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ABSTRACT 
 
 Crosslinked chitosan beads were prepared using ionic crosslinked method. In this method Na-
tripolyphosphate was used as crosslinking agent. The prepared beads were characterized by FT-IR, XRD and 
TGA.  Sorption of cd ions from aqueous solution was studied using crosslinked chitosan beads and natural 
montmorillonite. Infra red spectra showed that crosslinking of chitosan with Na-tripolyphosphate (TPP) resulted 
in the appearance of a new peak at 1253 cm-1 which corresponds to the attachment of TPP molecule in the 
nitrogen atom in chitosan. The sorption experiments showed that the factors controlling the adsorption capacity 
natural montomorillonite and crosslinked chitosan were discussed as follows. The pH value 5 considers the 
optimum pH value for both materials at which the materials gave maximum adsorption capacity. While the 
optimum initial dose of adsorbent material is 0.2 gram for both crosslinked chitosan and montmorillonite. The 
sorption experiment study the effect of contact time showed that montmorillonite reach to maximum adsorption 
capacity within the first 15 min from the beginning of experiment while the adsorption capacity of crosslinked 
chitosan beads suggested gradual increase with increasing the contact time until reach to the equilibrium after 
120 minutes. 
 
Kew words: crosslinked chitosan, Montmorillonite, beads, adsorption capacity.    
 
Introduction 
 
 Cadmium does not exist in nature as the native metal but principally as the sulphide ore greenockite (CdS), 
which is strongly associated with zinc sulphide ore sphalerite. Cadmium enters the environment in the waste 
waters of industries using cadmium, but also in discharge from the iron and steel industry. Various soluble 
forms of cadmium exist in water. It exist mainly as Cd2+, but also as [CdCO3 (aq)], [CdCl]+, [Cd(OH)] and 
[CdSO4(aq)]. Free Cd2+ ion occurs at pH levels below 8. At higher pH values, [Cd(OH)]+ is formed and in very 
alkaline solutions [Cd(OH)3]- and [Cd(OH)4]2- are formed (Dojlido, J.R. and Best, 1993). In order to reduce the 
pollution problem in environment that is caused by these heavy metals, their concentrations must be reduced 
before discharging to obey the wastewater. 
 Conventional methods for removal of Cd2+ from wastewaters include chemical precipitation, ion exchange, 
adsorption unto activated carbon, filtration, chemical reduction and electrodeposition. Due to operational 
demerits and high cost of heavy metal treatment, some new technologies have been tried in recent times with 
less expensive adsorbents such as clays and natural polymer. 
 Chitosan, one of the most commonly used natural polymer composed mainly of poly(b-1-4)-2-amino-2-
deoxy- D-glucopyranose, is obtained from deacytylation process of chitin. Chitosan shows high affinity to 
interact with metal ions due to the presence of amine (–NH2) and hydroxyl (–OH) groups. (Zhao, F. et al, 2007). 
It is well known that chitosan has high adsorption capacity but due to it's low porosity, weak mechanical 
property and easily soluble in slightly acidic medium; its fullest capacities are not met. However, many 
modifications such as physical and chemical modifications can be carried out to chitosan in order to increase its 
adsorption capacity. Physical and chemical modifications can prevent dissolution of chitosan in acidic medium 
and improve the mechanical strength. One of the most spread chemical modifications is crosslinking process, 
grafting of a new functional group and acetylation (Sun, S. and Wang, A, 2006).   
 Tripolyphosphate (TPP) is a non-toxic polyanion which interacts with chitosan through electrostatic forces. 
The protonated amine groups in chitosan will interact with the negatively charged counterion, TPP, through an 
ionic interaction creating ionic cross-linked networks (W.S. Wan Ngah and S. Fatinathan, 2010).  
 Montmorillonite is a 2:1 type aluminosilicate. Its crystalline structure presents an alumina octahedral 
between two tetrahedral layers of silica. The isomorphous substitution of Al+3 for Si+4 in the tetrahedral layer 
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and Mg+2 for Al+3 in the octahedral layer results in a net negative surface charge on the clay. The imbalance of 
the negative charges at the surface is compensated by exchangeable cations (typically Na+ and Ca+2). The 
parallel layers in these structures are linked together by weak electrostatic forces. Intercalation of the clays via 
exchange of cations located in their interlayer space with large organic or inorganic cations is an effective way 
to modify them in order to obtain adsorbents or catalysts. On the inorganic pillaring of montmorillonite, many 
different hydroxy-metal polycations (Al, Zr, Fe, Cr, Si, Ti and Cu) have been used and reported in the literatures 
(Han YS et al, 1999, Maes N et al, 1997, Canizares P et al, 1999, Canizares P et al, 2002, Bouberka Z et al, 
2005, Bouberka Z et al, 2005, Han YS and Yamanaka S., 2006 and Wei Tan, 2008). 
 The principle aim of this study is that held to comparison between adsorption capacity of crosslinked 
chitosan and natural montmorillonite then to investigate the factors controlling the efficiency of the sorption 
capacity such as initial pH value, initial dose and contact time.  
 
Materials: 
 
 CS as powder was purchased from ABCO laboratories England, ash content less than 1%, molecular weight 
150000 (1,4-β-D-glucopyanosamine) and was used without further purification. The viscometric average molar 
mass and the deacetylation degree of CS used in this study were 334 kDa and 75-85 %, respectively.  
 The natural montmorillonite powder used in this study was purchase from sigma-Aldrich Montmorillonite 
K10 was used with any modifications. Sodium triphoshate (sodium tripolyphosphate pentabasic) Na5O10P3, 
molecular weight 367.86 was purchase from Mallinckrodt.Inc Paris. Cadmium chloride (cd cl2) molecular 
weight 183.32 was purchase from fine-chem ltd. 
 All the reagents were of analytical grade or highest purity available, and used without further purification. 
 
Methods: 
 
Preparation of crosslinked Chitosan beads: 
 
 Crosslinked chitosan beads were prepared according to the following procedure. 
 Chitosan solution was prepared by dissolving 4.00 g of chitosan flakes in 60 ml of 5% (V/V) acetic acid 
solution then the pH value of prepared solution was adjusted to pH 5 by 1M NaOH then the viscous solution 
was kept overnight then filtered to remove the insoluble parts of chitosan powder.  
 Na-Tripolyphosphate was used as crosslinking agent; 100 ml of 0.05 mol/L of TPP (Na-Tripolyphosphate) 
solution was prepared and kept at its original pH value (8.6). 
 The chitosan solution was added to the TPP solution by using antiprestaltic pump with drop rate 50 
ml/hour; the crosslinked chitosan beads were prepared immediately and the prepared beads were kept overnight 
in TTP solution. 
 Then the beads were removed from the solution and washing several times by double distilled water then 
the left to air-dry in Petri dish for two days and saved in closed vile.  
 
Characterization methods: 
 
 In order to determine the molecular changes in the resulted crosslinked chitosan beads and natural 
montmorillonite powder the samples were analyzed using FT-IR (jascow, japan , FT-IR spectrometer 430E), in 
the spectral range 4000 cm-1 to 400 cm-1, spectral resolution 2 cm-1 and all FT-IR measurements were carried 
out using KBr disk technique. 
 Broker D8 Advance, Germany X-ray diffraction (XRD) with CuKα 40kV/40mA and an incidence angle of 
0.5° with wavelength equal to 1.5418 A°. The diffraction patterns were recorded automatically with a scanning 
rate of 2θ=2 (deg/min) for powder samples in order to determine the crystal structure of the samples. The 
thermal properties of the samples were measured using TGA Perkin elemer 7 series with heating rate 10 C0/min.   
 
Results: 
 
FT-IR measurements: 
 
FT-IR spectra of chitosan powder and crosslinked chitosan: 
 
 The infrared spectrum of chitosan powder is shown in fig. (1). Careful examination of chitosan spectrum 
reveals that the major peak located at 3440 cm-1 is due to the overlapping of O–H and N–H stretching 
vibrations, the peak at 2921 cm−1 is assigned to aliphatic C–H stretching vibrations, the peaks at 1650 and 1590 
cm-1 are attributed to the secondary amide C=O bond of the remaining acetamido groups (Amide I) and the –NH 
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bending vibration of NH2 groups (Amide II), respectively. The peak at 1420 cm-1 can be assigned to C–H 
bending vibration, while the peaks at 1255 and 1152 cm-1 are due to the C-N stretching vibrations. The 
remaining peaks at 1093 and 1043 cm-1 are attributed to the C-O stretching vibrations in COH. These 
assignments are in good agreement with those reported in literature (Márcia R. de Moura et al, 2008, Pathavuth 
Monvisade, Punnama Siriphannon, 2009). 
 The crosslinking process was created by adding Na-Tripolyphosphate (TPP) as cross linking agent. Figure 
(2) shows the ordinary FT-IR spectrum of chitosan after cross linking with TPP. The major absorption peaks of 
the ordinary spectrum of cross linked chitosan appear at 3432 cm-1 which is attributed to overlapping of  O-H 
and N-H stretching vibrations, 1640 cm-1 is assigned to P=O of the –POH groups found in the tripolyphosphate 
molecule. The peak at 1549 cm-1 is ascribed to NH3

+ in C-TPP beads. In addition to the characteristic peaks of 
chitosan powder the spectrum of crosslinked chitosan shows a new peak at 1253 cm-1 which is assigned as P=O 
stretching. The peak at 1324 cm-1 is a characteristic peak for the N- acetyl glucosamine while the peak at 888 
cm-1 corresponds to the characteristic absorption of β-d-glucose unit. These results are in good agreement with 
the assignments reported by (Sung-Tao Lee et al, 2001). 
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Fig. 1: FT-IR spectrum of Chitosan Powder. 
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Fig. 2: FT-IR spectrum of crosslinked chitosan. 
 
 The above mentioned discussion revealed that the crosslinking of chitosan produces the following changes 
in the spectral features of chitosan. 
a- The presence of a new peak at 1253 cm-1 indicates the presence of P=O molecules. 
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b- The peak at 1590 cm-1 corresponding to N-H vibration in chitosan spectrum shifted to 1549 cm-1. The last 
frequency is attributed to NH3

+. This peak supports the idea that crosslinking process is formed by attaching 
two chitosan molecules to each other through NH3

+ group and through TPP molecule.  
c- It is clear from the spectrum of chitosan powder that all peaks related to N- atoms are affected by 

crosslinking process which supports the previous mentioned idea. 
 
Infrared spectrum of pure montmorillonite: 
 
 The FT-IR spectrum of pure montmorillonite powder was recorded and is shown in figure (3). The peak at 
3623 cm-1 has been assigned to the stretching vibration of structural OH groups attached to either AI 3+ or Mg 2+. 
The peaks at 3446 cm-1, 1635 cm-1 are attributed to H-O-H hydrogen bonded water and H-O-H deformation 
respectively . The peaks at 1052 cm-1, 798 cm-1 are assigned to Si-O-Si bonds. The peak at 467 cm-1 is due to 
stretching vibration of Al-O bonds. The peak at 525 cm-1 is assigned to the vibration of the external linkage of 
the tetrahedral. 
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Fig. 3: FT-IR spectrum of pure montmorillonite powder. 
 
Ray diffraction: 
 
X-ray diffraction of chitosan powder and crosslinked chitosan powder: 
 
 Figure (4) A& B shows XRD patterns of chitosan powder and crosslinked chitosan respectively, careful 
analysis of figure (4) A&B reveals that the main characteristic peaks for chitosan powder appear at 2 θ = 10° 
and 2 θ = 20° while the crosslinked chitosan spectrum shows one broad peak located at 2 θ =24°. These results 
are in good agreement with the results reported by (Nurhidayatullaili Muhd et al, 2010) who stated that 
the XRD patterns of all types of chitosan show two crystalline peaks approximately at 10° and 20° (2θ). 
However, the cross linked chitosan with longer length of cross linking agents show lower and broader 
crystalline peaks as compare to those with shorter length. 
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Fig. 4: A XRD of chitosan powder. 
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Fig. 4: B XRD of Crosslinked chitosan powder. 
 
XRD for montmorillonite powder:  
 
 A typical XRD diffraction pattern of montmorillonite powder is shown in figure (5-5), the angle (2 θ) and 
spacing (d) with their relative intensities are listed in table (5-1). 
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Fig. 5: XRD pattern of Montmorillonite powder. 
 
Table 1: Angles (2 θ) and spacing (d) and their relative intensities of the montomorillonite powder. 

caption Angle 2-Theta d value Angstrom Intensity % 

d= 9.978 8.8 9.97 16.7 

d= 4.47 19.8 4.47 32.6 

d= 4.26 20.8 4.26 34.6 

d= 4.1 21.6 4.1 24 

d= 3.34 26.6 3.34 100 

d= 2.55 34.9 2.55 18 

d= 1.49 61.8 1.49 12.5 

 
Thermal gravimetric analysis of pure Montmorillonite (MMT):  
 
 A typical dynamic TGA spectrum of montomorillonite is shown in figure (6) which clearly shows that there 
are two decomposition regions. 
 The first decomposition region begins at 50 C0 and stops at 325.08 C0. The weight loss for this region is 
7.210 % while the second region starts at 325.08 C0 and stops at 609.76 C0 with the maximum decomposition 
rate at 474.29 C0. The area for this peak is 0.182 Wt % and the weight loss is 2.867 %. 
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Fig. 6: TGA spectrum of Montmorillonite powder (MMT). 
 
 (F.H. Lina et al, 2002) investigated the TGA spectrum of pure montomorillonite and found that there are 
three steps for weight loss at the temperatures around 120–140 C0, 510–700 C0, and 900 C0.The first weight loss 
120–140 C0 is due to the free water evaporation. The second and the third weight losses at the temperatures 
around 510–700 C0 and 900 C0 are due to the OH group release from different positions of the montomorillonite 
structure. 
 In view of the above mentioned spectrum it is concluded that the degradation of pure montomorillonite 
shows two separated decomposition regions. The first one may be due to evaporation of the free water molecule 
while the second decomposition stage is due to the OH group release from different positions of the 
montomorillonite structure. 
 
Thermal gravimetric analysis of crosslinked chitosan:  
 
 The Thermogravimetric decomposition curve and associated derivative curve of the crosslinked chitosan 
sample is shown in figure (7). 
  As can be seen from figure (7) the crosslinked chitosan exhibits three steps decomposition profile, the first 
one stat at 50 C0 and ends at 156.67 C0 with maximum decomposition rate at 84.07 C0. The area of this region is 
-7.30 Wt% and weight loss 13.658 wt %.  
 The second step begins at 156.67 C0 and stops at 283.33 C0 with maximum decomposition rate at 204.21C0. 
The area of this peak is -20.405 wt % and its weight loss is 30.927 wt %. 
 The third decomposition region starts at 204.21 C0 and ends at 763.06 C0 with maximum decomposition 
rate at 513.37 C0. The area of this decomposition region is -19.315 wt % and its weight loss is 43.063 wt %. 
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Fig. 7: TGA spectrum of crosslinked chitosan. 
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 It’s clear from figure (7) that the curve shows the derivative weight % exhibits two peaks, the first one at 
84.07 C0 is assigned as evaporation of water while the second one at 204.21 C0 is due to the decomposition of 
chitosan polymer. Those peaks are characteristics to the crosslinked chitosan with Tpp. 
 
Study of the factors affecting the efficiency of the Adsorption capacity:  
 
Influence of pH value upon the adsorption behavior of Cd+2  ion: 
 
The effect of pH value on adsorption capacity of crosslinked chitosan: 
 
 In the present study, the adsorption experiments were conducted to study the relation between the 
adsorption capacity of the crosslinked chitosan and initial pH value of the Cd solution. 
 The experiments were conducted with the different initial pH of the metal ion solutions ranged from 1 to 6 
with initial Cd concentration 20 ppm and initial absorber weight 0.2 g. These mixtures were gently shacked for 
2 hours. 
 The adsorption capacity was calculated by using equation (1).The relationship between the adsorption 
capacity and different pH values for different samples is illustrate in figure (8). 
 

….Eq.          (1) 
 
 Where Co is the initial concentration of cd (II) (mg/L), Ce is the final concentration of Cd (II) (mg/L), V is 
the volume of the heavy metal ions solution (L) and W is the weight of dry beads (g). 
 It can be seen from figure (8) that as pH value increases up to 5 the adsorption capacity increases. 
Increasing pH value above 5 leads to considerable decrease in adsorption capacity. This means that the 
adsorption capacity is highly dependent on pH value. 

 

 
 
Fig. 8: effect of pH value on the adsorption capacity crosslinked chitosan. 

  
 This result could be explained as follows. At low pH, most of the amino groups of CS in the composite 
were ionized and presented in the form of NH3+, electrostatic repulsion between M2+ and NH3+ ions may prevent 
the adsorption of M2+ ions onto the composite. At pH> 5 the M2+ retention decreased because small amount of 
M2+ started to deposit as M (OH)2. Considering the formation of M (OH)2 when the pH value of M2+ solution 
exceeds 5, the pH of 5 was selected as the initial pH value of M2+ solution for the following adsorption 
experiments. 
 From these results it could be concluded that the adsorption of Cd(II) ions is highly dependent on the initial 
pH of heavy metal ions solution because pH influences the metal speciation and changes the charge in the 
adsorbent. 
 These results are in good agreement with the results reported by (Gupta, S.S. and Bhattacharyya, K.G., 
2008, Khotimchenko, M. et al, 2007, Ngah, W.S.W. et al, 2002) 
 
The effect of pH value on adsorption capacity of montmorillonite: 
 
 Examination of figure (9) reveals that the amount of adsorption of metal ions on clay increases with 
increasing solution pH and gives maximum removal at pH value around 5 due to the nature of the chemical 
interactions of the metal ion with the montmorillonite surface. At pH above 5.0 there are two mechanisms to 
remove Cd+2 from the aqueous solution, which are ion exchange and precipitation. It is concluded that 
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precipitation occurs in general at higher pH while ion exchange predominates at lower pH solution. 
Montmorillonite surface contains several different active sites and the removal of metal ions depends on these 
active sites as well as on the nature of the metal ions in the solution. Greater number of negatively charged 
groups on montmorillonite favors electrostatic interactions between cationic species, and this negative charge 
may be responsible for metal binding. However, as the pH is lowered, hydrogen ions compete with metal ions 
for the sorption sites in the sorbent; the overall surface charge on the particles becomes positive and hinder the 
binding of positively charged metal ions (Cd+2). Hydrogen ion concentration affects not only active sites 
dissociation, but also the metal speciation. Hydrolysis products of metal cations can also be investigated as 
metal cations at around pH 5 would be expected to interact with the negatively charged binding sites of 
Montmorillonite. 
 

 
 
Fig. 9: effect of pH value on the adsorption capacity montmorillonite powder. 
 
Influence of initial adsorbent doses upon the adsorption behavior of Cd+2 ions: 
 
 The initial adsorbent doses play very important role in the adsorption process because the adsorbent-
adsorbate ratio may enhance or reduce the adsorption process. So, in this study the adsorption experiments were 
carried out with initial adsorbent doses ranged from 0.2 to 1 g with constant metal ion concentration 20 ppm , 
constant contact time 2 hours and initial pH value at 5 pH .  
 It appears from figures (10) and (11) that the lowest adsorbent dose 0.2 g gives the highest value of 
adsorption capacity while increasing the adsorbent dose to 0.4 g results in rapid decrease in the adsorption 
capacity. It is evident from figures that the adsorbent doses above 0.4g causes slight increases of adsorption 
capacity. 
 From these results it could be concluded that as the adsorbent dosage increases from 0. 2 to 1.00 g, the 
availability of the adsorption sites for adsorbent–adsorbate interaction contributed to this observation. However, 
the adsorption capacity of Cd(II) ion decreases as the adsorbent dosage increases. This is due to the unsaturation 
of the adsorption sites involved during the adsorption process; these results are in good agreement with the 
results reported by (Aydin, H.et al, 2008, Malkoc, E. and Nuhoglu, Y., 2007).  
 Further adsorption equilibrium study will be conducted using 0.20 g beads for which the adsorption 
capacity was the highest. 
 

 
  

Fig. 10: Effect of the initial adsorbent dose in (g) on adsorption capacity (mg/g) of crosslinked chitosan.  
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Fig. 11: effect of the initial adsorbent dose in (g) on adsorption capacity (mg/g) of Montomorillonite powder. 
 
Influence of contact time upon the adsorption behavior of Cd+2 ions: 
 
 It is well known that contact time is an important parameter because this factor determines the adsorption 
kinetics of an adsorbate at a given initial concentration of the adsorbate (20 ppm), optimum pH value 5 and 
optimum adsorbent dose 0.2 g. The effect of contact time on the heavy metal ions adsorption by crosslinked 
chitosan and different molar ratios of chitosan/montmorillonite composites was investigated for 180 minutes. 
 The adsorption capacities of the given samples are calculated by using equation (5-1). 
 
The effect of contact time on the adsorption capacity of montmorillonite powder: 
 
 Figure (12) shows the relation between contact time and the adsorption capacity of montmorillonite 
powder. 
 It’s apparent from figure (12) that the sorption of Cd+2 on the montmorillonite is rapid and the equilibrium 
is attained within the first 10 minutes. Adsorption capacity of montmorillonite powder increases rapidly from 0 
to about 10 minutes then the cd+2 ions begin to release by time during the experiment. 
 

 
 
Fig. 12: The relation between contact time and the adsorption capacity (mg/g) of montmorillonite powder. 
 
The effect of contact time on the adsorption capacity of crosslinked chitosan: 
 
 Figure (13) shows the effect of contact time and the adsorption capacity of crosslinked chitosan. It could be 
seen from the figure (13) that the adsorption capacity is rapidly increase by increases the contact time until reach 
the equilibrium at about 120 minutes then slightly increases by increasing the time to 180 minutes. 
 

 
 
Fig. 13: The relation between contact time and the adsorption capacity (mg/g) of crosslinked chitosan. 
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Conclusion: 
 
 It has been known that chitosan has many uses in several fields shuch as bone replacement, drug delivery 
and water treatment also montmorillonite is used in the water treatment as sorption material for heavy metal. 
Therefore in the present study a nanocomposite of the two materials was prepared by using ionic crosslinking 
method to achieved maximum benefits for both materials. 
 It is well known that spectroscopic methods such as FT-IR, XRD, and TGA are used to study the chemical 
and physical properties of organic and inorganic materials these methods were used to follow the alterations in 
the structure of chitosan due to crosslinking process. 
 FT-IR spectra showed that appearance of a new peak at 1253 cm-1 which corresponds to the attachment of 
TPP molecule in the nitrogen atom in chitosan. 
 The pH value 5 considers the optimum pH value for both materials at which the materials gave maximum 
adsorption capacity. While the optimum initial dose of adsorbent material is 0.2 gram for both crosslinked 
chitosan and montmorillonite.  
 The sorption experiment study the effect of contact time showed that montmorillonite reach to maximum 
adsorption capacity within the first 15 min from the beginning of experiment while the adsorption capacity of 
crosslinked chitosan beads suggested gradual increase with increasing the contact time until reach to the 
equilibrium after 120 minutes.  
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