feasible and spontaneous. The 
material was efficient for MB removal. Regeneration up to 
79% was achieved in acidic medium which enhances the 
reusability of the material. Column study showed a remark-
able efficiency (600 ml g–1). Industrial wastewater sample 
analysis showed that 800 ml raw water can be decolourized 
by 1 g of adsorbent. It can be concluded that IZBO-en can be 
used in detoxification of dye contaminated water.
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