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Abstract 

A natural chitosan and its modified chitosan film were prepared, characterized( by means of 

FTIR, XRD analysis, TGA analysis SEM analysis and elemental analysis)   and successfully 

applied in the removal of calcium (II) and magnesium (II) ions from aqueous real samples. 

While the metal cation was detected using ICP-OES, Various factors affecting the uptake 

behavior such as pH (2-9), contact time and effect of temperature (20 – 40 C ) were studied. 

The adsorption process was relatively fast and equilibrium was established after about 4 h. 

The optimum initial pH was 3.0 at a temperature 30C. Under the optimized conditions, the 

removal of calcium (II) and magnesium (II) ions from a real samples of Taif and Khorma 

rejoin was applied and the removal efficiency reached to nearly 60%. 

 

Keywords: Chitosan ; calcium and magnesium ions (II) ions removal; X-ray photoelectron  

spectroscopy (XPS); Fourier transform infrared spectroscopy (FT-IR); SEM-EDS; Thermal 

gravimetric analysis( TGA ); ICP-OES,. 

 

 

Introduction 

Unanimously water is accepted as main source of our nourishment, ultimately an elixir 

to us. United Nations has declared 2005 to 2015 as ―decade of water for life‖. Globally, about 

two billion citizens are facing with the problem of scarcity of drinking water [1].  

The explosive growth of the world's human population and subsequent water and 

energy demands have led to an expansion of standing surface water [2]. Nowadays, the 

concern about contamination of aquatic environments has increased, especially when water is 

used for human consumption. About one billion people do not have healthy drinking water. 

More than six million people (about two million children) die because of diarrhea which is 

caused by polluted water [3]. The primary sources of water supply in the Arab countries are 

surface waters and groundwater (deep wells).Groundwater often has high levels of hardness, 

which is caused by a variety of dissolved multivalent metallic ions, predominantly calcium 

and magnesium [4-6[. Hard water often produces a noticeable deposit of precipitate– scaling, 
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especially in hot water pipes, heaters, boilers, kitchens, bathtubs, and other units [7,8]. 

Therefore, prior to residential distribution and consumption, hardness concentration should be 

reduced and hard water should be softened. Two major methods are typically used to remove 

hardness: lime soda softening and ion exchange softening. Lime soda softening is used 

mostly for municipal purposes; it employs chemical precipitation, in which lime is added to 

hard water to precipitate calcium ions as calcium carbonate and magnesium ions as 

magnesium hydroxide [9]. The primary drawbacks of the lime soda method include the 

production of a large volume of sludge that requires post-treatment; excessive use of 

chemicals such as lime, lime soda ash, and caustic soda; and the addition of acids for pH 

adjustment, which increases operating expenses [10].The ion exchange process is primarily 

employed for residential water softening. The softening system consists of salt-saturated 

(e.g., sodium chloride) resin beads and a brine tank to regenerate the resin bed; in this 

process, each divalent hardness ion (Ca
2+

 or Mg
2+

) in the water is replaced by two sodium 

ions, thereby softening the water [11]. Experimental studies have found the sodium level in 

softened water was 2.5 times (mean sodium concentration 296 mg/L) higher than municipal 

water [12]. Sodium is an essential mineral, however, excess consumption may be harmful 

[13,14] and contribute to major health issues such as stroke, hypertension, and high blood 

pressure [15,16], especially for individuals on a sodium-restricted diet [13]. Other residential 

water softening methods include distillation, nanofiltration, electrodialysis, carbon nanotubes, 

capacitive deionization, and reverse osmosis, which consume a large amount of energy, and 

operation and maintenance of these systems can be expensive [17–22]. To avoid introducing 

additional salts such as sodium into drinking water during the softening process, saltless 

water softening technologies must be developed as an alternative to the ion exchange process. 

Environmental Protection Agency (EPA) methods can be used to remove water hardness but 

such traditional methods used may be undesirable environmentally because of their negative 

effects on the environment, as well as they do not offer the best solution and complete to the 

problem of getting rid of indigestion water. So there is a great need to find and develop 

practical ways appropriate, safe, and economical environmental friendly to address water 

hardness. The implication is that much of the water cannot be used without a form of 

treatment. This situation brings to the fore the needed impetus to focus on the challenges 

inherent in hydro management, especially in developing countries where discharge of 

effluents is common [23]. Access to safe drinking water is important as a health and 

development issue at a national, regional and local level. In some regions, it has been shown 

that investments in water supply and sanitation can yield a net economic benefit, since the 

reductions in adverse health effects and health care costs outweigh the costs of undertaking 

the interventions [24].  

A number of studies have pointed out that the introduction of natural coagulants as a 

substitute for metal salts may ease the problems associated with chemical coagulants.Natural 

macro-molecular coagulants are promising and have attracted the attention of many 

researchers because of their abundant source, low price, multipurposeness and biodegradation 

[25-27]. Okra, rice and Chitin are natural compounds which have been used in turbidity 

removal [28-30]. 

In recent years, chitosan has been applied in water treatment [31]. Chitosan and its 

derivatives are examples of value-added materials. They are produced from chitin, which is a 
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natural carbohydrate polymer found in the skeleton of crustaceans, such as crab, shrimp and 

lobster, as well as in the exoskeleton of marine zooplankton spp., including coral and 

jellyfishes [32, 33]. Chitin (Scheme 1), a homopolymer of 2-acetamido-2-deoxy-D-glucose 

(N- acetylglucosamine) residues linked by ß-(1-4) bonds, is a common constituent of insect 

exoskeletons, shells of crustaceans and fungal cell walls [34].  

 
Scheme 1: Structure of Chitin 

Chitosan (Scheme 2) is a polymer obtained from deacetylation of chitin, is a cationic 

polysaccharide with linear chain consisting of β-(1,4)-linked 2-acetamino-2-deoxy-β-

Dglucopyranose and 2-amino-2-deoxy-β-D-glucopyranose [35]. Chitosan are used in dietary 

supplements, water treatment, food preservation, agriculture, cosmetics, pulp & paper and 

medicinal application [36]. There has been a large increase in chitosan research during the 

past decade. This is due to its biocompability, biodegradability, non-toxicity, and other 

unique properties such as film forming ability, chelation and adsorption properties and 

antimicrobial activity [37]. The functional properties of chitosan are reported to be dependent 

on its molecular weight or viscosity [38]. Earlier investigations demonstrated that chitosans 

with higher molecular weight (or viscosity) were more effective as food preservatives than 

those with lower molecular weight [39]. Due to its polycationic nature, chitosan can be used 

as flocculating agent and act as chelating agent and heavy metal trapper [36]. Chitosan has 

antibacterial activity [40] which can be prepared in the form of film or hydro-gel [41], [42] to 

be used in burn and wound dressing and also for fabricating suturing threads [43]. Zahed 

Hossain et al. reported [44] the preparation of chitin from shrimp shells and the common 

procedure for isolating chitin from shrimp shell involves demineralization, deproteinization 

and decoloration. Industrially, chitosan are normally prepared by alkaline de-N-acetylation of 

chitin [45]. 

 
Scheme 2 : Structure of Chitosan 

The typical production of chitosan from crustacean shell generally consists of four basic 

steps: demineralization, deproteinization, decoloration and deacetylation [38]. Due to its 

simplicity, relative instrument availability, and independence of sample solubility, IR 

spectroscopy is one of the most studied methods for characteristics of chitin and chitosan 

[46]. The distinction of chitin and chitosan is somewhat blurred ; some maintain that chitin 

that is more than 50 per cent deacetylated is chitosan, whereas others define chitosan as 
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soluble in 1 % acetic acid, chitin being insoluble [47]. About 30-40% by weight, shrimp raw 

material is discarded as waste when processed shrimp is headless, shell on products [48].  

 

So, in this study it has become imperative to use modern techniques to measure the 

effectiveness of these materials in removing calcium and magnesium ions. It also must 

determine the ability of these materials prepared on chelation and extraction of calcium and 

magnesium ions, and access to optimal conditions that raise their efficiency to remove water 

hardness. It has become necessary to measure the proportion of these elements in the salt 

water under study for possible processing those materials prepared and access to the 

international safe limits for use. 

 

2.Materials and methods 

2.1.Materials 

Shrimps shell waste material was collected from local market of Taif. All  chemicals used  in 

our experiment were of analytical grade. and were used in the experiment without further 

purification . Distilled water was used throughout the process. 

      

2.2.Preparation of chitosan 

The shrimp shells obtained from the local market of Taif. shown in Fig. 3a were first 

suspended in 4 % HCl at room temperature in the ratio of 1:14 (w/v) for 36 h. This causes the 

Demineralization of shells after which they were washed with water to remove acid and 

calcium chloride. Deproteinization of shells was done by treating the demineralized shells 

with 5 % NaOH at 90ºC for 24 h with a solvent to solid ratio of 12:1 (v/w). After the 

incubation time the shells were washed to neutrality in running tap water and sun dried. The 

product obtained was chitin. Chitosan preparation involves the deacetlyation of the obtained 

chitin [49]. Deacetylation of chitin involves the removal of acetyl groups from chitin and that 

was done by employing 70 % NaOH solution with a solid to solvent ratio of 1:14 (w/v) and 

incubated at room temperature for 72 h. Stirring is mandatory to obtain a homogenous 

reaction as shown in Fig. 3a–c. The residue obtained after 72 h was washed with running tap 

water to neutrality and rinsed with deionized water. It was then filtered, sun dried and finely 

grinded shown in Fig. 4a. The resultant whitish flakes obtained after grinding are chitosan. 

 

  

Fig.3: Flasks showing shrimp shells during , a demineralization,  b deprotienization, and 

, c    deacetylation steps 
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Fig. 4: Prepared chitosan a before grinding and b chitosan flakes after grinding 

 

2.2.Preparation of chitosan film 

Chitosan powder was dried in the oven until a constant weight was observed. Then 5 g 

of chitosan was dissolved in 250 mL of 0.8% acetic acid followed by mild stirring and 

heating at about 45 
◦
C overnight to form 20 g L

−1
. chitosan solution (pH 3.48). The solution 

was then filtered to remove dust and other traces of impurities and was used as a stock 

solution. The stock solution was then diluted with the acid to a range of concentrations 

between 1- 2 and 20 g L
−1

 . Air bubbles were eliminated by keeping the solutions at room 

temperature for 2 h. 

The prepared clear solution was cast onto polystyrene petri dishes for film formation, 

and then dried in the oven at 60 ◦C for 48 h. The obtained films were peeled off gently, and 

were further dried by keeping in a desiccator (with silica gel desiccant under vacuum) until 

use. All films obtained were transparent and free from air bubbles. The film thickness was 

about 0.078 mm measured with a digital micrometer. 

 

2.3.Characterization of sample 

Determination of moisture content. Moisture content was determined by employing the 

gravimetric method (Black 1965). The water mass was determined by drying the sample to 

constant weight and measuring the sample after and before drying. The water mass (or 

weight) was the difference between the weights of the wet and oven dry samples. Then 

moisture content was calculated using the following relationship: 

 

                                      (Wet weight, g – dry weight, g) x 100 

% of moisture content = ------------------------------------------------- 

                                                              Wet weight, g 

 

   Determination of chitosan yield. Yield was determined by taking the dry weight of shrimp 

shells before treatment and the dry weight of prepared chitosan. 

 

 

Determination of ash content .The ash content of the prepared chitin and chitosan was 

determined by placing 0.5g of sample into previously ignited, cooled, and tarred crucible. 

The samples were heated in a muffle furnace preheated to 600 ºC for 6 h. The crucibles were 
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allowed to cool in the furnace to less than 200 ºC and then placed into desiccators with a 

vented top. Crucible and ash was weighed[50].  

 

                         (Weight of residue, g) X 100 

% Ash =           ------------------------------------- 

                           (Sample weight, g) 

 

     Determination of solubility.The solubility of prepared chitosan was determined by taking 

0.25g of chitosan and then adding 250 ml of water and the same method was followed with 1-

2 % acetic acid solution. 

 

 Elemental analysis.  (Vario El Elementar Instrument, Germany) was used to   determine the 

contents of carbon, hydrogen and nitrogen elements in chitin and prepared    chitosan.  

 

FTIR analysis .The samples of prepared chitosan and chitosan film were characterized in KBr 

pellets by using an infrared spectrophotometer in the range of 400–4,000 cm
-1

. 

 

Degree of deacetylation .The DD of chitosan was determined using a Fourier Transform Infra 

Red (FTIR) instrument with frequency of 4,000–400 cm
-1

. The following equation[51] was 

used, where the absorbance at A1660 and A3450 cm
-1

 are the absolute heights of absorption 

bands of amide and hydroxyl groups, respectively. 

 

                                  ( A1660 cm
-1

 / A3450 cm
-1

) x100 

DD =     100 -     -----------------------------------                                                                                                                     

                            1.33 

The factor ‗1.33‘ denoted the value of the ratio of A1660/A3450 for fully N acetylated        

chitosan. 

 

      XRD analysis. The prepared chitosan and chitosan film were characterized by X-ray 

diffraction (XRD) technique using an X-ray diffractometer (Bruker Germany, D8 Advance, 

2.2 KW Cu Anode, (Ceramic X-ray) with CuKa radiation (k = 1.5406 A°). 

 

TGA analysis. TGA (thermal gravimetric analysis) was used to evaluate the thermal stability 

and to determine the decomposition temperature of prepared chitosan and chitosan film. 

Thermogravimetric measurements were made using a Mettler-Toledo thermogravimetric 

analyzer model TGA/SDTA851e. The temperature range studied was 50-1000 
◦
C at a heating 

rate of 10 
◦
C/min under a nitrogen atmosphere. The mass of the sample pan was continuously 

recorded as a function of temperature. 

 

SEM analysis. Chitosan prepared from shrimp shell waste was examined by scanning 

electron microscopy     (SEM) having a magnification range of 5,000 and accelerating voltage 

20 kV. 

 

 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

Avalable online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 477 
 

    2.4.Metal ion uptake experiments using batch method Instrumentation .  

 

The calcium and magnisium ions determination was carried out using a Perkin-Elmer 

(Optima 2100 DV, Norwalk, CT, USA) inductively coupled plasma atomic emission 

spectrometer (ICP-AES) instrument connected with an AS 93 Plus auto-sampler. The 40-

MHz free-running generator was operated at a forward power of 1300 W; the outer, 

intermediate and Ar carrier gas flow rates were 15.0, 0.2 and 0.8 L/min, respectively. The 

pump flow rate was 1.5 ml/min. The carrier gas flow rate was optimized to obtain maximum 

signal-to-background ratios HANNA pH-meter was used to measure the pH after calibration 

with standard pH tablets of pH 4, 7, and 9. 

 

   Metal detection. The calcium and magnisium metal was analyzed using ICP-OES under 

optimized plasma condition. Using the auto-sampler, the measured samples were nebulized 

downstream to the plasma and the concentrations were automatically determined using the 

standard calibration graph. The system was adjusted to measure the samples in triplicates and 

the relative standard deviation was automatically calculated. The RSD was < 2 % and the 

correlation coefficient was > 0.99998. 

 

      Effect of pH .Uptake experiments were performed at controlled pH and at room 

temperature by shaking 0.05 g of dry chitosan with 10 mL  metal ion solutions of different 

pH values (2-9) for 4 h at 150 rpm. The  buffer solutions used for  adjusting the pH of the 

medium were KCl/ HCl(pH1,2 and 3) which was not a buffer system ,but it was successfully 

used to adjust the pH in many of the pervious reports  [52,53] . 0.1M HCl and 0.1M 

potassium hydrogen phthalate (KHPh) for Ph range (3 ,4) 0.1 M potassium hydrogen 

phthalate (KHPh) and 0.1 NaOH for  pH range (5.0 – 7.0) . 

 

   Effect of temperature . Uptake experiments were performed at controlled pH and at room 

temperature by shaking 0.05 g of dry chitosan  in a series of flasks containing with 10 mL  

metal ion solutions at pH 3. The flasks were agitated on a shaker at 150 rpm for 4 h while 

keeping the temperature at 20 , 25 , 30 and  40 C. After adsorption, solution was filtered and 

the residual concentration of the metal ions was determined. 

 

Effect of time.Measurements of metal ion uptake using batch method were conducted by 

placing 0.25g of the prepared chitosan  in a series of stopper conical flasks containing 50 ml 

of calcium and magnisium metal ion  solutions at pH 3. The contents of the flasks were 

agitated on a shaker at 150 rpm and 30 C for 4 h. samples were taken at time intervals for the 

analysis of residual metal concentration in solution.  

 

In all batch sorption studies, the percentage of metal ion removal was evaluated from 

the equation [42]: 

% Removal = (C0 - Ce) 100/ C0   ………..(1) 

 Where, C0 is the initial metal ion concentration and Ce is the metal ion concentration 

at equilibrium. 
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Real samples applications. Aliquots of  collected from Taif City (sample 1) and khorma 

City(sample 2)  were used as real samples in this study. Under the optimized conditions of 

the adsorption behavior of the prepared chitosan and chitosan film towards calcium and 

magnisium ions mentioned above, the calcium and magnisium content of the tested real 

samples were treated with prepared chitosan and chitosan film similarly to the previous 

reported procedures. The calcium and magnisium concentration of the samples was measured 

before and after treatment. The removal percent was then calculated similarly 

 

3. Results and discussion 

3.1. Characterization of the prepared chitosan and its film  

 

Moisture content . The moisture content of chitin and chitosan obtained from shrimp shells 

was measured to be 5.5 % as shown in Tables 1 and 2, Although Li et al.[55] reported that 

commercial chitosan products may contain less than10 % moisture content. 

 

Yield .The prepared chitosan had a percentage yield of 23 % as shown in Table 2.  

 

Ash content . The prepared chitin and chitosan had an ash content of 8.06% and 2.34 % as 

shown in Table 1 and 2, which when compared to commercial chitosan which had an ash 

content of 2 % shows that the chitosan prepared had a standard percentage of ash content 

which can be used for commercial applications, as the ash content in chitosan is an important 

parameter that affects its solubility, viscosity and also other important characteristics. 

 

Solubility . The prepared chitosan from shrimp shells waste was found to be soluble in 1-2 % 

acetic acid solution and partially soluble in water as shown in Table 2. 

 

Table 1: Composition of fresh shrimp shells, and chitin. 

 

Parameter  value  

Moisture content (%) of wastes 75.9  

Ash content (%) of wastes 20.9  

Ash content (%) of chitin 8.06 

N% of chitin 5.3 

C% of chitin 47.29 

H% of chitin 6.1 
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Table 2: Physicochemical and functional properties of chitosan 

 

Parameter Value 

Ash (%) of wastes 20.9  

Ash (%) of chitin 8.06 

Yield(%) 23 

Moisture(%) 5.5 

Ash(%) of chitosan 2.34 

DD(%) 74.98 

Solubility 1-2% CH3COOH 

pH 3.48 

N% 6.8 

C% 38.93 

H% 6.95 

 

Degree of deacetylation. In the present study DD of the prepared chitosan was found to 

be 74.98 % (Table 2). It is an important parameter that influences other properties like 

solubility, chemical reactivity and biodegradability. DD of the commercially available 

chitosan has values that range between 75 and 85 %. The value of DD depends on various 

factors such as the source and procedure of preparation and the values ranges from 30 to 95 

% [56] and also on the type of analytical methods employed, sample preparation, type of 

instruments used, and other conditions may also influence the analysis of DD [57].  

 

FTIR analysis. The structure of the prepared chitosan was confirmed by FTIR analysis. 

The spectra of chitosan shows a broad absorption band in the region of 3,450 cm
-1

 that 

corresponds to OH stretching vibrations of water and hydroxyls and NH stretching vibrations 

of free amino groups as shown in Fig.1 . The band observed at 2,924 and 2,852 cm
-

1
corresponds to asymmetric stretching of CH3  and CH2 in the prepared chitosan [58]. The 

intensive peak around 1,629 cm
-1

 corresponds to bending vibration of NH2 which is a 

characteristic feature of chitosan polysaccharide and also indicates the occurrence of 

deacetylation[59].  

 
Fig. 1: FTIR of prepared chitosan (a) and chitosan film (b). 
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XRD analysis. The XRD pattern of chitosan prepared from shrimp shells waste 

illustrates two characteristic broad diffraction peaks at (2θ) = 10º and 20º that are typical 

fingerprints of semicrystalline chitosan as shown in Fig. 2 [60]. The XRD pattern of chitosan 

prepared film shows similar peaks as shown in Fig. 3. The peaks around 2θ = 10º and 2θ = 20 

º are related to crystal I and crystal II in chitosan structure[61,62] and both these peaks 

attributes a high degree of crystallinity to the prepared chitosan [63] as shown in Fig. 2. 

 

 
Fig. 2:  XRD patterns of chitosan prepared from shrimp shells waste 

 

 
 

Fig. 3:  XRD patterns of chitosan film  

 

TGA analysis.Figure 4 (a,b) shows  the results of thermogravimetric analysis of 

prepared chitosan and chitosan film. Three weight losses are observed in the TGA curves. 

The first stage started at 95 ◦C and shows about 5.5 - 7.7% loss in weight. This is thought to 

be due to moisture vaporization. The second weight loss begins at about 320-340 ◦C and the 

corresponding weight loss of about 39.7-42% is attributed to the decomposition of chitosan 

and chitosan film. The total weight loss of the sample at about 320-720 ◦C is about 50%. Data 

shows that the prepared chitosan (a) is more stable than the chitosan film (b). 
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Fig. 4 TGA (a) of prepared chitosan (b) chitosan film. 

 

SEM analysis.The SEM micrograph illustrates the morphology of the prepared chitosan 

from shrimp shells. The micrographs showed non-homogenous and non-smooth surface with 

straps and shrinkage as shown in Fig. 5. 

 

 

         
    

Fig. 5 SEM of chitosan film 

 

3.2. Metal ion uptake studies . Table 3 included average concentrations of total 

hardness,calcium and magnesium ions for water collected from Taif City (sample 1) and 

khorma City(sample 2) compared to the standards and WHO guidelines for drinking water.  

 

 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

Avalable online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 482 
 

Table 3: Parameters indicating quality of  real water collected from Taif City (sample 1) and khorma 

City(sample 2) compared to the standards and WHO guidelines for drinking water. 

 

 Parameters Units Sample Results Standards 

Sample1 Sample 2 

pH  8 8 6.5 – 8.5 

Turbidity NTU 0.1 0.4 1 

Odor  Odorless Odorless Odorless 

Color Co/Pt Unite Colorless Colorless Colorless 

Total Dissolved Solid mg/L 753 838 1000 

Total Suspended Solid mg/L 3 8 ≤500 

Total Hardness (as CaCO3) mg/L 348 300 500 

Calcium Hardness (as CaCO3) mg/L 264 196 350 

Magnesium Hardness (as CaCO3) mg/L 84 104 150 

Calcium mg/L 105.6 78.4 125 

Magnesium mg/L 26.2 25 125 

Fluoride mg/L 0.48 0.17 0.8 

Biological Oxygen Demand (BOD) mg/L 4.3 2.4 6 

Chemical Oxygen Demand (COD) mg/L 6 4.5 10 

 

3.2.1. Effect of pH .  

The effect of pH of the metal ion test solution is an important parameter for adsorption 

of metal ions because it affects the solubility of the metal ions, concentration of the counter 

ions, on the functional groups of the adsorbent and the degree of ionization of the adsorbent 

[63]. To examine the   effect of pH on metal ion removal efficiency, the pH was varied from 

2.0 to 9.0 for calcium and magnesium ions (II) and the pH of the solutions was adjusted to 

different values using suitable buffers .As shown in Figs.(6,7) the uptake of calcium and 

magnesium ions (II) depends greatly on pH, where optimal metal   removal efficiency. The 

concentrations of calcium and magnesium (II) in the different solutions were properly 

determined directly before and after shaking the mixture for 4 h. The results obtained are 

presented in Figs. (6,7).  It is clear that the highest uptake capacity was achieved at lower pH 

value . this may be attributed to the functional free (-NH2) groups  which are considered as 

active sites for the adsorption of maximum adsorption of calcium and magnesium ions (II) .  

Above pH 3 ,there is a decrease in the uptake value as pH increase . This behavior can 

be explained on the basis of the lower extent of protonation of amino group with rising pH . 
 . 

 
Fig.6:Effect of pH on treated Taif water 
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Fig.7: Effect of pH on treated Khorma water 

 

 

3.2.2. Effect of temperature 

  Figs. (8,9) shows that ,the uptake of calcium and magnesium ions (II) increases with 

the increase of temperature to reach a maximum uptake at 30 
0
C . This high uptake value may 

be attributed to increasing the number of active sites of chitosan available for interaction with 

metal ions with rising the temperature of the medium.   

 

 
 

Fig. 8 : Effect of Temperature on treated Taif water 

 
Fig. 9 : Effect of Temperature on treated Khorma water 
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3.2.3. Effect of time  

 The effect of contact time on the rate of metal ions uptake onto chitosan and chitosan 

film was represented in Figs. 10,11. As can be seen, at the beginning of adsorption, the values 

of % removal increased steadily, and then after 4 hour in case of Taif sample and 6 hour in 

case of Khorma sample, the change turned very slow., After about 4 h. and 6 h. respectively, 

the adsorption quantity of the metal ion showed nearly no change and is observed that there is 

a nearly steady stat after these optimum times  . Thus, the adsorption of the metal ion on 

chitosan  was speedy.. This behavior gives away a slow approach to equilibrium. The nature 

of adsorbent and its available sorption sites affected the time needed to reach the 

equilibrium[64,65].  

 

 
Fig. 10: Effect of Time on treated Taif water 

 

 
 

Fig. 11 : Effect of Time on treated Khorma water 

 

4. Conclusion  

 In conclusion, A natural chitosan and its modified chitosan film were 

prepared, characterized( by means of FTIR,
 
XRD

 
analysis, TGA analysis SEM 

analysis 
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and elemental analysis)  and successfully applied in the removal of real samples 

using ICP-OES . The results include studying the various factors affecting the 

uptake behavior in order to select the optimum condition for the removal of 

calcium and magnesium ions (II) ions from a real samples of Taif and Khorma rejoin 

and we find that the removal efficiency reached to nearly 60%.  
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