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A B S T R A C T  

   

Removal of Fe(II) from aqueous media was investigated using chitosan as an adsorbent in both batch 
and continuous systems. Batch experiments were carried out at initial concentration range of 10-50 
mg/L and temperature range of 20–40˚C. In batch experiments, maximum adsorption capacity of 28.7 
mg/g and removal efficiency of 93% were obtained. Adsorption equilibrium data were well-fitted with 
Langmuir-Freundlich model and the model parameters were obtained. In column study, experiments 
were performed in a fixed bed of chitosan operated at continuous up-flow mode and constant 
temperature of 25˚C. Sharp breakthrough curves were observed at high flow rates, high inlet metal 
concentrations and low bed heights.  Breakthrough curves were analyzed by physical models such as 
Thomas and Yan’s models as well as Artificial Neural Network (ANN) method. Compared to physical 
models, simulation of dynamic behaviour of the system using Back Propagation Artificial Neural 
Network (BP-ANN) demonstrated high coincidence between experimental and predicted breakthrough 
curves.  The FTIR spectrum of chitosan before and after adsorption process demonstrated that 
hydroxyl and amino groups are the main functional groups involved in the binding of Fe(II). 
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NOMENCLATURE   

ai output value  of ith neuron N coefficient in Freundlich isotherm model 

A Yan model constant Q influent volumetric flow rate (mL/min) 

bi ith neuron bias  qe metal uptake capacity at equilibrium (mg/g) 

B coefficient in Langmuir–Freundlich isotherm model qm maximum metal uptake capacity predicted by isotherms (mg/g) 

C0 initial metal concentration (mg/L) qT maximum metal uptake capacity predicted by Thomas model (mg/g) 

Ce equilibrium metal concentration (mg/L) qY maximum metal uptake capacity predicted by Yan model (mg/g) 

Ct effluent metal concentration at time t in column (mg/L)  R removal efficiency (%) 

H bed height (cm) R2 determination coefficient 

Hm mass transfer zone (cm) t time (min) 

kF Freundlich equilibrium constant (mg/g (L/mg)1/n) T solution temperature (°C) 

kL Langmuir equilibrium constant (L/mg) tb breakthrough time (min) 

kL.F Langmuir–Freundlich equilibrium constant (L/mg) te exhaustion time (min) 

kT Thomas rate constant (mL/mg.min) V0 initial volume in batch system (L) 

M mass of used adsorbent (g) Ve final volume in batch system (L) 

madsorbed amount of metal ions adsorbed in the column (mg) Veff treated effluent volume in column (mL) 

mtotal total amount of metal ions sent to the column (mg) Wij connection weight from a neuron (i) to the neuron (j) 

ni net input  to neuron i Xj input vector  of neuron j 
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1. INTRODUCTION 

 
Wastewater containing large amounts of heavy metals 
especially iron should be treated before being 
discharged into environment. Exposure to iron for a 
long time can cause vomiting, coma, gastrointestinal 
bleeding, convulsions, and jaundice [1]. It is also 
reported that the accumulation of iron in the brain 
causes diseases such as Parkinson, Alzheimer and other 
genetic disorders [2]. The World Health Organization 
(WHO) decleres a maximum admissible concentration 
of iron of 0.3 mg/L in drinking water [3]. Iron can also 
create undesirable problems in ecosystems or industrial 
processes in its high concentrations [4].  

Several technologies have been developed for 
removal of iron, such as membrane technologies [5], ion 
exchange [6], extraction [7], precipitation [8], Electro 
coagulation [9], adsorption [10, 11], etc. Recently, Fu 
and Wang [12] have evaluated the latter method in order 
to treat wastewaters containing heavy metals. As a 
result, adsorption was recognized as an effective and 
economic method for heavy metal removal. However, 
combination of these technologies can be used if certain 
specifications are required [13]. 

Adsorption process can be carried out in a batch or 
continuous systems [14]. The main objective of the 
adsorption study in batch system is to assess the 
adsorption capacity of metal ions by the adsorbent for 
practical applications. It provides useful information 
about the effectiveness of a specific adsorbent-metal 
system. Generally, adsorption data obtained in batch 
systems are not applicable to most treatment systems. 
Continuous adsorption studies are necessary to evaluate 
the technical feasibility of the process for large scale 
applications. Among different column configurations, 
packed bed columns have been recognized as an 
effective, economic and the most convenient method for 
adsorption processes [15]. Design of an adsorption 
column may require laboratory testing to determine the 
breakthrough curve.  

Choosing a suitable adsorbent plays an important 
role in the efficiency of adsorption process. Chitosan is 
an effective natural macromolecule adsorbent [16] 
which has a great tendency to bind to metal ions due to 
a large number of hydroxyl and amino groups on its 
structure [17]. Numerous batch studies were carried out 
on removal of heavy metals using pure chitosan or its 
derivatives [18-21]. Wan Ngah et al. [22] have 
investigated adsorption of heavy metals and dyes by 
various chitosan composites. In a review paper, the 
abilities of pristine and modified chitosan for adsorption 
of selected heavy metals including Cu(II) , Zn(II) , Ni(II)  , 
Cd(II)   and Pb(II)   from aqueous media have been 
evaluated by Wu et al. [23]. 

In contrast to batch studies, only a few research 
works have been focused on employing chitosan in 

packed bed column for the removal of heavy metals. 
Application of immobilized chitosan on bentonite in a 
continuous flow packed column for the removal of 
Cu(II) from aqueous solution have been investigated 
[24]. In addition, Chen et al. [13] studied the removal of 
arsenic (As) from water by molybdate-impregnated 
chitosan beads in both batch and continuous operations. 
Removal of Cr(VI)  by xanthated chitosan has been 
investigated in a packed bed up-flow column [25]. In 
another investigation, the cross-linked chitosan in a 
packed-bed column was used to remove Cu(II) from 
water [26]. Kavianinia et al. [27] prepared a new 
efficient, low cost chitosan based biosorbent. They 
employed new sorbent in a fixed bed column for the 
adsorption of Cu (II) ions from an aqueous solution. 
Dynamic and static adsorption and desorption of Hg(II) 
ions using membranes and spherical shapes of chitosan 
were studied [28]. 

Researches performed on removal of iron, compared 
to other heavy metals, in a packed bed column are rare. 
The potential of commercially prepared wooden 
charcoal for the removal of mono- and binary-metal ion 
systems consist of Fe(II) and As(III) was tested in 
column studies [29]. Also, simultaneous biosorption of 
Cr(VI) and Fe(III) on free Rhizopus arrhizus was  
investigated in a packed column and the results were 
compared to the removal of single metal ion [30].  

There are few reports dealing with chitosan as an 
adsorbent for iron removal from water [31]. These 
investigations have been carried out in batch systems 
and suffered from a lack of continuous data. Hence, the 
main objective of the present study was to assess the 
potential of chitosan for adsorption of iron through 
batch and continuous experiments. In batch 
experiments, equilibrium data for isotherm models were 
obtained. The effect of design parameters, such as flow 
rate, bed height and inlet metal concentration on column 
performance and shape of the breakthrough curves was 
also evaluated in column study. In addition, kinetic 
column models, namely Thomas and Yan models were 
applied to describe the dynamic performance of the 
adsorption process and assisted in prediction of the 
breakthrough curves. Artificial neural network (ANN) is 
extensively used for modeling of complex systems 
where the physical modeling was difficult. In this work, 
the column dynamic adsorption behavior was also 
modeled by ANN method and the results were 
compared to the predicted values by physical models.  

 
 

2. MATERIALS AND METHODS 
 
2. 1. Chemicals and Materials     Chitosan with 
minimum deacetylation of 85% was purchased from 
Sigma-Aldrich (USA). All other chemicals used in this 
study were purchased from Merck (Darmstadt, 
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Germany). All reagents were analytic grade and used 
without further purification. Stock solution of 1000 
mg/L of Fe(II) ions was prepared using crystallic 
heptahydrate ferrous sulfate salt. In order to achieve the 
desired concentration, the stock solution was diluted by 
adding adequate amount of double distilled water. The 
pH of the metal solution was adjusted to its optimum 
value, 4, by adding sufficient amounts of 0.1M HCl and 
NaOH solutions. 
 
2. 2. Batch Experiments     Batch adsorption 
experiments were carried out by mixing 0.15 g of 
chitosan with 100 mL of solutions at different initial 
concentrations of Fe(II) in the range of 10–50 mg/L. 
The mixture was equilibrated at 180 rpm in incubator 
shaker (model KS 4000i control, IKA) for 4 h. Samples 
were taken at fixed time intervals. The adsorbent was 
separated from the samples using 0.45μm syringe filter. 
Iron concentrations in the filtrates were analyzed by 5-
sulfosalicylic acid (SSA) reagent, using a UV–Vis 
Spectrophotometer (model 2100 SERIES, UNICO) at 
λmax = 425 nm [32]. The equilibrium was achieved 
when no change was observed in the concentration of 
solution. Experiments were carried out at three different 
constant temperatures, i.e. 20, 30 and 40 °C.  
  
2. 3. Continious Column Experiments    Fixed-bed 
adsorption studies were carried out in a glass column of 
20 cm height and 6 mm internal diameter in an up-flow 
mode. The column diameter was deliberately chosen 
small to ensure that the flow pattern in the column is in 
plug form. A fixed mesh was used at the bottom of 
column in order to keep adsorbent content inside the 
column and also to create a uniform flow distribution 
throughout the column. Sufficient amounts of chitosan 
were loaded into the column to yield a desired bed 
height. A layer of glass wool was used at the top of 
column to avoid the adsorbent loss. 
 

 

 
Figure 1. Schematic diagram of the experimental set up 
for fixed bed studies. 

The layer also prevented the adsorbent floating to 
ensure a closely packed arrangement. A capillary tube 
was placed in the middle of the glass wool to allow the 
effluent leave the column rapidly. The feed tank was 
placed in a water bath to keep feed temperature constant 
at 25˚C; also the column external walls were thermally 
isolated to ensure the isothermal adsorption process. 
The schematic diagram of the column setup is shown in 
Figure 1. 

Fe(II) solution with a known concentration was fed 
upward through the column at constant flow rates 
controlled by a peristaltic pump. Samples were collected 
at regular time intervals from the effluent stream to 
analyze for residual metal concentration. Samples 
collection continued till the effluent and influent 
concentrations were become equal. 
 
 
3. RESULTS AND DISCUSSION 
 
3. 1. Batch Study     The main factors affecting on 
adsorption capacity such as pH, adsorbent dosage and 
temperature were investigated in batch study. pH of the 
solution were studied between 3.5 to 6 and the optimum 
pH was obtained at 5. Furthermore, the effect of 
adsorbent dosage was investigated in the range of 1.5-
10 g/l and results revealed that 1.5g/ l of the solution 
was the optimum dosage. Therfore, all further batch 
experiments to determine adsorption isotherms were 
carried out at these optimum pH and adsorbent dosage. 
Moreover, temperature has a considerable effect on 
adsorption capacity and removal efficiency of Fe(II) by 
chitosan. The impact of temeperature was studied within 
temperature range of 20-40°C. Two important 
parameters in batch adsorption studies are removal 
efficiency and metal uptake capacity. Both high removal 
efficiency and metal uptake capacity indicate an 
effective adsorption process. The removal efficiency 
(%R) is defined as: 

0

0

% 100
−

= ×eC C
R

C
 

(1) 

where, C0 and Ce are metal concentrations at the initial 
and equilibrium conditions (mg/L), respectively. 

Experimental data obtained in batch study 
demonstrated that removal efficiency was in the range 
of 75 to 93%. The removal efficiency had an inverse 
relationship with temperature as well as initial 
concentration. Therefore, maximum removal efficiency 
was observed at the lowest temperature and initial metal 
concentration under study. 
    The amount of metal ion adsorbed by chitosan in 
batch system was also calculated according to the 
following equation [33]: 

0 0 e e
e

C V C Vq
m
−

= (2) 
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where, qe is the equilibrium concentration of Fe(II) in 
sorbed phase known as metal uptake capacity (mg/g), 
V0 and Ve denote the initial and final volume (L), 
respectively and m represents the mass of used 
adsorbent (g). The amount of equilibrium uptake was 
plotted against the concentration of iron in the solution 
at equilibrium state to determine adsorption isotherm. 
Equilibrium adsorption data were correlated with 
several isotherm models such as Langmuir, Freundlich 
and Langmuir–Freundlich isotherms. These models are 
expressed by Equations (3), (4) and (5), respectively  
[34]: 

1
m L e

e
L e

q k Cq
k C

=
+

 (3) 

n
eFe Ckq /1=  (4) 

.

.

( )
1 ( )

b
m L F e

e b
L F e

q k Cq
k C

=
+  

(5) 

In the above equations qe is the amount of metal 
adsorbed per unit weight of adsorbent at equilibrium 
(mg/g), Ce is the equilibrium metal concentration in 
solution (mg/L), qm is the maximum uptake of adsorbent 
(mg/g). kL (L/mg), kF (mg/g (L/mg)1/n) and kL.F (L/mg) 
are the Langmuir, Freundlich and Langmuir–Freundlich 
equilibrium constants, respectively. The exponent 
coefficients of n and b are dimensionless heterogene 
coefficients in Freundlich and Langmuir–Freundlich 
models . The model parameters were recovered through 
a nonlinear fit of experimental uptake data with model 
equations. Figure 2 shows the experimental adsorption 
isotherms of Fe(II) at three different temperatures along 
with the model predicted values. As it can be seen in 
Figure 2, all three models fitted the experimental data 
well. The model parameters as well as regression 
correlation coefficients (R2 values) have been listed in 
Table 1. With respect to regression correlation 
coefficients, data exhibited the best fit to Langmuir–
Freundlich model. As well, the maximum uptake 
capacity (qm) predicted by Langmuir–Freundlich model 
decreased with an increase in temperature which is in 
accordance with experimental data. The value of 
parameter n in Freudlich isotherm is an indicator of 
variation in bond energies with surface density [20]. 
From Table 1, all n values obtained are greater than 1 
and lie in the range 1.36-1.66. Therefore, it can be 

deduced that in adsorption of ferrous ions by chitosan, 
bond energies decreased with the surface density. 

 
 
 

 

 

 
Figure 2. Adsorption isotherms of Fe(II) on chitosan fitted to 
(a) Langmuir, (b) Freundlich and (c) Langmuir Freundlich  
isotherm models at three different temperatures. 

 
 

TABLE 1. Adsorption isotherm constants for Fe(II) ions adsorbed by chitosan 

T (°C) 
Langmuir Freundlich Langmuir-Freundlich 

kL qm
 R2 RL kF N R2 kL.F qm B R2 

20 0.1574 49.40 0.9953 0.11‒0.38 8.0027 1.66 0.9955 0.0554 80.27 0.78 0.9972 

30 0.0847 59.69 0.9947 0.19‒0.54 5.6955 1.45 0.9862 0.1575 42.49 1.25 0.9967 

40 0.058 66.65 0.9948 0.25‒0.63 4.5222 1.36 0.9873 0.1311 41.74 1.32 0.9977 
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TABLE 2. The breakthrough parameters for Fe(II) adsorption onto chitosan at different bed heights, flow rates and influent metal 
concentrations. 
C0  (mg/L) Q (mL/min) H (cm) tb (min) te (min) Hm (cm) Veff (mL) qe (mg/g) R (%) Ce (mg/L) 

30 2 8 75 660 7.09 1320 48.5 52 13.5 

30 4 8 65 420 6.76 1680 51.2 42 16.3 

30 6 8 30 210 6.85 1260 34.8 38 17.4 

30 4 4 20 210 3.61 840 52.5 41 17.8 

30 4 12 95 610 10.13 2440 59.6 49 15.1 

10 4 8 150 480 5.50 1920 26.4 56 4.2 

50 4 8 16 300 7.57 1200 50.5 34 32.1 

 
 

 
Figure 3. Column during adsorption process. 

 
 
3. 2. Continious Column Studies     Figure 3 shows 
the column status during adsorption process. It is 
obvious that at the first status (1), the adsorbent was 
fresh with all its adsorption sites. At the beginning of 
the adsorption process, most of the irons were adsorbed 
on chitosan due to the existence of a plenty of vacant 
pores. As time passed, some of the adsorption sites were 
occupied and metal concentration in the effluent started 
gradually to rise (2). When all available sites on the 
adsorbent were occupied, the inlet and outlet 
concentrations became identical (3). 

The breakthrough curve was obtained by plotting the 
metal concentration (normalized concentration) at the 
column exit as a function of time for a given bed height 
[35]. The effects of flow rate (2, 4 and 6 mL/min), 
chitosan bed height (4, 8 and 12 cm) and inlet metal 
concentration (10, 30 and 50 mg/L) on the breakthrough 
characteristics of the adsorption process were 
investigated. Results have been shown in Figures 4-6. 
For all curves, when the adsorption was continued 
beyond the breakthrough point, the Ct/C0 rapidly rose to 
the value about 0.5 and then approached slowly to the 
value of 1  .  

The breakthrough curves need to be examined 
quantitatively. The breakthrough time, tb (min), is the 
time at which metal concentration in the effluent 

reaches 5% of the influent concentration (Ct/C0=0.05). 
The bed exhaustion time, te (min), is the time at which 
the metal ions concentration in the effluent exceeds 90% 
of the concentration in the influent (Ct/C0=0.9). The two 
significant parameters were used to evaluate the mass 
transfer zone, Hm (cm), given by Equation (6): 

( )e b
m

e

t tH H
t
−

= ×  
(6) 

where, H is the total length of the sorption bed (cm). 
The treated effluent volume, Veff (mL), can be 
calculated from Equation (7), 

eff eV Q t= ×  (7) 

where, Q is the influent volumetric flow rate (mL/min). 
The total amount of metal ions sent to the column, mtotal 
(mg), is given by the following equation: 

0

1 00 0
e

to ta l
Q C tm =  (8) 

The total mass of metal adsorbed in the column, madsorbed 
(mg), is represented by the area above the breakthrough 
curve, which is expressed by Equation (9): 

0
0

0

(1 )
1000

et
t

ad so rbe d
Q C Cm dt

C
= −∫  (9) 

In this work, a computer program MATLAB 7. 2 
(R2008a) was used to obtain this area through numerical 
integration. The equilibrium adsorption capacity of the 
column, qe (mg/g), can be determined from the ratio of 
amount of adsorbed metal, madsorbed (mg), and the 
amount of the chitosan loaded in the column, m (g). 

adsorbe d
e

mq
m

=  (10)  

This refers to a point on the equilibrium isotherm 
corresponding to the final equilibrium concentration 
(Ce) in the column. The equilibrium metal 
concentration, Ce (mg/L), is determined from the 
following equation: 

1000total adsorbed
e

eff

m mC
V
−

= ×  (11) 
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Finally total metal removal (%) can be calculated from 
the ratio of adsorbed metal mass, madsorbed (mg), to the 
total amount of metal ions sent to the column , mtotal 
(mg), as follows, 

%R 100= ×adsorbed

total

m
m

   (12) 

The calculated parameters for different operating 
conditions are summarized in Table 2. For a good 
adsorption process a delayed breakthrough, earlier 
exhaustion, steep breakthrough curve, shortened mass 
transfer zone, high uptake and high removal efficiency 
would be expected [15]. 
 
3. 2. 1. Effect of Flow Rate    The influence of flow 
rate on the shape of breakthrough curve is illustrated in 
Figure 4. At higher flow rates, the slope of breakthrough 
curve increased and exhaustion time occurred in a 
shorter time.  According to Table 2, an increase in flow 
rate from 2 to 6 mL/min, caused a drastic decrease in 
exhaustion time. This can be explained by knowing that 
with an increase in flow rate, additional amount of metal 
in the solution was contacted with the adsorbent. An 
increase in flow rate caused an enhancement in mass 
transfer rate and therefore led to rapid chitosan 
saturation. Subsequently, more amounts of metal ions 
will be adsorbed in a fixed bed height. This is also true 
for an increase in flow rate from 2 to 4 mL/min. In this 
case, the increase in adsorption capacity from 48 to 51 
mg/g was observed. 

On the other hand, increase in flow rate decreased 
retention time of the solution in the column and 
consequently there was not enough time for metal ions 
to diffuse through the adsorbent particles. In other 
words, the faster movement of iron ions through the 
packed will shorten the residence time of the pollutant 
in the column. Indeed, liquid leaves the column before 
equilibrium is achieved. Therefore, it would be highly 
probable that the inlet metal solution leaves the bed 
without considerable changes in its concentration while 
the adsorbent is not saturated yet. In this situation, it 
may be wrongly supposed that the column has reached 
to exhaustion time. The intense decrease in metal uptake 
capacity to 34 mg/g in flow rate of 6 mL/min may be 
due to this fact. 

With an increase in flow rate from 2 to 6 mL/min, 
removal efficiency decreased from 52 to 38%. Similar 
observations was reported by the other researchers [24]. 
This observation may be attributed to disturbance of the 
film surrounded the adsorbent particle at high flow rate 
which led reduction in adsorption of metal ions on the 
chitosan surface. As a result, the ratio of adsorbed Fe 
(II) ions to the total amount of ions entered in the 
column, reduced and consequently removal percentage 
decreased. The calculated equilibrium concentration 
increased which indicates lower efficiencies of 
adsorption process at higher flow rates. 

In this work, the flow rate of 4 mL/min with the 
maximum uptake capacity of 51.22 mg/g was the 
optimum flow rate and was used in further experiments. 

Under all examined flow rates, mass transfer zone 
was almost constant, which is probably due to the same 
reason that both the te and tb decreased with increasing 
flow rate. Some previous works confirmed the higher 
performance of adsorption columns at the lower flow 
rates [25, 36, 37]. 

 
3. 2. 2. Effect of Bed Height     As Figure 5 shows, the 
slope of breakthrough curve decreased at high bed 
heights due to more amounts of adsorbent loading in the 
column. This caused an increase in available surface 
area as well as number of binding sites in adsorbent for 
metal ions. Therefore, at high bed heights, mass transfer 
zone needed more time to reach to the end of the 
column which leads to increase in breakthrough and 
exhaustion times. As Table 2 shows, the increase in bed 
height from 4 to 8 cm had not significant effect on 
removal efficiency and metal uptake capacity, while by 
increasing the height column to 12 cm considerable 
changes were observed. The equilibrium concentration 
of metal ions also decreased at higher bed heights.  

As mentioned in some previous works, the metal 
uptake capacity per unit mass of adsorbent (qe) is 
expected to be almost constant for all bed heights [36]. 
This indicates that the amount of adsorbed metal ions as 
well as the mass of loaded adsorbent in the column will 
be increased with using a higher bed height.  

Therefore, the metal uptake capacity per unit mass 
of adsorbent will remain almost constant. In this study, 
by increasing the bed height to 12 cm metal uptake 
capacity increased. This could be probably due to 
increase in retention time which caused the adsorption 
of metal into inner layers of the adsorbent. It can be 
concluded that metal uptake capacity is not directly 
proportional to the amount of adsorbent and also 
depends on the operating conditions of the column. The 
similar results have been reported by shahbazi et al. 
[14]. 
 
 

 
Figure 4. The experimental breakthrough curves for Fe(II) 
adsorption onto chitosan at different flow rates (H=8 cm; 
C0=30 mg/L). 
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Figure 5. The experimental breakthrough curves for Fe(II) 
adsorption onto chitosan at different bed heights (Q=4 
mL/min; C0=30 mg/L). 
 
 

 
Figure 6. The experimental breakthrough curves for Fe(II) 
adsorption onto chitosan at different inlet metal concentrations 
(Q=4 mL/min; H=8cm). 

 
 
 
In general, with a higher bed height, larger volumes 

of the metal solution could be treated compared to a 
shorter bed; which results in a broadened mass transfer 
zone. Therefore, based on the needs, the proper bed 
depth should be designed for a specific application. The 
effect of bed height on adsorption process was 
previously investigated by some researchers with 
similar results [37-39]. 

 
3. 2. 3. Effect of Inlet Metal Concentration   As it 
could be observed from Figure 6, breakthrough and 
exhaustion was occurred in a shorter time and 
breakthrough curves were much sharper at high inlet 
concentrations. This is a reasonable behavior because at 
high inlet concentrations more amounts of metal ions 
were brought to contact with the adsorbent in the 
column. Therefore, it became saturated in a shorter 
time.  With respect to values reported in Table 2, change 

in the inlet concentration affects the column 
performance. An increase in inlet concentration caused 
a decrease in the volume of treated effluent and mass 
transfer zone. At high inlet metal concentrations, 
additional amounts of metal ions entered the column; 
but a small portion of them was adsorbed. So, the 
removal efficiency decreased from 56.3% at the inlet 
concentration of 10 mg/L to 34.4% at the concentration 
of 50 mg/L. 

On the other hand, the corresponding bed adsorption 
capacity appeared to increase at higher inlet 
concentrations. The driving force for adsorption is the 
concentration gradient between the solute on the surface 
of the adsorbent and the solute in the bulk phase. 
Increasing metal concentration in the solution provided 
higher driving force for adsorption. This resulted in Fe 
(II) ions adsorption into inner layers of chitosan 
particles and increased the metal uptake capacity. 

These results demonstrated the concentration 
dependence of the diffusion process. The results are 
confirmed by a number of previous published articles 
[24, 36, 40]. 
 
3. 2. 4. Fixed Bed Column Modelling     In this study, 
the experimental data obtained for breakthrough time 
was modeled by two different approaches; i.e. physical 
models and Artificial Neural Network method.  
 
A. Physical Modeling      Modeling of data available 
from column studies facilitates scale-up potential [41]. 
In principal, the breakthrough curve is obtained by 
solving (often numerically) complex partial differential 
equations which describe material balance and mass 
transfer equations for bulk and adsorbed phases. 
However, physical models obtained under simplified 
conditions are widely used to avoid complexity [42]. To 
describe the column breakthrough curves obtained at 
different conditions, Thomas and Yan (modified dose–
response) models were used . Thomas model is the most 
commonly used model in describing of the column 
performance of breakthrough curves [24]. It is given by 
the equation below: 

0

1
1 exp( )

tC
C a bt

=
+ −

 
(13) 

where, = T Ta k q m Q   and  0Tb k C=    .   
In the above equations, C0 and Ct are the influent 

and effluent metal concentration, m is the mass of 
adsorbent (g), Q is the flow rate (mL/min), t is 
adsorption time (min), kT is the Thomas rate constant 
(mL/mg.min) and qT is the maximum solid phase 
concentration of the solute predicted by Thomas model 
(mg/g). In the recent decade, Yan et al. [43] suggested 
the modified dose–response (Yan) model. This model 
minimizes the error resulting from the Thomas model, 
especially at low or high time periods. It is represented 
by the following equation: 
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Figure 7. The topological structure of a typical ML-ANN 

 
 
 

0

11
1 ( )

t

a

C
tC
b

= −
+

 
(14) 

where, 
0= Yb q m C Q  and the constant a are the Yan 

model constants. It is necessary to state that qY is the 
maximum sorbed phase concentration of the solute 
predicted by Yan model (mg/g). 
 
 
B. Artificial Neural Network (ANN) Modeling   
Artificial neural networks (ANN) is extensively 
employed to approximate complex phenomena that is 
difficult to describe its behavior by conventional 
modeling techniques, such as mathematical or physical 
modeling [44]. There are several studies in the literature 
dealing with ANN applications to predict the behavior 
of a given system, design new processes and analyze 
existing processes [45, 46]. The application of ANN for 
approximation of breakthrough curve in adsorption of 
heavy metal from water has been investigated [47-49]. 

ANNs mainly consist of three layers; input, hidden 
and output layers (see Figure 7). Each input value is 
represented by a neuron in the input layer. Input values 
are weighted individually before entering the hidden 
layer and weighted values are transferred to the hidden 
layer. The output of the neural network is given by the 
output layer for the given input data. The main unit of 
any ANN is an artificial neuron, which has two parts, 
one is the summing part and the other is multiplied with 
a weight coefficient and all weighted inputs are summed 
up. The ith neuron has a summer that collects its 
weighted input Wij •Xj and the bias bi to produce its net 
input ni, which is expressed by the following equation: 

.i ij j in W X b= +∑  (15) 

where, Wij is the connection weight from a neuron (i) to 
the neuron (j) that denotes the strength of the connection 
from the jth input to the ith neuron, Xj is the input 
vector, bi is the ith neuron bias [44, 49]. 

The sum of the weighted inputs is further 
transformed with a transfer function to get the output 
value (ai), according to the following elementary 
formula [50]: 

1

( ) ( . )
n

i i ij j i
j

a f n f W X b
=

= = +∑  
(16) 

There are several transfer functions; the most 
common is the sigmoidal function [48, 51, 52]. In this 
study hyperbolic tangent transfer function was used in 
the hidden layer that calculates output from neuron 
between −1 and +1, while the linear activation function 
was employed in the output layer in the model. To find 
suitable connection weights and biases for each neuron, 
a training process is essential to set up an ANN as the 
first step. Several methods can be used for training step. 
The most utilized one is multilayered neural network 
called as back propagation (BP) [53]. Before starting the 
training of ANN, weights are initially randomized. In 
this study, the Levenberg–Marquardt training algorithm 
was used for the ANN modeling. The input and output 
variables in the present study had different 
characteristics and level resulting into varied response 
to the neural network. The ANN model training would 
be more efficient if preprocessing steps are performed 
on the input and target data for real applications, so that 
preprocessed data lie between minimum -1 and 
maximum 1.   In order to measure the pollutant removal 
efficiency and performance of ANN model developed 
for adsorption process, different types of statistical 
parameters can be used to estimate the generalized 
error. In the present work, root of mean squared error 
value (RMSE) and Pearson’s determination coefficient 
(R2) were selected to measure the network performance. 
Statistically, low value of the RMSE satisfies the 
validation of prediction [53, 54]. 

 In this work, it was preferred to use Multi-layer feed 
forward Neural Network Architecture (ML-ANN) 
because of its powerful nonlinear mapping capability 
[55]. Figure 7 depicts the architecture of the used ANN. 
The input variables to the neural network were as 
follows: the treatment time, inlet Fe(II) concentration, 
flow rate, bed height. The ratio oulet/inlet Fe(II) 
concentration was chosen as the Neural Network output 
variable. The number of experimental data used in the 
ANN was 184 which were divided into two parts: the 
training set (138 data) and the test set (46 data). The test 
set was not used in training at all, and it was designed to 
give an independent assessment of the ANN 
performance when the design procedure of an overall 
network was completed. The optimal network was 
found to have four neurons in input layer, one hidden 
layer with thirty neurons and one neuron in output layer. 
The optimal ANN architecture (4:30:1) are shown in 
Figure 7. 
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Figure 8. The predicted breakthrough curves by Thomas, Yan 
and ANN model for Fe(II) adsorption onto chitosan at 
different (a) flow rates, (b) bed heights and (c) inlet metal 
concentrations 
 

3. 2. 5. Modelling Results     The Thomas and Yan 
models constants, determined under different 
conditions, along with the determination coefficients, 
were presented in Table 3. This was further validated by 
Figure 8 (a, b and c) in which the predicted 
breakthrough curves and experimental points were 
shown at different flow rates, bed heights and influent 
concentrations, respectively. ANN model results were 
also shown for comparison in this figure. The recovered 
parameters of Thomas and Yan’s physical models and 
determination coefficient for all three models have been 
included in Table 3. It is obvious from Table 3 that the 
values of Thomas rate constant (kT), which characterizes 
the rate of solute transfer from the liquid to the sorbed 
phase, decreased with increasing initial concentration 
and bed height. The opposite trend was observed for the 
column data obtained at various flow rates due to the 
decrease in the mass transport resistance at high flow 
rates. The determination coefficient values obtained for 
Yan model (ranged from 0.9562 to 0.9902), revealed a 
better agreement with the experimental data compared 
to the Thomas model (ranging from 0.8686 to 0.9717).  

It is clear from Figure 8 that at initial period of 
adsorption, the Thomas model is not in good agreement 
with the experimental data. This model has a fixed value 
when the experimental time is approached to zero 
(Equation (13); which is in contrast to real conditions. 
Yan model has covered this limitation at the initial 
times of column performance. Another important 
parameter is the prediction of maximum metal uptake 
capacity by the models. The maximum metal uptake 
capacity (q) predicted by the Yan model exhibited the 
same trend predicted by the Thomas model. The 
predicted values do not coincide exactly with the 
experimental uptake values but the predicted values of 
Thomas model is closer to that was experimentally 
obtained. Therefore, each model has its own advantages 
in description of experimental data at initial times. 
Although, Yan’s model is an appropriate model from 
the view point of fitting results, but the better prediction 
of metal uptake capacity of Thomas’s model should not 
be ignored. 

TABLE 3. Parameters predicted from Thomas and Yan model and ANN model for Fe(II) adsorption by chitosan at different bed 
heights, flow rates and influent metal concentrations. 

C0 
(mg/L) 

Q 
(mL/min) 

H 
(cm) 

qe exp 

(mg/g) 

Thomas model Yan model ANN model 
kT×104

 

(mL/mg. min) 
qT 

(mg/g) 
R2 A 

qY 

(mg/g) 
R2 R2 

30 2 8 48.57 2.51 47.66 0.9482 2.11 41.41 0.9710 0.9900 
30 4 8 51.22 5.22 46.04 0.9317 2.28 41.05 0.9824 0.9965 
30 6 8 34.80 14.42 26.05 0.8879 1.98 24.29 0.9562 0.9798 
30 4 4 52.56 9.88 44.28 0.9308 1.98 39.10 0.9849 0.9916 
30 4 12 59.60 2.68 57.01 0.9521 2.09 49.36 0.9778 0.9974 
10 4 8 26.48 15.30 25.34 0.9717 3.76 24.18 0.9902 0.9953 
50 4 8 50.55 2.89 40.15 0.8686 1.24 28.30 0.9630 0.9780 
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Figure 9. The relationship between experimental data and BP-
ANN model outputs 
 
 

 
Figure 10. FTIR spectra of chitosan (a) before and (b) after 
adsorption of Fe(II) 
 
 

On the other hand, as can be observed from Figure 8 
the trained BP-ANN predicted the breakthrough curves 
almost perfectly compared to physical models. The 
experimental data and ANN predicted values exactly 
overlap each other. Figure 9 shows the relationship 
between experimental data and BP-ANN model outputs. 
It can be understood that there is the best agreement 
between calculated and experimental data, which proves 
that BP-ANN is a most powerful fitting and predictive 
tool which can describe the column dynamic behavior. 
 
3. 3. FTIR Spectrum of Chitosan    The Fourier 
transform infrared (FTIR) analysis was carried out to 
identify the functional groups on the chitosan surface 
that might be involved in the adsorption process. FTIR 
study is important in order to have valuable information 
about the mechanism of metal adsorption on chitosan. 
FTIR spectra of sorbents were recorded by a Shimadzu 
8201PC FTIR Spectrometer. 1 mg of the powder was 
blended with 100 mg of IR-grade KBr and pressed into 
a tablet. The spectra of the tablets were scanned within 
the spectral range of 400–4000 cm-1. 

The FTIR spectra of the chitosan before and after the 
adsorption of iron ions have been shown in Figure 10. 
The spectra display a number of absorption peaks. The 
broad and strong band ranging from 3200 to 3600 cm−1 
indicated the presence of  OH and  NH groups (3434 
cm−1). The peaks observed at 2916 cm−1 can be assigned 
to –CH stretching vibration.  The peak located at 1632 
cm−1 is a characteristic of –C=O group due to partial 
deacetylation of chitosan and it also shows –NH 
bending vibration bound. The peak at 1428 cm−1 
corresponds to the –CH bending vibration at –CH3 
group. The absorption band at 1005 cm−1 represents the 
stretching C– N [56].  

It is known that during the formation of complex 
species the functional groups absorption can be 
displaced either below or above the original region of 
absorption [2]. In this study, the FTIR spectrum for the 
adsorbent loaded with iron has shown intensity of the 
peaks were shifted slightly or substantially lower than 
those in the untouched sample. In addition some shifts 
in the position of bands suggest the participation of 
these functional groups in the binding of iron with 
chitosan. 

The frequency numbers of  OH and NH groups 
shifted from 3434 cm−1 to 3442 cm−1  after iron uptake. 
Moreover, the sharp shift in the position of the bands 
from 1428 cm−1 and 1005 cm−1 to 1358 cm−1 and 1088 
cm−1 was respectively observed. Such shifts show the 
role of nitrogen in chitosan chemical structure in 
chemisorption of Fe(II) through formation of complex. 
This suggests that the mechanism of iron adsorption on 
chitosan could be due to surface complexation. Similar 
results have been reported by some previous 
investigators [19, 21, 57]. 
 
 
4. CONCLUSION 
 
High removal efficiency (92.9%) and metal uptake 
capacity (28.7 mg/g or 0.514 mmol/g) in batch system 
demonstrated that chitosan can be used as an effective 
adsorbent for removal of Fe(II). Based on determination 
coefficients, a better fit was obtained by examination of 
the Langmuir-Freundlich isotherm model compared to 
the Langmuir and Freundlich models. 

Removal of Fe(II) in a packed bed system using 
chitosan has shown an effective and feasible method. A 
longer breakthrough and exhaustion time occurred at a 
high bed height, a lower flow rate, and lower influent 
concentration. Fe(II) uptake capacity of the chitosan bed 
was strongly dependent on the operational conditions. 
Maximum uptake capacity (59.6 mg/g or 1.067 mmol/g) 
was obtained at flow rate of 4 mL/min, bed height of 12 
cm and initial concentration of 30 mg/L. With 
increasing flow rate and inlet metal concentration the 
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removal efficiency of Fe(II) decreased, while an 
increase in bed height enhanced the removal efficiency. 
Maximum removal efficiency in column (56.3%) was 
obtained at flow rate of 4 mL/min, bed height of 8 cm 
and inlet Fe(II) concentration of 10 mg/L. Results 
obtained in the column study indicated that bed 
adsorption capacities are higher compared to those 
achieved in batch system due to sufficient concentration 
gradient during adsorption process in column. But in the 
best state, the value of removal efficiency was a half of 
batch system due to low retention time of metal solution 
in the column. The prediction of breakthrough curves 
were carried out using the Thomas and Yan models as 
well as ANN method. The Yan's model provided a good 
correlation in the prediction of the breakthrough curves 
in terms of R2 values. A good agreement was also 
observed between the simulated breakthrough curves 
and the experimental data especially at the initial period 
of column operation using the Yan model. However, the 
metal uptake capacity values predicted by Thomas 
model at different conditions were in good agreement 
with the experimental values. It was observed that 
Thomas rate constant increased with an increase in flow 
rate while it decreased with an increase in bed height 
and inlet metal concentration. On the other hand, 
applying the BP-ANN approach to predict the column 
dynamic has gained the best results in terms of 
maximum match between the experimental and 
predicted performance. This indicated that the ANN 
approach can act as a suitable method where it is 
difficult to describe the system by physical models. The 
FTIR spectrum for iron loaded adsorbent showed some 
shifts in the position of bands. It suggests the 
participation of functional groups, namely hydroxyl and 
amino groups, in the binding of iron by chitosan. 
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  چکیده

هاي ناپیوسته و پیوسته مورد بررسی از محیط آبی با استفاده از جاذب کیتوسان در سیستم) ΙΙ(در این مطالعه حذف یون آهن  
هاي در آزمایش. انجام پذیرفت C 40 -20˚و بازه دمایی   mg/l 50 -10هاي ناپیوسته در بازه غلظتی  آزمایش. قرار گرفت

هاي تعادلی جذب به خوبی با مدل داده. بوده است% 93و بیشترین راندمان حذف  mg/l28پیوسته بیشترین ظرفیت جذب نا
ها در بستر ثابتی از جاذب کیتوسان با  در مطالعه سیستم پیوسته، آزمایش. بدست آمد  فرندلیچ برازش شد و ثوابت مدل- لانگمیر

هاي تر بستر، منحنی اولیه بالاتر فلز و ارتفاع کم هاي بالاتر، غلظتدر دبی. نجام شدا C25˚جریان رو به بالا و در دماي ثابت 
هاي عصبی هاي فیزیکی توماس و یان، به همراه روش شبکهمدل هاي رخنه بامنحنی. رخنه داراي شیب بیشتري بودند
انطباق ) BP-ANN(سازي دینامیکی رفتار سیستم با استفاده از شبکه عصبی مصنوعی شبیه. مصنوعی مورد تحلیل قرار گرفتند

بعد از فرایند جذب نشان داد کیتوسان، قبل و  FTIRآنالیز . هاي فیزیکی نشان دادهاي تجربی در مقایسه با مدل بالاتري با داده
  باشندهاي آهن میهاي عاملی شرکت کننده در جذب یونترین گروههاي هیدروکسیل و آمینی، اصلیکه گرو
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