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ABSTRACT
Bentonite/chitosan composite was synthesized and characterized by different techniques including 
XRD, FT-IR, SEM and TEM to detect its physicochemical properties. The composite was introduced 
in realistic purification application to reduce the dissolved iron content in raw groundwater sample by 
fixed-bed column system. The plotted breakthrough curves and the related mathematical parameters 
revealed that the column achieves iron removal percentage of about 69% from 6.6 L of water 
after adjusting the factors affecting the system at 3 cm bed thickness, 5 mL/min flow rate, 5 mg/L 
concentration and pH 6. Applying the column system to remove iron from groundwater under the same 
conditions can achieve iron removal percentage of about 69% from a total volume of 8.2 L of water. The 
interaction of the metal on the column was attained after 18 hours and the saturation time was attained 
after 27.5 hours which revealed the high performance of the composite in the designed column system 
for the purification of groundwater. 

INTRODUCTION

In later periods, the contamination of the water supplies 
represents the main challenge that faces the modern commu-
nities and the contemporary world to provide safe water for 
populations (Mohamed et al. 2018). One of the commonly 
recorded water pollutants is the presence of dissolved metal 
ions that are reported as toxic, non-degradable and having a 
high tendency to accumulate in the living tissues (Abukhadra 
et al. 2019a). Fe+2 and Mn+2 ions are dissolved salts detected 
extensively in the groundwater wells, especially in the deep 
ones that are poor in dissolved oxygen. 

It was reported that iron ions can be present as dissolved 
Fe2+ or as undissolved species such as Fe(OH)3 (Hassouna et 
al. 2017, Barloková & Ilavsky 2010). The existence of Fe2+ 
pollutants within the water supplies at high concentrations 
can reduce the water purity and affect negatively the human 
health (Ehssan 2012, Al-Anber 2010). Additionally, the 
common oxidation of Fe2+ ions resulted in precipitation of 
hydroxide suspensions that produce unpleasant colour and 
taste. Their role in the turbidity of the water supplies was 
reported (Homoncik et al. 2010). Moreover, the precipitated 
hydroxide species can cause the generation of some toxic de-
rivatives that commonly resulted in several types of diseases 
including neoplasia, arthropathy, cardiomyopathy, oliguria, 
anorexia, neurological disorder and biphasic shock (Sarin 

et al. 2004, Takeda 2003). The accepted value for the con-
centrations of Fe2+ is recommended not to exceed 0.3 mg/L 
due to the previous side effects (Abd ElSalam et al.2019). 
However, the European Union set 0.2 mg/L of iron as the 
maximum limit in drinking water (European Union 1998).

Biological treatment, oxidation, ion exchange, adsorption 
and membrane filtrations are the commonly investigated 
methods in the decontamination of Fe2+ (Pathania et al. 
2016). Among all the stated technologies, the use of low-cost 
adsorbents was recommended by numerous researchers as 
simple and highly effective techniques (Yang et al. 2017, 
Albadarin et al. 2017).  Therefore, several types of natural 
and synthetic materials were introduced for this target as heu-
landite, clinoptilolite, bentonite, kaolinite, activated carbon, 
synthetic zeolite, fly ash, metal oxide and mesoporous silica 
(Hethnawi et al. 2018, Mohamed et al. 2018). 

Bentonite is a common type of clays that can be identified 
as fine-grained sedimentary rocks and is composed mainly of 
smectite clay minerals in addition to quartz, and feldspar as 
associated impurities (Li et al. 2016). It was applied widely 
as an adsorbent for metal ions as well as other inorganic and 
organic contaminants. This was attributed to its reported 
unique properties of flexible chemical and crystalline struc-
ture, remarkable surface area, superior adsorption capacities 
and proved environmental value (Abukhadra et al. 2019 b). 
Although previous studies were reported about the decon-
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tamination of metals by bentonite, numerous studies were 
conducted to upgrade its adsorption capacities by chemical 
or physical modification processes (Amadio et al. 2017).

Integration between bentonite and biogenic polymers in 
hybrid material or composite was investigated as a potential 
technique to improve the bentonite properties and maximize 
its uptake capacity (Wang et al. 2016, Jaymand 2014, Bober 
et al. 2010). Kamińska (2018) has performed efficient remov-
al of organic micro pollutants with different properties from 
WWTP (wastewater treatment plant) effluent in fixed bed 
columns packed with several combinations of sand, granular 
activated carbon (GAC), and granular clay-carbonaceous 
composite. Two types of bentonite-powder activated car-
bon-based granules (Ben-AC) were prepared with different 
calcination temperatures. It was found that higher calcination 
temperature enhanced the surface porosity and adsorption 
potential versus studied micro pollutants due to dehydroxy-
lation resulting in higher chemical activity. 

Chitosan was studied as one of the best used biogenic 
polymers that can be integrated with clays in effective and 
eco-friendly composite (Abukhadra et al. 2019b). Chitosan 
is a common natural polyaminosaccharide that can be 
extracted from chitan and has several environmental and 
technical advantages. It has the advantages of nontoxicity, 
biocompatibility, biodegradability, bioactivity, high adsorp-
tion properties, high physical and mechanical performance 
(Ngah et al. 2010). Thus, the integration between chitosan 
and bentonite can be resulted in the development of novel 
materials of higher adsorption properties than the individual 
phases (Liu et al. 2014, Tirtom et al. 2012).

Fixed-bed column using chitosan immobilized on ben-
tonite has been used for the removal of copper (Futalan et 
al. 2011a) and Ni (Futalan et al. 2011b).  Chitosan/bentonite/
MnO composite beads in fixed-bed operation has been used 
for manganese removal from water (Muliwa et al. 2018). Ad-
sorption of Pb (II), Cu (II), and Ni (II) from aqueous solution 
using Chitosan-Coated Bentonite has been performed using 
fixed bed (Futalan et al. 2012, Tsai et al. 2016). It has been, 
also, used for the removal of nitrates (Golie et al. 2018). 
Giannakas & Pissanou (2018) reviewed the use of Chitosan/
Bentonite Nanocomposites for wastewater treatment.   

Kaolinite nanotubes (KNTs) were synthesized from 
kaolinite by ultrasonic scrolling (Abukhadra et al. 2019c). 
KNTs were used as adsorbents for Zn2+, Cd2+, Pb2+, and 
Cr6+ with uptake capacities of 103 mg/g, 116 mg/g, 89 mg/g, 
and 91 mg/g, respectively.

Arsenic removal has received much attention all over the 
world because of its toxicity and carcinogenicity (Barakan et 
al. 2019). As (V) has been adsorbed from aqueous solution 
onto Fe(III)-impregnated bentonite (Fe-Bent).

Thus, this study aims to introduce realistic treatment 
and purification of raw groundwater from iron pollutants 
through fixed bed column based on synthetic bentonite/
chitosan composite as low cost and eco-friendly adsorbent. 
The controlling factors including the pH, bed thickness, flow 
rate and initial concentrations were studied in details to set 
the best operating conditions. Moreover, two kinetic models 
were evaluated to describe the studied system.

MATERIALS AND METHODS 

The used bentonite was collected as representative sample 
from bentonite quarry, Northern Western Desert, Egypt. 
Chitosan was delivered as a commercial polymer material by 
Winlab Company. The used standard iron certified reference 
(CRM) was obtained from Merck Co. (Germany). Glacial 
acetic acid (Sigma-Aldrich, 99.8%) was used as dissolvent 
for chitosan. NaOH pellets and hydrochloric acid solution 
were used as pH modifiers and were delivered by El-Nasr 
Company, Egypt for chemical products. The incorporated 
chemicals in all the experimental tests are of analytical grade 
and were applied directly without purification.

Synthesis of Bentonite/Chitosan Composite

The fabrication of the composite has involved the grinding 
of the raw bentonite by ball mill to fine particles in the size 
range of 100 µm to 20 µm followed by mechanical mixing 
with chitosan gel according to (Abukhadra et al. 2019a). This 
was accomplished by dispersion of 5 g of bentonite powder in 
about 100 mL of distilled water for 1 h under speed stirring 
(1000 rpm). Then the bentonite mixture was mixed with 
chitosan gel that was formed by dissolving 2.5 g of chitosan 
in about 50 mL of acetic acid (0.1M) and stirred for another 
2 h fixing the speed at 1000 rpm. After that, the mixture was 
treated by ultrasonic waves for (5 h) to accelerate and con-
firm the intercalation of bentonite sheets by chitosan chains  
(Fig. 1). Finally, the product was separated and dried at 60°C 
for 10 h and kept for further characterization and application. 

Characterization Techniques

The crystalline properties were studied based on the ob-
tained X-ray diffraction patterns of bentonite, chitosan and 
bentonite/chitosan composite using X-ray diffractometer 
[PANalytical (Empyrean)]. External morphological proper-
ties and the internal structure after the intercalation process 
were studied using Scanning-Electron Microscope (Gemini, 
Zeiss-Ultra 55) and Transmission-Electron Microscope (JE-
OL-JEM2100). The change in the active functional groups 
before and after the intercalation process was inspected by 
Bruker spectrometer FT-IR (Vertex 70). 
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The residual iron concentrations after the test were esti-
mated using inductively coupled plasma mass spectrometer 
(ICP-MS; Perkin Elmer) with detection limit of about 0.1 
mg/L.  The reference solutions which were used match the 

requirements of CRM standard iron of the National institute 
of standard and technology. The measured results are the 
average values obtained after triplicate tests with a standard 
deviation lower than 6 %.  
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Fig. 1:  XRD patterns of bentonite (A) and bentonite/chitosan composite (C). 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2:  SEM images of bentonite (A) and bentonite/chitosan composite (B); and the TEM images (C) and (D). 
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 Fig. 2:  SEM images of bentonite (A) and bentonite/chitosan composite (B); and the TEM images (C) and (D). 

 
 
 
 
 
 
 
 
 
 

 Fig. 2:  SEM images of bentonite (A) and bentonite/chitosan composite (B); and the TEM images (C) and (D).
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Adsorption Tests

Collecting the raw water samples: The groundwater samples 
were collected from different groundwater wells in Beni-Suef 
Governorate, Middle Egypt. The samples were set in polypro-
pylene containers that were washed using dilute nitric acid 
and then rinsed using distilled water. Then, water samples 
were acidified by nitric acid to reduce the pH value to be 
less than 2 as critical step to avoid the possible adsorption 
of Fe2+ on the polypropylene walls of the used containers 
(APHA 1999). Then the preserved samples were kept in a 

refrigerator at about 4°C to avoid the predicted evaporation 
at room temperature. 

Fixed Bed Column Study

Designing the column system: The used column system was 
composed of glass cylinder with 2 cm internal diameter and 15 
cm length ending with an outlet leading to a pump (Fig. 4). The 
bentonite/chitosan bed was packed and inserted in the glass 
between two separated layers of polyethylene wool supported 
by plastic mesh to avoid the leaching of the adsorbent particles. 
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Fig. 3:  FT-IR spectra of bentonite (A), chitosan (B) and bentonite/chitosan composite (C). 

 
 
 

 
 

             Fig. 4: Fixed-bed column. 
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Water samples were pumped through the column and 
after regular intervals of (60 min), the filtrated waters were 
collected to measure the residual metal concentrations. The 
controlling factors were studied considering pH within a 
range from (3 to 7), and the other factors were adjusted at 
0.02 g of bentonite/chitosan mass, 100 mL solution vol-
ume, time of 120 min and 10 mg/L concentration. The bed 
height (thickness) was studied within a range from 1-3 cm 
after fixing the other conditions at 10 mg/L concentration,  
5 mL/min flow rate and 1440 min total filtration time. Also, 
the influence of flow rate was studied within a range from  
5 mL/min to 15 mL/min at fixed values of 3 cm bed thick-
ness, 10 mg/L concentration and 24 hours total time. Finally, 
the effect of concentration was studied within a range from  
5 mg/L to 15 mg/L at fixed values of 3 cm thickness,  
5 mL/min flow rate and 24 hours total filtration time. 

Fixed bed column data analysis: The performance of  
bentonite/chitosan-based column system was checked ac-
cording to the theoretical parameters of the plotted curves for 
residual concentration (Ceff)/ initial concentration (Co) versus 
the filtration time. The breakthrough points and exhausted 
points of the curves were estimated at Ceff of about 10 % and 
Co of about 95 %, respectively. The obtained volumes of the 
effluents (Veff (mL)) were measured from Eq.(1) (Zhang et 
al. 2015): 
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respectively (card No: 00-003-0010).  

The intercalation of chitosan chains between bentonite layers was reflected in the resulted XRD 
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detected at 6.3° with low diffraction intensity. The recorded increase in the d-spacing to 13.91Å 
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Where the symbols denote the adsorbed ions (Cad), total ad-
sorbed ions (qtotal), the area of the plotted breakthrough curves 
(A), the total pumped ions in the system (Mtotal), the uptake 
equilibration (qeq) and the used bentonite/chitosan mass (X).  

RESULTS AND DISCUSSION

Characterization

Structural properties: The structural and crystalline  

properties of bentonite and bentonite/chitosan composite 
were inspected based on the obtained XRD pattern (Fig.1). 
The used raw sample of bentonite showed XRD pattern with 
characteristic peaks of montmorillonite as the main clay 
mineral of the smectite group and as the dominant compo-
nent of the sample in addition to other crystalline phases of 
kaolinite, calcite and quartz minerals that can be identified 
as impurities. Montmorillonite minerals were detected with 
their identification peaks at different temperatures as 6.54°C, 
19.84°C, 25°C and 28.34°C, respectively that are related 
to the lattice planes of (002), (020) and (105), respectively 
(card No: 00-003-0010). 

The intercalation of chitosan chains between bentonite 
layers was reflected in the resulted XRD pattern as the peaks 
that were deviated from their normal positions and the main 
peak was detected at 6.3° with low diffraction intensity. The 
recorded increase in the d-spacing to 13.91Å for bentonite/
chitosan composite as compared to 13.486Å for raw benton-
ite revealed successful fabrication of the bentonite/chitosan 
composite by intercalation process.  

Morphological properties: The morphological proper-
ties of bentonite and bentonite/chitosan composite were 
studied using SEM and TEM images. The SEM images 
reflected the presences of bentonite as compacted sheets of 
montmorillonite and decorated by tiny nudes related to the 
associated mineral impurities (Fig. 2A). The intercalation 
of montmorillonite sheets by chitosan revealed consider-
able changes in the surface morphology of bentonite. The 
surface of the composite exhibits a network structure of 
noticeable interstitial microspores in addition to irregular 
fibrous particles related mainly to the admixed chitosan 
(Fig. 2B). The integration between bentonite and chitosan 
also was confirmed by TEM images (Fig. 3). The studied 
bentonite particles are of multi-layered structure and showed 
characteristic lattice fingers (Fig. 3B). After the integration 
between it and chitosan chains, the composite appeared as 
hybrid material composed of bentonite sheets and fibrous 
particles of chitosan (Fig. 3C). 

However, several studies revealed the reduction in the 
specific area after the modification of bentonite by chitosan, 
the synthetic composite in the introduced study declared 
slight enhancement in it as it increased from 91 m2/g for raw 
bentonite to 98.44 m2/g for bentonite/chitosan composite, 
respectively. This can be explained by the reported formation 
of bentonite/chitosan composite as an interlocked network 
structure forming a secondary porous matrix.

Chemical functional groups: The changes in the chemical 
functional groups were monitored based on the FT-IR spec-
tra of bentonite and bentonite/chitosan composite, the main 
groups are displayed in Table 1. The main chemical groups of 
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clay minerals were identified in the bentonite sample as OH, 
Si-O-Si, and Al-O (Table 1). Also, chitosan as single-phase 
was identified by its characteristic amide, aliphatic C-H, 
N-H, and C-O groups. The integration between the bentonite 
layers and chitosan chains also was reflected in the FT-IR 
results. The obtained bands revealed the formation of hybrid 
material of heterogeneous functional groups related to both 
bentonite and chitosan (Table 1). Additionally the appearance 
of such mixed bands associated with clear deviation from 
their normal positions confirming the successful intercalation 
of bentonite layer by chitosan (Fig. 3 and Table 1). 

Fixed Bed Column Studies

The initial pH plays a vital role in controlling the surface 
properties of the adsorbent as well as the speciation of the 
dissolved metals (Seliem et al. 2016, Ozdes et al. 2009). 
The influence of pH on the uptake properties of bentonite 
chitosan for Fe2+ ions was studied within the pH range from 
2 to 7 to avoid the possible precipitation of iron at the high 
alkaline conditions (Ehssan 2012). The experimental results 
declared continuous enhancement in the removal percentages 
of iron with the regular expanding in the pH value achieving 
the best results at the highest pH 7. The removal percentages 
were augmented by 26 %, 40 %, 64 %, 78 % and 80 % with 
the increment of pH.

This makes it a promising material for realistic purifica-
tion of polluted water resources. The previous behaviour can 
be elucidated based on the proton-competitive adsorption 
phenomenon at the different studied pH conditions. The 
regular increase in the value of pH associated with a notice-
able reduction in the concentration of the present hydronium 
ions that act as competitors with adsorbed metal ions and in 

turn promotes the uptake of Fe2+ ions by bentonite/chitosan 
composite (Sprynskyy et al. 2006). Moreover, the alkaline 
conditions can accelerate the dissociation of the counter ions 
within the clay matrix which can reduce the uptake capacities 
(Hassouna et al. 2014). Fig. 4 shows a detailed diagram for 
the fixed bed column.

Effect of Bed Thickness

The obtained breakthrough curves with the different 
thicknesses of the bentonite/chitosan bed are illustrated in  
Fig. 5B. Generally, the column performance shows noticeable 
enhancing with the regular increment in the bed thickness. 
The obtained breakthrough time (tb) for the treated solutions 
was enhanced by 27, 37.5 and 42.5 hours with the regular 
increment in the bentonite/chitosan bed thickness by 1, 2 and 
3 cm, respectively. Also, this was reflected in the obvious 
increment in the required time till saturation or the exhausting 
of the column to be 45, 52.5 and 55 hours, for the same thick-
ness in order (Table 1). The previous observations reflected 
the possible enhancing in the lifetime and the operation of 
bentonite/chitosan-based column with the regular increase in 
its thickness of the bed as well as the treated water volumes.

The quantities of the adsorbed Fe2+ ions by bentonite/
chitosan bed of 1, 2 and 3 cm thicknesses were 592, 737 
and 947 mg, respectively, which was reflected in the total 
removal percentage of iron ions. The resulted total removal 
percentages by the end of the filtration time were 40.8 %, 
50.75 % and 65.2% corresponding to bentonite/chitosan beds 
with thicknesses of 1, 2 and 3 cm, respectively. This was 
related to the role of the high bed thickness in reducing the 
axial dispersions of mass transfer and in turn, promote the 
diffusion of Fe2+ ions onto the synthetic bentonite/chitosan 

Table 1: FT-IR spectral bands and the related functional groups of bentonite, chitosan, and bentonite/chitosan composite. 

Band Positions (cm-1) Chemical functional group

BE CH BE/CH

3480 - 3494 Attributed to the OH group of the crystal structure and water absorbed by bentonite (Abukhadra 
et al. 2019)

-
-

3387.5
2911

-
2916.3

Overlap between OH and N-H (Zhu et al. 2009)
Stretching of aliphatic C-H (Zhu et al. 2009)

- 1653 1651.4 Bending of N-H group (Liu et al. 2015) 

1640.6 - 1644.5 Water within the interlayers

- 1452 1455 Bending of N-H group (Abukhadra et al. 2019)

- 1373 - Bending of C-H group (Abukhadra et al. 2019)

- 1084 - Stretching of C-O group (Liu et al. 2015) 

1000 - 1022.4 Si-O group (Hassouna et al. 2017) 

918 - - Al-O groups (Abukhadra et al. 2018) 

400-1000 - 400-100 Mg-Fe2+-OH, Si-O-Al and Si-O-Mg groups (Abukhadra et al. 2018)
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composite as an adsorbent (Mohan et al. 2017). Therefore, the 
pumped polluted solutions spent high time intervals in close 
contact with the bentonite/chitosan composite. Also, using 
high bed thickness increases the number of active uptake 
sites which increase the quantities of captures of iron ions.

Determination of Adsorption Isotherm Parameters

At room temperature, the required quantity (in gram) of the 
investigated adsorbent is added to a 1 L of the contaminated 
water sample.

The adsorption was performed with constant stirring 
of the reaction medium using jar test Phipps bride stirrer 
(Model 7790-402, USA). After a certain time, the solution 
with dispersed adsorbent was filtered. The experiment was 
carried out using different doses of the adsorbent (10-1000 
ppm) for different time intervals. An aliquot of 10 mL was 
taken for the ICP measurements. Adsorption isotherm of the 
investigated metal ions (Fe+2) by the prepared column was 
determined over a wide range of metal ion concentrations. 
The adsorption isotherm curves and adsorption parameters 
were calculated using Langmuir and Freundlich models 
(Dada et al. 2012).
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models are graphically presented in Figs. 6 and 7, from which the Langmuir and Freundlich 
isotherm parameters were calculated and given in Table 3.  

Effect of Flow Rate 
The performance of bentonite/chitosan-based column system using different flow rates for the 
studied iron polluted solutions was presented graphically in Fig.5C and the related theoretical 
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Both Qm and b are calculated from the slope and intercept 
of the linear relationship between Ce/qe and Ce respectively.

Freundlich adsorption model is  qe = Kf Ce1/n  nonlinear 
form but the linear form is 

 log qe= log Kf + (1/n) log Ce.  

Both Kf and n are calculated from the intercept and slope 
of the linear relationship of double logarithmic of qe and Ce.

Where,  qe is the equilibrium concentration of adsorbed 
metal ion on polymer surface (mg/g). Ce is the bulk con-
centration of metal ion at equilibrium (mg/L). Qm is the 
monolayer adsorption capacity (mg/g), b is a constant re-
lated to the adsorption equilibrium constant and Kf & n are 
dimensionless constants refer to the adsorption capacity and 
adsorption intensity respectively.         

Adsorption isotherms: The effect of metal ion concentra-
tions on the removal efficiency of the investigated polymeric 
sample was studied. The quantity of the polymers was kept 
constant at 50 ppm at room temperature. Both, the Lang-
muir model which describes the monolayer adsorbate on 
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Fig. 5: Effect of solution pH on the removal of iron from water (A) removal of iron at 
different bed thickness (B), at different operating flow rates (C), and at different initial 
bentonite/chitosan concentrations (D). 

 
 
 
 

Fig. 5: Effect of solution pH on the removal of iron from water (A), removal of iron at different bed thickness (B), at different operating flow rates 
(C) and at different initial bentonite/chitosan concentrations (D).
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the surface of the adsorbent and Freundlich model which 
describes the multilayer adsorptions have been investigated. 
The linear relationships of both isotherm models are graph-
ically presented in Figs. 6 and 7, from which the Langmuir 
and Freundlich isotherm parameters were calculated and 
given in Table 3. 

Effect of Flow Rate

The performance of bentonite/chitosan-based column  
system using different flow rates for the studied iron pol-
luted solutions was presented graphically in Fig.5C and 
the related theoretical parameters are listed in Table 1. 
The performance of the system was largely affected by 
increasing the solution flow rate, as the time was decreased 
by 42.5, 30 and 25 hours by expanding the flow rate by 5,  
10 and 15 mL/min, respectively. Additionally, the saturation 
time or the column exhaustion interval was reduced signif-
icantly by 57, 50 and 47.5 hours for the same studied flow 
rates in the order which will reduce the lifetime of the system.

However, on increasing the flow rates of the pumped 
solution associated with an observable increment in the 
total purified volumes, there was a noticeable reduction 
in the total removal percentage of Fe2+ ions, upon which  
5 mL/min was set as the best flow rate for the bentonite/
chitosan fixed-bed column system (Table 2). The reported 
results for the influence of higher flow rates in reducing the 
residence time between the composite bed and iron polluted 
solution have affected negatively the required contact time 
for promising uptake of dissolved Fe2+ ions (Nazaria et al. 

2016). The slower flow rates provide long residence times 
for effective diffusion of Fe2+ ions between the composite 
grains which increase the uptake chances by more active 
adsorption sites (Abdolali et al. 2017).

Effect of Initial Concentration

The influence of iron concentrations on the studied bentonite/
chitosan-based column system was investigated using three 
different concentrations (5, 10, 15 mg/L). The results were 
plotted in breakthrough curves (Fig. 5D) and the related 
theoretical parameters were estimated and listed in Table 
1. The plotted curves emphasized the obvious reduction in 
breakthrough as well as the saturation time with the incre-
ment in Fe2+ concentration from 5 mg/L to 15 mg/L. Such 
behaviour was explained by several authors to be a result of 
the large concentration gradient and the low mass transfer 
resistance that is associated with using high concentrations of 
the inspected pollutants in addition to the expected saturation 
of the composite adsorption sites by the adsorbed Fe2+ ions 
(Abdolali et al. 2017). Therefore, the performance of the 
column and its lifetime affected negatively the over increase 
in the concentrations of the dissolved water pollutants.  

Purification of Raw Groundwater Samples

The purification of real groundwater sample was performed 
after adjusting the controlling factors at 3 cm for the  
bentonite/chitosan composite bed thickness, 5mL/min as 
flow rate and pH 7 for total filtration time of 7 hours. The 
chemical analysis of the studied real groundwater sample 
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  Fig. 6: Langmuir isotherm plot of iron adsorption. 
 
 

 
  Fig.7: Freundlich isotherm plot of iron adsorption. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Langmuir isotherm plot of iron adsorption.
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Table 1: FT-IR spectral bands and the related functional groups of bentonite, chitosan, and bentonite/chitosan 
composite.  

Band Positions (cm-1) Chemical functional group 
BE CH BE/CH   
3480 - 

 
3494  Attributed to the OH group of the crystal structure and water 

absorbed by bentonite (Abukhadra et al. 2019) 
- 
- 

3387.5 
2911 

- 
2916.3 

 
 

Overlap between OH and N-H (Zhu et al. 2009) 
Stretching of aliphatic C-H (Zhu et al. 2009) 

- 1653 1651.4  Bending of N-H group (Liu et al. 2015)  
1640.6 - 1644.5  Water within the interlayers 
- 1452 1455  Bending of N-H group (Abukhadra et al. 2019) 
- 1373 -  Bending of C-H group (Abukhadra et al. 2019) 
- 1084 -  Stretching of C-O group (Liu et al. 2015)  
1000 - 1022.4  Si-O group (Hassouna et al. 2017)  
918 - -  Al-O groups (Abukhadra et al. 2018)  
400-1000 - 400-100  Mg-Fe+2 –OH, Si–O–Al and Si–O–Mg groups (Abukhadra et al. 

2018) 
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Fig. 8: The removal of iron from raw groundwater samples.

Table 2: Mathematical parameters of bentonite/chitosan continuous fixed-bed column system.

Bed 
height

Flow rate Conc. Cad  (mg/L) q (total)
mg

qeq (mg/) M (total)
Mg

R. (%) tb 
(min)

ts
(min)

Veff (mL)

Aqueous solutions

1cm 5mL/min 10 mg/L 318 592 418 1452 40.8 650 1080 5400

2cm 5mL/min 10 mg/L 350 737 292 1452 50.75 900 1260 6000

3cm 5mL/min 10 mg/L 390 947 263 1452 65.2 1020 1380 6300

3cm 10mL/min 10 mg/L 325 1516 391 2904 52.2 720 1200 11400

3cm 15mL/min 10 mg/L 361 1376 360 4356 31.6 600 1140 15300

3cm 5mL/min 5mg/L 365 982 273 1089 90.2 1260 --- 6600

3cm 5mL/min 15 mg/L 440 778 227 2541 30.6 720 1080 5100

Raw groundwater

The sample 85 112.5 70.4 163 69 1080 1560 8200
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Table 3: Langmuir and Freundlich isotherm parameters.

Ce qe Ln ce Ln qe ce/qe log ce log Qe

318 418 5.76 6.03 0.760766 2.502 2.621

350 292 5.85 6.83 1.19863 2.544 2.465

390 263 5.96 5.57 1.48289 2.591 2.419

325 391 5.78 5.96 0.831202 2.511 2.592

361 360 5.88 5.88 1.002778 2.557 2.556

365 273 5.89 5.60 1.336996 2.562 2.436

440 227 6.08 5.42 1.938326 2.643 2.356

Table 4: The chemical composition of the studied raw groundwater.

showed the presence of different types of dissolved con-
taminants (Table 4). The iron content was 0.4 mg/L which 
exceeds the accepted limit; this also was recorded for the 
contents of manganese and ammonia which can affect the 
adsorption trend of iron in the system (Table 2). The resulted 
curve for fixed-bed purification of the groundwater sample 
from dissolved iron appears in Fig. 8 and the performance 
mathematical parameters are presented in Table 1. 

The breakthrough time and saturation time were attained 
after 45 and 65 hours, respectively. The detected reduction 
in the obtained breakthrough time as well as the saturation 
time for groundwater as compared to the prepared aqueous 
solution of 5 mg/L concentration related the existence of oth-
er dissolved elements and compounds that affect the affinity 
of bentonite/chitosan composite for the dissolved iron. The 
results reflected that the column has capacity to adsorb about 

112 mg as total adsorbed iron and the equilibrium capacity is 
70 mg/g. This was associated with total removal percentage 
of about 69% for the total treated volume of 8200 mL.

CONCLUSION

Bentonite/chitosan composite was synthesized as an ad-
sorbent for iron ions from water. Its adsorption properties 
were studied by continuous fixed-bed column system. The 
mathematical parameters of the breakthrough curves showed 
removal percentage of about 90%  from 6.6 L of the aqueous 
solution after adjusting the factors of the system at 3 cm bed 
thickness, 5 mL/min flow rate, 5 mg/L concentration and 
at pH 6. For the groundwater at the same conditions, iron 
removal percentage reached 69% for 8.2 L of treated water. 
The breakthrough  and the saturation times were attained 
after 45 and 68.5 hours, respectively.
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