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Characterization of Clay/Chitosan Nanocomposites 

and their Use for Adsorption On Mn(ΙΙ) from Aqueous 

Solution 

___________________________________________________________________________________ 

Abstract:: In this study, composites films were prepared from Chitosan biopolymer and Montmorillonite nanoclay (MMT) by 

dispersion of MMT into Chitosan solution with different weight percentage (2.5, 5, 7.5, 10, 12.5, 15 and 75% wt. /wt. 

nanoclay/chitosan), using both sonication and casting technique methods to obtain good dispersion of nanoclay. The structural 

properties of these nanocomposites samples examined by XRD and FTIR . The XRD patterns indicating that formation of an 

intercalated nanostructure as exfoliated and flocculated structure . Also the complexion of the dopant with the biopolymer was 

examined by FTIR studies. The experiments of Mn(ΙΙ) ions adsorption were carried out on MMT/chitosan nanocomposites. The 

effect of various parameters such as pH, contact time, adsorption mass, initial Mn(ΙΙ) concentration and temperature on the 

adsorption of Mn(ΙΙ) removal onto MMT/chitosan nanocomposites was investigated. Two adsorption isotherm models were 

applied Freundlich and Langmuir to fit the experimental data. Langmuir isotherm modeling was suitable for description the data 

at equilibrium state. The kinetic isotherm was found to follow the pseudo-second-order model. Also, the thermodynamics 

parameters of the adsorption such as Gibbs free energy∆𝐺𝑜, entropy ∆𝑆𝑜 and enthalpy ∆𝐻𝑜 were discussed and the results 

demonstrate that the adsorption process is spontaneous and endothermic. 
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1. INTRODUCTION 
Recently, polymer/clay nanocomposites have attracted 

considerable interest because they combine the structure, 

physical and chemical properties of inorganic and organic 

materials. Most work with clay/polymer nanocomposites has 

concentrated on synthetic polymers, including thermosets 

such as epoxy polymers, and thermoplastics, such as 

polyethylene, polypropylene, nylon and poly (ethylene 

terephthalate) [1]. However, the opportunity to combine at 

nanometric level clays and natural polymers (biopolymers), 

such as chitosan, appears as an attractive way to modify 

some of the properties of this polysaccharide including its 

mechanical and thermal behavior, solubility and swelling 

properties, antimicrobial activity, bioadhesion, etc. [2].              

 Clay/Chitosan nanocomposites are economically interesting 

because they are easy to prepare and involve inexpensive 

chemical reagents. Chitosan, obtained from chitin, is a 

relatively inexpensive material because chitin is the second 

most abundant polymer in nature, next to cellulose [3]. In the 

same way, clays are abundant and low-cost natural materials. 

In addition, the successful preparation of the 

nanocomposites still encounters problems, mainly related to 

the proper dispersion of nano-fillers within the polymer 

matrix.  

 

The degree of acetylation (DA) and the crystallinity of chitin 

molecules affect the solubility in common solvents. 

Reducing the acetylation level in Chitosan ensures the  

presence of free amino groups, which can be easily 

protonated in an acid environment, making Chitosan water 

soluble below pH about 6.5 [4, 5]. In acid conditions, when the 

amino groups are protonated Fig. (1), chitosan becomes a 

soluble polycation [6]. The presence of amino groups makes 

chitosan a cationic polyelectrolyte. 

Fig. 1: Schematic illustration of chitosan: (a) at low pH (less 

than about 6.5), chitosan’s    amine groups become   

protonated (polycation); (b) at higher pH (above about 6.5), 

chitosan’s amine groups are deprotonated and reactive. 
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Clays are classified on the basis of their crystal structure and 

the amount of the distributed electric charge and their 

location (deficit or excess) per unit cell. Crystalline clays 

range from kaolins, which are relatively uniform in chemical 

composition, to smectites, which vary in their composition, 

cation exchange properties, and ability to expand. The most 

commonly employed smectite clay for the preparation of 

polymeric nanocomposites is bentonite, whose main mineral 

component is Montmorillonite (MMT) [7]. Montmorillonite 

(MMT) is a 2:1 layered hydrated aluminosilicate, with a 

triple-sheet sandwich structure consisting of a central, 

hydrous alumina octahedral sheet, bonded to two silica 

tetrahedral sheets by shared oxygen ions as in Fig (2). 

Isomorphic substitution of Al+3 in the octahedral sheets by 

Mg+2 (less commonly Fe+3, Mn+2, and other) and, less 

frequently, of Si+4 by Al+3 in the tetrahedral sheet, results in 

a net negative charge on the crystalline layer, which is 

compensated by the presence of cations, such as Na+, K+, 

Ca+2, or Mg+2, sorbet between the layers and surrounding the 

edges. An idealized MMT has 0.67 units of negative charge 

per unit cell, in other words, it behaves as a weak acid. These 

loosely held cations do not belong to the crystal structure and 

can be readily exchanged by other cations, organic or 

inorganic. 

Fig. 2: Schematic of a Montmorillonite, layered clay mineral 

with a triple-sheet     sandwich structure consisting of a 

central, hydrous alumina octahedral sheet(O), bonded to two 

silica tetrahedral sheets (T) by shared oxygen's 

The system of the Chitosan as a matrix for the nanoclay 

(MMT) promising as enhancement adsorptive removal of 

heavy metal ions, quite efficient and fast adsorption, since, 

it is a perfect nano adsorbents because it has high specific 

area and there is not any internal diffusion resistance, so after 

studying the physical properties of this system, we looked 

for using this system in adsorption process for heavy metal 

ions such as Manganese (ΙΙ). 
Our target of these paper was the preparation of the 

biopolymer Chitosan as a matrix of nanoparticles MMT with 

different percentage ratios of the nanoclay to obtain new 

composites of specific physical property , as well as , using 

this system for adsorption the heavy metal ions under 

equilibrium isotherm modeling and obtaining it’s 

thermodynamics characteristics.  

2. MATERIALS AND METHODS  

2.1. Material 
Commercially available chitosan powder (Sigma Aldrich) 

was used. According to the producer data, its deacetylation 

degree DD was about 80%. Structural formula of Chitosan 

is presented in fig. (1), commercially available MMT (Sigma 

Aldrich) with average particle size 10-30 nm was used as a 

nano-filler. 

Manganese chloride with purity of 99.9% (MnCl2.4H2O) 

was purchased from Loba Chemie. Co. 

2.2. Film preparation 
Pure Chitosan film: The appropriate weight of biopolymer 

Chitosan (1gm) was dissolved in 100 ml of DI water and 2% 

acidic acid. The mixture was magnetically stirred 

continuously and heat (80Co) for 4 hours, until the solution 

mixture becomes a homogenous viscous solution. The 

solution is poured into Petri dish and left for 3 days to 

solidify at room temperature .The thickness of the final film 

was bout (50μm).  

Clay/Chitosan nanocomposites: Different weights 

percentage of Clay nanoparticles were added to water and 

magnetically stirred vigorously for 3hours and sonicated (by 

using 450 sonifier) for 1 hour to prevent the nanoparticles 

agglomeration. Each weight percentage of sonicated 

nanoclay was added to Chitosan viscous solution of the 

corresponding weight and magnetically stirred for 2 hours 

then sonicated again for 1 hour to get good dispersion 

without agglomeration as possible. The final 

nanoclay/chitosan mixture was cast in glass Petri dish; air 

bubbles were removed by shaking and blowing air and were 

left until dry. This procedure was repeated to make (2.5%, 

5%, 7.5, 10%, 12.5% and 15% Nanoclay/Chitosan 

composites). The films were about 50 μm in thickness. The 

thicknesses of films were controlled by using the same 

amount of total materials and the same glass Petri dish size. 

It is important to mention that we prepared the 

nanocomposites sample of highly ratio of the nanoclay with 

chitosan to obtain the optimum composite film to achieve 

maximum adsorption of manganese (ΙΙ) as heavy metal 

ions, as well be seen in the discussion of the adsorption 

process nextly. 

2.3. Characterization of the composites 

film 
X-ray diffraction patterns were obtained using advanced 

refraction system XRD Scintag Ins., USA. The tube used 

was Copper radiation and the filter was Nickel. The range of 

x-ray spectra of 2Ɵ was over the range 5--70o. 

The infrared spectral analysis (IR) of the samples was carried 

out using PYE Unican spectrophotometer over the range 

500-4000 cm-1. 

2.4. Adsorption method 
The manganese Mn(II) stock solution concentration of 150 

mg/L was prepared by dissolving Manganese chloride 

(MnCl2.4H2O, Loba chemie) in distilled water. The 

working Mn(II) solution concentration ranging from 20 to 

80 mg/L for all experiments was freshly prepared from the 

stock solution. Standard acid (0.01M HNO3) and base 

solutions (0.125M NaOH) were used for pH adjustments at 

pH 3, 4, 4.5, 5, 5.5, 6, 7, 8 and 9. The pH of the solution was 

measured with a pH meter (Thermo Orion 5 Star)  
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The experiments for removal of manganese ions from dilute 

aqueous solutions by the addition of adsorbent 

(chitosan/clay) masses 0.10, 0.15, 0.20, 0.25, 0.30 , 0.35 and 

0.40 g/L were carried out at different temperatures (298, 308 

and 318k). After continuous stirring over a magnetic stirrer 

at about 160 rpm for a predetermined time intervals (15, 30, 

45, 60, 75, 90 and 105min), the solid and solution were 

separated by centrifugation at 3000 rpm for 15 min and 

slightly dried at ambient temperature. Mn(II) concentration 

was determined by Spectro-photometer, LaMotte, model 

SMART Spectro, USA and the solid phase was analyzed. 

The contact time, allows the dispersion of adsorbent and 

metal ions to reach equilibrium conditions, as found during 

preliminary experiments. 

3. RESULT AND DISCUSSION 

3.1. X-ray diffraction (XRD) 
X-Ray diffraction is an advanced technique to understand 

the Skelton structure in semicrystalline polymers or clay 

minerals and these composites (organoclay). The XRD 

analysis was used to study the crystalinity and the structural 

change of the prepared samples as in fig. (3-1a) of the pure 

chitosan that indicates the peaks at around 2Ɵ ≈ 10o, 20o and 

23o confirm the semicrystalline nature of Chitosan. This 

result is consistent with that found in previous literature [8, 9]. 

The peaks over the range from 10o to 20o for Chitosan films 

showed that it could exist in two distinct crystal form Ι and 

ΙΙ. This morphological structure varing from spherical to 

roods depending on the film processing condition. It is 

worthy to mention that the molecules does not affect the 

crystal form but does affect the crystallite size and 

morphological character (rod or spherulite) of the cast film. 

Also different solvent treatment enhance spherulite structure 

. The evaluation of form Ι related to crystal form of a = 7.76 

Ao, b = 10.19 Ao, c =10.3 Ao and β = 90o i.e. it is 

orthorhombic unit cell with two monomer units per epeat 

along the chain axis while form ΙΙ related to crystal of        a 

= 4.4 Ao, b = 10 Ao, c = 10.3 Ao and β = 90o [8 ]. Fig. (3-1b) 

shows typically XRD of MMT that characterized by peak at 

2Ɵ = 8, 19.8, 20.8, 26.5, and 45.5o of highest relative 

intensity respectively nano clay as found previously [10] . 

Many numbers of researchers were interesting to study the 

XRD of the clay at specific peak at 2Ɵ around 7o 

corresponding to a basal spacing d001 ranging from           12 

– 14 Ao. 

 

 

 

 

 

 

Fig. 3-1: X-ray diffraction pattern of (a) Pure Chitosan (b) 

Pure MMT. 

The nanoclay dispersion within chitosan at different level of 

weight percentage for the composite samples has been 

characterized by XRD as in fig. (3-2). The XRD ranging up 

to  2Ɵ ≈ 10 to 25o sharing for both chitosan and nanoclay is 

quite different than that observed for XRD of the both two 

starting materials indicating the occurred complexation 

between chitosan and the nanoclay. This gives an evidence 

reason for taking inconsideration the changes occurred for 

the typical diffraction peak bellowing to MMT around     2Ɵ 

≈ 7o to look for the structural changes occurred in the 

composites of the different levels of weight ratio[11] . 

Fig. 3-2: X-ray diffraction patterns of (a) 2.5% (b) 5% (c) 

7.5% (d) 10% (e) 12.5% (f) 15%. 
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Is well known that there are three types of the polymers layer 

silicate interaction possible to be occurred according to the 

relative distribution dispersion of the stacks of nanoclay 

particles in the biopolymers dissolved in water with acidic 

media [12, 13].  

a. Phase separated structure : 

When the organic polymer is interact with the inorganic clay 

and the polymer is unable to intercalate within the clay layers 

and the clay is dispersed as aggregate or particles with layers 

stacked together within the polymer matrix. The obtained 

composite structure is considered as phase separated. 

b. Intercalated structure :   

When one or more polymer chain are inserted into the 

interlayer space and cause to the increasing of the interlayer 

spacing, but the periodic array of the clay is still exist, the 

intercalated nanocomposites is formed. The presence of 

polymers chain in the galleries cause to the decreasing of the 

electrostatic force between the layers but is not totally 

dissolved. A well – ordered multilayers morphology built up 

with high interference interactions consisted of polymer 

chain and clay layer. 

c. Exfoliated (Delaminated) structure :   

This structure is obtained as the insertion of polymer chain 

into the clay galleries causes the separation of the layers one 

another and individual layers are dispersed within the 

polymer matrix. The exfoliated structure is occurred when 

the increasing of the inter layer spacing become more than 8 

– 10 nm. Due to the well dispersion of the individual clay 

layer, high aspect ratio is obtained and lower clay content is 

needed for exfoliated nanocomposites. At that state a most 

significant improvement in polymers properties is obtained 

due to the large surface interaction between polymer and 

nanoclay. 

Chitosan has good miscibility with the nanoclay (MMT) due 

to its hydrophilic and poly cationic properties in acidic media 

and can easily intercalate into the interlayers by means of 

cationic exchange. In our case, the specific reflection peak 

of d001 is detected at 2Ɵ = 8o and the movement of the basal 

d001 of MMT were to higher angle because the prepared 

composite samples were in direction of increasing the 

percentage ratio of the nanoclay. The proper of the three 

types of interaction are available according to the ratio of the 

nanoclay and the chitosan. 

The movement of the specific diffraction peak of MMT 

indicates formation of the flocculated-intercalated structure 

in the composites of the different percentage of the nanoclay-

biopolymers under studying. This structure is due to the 

hydroxylated edge-edge interaction of the silicate layers [14], 

in addition to the electrostatic interaction of the amino 

groups in chitosan to adhere the negatively charge surface of 

the inter layers in nanoclay. Also the change of the intensity 

of the XRD confirms the new structural of the composite 

samples. Finally from fig. (3-3), it is possible to expect the 

formation of an intercalated nanostructure as exfoliated and 

flocculated structure [12, 13]. 

Fig. 3-3: The movement of the d-spacing for d001 of the (a) 

2.5%, (b) 5%, (c) 7.5%, (d) 10%, (e) 12.5%, and (f) 15% 

nanoclay/chitosan composite films. 

3.2. FTIR spectroscopy 
Infrared absorption spectroscopy can be employed in 

quantitative analysis and structure determination of the 

compounds. Fig. (4) depicts characteristic bonds of the pure 

Chitosan as recorded. The main absorption bands at 3750 to 

3000 cm-1 are due to the stretching vibration of O-H groups 

that overlapped to the stretching vibration of N-H band while 

the two absorption stretching band of C-H band in C-H2 

appear at ʋ1 = 2921 cm-1 and in CH3 at ʋ2= 2875 cm-1 

respectively . The bending vibration of methylene and 

methyl groups were also visible at ʋ = 1377 and ʋ = 1429 

cm-1 [14]. It is well known for Chitosan that the absorption 

range from 1680 to 1480 cm-1 was related to the vibration of 

the carbonyl bands C=O of the amide group CONHR as 

characteristic absorption bands [15]. It is worth to mention 

that the vibration of the amine group NH2 is observed at 

≈1580 cm-1.  

The amide Ι group is observed at ʋ1 = 1646 cm-1 while the 

vibration C=O of the protonated amine group (NH3) is 

visible at ʋ2 = 1540 cm-1 that presented the amide ΙΙ. The 

characteristic band of amide ΙΙΙ is observed at 1255 cm-1. 

The amide Ι and amide ΙΙ absorption bands suggest that 

Chitosan is a partially deacetylated product [16]. It is well 

known that the reducing of the acetylation level in Chitosan 

ensure the presence of the free amino groups which can be 

easily protonated in an acid environment making Chitosan 

water soluble. The presence of the amino groups makes 

Chitosan a cationic polyelectrolyte. Also the absorption in 

the range of 1160 cm-1 to 1000cm-1 has been attributed to 

vibrations of the CO group [16]. The band at ʋ=1153 cm-1 is 

due to C-O asymmetric vibration in the oxygen bridge 
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resulting from deacetylation of chitosan. The bands near 

1080 to 1021 are attributed to ʋco of the ring COH, COC and 

CH2OH. The small peak at 894 cm-1 is corresponding to the 

wagging (C-H) of the saccharide structure of Chitosan [17, 18, 

19].  

Fig. 4: IR spectrum of pure chitosan film. 

Consequently the I.R. of the pure Clay is illustrated in fig (5) 

where the vibration bands at 3648 cm-1 is due to O-H 

stretching vibration and at 3449 cm-1 referred to interlayer 

and interlayer H bonded O-H stretching. Also the band at 

1650 cm-1 is corresponding to the deformation bending 

vibration for H-OH.The stretching vibrational mode that 

observed at 1173 cm-1 , 1113 cm-1 , 1033  cm-1 are certainly 

different vibrational mode of Si-O (such as stretching of 

quartz , longitudinal mode and normal stretching mode ) [20]. 

The Al-Al-OH deformation vibrational mode is found at 928 

cm-1, while for  Al-Fe-OH and Al-Mg-OH deformation 

mode are at 886 and 849 cm-1 respectively[17]. The observed 

band at 797.4 cm-1 is due to Si-O stretching vibration of 

quartz and silica as well as the Si-O stretching only of quartz 

at 774 i.e. we have diagnostic band of quartz as doublet at 

797 and 774 cm-1. Also we have doublet diagnostic bands for 

Si-O at 699 and at 1033 (normal stretching mode of quartz) 

as mentioned above [21, 22]. 

fig. 5: I.R. spectrum of pure nanoclay (MMT). 

 

The band at 624 cm-1 mentioned to the coupled Al-O and Si-

O vibration mode out of plane. The final bands at 525 cm-1 

and 468 cm-1 that out of our scale are due to Al-O-Si and Si-

O-Si deformation vibrational mode respectively [21]. 

The interaction between nanoclay particles and the polymers 

matrix significantly    depends upon the hydroxyl groups and 

charges present in the nanoclay layers. 

 Accordingly as one pay an attention to fig. (6) that indicates 

the I.R of the composites samples at different ratio of loading 

the nanoclay in the matrix of the chitosan biopolymer, one 

find that the O-H stretching frequencies of the composites in 

range 3000 cm-1 to 3750 cm-1 were broadened and displaced 

to lower frequencies by about 10 cm-1 as well as the 

intensities of that absorption bands decrease dramatically to 

insure the formation of the hydrogen bonds in the all 

different composites. 

Dissolution of Chitosan in the acetic acid resulted in reaction 

between an amino group of Chitosan and the acetic acid 

residue which lead to formation of amino acetic group (as 

NH+
3 AC-). The addition of the nanoclay as filler to the liquid 

system of Chitosan/CH3COOH facilated formation of 

hydrogen bonds [13, 23]. Also one may supposed that the 

amino groups of chitosan were exposed on the surface of the 

nanocomposites material which can be observed at 1250 to 

1405 cm-1 so that the soluble parts of the biopolymer 

chitosan containing OH and NH2 may form hydrogen bonds 

with Si-O-Si groups of the silicate layer of the nanoclay 

(MMT). In addition, the intensities of Al-O vibration bands 

at 914, 839, 796 and 624cm-1 and the structural O-H 

stretching vibration are decreasing by increasing the loading 

filler of the nanoclay. This attributed to the relaxation of the 

hydrogen bonding between (Al-O)OH deformation as well 

as the hydrated water of exchangeable cationic metal ions on 

the nanoclay surface[24].  

The amide Ι band at 1646 cm-1 of chitosan may be 

overlapped with δHOH bending vibration band at 1628cm-1 of 

the water molecule associated to the starting clay as expected 

for the biopolymers with high water retention cability [25]. On 

the other hand the original bands of Chitosan component at 

1540 cm-1 for the amide ΙΙ gave a great evidence for the 

interaction between Chitosan and the nanoclay particles, 

since the –NH+
3 group interact electro statically with 

negative charged sites of the clay. This frequency of the 

vibration mode 1540 cm-1 as in the starting chitosan 

corresponding to the deformation of vibration       δNH3 of the 

protonated amino group is shifted gradually towards higher 

frequency values. The displacement of the vibration δNH3 is 

depending on the loading ratio of the clay nanoparticles in 

the host matrix of the chitosan. At the same time one can 

observe a high decreasing in the intensity of this absorption 

band. This fact can be related to the electrostatic interaction 

between such groups and the negatively charged sites in the 

clay structure expressing the stronger interaction between 

cationic chitosan molecules and anionic clay surface 

nanoparticles [25]. Both result of    X-ray diffraction and I.R. 

support each other indicating complexion of chitosan with 

nano MMT. 
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Fig. 6: IR Spectra of (2.5, 5, 7.5, 10, 12.5 and 15%). 

3.3. ADSORPTION PROCESS 
Montomorillonite (MMT) nanoclay has a negative net 

surface charge and has little or no affinity to anionic, in there; 

Chitosan a nature baiopolymeric cation is an extent 

candidate to modify MMT for adsorption especially when 

we obtain composite thin film with good mechanical 

property. 

Since the phenomenon of adsorption is largely depend on 

surface area and the pore structure , a composite thin film of 

nanoclay/chitosan is expected to achieve good condition for 

the adsorption of the heavy metal ions from the groundwater   

Many attempts had been carried out in order to find the best 

film ratio of nanoclay/chitosan for enhancing the adsorption 

process, finally we found the composite films of highly 

percentage of the nanoclay such as  70:30, 75:25 and 80:20 

were better than the less other selective ratios.   

The percentage of the nanoclay more than 80% were brittle 

not a suitable to achieve good adsorption. 

We choice the composite 75:25 because it was the optimum 

composite ratio achieving the highest adsorption of heavy 

metal ions as Manganese at the different conditions of 

adsorption such as pH, contact time, temperature and initial 

concentration. 

3.4. ADSORPTION CALCULATION 
The amount of adsorption qe (mg/g) and the percentage of 

removal were calculated by the following equations [26]: 

qe =
V(Co˳ − Ce)

m
                                                          (1) 

 

Adsorption (%) 
( 𝐶𝑜-− 𝐶𝑒) 

𝐶𝑜
 × 100                               (2) 

Where C0 and Ce are the initial Mn(II) concentration and the 

concentration at equilibrium in mg/l, m is the mass of the 

adsorbent and V is the volume of solution. 

Two adsorption isotherms models have been used to analyze 

the adsorption data equilibrium models to fit the 

experimental data by two equations [27]:  

(i) Langmuir  

𝐶𝑒

𝑞𝑒
=

1

𝐾𝐿𝑏
+

𝐶𝑒

𝑏
                                                            (3) 

Where qe (mg/g) is the equilibrium adsorption capacity and 

Ce (mg/l) is the equilibrium concentration. While, KL (l/mg) 

and b (mg/g) are the Langmuir constants related to the 

sorption capacity and the adsorption energy, respectively. 

(ii) Freundlich 

log 𝑞𝑒 = log 𝐾𝑓 +
1

𝑛
log 𝐶𝑒                                           (4) 

While, KF (L/mg) is the Freundlich constant and 1/n is the 

heterogeneity factor. 

Adsorption kinetics is used to explain the adsorption 

mechanism and adsorption characteristics. The pseudo-first-

order and second-order kinetics equations [28, 29] in linear 

forms are expressed as: 

log(𝑞𝑒 − 𝑞𝑡) = log(𝑞𝑒) − (
𝑘1

2.303
)𝑡                       (5) 

t

qt
=

1

(k2qe
2)

+ (
1

qe
)  t                                               (6) 

Where qt and qe are the amounts of nano-composite material 

adsorbed at time t and at equilibrium, respectively; k1 and k2 

are the pseudo-first-order and second-order rate constants for 

the adsorption process. 

The thermodynamic parameters provide in-depth 

information on inherent energetic changes including Gibbs 

free energy change (ΔG°), enthalpy change (ΔH°), and 

entropy change (ΔS°) for the adsorption process which are 

obtained by the following equations [30, 31]: 

𝛥𝐺𝑜 =  −𝑅𝑇𝑙𝑛𝑏                                                         (7) 

𝑙𝑛𝑏 =  
𝛥𝑆𝑜

𝑅
−

𝛥𝐻𝑜

𝑅𝑇
                                                    (8) 

Where R is the ideal gas constant (kJ mol−1 K−1), T is the 

temperature (K), and b is a Langmuir constant related to the 

adsorption energy (from the Langmuir isotherm). 

3.4.1. Effect of starting solution pH on 

the removal of Mn(ΙΙ) 
The effect of starting solution pH on the removal % of 

Mn(II) from solutions with an initial concentrations of 80 

mg/L, on 0.25 g/L of adsorbent after 105 minutes is shown 

in Fig.(7). The data indicate that the amounts of Mn(II) 

adsorbed on the prepared clay/chitosan  composite material 

decrease with decreasing pH for a starting solution pH ≤ 5. 

These phenomenon can be explain by the presence of H+ 

ions in to the solution were competing with the Mn(ΙΙ) ions 

for active binding sites on the surface of the composite . 

http://www.ijsea.com/


International Journal of Science and Engineering Applications  

Volume 4 Issue 4, 2015, ISSN-2319-7560 (Online) 

 

www.ijsea.com  180 
 

Fewer binding sites were available for Mn(ΙΙ) cation to be 

adsorbed , in addition the most amine groups in chitosan 

become protonated NH+3 at lower pH which reduce the 

available binding sites for Mn(ΙΙ) ions. 

As Mn(ΙΙ) transported from the solution to the adsorbent the  

protonated amino groups inhibit the approach of Mn(ΙΙ) due 

to the electrostatic repulsion force exerted by NH+3 on the 

adsorbent surface[32]. 

When pH increase to 5.5 the amino groups become 

deprotonated hence it is free to interact and bind with Mn(ΙΙ) 

ions , however , pH range of 5 to 6 was optimum for Mn(ΙΙ) 

to be adsorbed by the nanoclay/chitosan composite film 

75:25, at pH higher than 6 the cumulative effect of 

adsorption and perception of the ions may be occurred. 

 

 

Fig.7: Effect of pH values on the adsorption capacity of Mn 

(II) at different temperatures onto Chitosan/Clay ratio 25:75 

(initial concentration of 80 mg/L, adsorbent dosage of 0.25 

g/L, stirring rate of 160rpm, contact time of 105 min). 

3.4.2. ADSORBENT MASS 
Different amounts of Chitosan/Clay composite materials 

(0.10, 0.15, 0.20, 0.25 , 0.30, 0.35 and 0.40 g/L) were added 

to a series of 100mL of manganese solutions with initial 

concentration of 80 mg/L at pH 5.5 and stirring rate of 160 

rpm for contact time 105min to reach the equilibrium. Then 

the aqueous samples were filtered, and the residual Mn(II) 

concentrations were analyzed by Spectrophotometer. The 

effect of the adsorbent mass on the Mn(II) adsorption in 80 

mg/L solutions is shown in Fig.(8) 

At all temperatures, the first removal percentage of Mn(II) 

decreased with increasing the composite dosage up to dose 

above 0.2 g/L [33]. 

 

Fig. 8: Effect of adsorbent mass on the adsorption capacity 

of Mn (II) at different temperatures onto Chitosan/Clay ratio 

of 25:75 (initial concentration of 80 mg/L, pH value of 5.5, 

stirring rate of 160rpm, contact time of 105 min). 

3.4.3. Initial Mn(II) concentration and 

adsorption isotherm 
The effect of different Mn(II) concentrations determined 

after experimental studies were carried out for a range of 

metal concentrations (20-80 mg/L). A definite dosage of 

Clay/Chitosan composite materials (0.25g/L) was added to a 

series of 100mL of Mn(II) solutions with the different initial 

concentrations of 20, 30, 40, 50, 60, 70 and 80 mg/L at pH 

5.5, and stirring rate at 160 rpm for contact time 105 min to 

reach the equilibrium. The removal of Mn(II) shown in 

Fig.(9) indicates that all ratios of Clay/Chitosan composite 

materials apparently remove a considerable amount of 

Mn(II) from the aqueous solutions. The adsorption 

efficiency for the composite ratio increases to a certain level 

(40 mg/L), and saturates beyond a certain concentration. 

Saturation resulted when no more metal ions could be 

adsorbed on the surface of the composites where the 

adsorption occurred. The removal with initial Mn(II) 

concentrations exhibit that the removal amounts are linearly 

proportional to the initial metal concentrations. However, the 

complete removal of Mn(II) was observed at initial 

concentration 20 mg/L at 308k and at initial concentrations 

20 and 30 mg/L at 318k. 

 

Fig. 9: Effect of initial Mn(II) concentration on the 

adsorption capacity at different temperatures onto 

Chitosan/Clay ratio of 5:75 (adsorbent dosage of 0.25g/L, 

pH value of 5.5, stirring rate of 160rpm, contact time of 105 

min). 
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For better understanding of the mechanism of manganese 

adsorption was illustrated by adsorption kinetics. When the 

pseudo-second-order model considers the rate-limiting step 

as the formation chemisorptive bond involving sharing or 

exchange of electrons between adsorbate and the adsorbent 
[34], the above results obtained consistently suggests that the  

rate-determining step may be chemical adsorption and the 

adsorption behavior may involve the valence forces through 

sharing electrons between the Mn(II) ions and adsorbents 

[35, 36]. 

3.4.4. Contact time and adsorption 

kinetics 
Fig.(10) shows the effect of contact time on the adsorption 

capacity of initial Mn(II) concentration (80 mg/L) onto 

Clay/Chitosan composite materials of ratio 75:25 (0.25 g/L) 

at pH 5.5, stirring rate of 160rpm and different temperatures, 

298, 308 and 318ko. The fast Mn(II) removal rate in the 

beginning (within the first 60 minutes) is attributed to the 

rapid diffusion of Mn(II) from the solution to the external 

surfaces of adsorbent. The subsequent slow adsorption 

process is attributed to the longer diffusion range of Mn(II) 

into the inner-layers of Clay/Chitosan composite materials. 

Such slow diffusion will lead to a slow increase in the 

adsorption curve at later stages.  

 From Fig. (10), the adsorption rate increased with increasing 

the temperature and the concentration gradients becomes 

reduced as the time proceeds, owing to the accumulation of 

more than 12.5 mg of Mn(II) adsorbed per gram of 

Clay/Chitosan composite surface sites of ratio 75:25 after 60 

min at temperature 318k, leading to the maximum adsorption 

capacity 17.92 mg/g after 105 min. 

The increase in the amount of Mn(ΙΙ) adsorbed at 

equilibrium with increasing the temperature may be due to 

the acceleration of some original slow adsorption steps or the 

creation of some active sites on the adsorbent surface. 

Increasing the temperature my also produce a swelling effect 

within the internal structure of the clay/chitosan composite, 

enabling a large number of Mn(ΙΙ) ions to penetrate in to the 

pores. The adsorption process may involve chemical bonds 

and ion exchange since the temperature is the main 

parameter effecting the above two process [37].  

 

Fig. 10: Effect of contact time on the adsorption capacity of 

Mn(II) at different temperatures onto Chitosan/Clay ratio of 

25:75 (initial concentration 80mg/l, pH 5.5, adsorbent mass 

0.25g/l, stirring rate 160rpm). 

3.5. Kinetic Isotherm 

3.5.1. Pseudo-first and pseudo-second-

order 
To evaluate the adsorption kinetics of Mn(II) ions on 

Clay/Chitosan composite, the pseudo-first-order and 

pseudo-second-order models (Equations 5 and 6) were 

applied to analyze the experimental data. The kinetic 

parameters were obtained from fitting results and presented 

in Table (1). From the fit curve shown in Figs (11, 12) and 

the relative coefficient, it can be seen that the pseudo-

second-order model fit the adsorption of Mn(II) onto 

Clay/Chitosan composite better than the pseudo-first-order 

model.  

In this study, as illustrated in Figs (11, 12), the slopes and 

intercepts of the plot of t versus log (qe − qt) and t/qt were 

used to determine the rate constants k1 and k2 and the 

equilibrium adsorption density qe of the pseudo-first-order 

and pseudo-second-order, respectively, Table (1). The 

correlation coefficient for the pseudo-first-order model of 

Clay/Chitosan ratio of 75:25 (R2= 0.942) was lower than that 

of the pseudo-second-order (R2=0.990) at 318kO, 

respectively. This suggests that the pseudo-first-order 

equation may not be sufficient to depict the kinetics of 

Mn(II) onto the Clay/Chitosan composites hence it appear 

that, the system under consideration is more appropriately 

described by pseudo-second-order mode which based on the 

assumption that the rate limiting step may be chemical 

sorption involving valancy forces through sharing or 

exchange of electrons between sorbent and sorbate[38] .  

 

Fig. 11: Adsorption kinetics of the pseudo-first-order model 

for the Mn(II) adsorption of Chitosan/Clay ratio of 25:75 at 

different temperatures (adsorbent dosage of 0.25g/L, pH 

value of 5.5, stirring rate of 160rpm, contact time of 

105min). 
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Fig.12: Adsorption kinetics of the pseudo-second-order 

model for the Mn(II) adsorption of Chitosan/Clay ratio of 

25:75 at different temperatures (adsorbent dosage of 

0.25g/L, pH value of 5.5, stirring rate of 160rpm, contact 

time of 105min). 

 

 

Table (1): Kinetic parameters of the pseudo-first- and 

pseudo-second-order models for the Mn(II) adsorption 

at different temperatures onto Clay/Chitosan ratio of 

75:25 (initial Mn(II) concentration 80mg/l, pH 5.5, 

adsorbent mass 0.25g/l, stirring rate 160rpm). 

 

Pseudo-first-order model 

 

 

T  (k) 

 

K1    (min-1) qe    (mg/g) R2 

298 4.15×10-3 25.2 0.958 

308 0.012 12.47 0.946 

318 0.014 12.26 0.942 

Pseudo-second-order model 

T  (k) 
K2 

(g-mg-1Lmin-1) 
qe  (mg/g) R2 

298 2.23×10-3 26.53 0.969 

308 1.99×10-3 17.24 0.985 

318 2.68×10-3 21.05 0.990 

 

 

3.5.2. Langmaur and Freudlich isotherm 

Adsorption isotherm models are usually used to describe the 

interaction between the adsorbent and the adsorbate at 

equilibrium state, The equilibrium data were analyzed using 

the Langmuir and Freundlich equilibrium models in order to 

obtain the best fitting isotherm (Equations 3 and 4). 

According to Fig.(13), KF and n are the Freundlich constants, 

which represent sorption capacity and sorption intensity, 

respectively and they can be evaluated from the intercept and 

slope of the linear plot of log qe versus log Ce and given in 

Table(2). While, from Fig.(14), a line was obtained as the 

values of b and kL can also be obtained by the slope and 

intercept of the line and given in Table(2).  

The isotherm models of Mn(II) removal were studied by 

different initial concentrations ranging from 20 to 80 mg/L 

at different temperatures, 298, 308 and 318kO, a pH of 5.5, 

adsorbent mass of 0.25 g and after 105 min. Table(2) 

summarizes the Langmuir and Freundlich constants and the 

calculated coefficients. The results show that the linear 

correlation coefficients for Langmuir models at higher 

temperature (318kO) onto Clay/Chitosan composite 

materials of ratio75:25was 0.994, while the correlation 

coefficients for Freundlich models was 0.778. The higher 

regression coefficient R2 for Langmuir model indicated that 

the Langmuir model fits the experimental data better than the 

Freundlich one. Moreover, the Langmuir constant b value, 

which is a measure of the monolayer adsorption capacity of 

the adsorbent, and the Langmuir constant, kL, which denotes 

adsorption energy, were found to be17.83mg/g and 0.9 L/mg 

respectively at temperature 318ko which are greater than the 

other value at temperature 298 or 308ko.  

 

. 

 

Fig. 13: Freundlich adsorption isotherm models for the 

removal of Mn(II) at different temperatures onto 

Chitosan/Clay ratio of 25:75 (adsorbent dosage of 0.25g/L, 

pH value of 5.5, stirring rate of 160rpm, contact time of 105 

min). 
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Fig. 14: Langmuir adsorption isotherm models for the 

removal of Mn(II) at different temperatures onto 

Chitosan/Clay ratio of 25:75 (adsorbent dosage of 0.25g/L, 

pH value of 5.5, stirring rate of 160rpm, contact time of 105 

min). 

 

Table (2): Isotherm parameters for Mn(II) removal at 

different temperatures onto Clay/Chitosan ratios of 

75:25 (adsorbent dosage of 0.25g/L, pH value of 5.5, 

stirring rate of 160rpm, contact time of 105 min).  

 

Langmuir isotherm model 

 

 

T  (k) 

 

KL (L/mg) b (mg/g) R2 

298 0.67 10.11 0.98 

308 0.59 13.46 0.997 

318 0.9 17.83 0.994 

Freundlich isotherm model 

 

T  (k) 

 

KF (mg/g) n R2 

298 4.81 6.4 0.9 

308 10.19 17.21 0.787 

318 14.55 22.73 0.778 

 

 

3.5.3. Temperature and thermodynamics 

All experiments in this study were carried out at different 

temperatures 298, 308, and 318ko. The thermodynamic 

parameters were calculated and the nature of the adsorption 

processes was determined at different temperatures and the 

adsorption capacity of Mn(II) for Clay/Chitosan composite 

increased with increasing the temperature.  

From equation 7 and Table (3), the negative values for the 

Gibbs free energy (𝛥Go) at higher temperature for 

Clay/Chitosan ratio of 75:25 were -7.60 kJmol−1. Showing 

that the adsorption process is’ 

 spontaneous and the degree of spontaneity of the reaction 

increased with the increase in the temperature and the value 

of ΔG° becomes more negative indicating that higher 

temperature facilitates the adsorption of Mn(II) on 

Chitosan/Clay composite due to a greater driving force of 

adsorption[39].  

Equation 8 represents the enthalpy (ΔH°) and the entropy 

(ΔS°) changes that were calculated from a plot of 𝑙𝑛 𝑏 (from 

the Langmuir isotherm) vs. 1/T, Fig.(15). The results of these 

thermodynamic calculations are shown in Table (3). The 

positive value of ΔH° suggests that the interaction of Mn(II) 

adsorbed by Clay/Chitosan composite is endothermic 

process. Table (3), also shows that the ΔS° value was 

positive which revealed the increased randomness at the 

solid–solution interface during the process of adsorption [39, 

40]. 

 

 Fig.(12):  Plot of the Langmuir isotherm constant (ln b) vs. 

temperature (1/T) of Clay/Chitosan ratio of 75:25 (The 

thermodynamic parameters in Table 3 are determined from 

this graph). 

 

   Table3: Thermodynamic constants for the Mn(II) 

adsorption onto Clay/Chitosan ratio of  75:25 at different  

temperatures (initial Mn(II) concentration 80mg/l, pH 5.5, 

adsorbent mass 0.25g/l, stirring rate 160rpm).  
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4. CONCLUSION 

Preparation and characterization of nano MMT/Chitosan 

with different percentage loading of the nanoparticles were 

examined using XRD and I.R. The XRD confirm the 

existence and the interaction of the nanoclay within chitosan 

confirming the structural changes occurred in the different 

composites. The I.R. gave an evidence for the structural 

changes due to the interaction through OH and amino 

groups. 

The adsorption process by nanoclay/chitosan composite is 

enhanced at certain condition as the weight ratio of the 

composite 75/25, pH = 5.5, the adsorbent mass about 0.25 

g/L, the Mn(ΙΙ) concentration 80 g/L and equilibrium contact 

time 105 min. 

The kinetic isotherm referred to the pseudo-second-order 

model 

The adsorption isotherm followed Langmuir model. 

The calculated thermodynamics data indicated that the 

adsorption process is spontaneous and endothermic. 

Accordingly the prepared composite system of material are 

very promising of removing Mn(ΙΙ) from aqueous solution . 

The adsorption is available tool for controlling the level of 

Mn(ΙΙ) pollution. The utilizing of low cost adsorbents for 

treatment of groundwater containing metal ions is helpful as 

simple, effective and economical.   
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