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ABSTRACT

The performance of fixed-bed column with polypyrrole alumina iron oxide nanocomposite was
studied under various conditions to investigate the effects of parameters such as bed height, flow
rate and initial concentration in the removal of Cu* ions from aqueous media. The experimental
studies reveal that the breakthrough time was increasing with an increase in bed height. Maximum
removal with higher bed height is achieved due to the increase in the adsorption sites providing a
larger surface area thereby leading to an increase in the volume of the treated solution. A higher
flow rate produced a steeper curve with early breakthrough time and resulted in less adsorption
intake. The adsorbent capacity was exhausted faster due to the saturation of binding sites in the
case of higher flow rate and inlet concentration. Extended breakthrough time was obtained when
inlet concentration was decreased, indicating that more amount of the solution could be treated.
A decrease in the mass transfer coefficient was observed at lower concentration causing slower
transport. Mathematical modeling of the adsorption column was studied with various models
like Thomas model, Yoon-Nelson model and Adams-Bohart model to identify the best model
and found Yoon-Nelson model fits well with the experimental data.
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1. Introduction

Metal pollutants are increasing in the water resources
at an alarming rate causing a threat to living beings. The
addition of toxic heavy metals like chromium, copper, zinc,
lead and cadmium is adversely affecting the environment.
Rapid industrialization is the main cause of the occurrence
of Cu(Il). Increased levels of toxic metals can cause severe
damage to the circulatory and nervous systems of human
beings [1]. Removal of toxic Cu(Il) ions from wastewa-
ter are essential for health and environmental protection.

* Corresponding author.

As per IS 10500:2012, the acceptable limit of copper in drink-
ing water is 0.05 mg/L. Several physicochemical processes
such as membrane technology, flocculation, coagulation,
electrodialysis, reverse osmosis, etc are available for the
treatment [2]. But these techniques have certain limitations
such as less economic feasibility, less percentage removal
and the difficulty to dispose. Among the present conven-
tional techniques, the adsorption process is the most suit-
able method because of its high efficiency and economic
consideration. Many adsorbents like activated carbon, sil-
icates, natural zeolite, chitosan polymer and biomass have
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been used for the removal of heavy metal ions with certain
limitations [3]. Hence the need for a better adsorbent pos-
sessing high removal efficiency and adsorption capacity has
led to this research work. Polypyrrole coated nanocompos-
ite with high conductivity, easy preparation and environ-
mental stability is found to be one of the most promising
conducting polymers in the removal of toxic metal ions [4,5].

A fixed-bed column is an industrially viable method
for the removal of various contaminants from wastewater
and its performance is studied by the breakthrough curve
representing the influent-effluent concentration vs. time
[6]. The adsorption mechanism consists of axial dispersion,
film diffusion resistance, sorption equilibrium with sor-
bent and intraparticle diffusion resistance which includes
both surface and pore diffusion [7]. Using nanocomposite
as adsorbent, copper solutions of corresponding concen-
trations are allowed to continuously flow through the bed
of the adsorbent at a constant rate [8]. As the adsorbate is
continuously in contact with a given quantity of adsorbent
in a fixed-bed column system this method proves to be
more feasible considering industrial parameters.

2. Materials and methods
2.1. Adsorbent

The alumina iron oxide nanocomposite (Al,O,~Fe,O,)
was prepared by blending the required amount of 3.9 g
FeSO, and 7.8 g FeCl, in 200 mL distilled water into which
activated alumina of 35.1 g was added with constant
heating at 70°C. The weight ratio of activated alumina to
iron oxide was chosen as 3:1 to prevent a decrease in the
adsorption capacity of synthesized nanocomposites due
to the increased content of iron oxide. A solution of 10%
NaOH was added drop-wise to precipitate the iron oxides
and the obtained precipitate was cooled, filtered and
dried at room temperature of 32°C to get the product [9].
Chemical polymerization of pyrrole using ferric chloride
as chemical oxidant and water as solvent was carried out
with 5 g ferric chloride in 100 mL distilled water and a uni-
form solution was made using a magnetic mixer. Alumina
iron oxide nanocomposite of 1 g along with 1 mL pyrrole
monomer was added into the solution and the response
was observed for 4 h at an ambient temperature of 32°C.
Thereafter the filtered product was kept in an oven at
a temperature of 60°C for 24 h to obtain polypyrrole
alumina iron oxide nanocomposite (PPy/ALO,-Fe,O,) [10].

2.2. Adsorbate

A copper stock solution of 1,000 mg/L was prepared
by adding the required copper sulfate in distilled water.
Dilution was done to prepare samples of varying concen-
trations of 200 to 1,000 mg/L and the pH value was adjusted
by adding 0.1 N HCl and 0.1 N NaOH. Experimental
studies reveal that as pH increases conductivity increases
steadily. Around pH 8, conductivity remains almost con-
stant and not very appreciable. Cu* on hydrolysis pro-
duces ions such as Cu(OH)", Cu(OH),, Cu(OH);, Cu(OH)?.
In acidic pH, species Cu(OH)", Cu(OH), only exist. Since the
solution contains the fastest-moving H* ions, conductivity

would be higher. As the pH value increases above 4, bulk-
ier ions Cu(OH); and Cu(OH)? could exist with lesser den-
sity. Similar results were obtained at higher alkaline pH
and hence it can be concluded that around pH 8, hydro-
lysis of Cu*" has no much effect. Copper concentrations in
the solution before and after adsorption were determined
from a standard calibration curve generated using a direct
UV visible spectrophotometric method with a wavelength
corresponding to maximum absorbance (A_ ) of 645 nm [11].

2.3. Fixed-bed column studies

Packed bed column study analysis was done in a glass
column of 2.5 cm diameter and a height of 1 foot. Synthesized
polypyrrole alumina iron oxide nanocomposite was placed
at the center of the column supported with glass wool. The
up-flow continuous fixed-bed adsorption technique was
used to study the removal process. All the experiments
were carried out with Cu* solutions having a pH value of 8
which was found as optimum through batch mode adsorp-
tion studies. Effects of various parameters like flow rates of
10, 15, 20 and 25 mL/min, bed depth of 1, 2, 3 and 4 cm and
metal concentration of 200, 400, and 600 mg/L were investi-
gated. Samples were tested every 5 min to know the metal
uptake by the nanocomposite. The pseudo-second-order
reaction rate model described the adsorption data ade-
quately with the good and statistically significant coefficient
of determination. The sorption capacity of nanocomposite
increased with increasing adsorbate concentration in the
pseudo-second-order model. Thermodynamic parameters
obtained from the batch mode adsorption studies using
PPy/Al,O,-Fe,O, nanocomposite confirm that the maximum
removal has occurred through physical adsorption pro-
cess and the negative values of Gibbs free energy change
(AG®), low value of enthalpy change (AH°) and energy
of activation (E ) indicates the feasibility of the process.

2.4. Mathematical modeling

The performance of a fixed-bed column is analyzed
through the concept of a breakthrough curve [8]. The oper-
ation and dynamic response of an adsorption column are
determined through the time for breakthrough curve appear-
ance and its shape. The loading behavior of copper concen-
tration to be adsorbed from solution in a fixed bed column is
usually expressed as C/C, as a function of time or quantity
of the effluent for a fixed-bed height. The value of g, for
a given feed concentration and flow rate corresponds to the
area under the curve generated with adsorbed concentra-
tion C_, (C,, = C;~C) (mg/L) vs. t (min) and can be calculated
from the following equation.

t=t,

total

=— C_dt 1
qtotal 1,000 ,':[0 ad ( )

where g, is the maximum bed capacity in mg, the inlet
flow rate in mL/min and the adsorbed concentration in ppm
is denoted as Q and C_, respectively. The value of the inte-
gral is calculated from the area under the plot of adsorbed
concentration vs. time.
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M, in mg is the total quantity of metal ions passed
through the column, C, is initial dye concentration in ppm,
the volumetric flow rate is denoted as Q (mL/min) and the
total flow time is represented as t, | (min). M, is calculated
using the following equation.

total

_CQt

Mmtal - 1 000

@)

Total percentage of metal ion removal is given by the
following equation:

%Removalz[q“"aljxloo 3)

total

where g, is the maximum bed capacity in mg, M, is

the total amount of metal ions sent to the column in mg.
Equilibrium metal ion uptake in the column is given

by the following equation:

— q ota.
G ="y @)
where g_ is the equilibrium metal ion uptake in mg/g

(&
and X is tile amount of nanocomposites in the column in g.
Adsorbed concentration of metal ions at equilibrium is
found by the following equation:

1,000
Vv

eff

Ceq = (Mtotal ~ Fiotal ) x (5)

where C__is the equilibrium adsorbed concentration in ppm.

The prediction of the concentration-time profile or
breakthrough curve is required for the successful design
of a packed bed column adsorption system. Kinetic models
were used to express the dynamic process of the column
mode [12].

2.4.1. Thomas model

The most common method used in the column per-
formance theory is the Thomas model [13]. The experi-
mental values obtained from continuous mode column
studies were used to calculate the maximum solid-phase
concentration of copper and chromium on the adsorbent.
The kinetic model developed by Thomas is used to find
the adsorption rate constant is shown in Eq. (6).

Cf 1

- ©)
CU Kth
1+ exp((}j](qox -G,V )]

where C. and C, in mg/L are the effluent and influent con-
centrations, Thomas rate constant in mL/mg min is denoted
as K,, maximum adsorption in mg/g is shown as g, x is
the quantity of adsorbent in the column (g), feed flow
rate is shown as F in mL/min and the effective volume
of the solution is expressed as V_, in mL/min.

2.4.2. Adams—Bohart model

The relationship between C/C, and time is explained
using a fundamental equation established by Adams-Bohart
model [14]. This model assumes that the rate of adsorption
is proportional to the adsorbent capacity and the adsorb-
ing species concentration. The breakthrough curve in the
initial part is explained using this model and is expressed
in Eq. (7).

C K,N,Z
ln[cf] =K, C,t— bu 0 @)

0 0

where C, and C; in mg/L are the effluent and initial con-
centrations respectively, kinetic constant in L/mg min is
denoted as K, the capacity of adsorption is N in g/L, bed
depth in the column is represented as Z (m), t is time in
minutes and U, is the speed of gas out in m/s.

The properties of operational parameters of the fixed bed
column can be evaluated from a plot of C/C, against time
at a given bed height and flow rate using the non-linear
regressive method.

2.4.3. Yoon—Nelson model

This model is based on the assumption that the
decreased rate in the probability of adsorption for each
adsorbate molecule is proportional to the probability of
adsorbate adsorption and adsorbate breakthrough on
the adsorbent [15]. The Yoon-Nelson model is applied to
check the experimental data which is expressed in Eq. (8).

C
c —fcf =exp(Kynt =K,y ) (8)

The time needed for 50% adsorbate breakthrough is
denoted as T in min, the sampling time is shown as t (min),
and K, is the rate constant (min™).

3. Results and discussion
3.1. Characterization of nanoadsorbents

Characterization of nanoparticle using scanning elec-
tron microscopy (SEM), transmission electron microscopy
(TEM), Brunauer-Emmett-Teller (BET), X-ray diffraction
analysis (XRD) and Fourier-transform infrared spectros-
copy (FTIR) is done to collect information about chemical
composition and physical properties such as size, shape,
surface properties, crystallinity and dispersion state [16].

3.1.1. SEM and TEM analysis

SEM analysis is conducted to determine the surface
morphology of the particles. Figs. 1 and 2 represent the
SEM image of the synthesized nanocomposite before and
after adsorption of copper ions showing a difference in
the surface morphology of the two images confirming
that the adsorption has taken place. TEM was used to find
the nature of magnetic nanoparticles in the nanocompos-
ite produced. The produced composite showed uniform
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Fig. 2. SEM analysis after adsorption.

spherical nanoparticles in the form of nanoclusters as
shown in Fig. 3.

3.1.2. BET analysis

BET analysis of polypyrrole alumina iron oxide nanocom-
posite using nitrogen isotherm was done to determine the
surface area and the pore structure as a function of relative
pressure. The specific surface area and average pore size of
PPy/AlO,-Fe,O, nanocomposite determined using BET anal-
ysis is 13.6402 m*/g and 40.31 nm respectively. The micropore
area and micropore volume were calculated as 27.8722 m?/g
and 0.01435 cm’/g respectively. Fig. 4 represents the adsorp-
tion plot indicating that the nanocomposite belongs to
type IV isotherm which confirms that most of the particles
are mesoporous materials with a size less than 50 nm.

3.1.3. XRD analysis

XRD analysis was performed for phase identification of
a crystalline structure. The crystallite sizes were found to be

Fig. 3. TEM analysis.

23.66, 24.89, 23.75, 24.61, 13.26, 22.35 and 21.66 nm for the
respective peaks using the Scherrer equation. The average
particle size as per XRD analysis was found to be 20.03 nm.
In Fig. 5, the XRD pattern represents the crystal structure of
the PPy/ALO,-Fe O, nanocomposite.

The broad peak resembles the scattering of X-ray from
the PPy chain. The broad peak at 20 value of 24.285 indi-
cates the presence of polypyrrole having amorphous behav-
ior of the polymer [17] and the values of 33.287, 35.801
and 54.135 corresponds to the presence of —Fe,O, phase
with rhombohedral structure (JCPDS 79-1741). The peaks
at 40.98 and 64.097 show the presence of the AIO(OH)
phase with orthorhombic structure [18]. All other diffrac-
tion peaks indicate the presence of a-AlLO, (JCPDS FILE
NO-(42-1468) and a-Fe,O, (JCPDS FILE NO (79-1741).

3.1.4. FTIR analysis

The characterization of nanocomposite was done using
FTIR analysis to identify the chemical bonds present in
the nanocomposite. The spectrum of PPy/AlLO,-FeO,
nanocomposite before copper ion adsorption as shown
in Fig. 6 indicates that the band at 1,567.93 cm™ is due to
C—C and C=C backbone stretching of the nanocomposite.

The band at 1,398.96 cm™ corresponds to C-N stretch-
ing. The band at 1,004.41 cm™ corresponds to C-H
stretching and N-H wagging. The band at 798.41 cm™ is
attributed to C-H wagging vibration. Thus it reflects that
all the corresponding bands of PPy/Al,O,-Fe,O, nanocom-
posite are present in the spectrum. The bands correspond-
ing to Fe-O, Al-O and Fe-Al vibrations are also present.
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From FTIR analysis of nanocomposite after adsorption,
as shown in Fig. 7, it is clearly visible that shift has taken
place after the adsorption of copper using the prepared
nanocomposite. The bands at 1,567.93; 1,398.96; 1,004.41;
798.41; 686.61 and 480.16 cm™ observed before the adsorp-
tion process have shifted to 1,542.19; 1,219.95; 895.21,
783.17, 677.87 and 405.14 cm™ respectively after adsorp-
tion of copper ions. The band at 1,542.19 and 1,219.95 cm™
corresponds to C-N amide II band and CH, twisting
respectively. The band at 895.21 cm™ is attributed to CH,
wagging vibrations. The bands at 783.17, 677.87 and
405.14 cm™ correspond to C-H in out of plane deformation
and C=C twisting. All these shifts confirm the adsorption
of copper ions by PPy/Al,O,-Fe,O, nanocomposite.

3.2. Effect of bed height

The breakthrough curve was obtained from the experi-
mental studies for the adsorption of copper ions onto PPy/
ALQO,-Fe,O, nanocomposites for varying bed heights of 1, 2,

<M1 6 Bal < i 3 THOCEGD
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3 and 4 cm. The adsorbate feed flow rate of 15 mL/min and
400 mg/L inlet concentration were kept constant.

From Fig. 8, it is observed that the breakthrough time
was increasing with an increase in the bed height. Maximum
uptake was found when the bed height was 4 cm. It is due
to the increase in the adsorption sites due to the increase
in the quantity of the adsorbent. Hence the mass transfer
zone was increased. In a column with fixed bed media, the
direction of the mass transfer zone is from the entry-level
of the bed towards the exit level [19]. Therefore in the case
of the same influent concentration and packed media, bed
height increase will cause the mass transfer zone to reach
the exit after an extended breakthrough time. For a greater
bed height, an increase of adsorbent provided a larger sur-
face area thereby leading to an increase in the volume of the
solution.

3.3. Flow rate effect

The effect of flow rate on the uptake of copper ions were
studied by changeable flow rates of 10, 15, 20 and 25 mL/min
at a constant bed height of 2 cm and inlet concentration of
400 mg/L. The curve obtained from the plot C/C, vs. time
showed that bigger contact time was obtained for a lower
flow rate of 10 mL/min creating a shallow adsorption zone.
The higher flow rate of 25 mL/min produced a steeper curve
with early breakthrough time and resulted in less adsorption
intake. The bed media was saturated early at a higher flow
rate. It is clearly observed that the best performance of the
column is obtained at a lower flow rate and higher residence
time. Plots of the breakthrough curve at various times are
depicted in Fig. 9.

3.4. Effect of initial concentration

The breakthrough curve for the adsorption of copper
onto prepared nanocomposite was studied. Fig. 10 shows the
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Fig. 5. XRD analysis of PPy/Al O,-Fe,O, nanocomposite.
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Fig. 6. FTIR analysis of PPy/Al,O,-Fe,O, before adsorption.
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Fig. 7. FTIR analysis of PPy/Al,O,-Fe,O, after adsorption.

effect of initial concentration on the breakthrough curves
using a bed height of 2 cm and a flow rate of 15 mL/min.

An earlier breakthrough point was reached at a higher
influent concentration of 600 mg/L when compared to the
lowest concentration of 200 mg/L. The adsorbent capac-
ity was exhausted faster due to the saturation of binding
sites in the case of higher inlet concentration. An extended
breakthrough curve was obtained when inlet concentra-
tion was decreased; indicating that more amount of the
solution could be treated. A decrease in the mass transfer
coefficient was observed at lower concentrations causing
slower transport. The pH of the eluted solution was in the
range of 7-8 for varying copper concentrations.

3.5. Mathematical models

3.5.1. Thomas model

Adsorption of copper ions onto a column packed by
nanocomposite was studied using a mathematical model

suggested by Thomas. Table 1 represents the model param-
eters calculated from the graphs obtained with In((C,/C)-1)
vs. time. The adsorption data at various bed heights, flow
rates and initial concentration was applied to estimate the
kinetic coefficients for the adsorbent-adsorbate system.
The coefficient of determination R* ranging from 0.946
to 0.996 indicates a linear relationship between the vari-
ables. The adsorption capacity g, decreased from 40.204 to
37.309 mg/g on increasing the influent concentration from
200 to 400 mg/L and showed the value increased from
37.309 to 48.85 mg/g when concentration increased from
400 to 600 mg/L. The adsorption capacity showed a decreas-
ing trend while increasing the bed depths from 1 to 4 cm.
Though the increase in bed depth may enhance the quan-
tity of effluent treated, it reduces the amount of solute per
unit adsorbent quantity. Studies using ethylamine modi-
fied chitosan carbonized rice husk composite beads also
showed that the higher bed height contain more adsorbent
with more binding sites making the breakthrough time
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Fig. 10. Effect of initial concentration on breakthrough curve.

lesser [15]. The adsorption capacity was increasing from
34.805 to 42.102 mg/g as the flow rate increased from 10 to
25 mL/min.

Breakthrough curves with respect to the experimental
data and theoretical data are shown in Fig. 11 for varying bed
heights, flow rate and initial concentration.

3.5.2. Yoon—Nelson model

The constants of the Yoon-Nelson model, K, and t
were evaluated from the slope and intercept obtained from
the graph In(C, /(CO—Cf)) vs. time as shown in Fig. 12 and the

results are presented in Table 2. It was found from all the
investigations that the adsorption capacity determined for
both the theoretical and experimental studies showed similar
results fitting well with Yoon-Nelson model.

On increasing the adsorbate concentration from 200
to 600 mg/L, the time required for 50% breakthrough t
decreased from 38.986 to 20.041 min. This may be due to
the quick saturation of the adsorbent happened at a higher
concentration. The results show that the increase in the flow
rate from 10 to 25 mL/min decreased the value of t from
34.805 to 16.841 min which corresponds to a decrease in the
treated solution. An increase in the bed height increased
the adsorption sites which in turn shows an increase in
the t value from 13.983 to 37.171 min. Thus the quantity of
treated effluent increases.

Breakthrough curves predicted by Yoon-Nelson model
for varying bed height, flow rate and initial concentra-
tion was compared with the experimental breakthrough
curves as shown in Fig. 9.

3.5.3. Adams—Bohart model

Adams-Bohart model is applied directly to evaluate the
adsorption system. The amount of copper ions adsorbed
was found through the adsorption capacity coefficient N,
(mg/L). With respect to the adsorbent amount and the quan-
tity of treated copper solution, this factor was transformed
to the adsorbent capacity packed in the column. Adams-
Bohart model parameters obtained from the graph In(C/C))
vs. time are shown in Table 3.

The adsorption rate coefficient K, decreases from
45 x 107 to 5.17 x 10° L/mg min on increasing the influ-
ent concentration from 200 to 600 mg/L. The higher sol-
ute molecules form a greater concentration gradient when
the concentration increases by which the adsorption rate
coefficient decreases. Adsorption rate coefficient indicates
the influent volume treated by unit volume of adsorbent
at unit time. The adsorption rate coefficient decreases
from 16 x 10~ to 7 x 10° L/mg min when the flow rate
increases from 10 to 25 mL/min. It was observed that when
the bed height increased from 1 to 4 cm, K coefficient
increased from 4.8 x 10~ to 23 x 10°L/mg min.

The experimental and calculated data are showing
high variations as evident from regression coefficient val-
ues which concludes that this model is not fitting well to
the experimental data. Breakthrough curves predicted by
Adams-Bohart model for varying bed height, flow rate and
initial concentration was compared with the experimental
breakthrough curves as shown in Fig. 13.

The coefficient of determination obtained from the graph
CJ/C0 (experimental) vs. C//CU (theoretical) are presented in
Table 4. The R? values obtained for Thomas model in case
of varying bed heights and inlet concentrations are very less
compared to the R? values obtained for varying flow rates.
Hence Thomas model is not fitting well with the exper-
imental data.

Similar trend was observed in the studies with brushite
calcium phosphate in the removal of Cu(Il) which shows
that the linearization is not appropriate when using the
pseudo-first-order, Adams-Bohart and Thomas models
since it affects their error structure [20]. The coefficient
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Table 1

Thomas coefficient K, and maximum solid-phase concentration g, for various bed height, flow rate and initial concentration

Influent concentration (mg/L) Bed height (cm) Flow rate (mL/min) K,, (L/mg min) (107) q, (mg/g) R?
400 1 15 28.75 41.947 0.984
400 2 15 29.50 37.309 0.956
400 3 15 36.50 35.164 0.98
400 4 15 38.00 27.878 0.996
400 2 10 28.25 34.805 0.975
400 2 15 29.50 37.309 0.956
400 2 20 28.00 42.482 0.978
400 2 25 33.00 42.102 0.975
200 2 15 52.00 40.204 0.989
400 2 15 29.50 37.309 0.956
600 2 15 22.46 48.850 0.946

Table 2

Parameters predicted by Yoon-Nelson model
Influent concentration (mg/L) Bed height (cm) Flow rate (mL/min) K,y (min™) T (min) Rr?
400 2 10 0.113 34.805 0.975
400 2 15 0.118 24.872 0.956
400 2 20 0.112 21.241 0.978
400 2 25 0.132 16.840 0.975
400 1 15 0.115 13.982 0.984
400 2 15 0.118 24.872 0.956
400 3 15 0.146 35.164 0.98
400 4 15 0.152 37.171 0.996
200 2 15 0.143 38.986 0.989
400 2 15 0.118 24.872 0.956
600 2 15 0.146 20.041 0.946

Table 3

Parameters predicted by Adams—Bohart model
Influent concentration (mg/L) Flow rate (mL/min) Bed height (cm) K, (L/mg min) (10°%) N, (g/L) R?
400 10 2 15.8 20.647 0.863
400 15 2 9.0 20.944 0.902
400 20 2 8.0 19.750 0.794
400 25 2 7.0 19.100 0.683
400 15 1 4.75 20.336 0.819
400 15 2 9.0 20.944 0.902
400 15 3 20.3 20.340 0.851
400 15 4 22.8 20.571 0.902
200 15 2 45.0 10.471 0.914
400 15 2 9.0 20.944 0.902
600 15 2 5.17 29.670 0.853

of determination obtained for Adams-Bohart model are
varying from 0.698 to 0.87 which depicts that this model
moderately fits with the experimental data. Increase in
the adsorption capacity of the nanocomposite with an
increase in bed height, decrease in flow rate, and metal ion

concentration was observed as it was found similar to the
studies with rice husk ash [14]. The studies reveal that the
experimental data strongly fits with Yoon-Nelson model
with high value of coefficient of determination for varying
influent concentrations, bed heights and flow rates similar
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Fig. 13. (a—c) Experimental and theoretical breakthrough curves by Adams-Bohart model.

Table 4
Comparison of models

Influent concentration ~ Bed height ~ Flow rate  R? R? R?
(mg/L) (cm) (mL/min)  (Thomas model) (Yoon-Nelson model) (Adams-Bohart model)
400 2 10 0.681 0.975 0.791
400 2 15 0.736 0.982 0.870
400 2 20 0.886 0.994 0.708
400 2 25 0.891 0.979 0.698
400 1 15 0.877 0.974 0.770
400 2 15 0.736 0.982 0.870
400 3 15 0.477 0.983 0.7630
400 4 15 0.417 0.992 0.715
200 2 15 0.394 0.997 0.766
400 2 15 0.736 0.982 0.870
600 2 15 0.711 0.955 0.807




288

to the experimental studies of Cu(II) removal with lignocel-
lulosic wastes [21].

4. Conclusion

The adsorption column experimental studies with vary-
ing bed heights of 1, 2, 3, and 4 cm of PPy/AIZOB—FeZO3 nano-
composite indicates that as the bed height increases there
is an increase in the breakthrough time. At a bed height of
4 cm maximum uptake was obtained due to higher surface
area and thereby to treat more quantity of influent with
metal ions. The effect of flow rate with 10, 15, 20 and 25 mL/
min in the uptake of copper by PPy/Al,O,-Fe,O, nanocom-
posite was studied and found early breakthrough time
and saturation of bed media occurring at higher flow rate
of 25 mL/min resulting in less adsorption intake. The best
performance of the column is obtained at a lower flow rate
and higher residence time. Adsorption studies conducted
for the removal of Cu(II) with concentrations of 200, 400 and
600 mg/L indicate that a faster exhaustion of the adsorbent
has taken place due to the saturation of active adsorptive
sites at higher concentration. Breakthrough curves with
higher bed height, low flow rate and initial concentration
showed that more volume of feed could be treated through
fixed bed adsorption column. Mathematical modelling
showed that Yoon-Nelson model fits well with the exper-
imental data obtained for copper removal through col-
umn adsorption studies. Hence it can be concluded that
PPy/Al,O,-Fe,0, nanocomposite is having high adsorp-
tion capacity to remove copper ions through packed bed
column system within a short period of time.
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