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The removal of toxic heavy metals from aqueous environment has 

received considerable attention in recent years due to their toxicity 
which may cause damage to various systems of the human body. 

Currently activated carbon is a common adsorbent used to remove 

heavy metals contaminants. The main object of this study was the use 

of an activated carbon prepared from nuts of dates Algerian origin to 

remove silver from aqueous solutions. The adsorption measurement 

of silver on activated carbon showed a real potential for removing 

this metal contaminants waste. The result showed also that the 

determination of silver remained dependent on some parameters such 

as pH, time contact, temperature and initial concentration of metal. 

Adsorption data followed Freundlich isotherm, they were better 

fitted by Langmuir isotherm. 
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Introduction:-  
For humans, heavy metals can cause the degeneration of living cells and to tackle the various organs, they play the 

role of endocrine disruptors with excellence. Their accumulation in the body can disrupt its internal organization and 

cause pathologies affecting their physical, mental and even genetic integrity. They also can be absorbed by marine 

animals and directly enter the human food chains, thus presenting a high health risk to consumers [1 - 4]. It is 

therefore understandable that every vital function of man is endangered by the presence of toxic heavy metals in the 

environment. 

 

Silver is toxic in high doses. Argyria, generally therapeutic origin can expand to daily doses of 0.5 mg. It results in 
digestive disorders, gingival and stroked a whitish gray discoloration of the skin by forming colloidal silver chloride 

starting from a concentration of 0.015 mg/l. This discoloration is dominant on the face, discoveries and on angles 

regions. The doses without adverse effects observed for argyria corresponds to 10 g of silver at all throughout life. 

With regard to aquatic life, concentrations as low as 10 mg/l may cause toxic effects in freshwater fish. 

 

Several methods are commonly used for the treatment of heavy metals, such as adsorption, chemical precipitation, 

coagulation, flocculation, extraction and reverse osmosis [5 - 9]. Most of these process need high capital cost [10]. 

They have great disadvantage by operating in a succession of steps of heterogeneous reactions, or distribution of 
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substances between different phases, which usually requires a lengthy operating period. Moreover, the final metal 

recovery requires additional treatments, which complicate the process. 

 

Adsorption has been shown to be an economical alternative for removing trace of metals from water. Among the 

numerous materials applied in adsorption processes, activated carbons, primarily due to their low cost and high 

adsorption ability, are still the most widely used materials for adsorption of impurities [11]. 
 

Basically, there are two different processes for the preparation of activated carbon: physical activation and chemical 

activation. In chemical activation, the precursor is mixed with a chemical agent and then pyrolyzed between 673 and 

873 K in the absence of air [4]. 

 

Among the numerous dehydrating agents, phosphoric acid in particular is the widely used chemical agent in the 

preparation of activated carbons [11, 12]. 

 

The aim of this work was to evaluate the feasibility of using activated carbon prepared from an Algerian dates stones 

of Phoenix dactylifera.L (Ghars variety) cultivated in Ouargla region situated in the south of Algeria for the removal 

of Ag (I) from aqueous solution. The influence of experimental conditions such as pH, contact time, initial metal 

concentration and solution temperature were studies. 

 

Materials and methods:- 
The tests stock solutions were prepared by dissolving silver nitrate AgNO3 in distilled water. The pH of the test 

solutions was adjusted using hydrochloric acid (0.1M) or sodium hydroxide (0.1M) [5]. 

 

Materials:- 
The pH measurements were made using a pH meter (Hanna 4221).The silver concentrations in the sample were 
determined using atomic adsorption spectrophotometer (Thermoelectron corporation). During adsorption tests, a 

shaker (flask) was used. A furnace (Select-Horn) was utilized in the preparation of activated carbon. The other 

equipments used in the characterization of adsorbent are being listed in the next section. 

 

Preparation and characterization of adsorbent:- 
The starting material for the preparation of activated carbon was the dates stones of Phoenix dactylifera. L (Ghars 

variety) (Ouargla, Algeria), a waste agricultural product. Phosphoric acid was used for chemical activation. A ratio 

of (1:1.5) (w/w) powdered raw material and acid was prepared before distilled water was added in order to remove the 

impurities. Then, After 2 hours, the precursor was dried at 105°C and heated to 450°C. It was washed with distilled 

water, dried, and sieved to desired particle size [5, 13, 14]. 

 

The surface area and pore size of the adsorbent were measured by means of a nova surface area analyzer using a 
Brunauer–Emmett–Teller (BET) nitrogen adsorption technique. The average pore size and total pore volume were 

also determined in the same way. Table 1 displays the characteristics of adsorbent. 

                                                 

Table 1:- Characteristics of activated carbon. 

Physical properties Activated carbon 

BET surface area (m
2
/g) 54.93 

Average pore radius (nm) 1.13 

Total pore volume (cm
3
/g) 1.55 10

-2
 

Porosity (%) 70 

True density (g/cm
3
) 0,45 

Particle density (g/cm
3
) 0,51 

 

Adsorption experiments:- 

The stock monovalent cation solution (Ag+) was prepared by dissolving silver nitrate in bi-distilled water at 1000 mg/l. 

Working solutions were prepared by diluting different volumes of stock solution to achieve the desired concentration. 
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In the batch studies, 0.1 g of the adsorbent was placed in a flask containing 20 ml of a silver solution with the 

desired concentration. The flask was continuously shaken (50 rpm) at a desired temperature and pH range   

(2–10). At the end of each step, the supernatant liquids were filtered and the Ag (I) concentrations were determined 

using an atomic adsorption spectrophotometer. The contact time was determined as the time required for the 

concentration of the silver in the solution to reach equilibrium (1h). The amount of metal adsorbed by the solid (q) 

and the percent of metal removal were calculated using the following equations: 

  

q = (C0 – Ce)V/m     

Metal ions removal (%) = (C0 – Ce)100/ C0 

 

Where C0 is the initial concentration of Ag (I) (mg/l), Ce is the concentration of Ag (I) at equilibrium adsorption   

(mg/l), V is the volume of solution (l) and m is the mass of adsorbent (g).  

 

The effect of temperature ranging from 25 to 60°C was also studied. During the tests, the pH was adjusted to 2 and 

the contact time was set at 1h. The effect of pH (2 – 10) and the initial concentration of metal (5–50 mg/l) was also 

examined in order to determine its influence on the adsorption rate and also to obtain the adsorption isotherm. The 

shaking speed (50 rpm), the amount of adsorbent (0.1g), the contact time (1h), the pH = 2, and the temperature of 

25°C were kept constant. 

 

Results and Discussion:- 
Effect of pH:- 
The removal of metal ions from aqueous solution by adsorption is highly dependent on the pH of the solution, which 

affects the surface charge on the adsorbent and the degree of ionization of metal [4]. 

 
To check the effect of pH on Ag (I) adsorption using activated carbon prepared from dates stones as adsorbent, 

experiments were conducted by varying pH from 2 to 10 with an initial concentration of 50 mg/l. The results 

obtained for adsorbent are shown in Figure 1. 

 

 
Fig. 1:- Effect of pH on the removal of Ag (I). 

  

The best adsorption money rates are obtained at pH values of extreme or strongly acidic (pH = 2) or 

highly basic (pH = 10), they reach a maximum of 94.66 % at pH 02 or 9.45 mg/g. Decr easing the 

adsorption of silver in the pH domain ranging from 05 to 06 is probably due to complex surface 

phenomena. So, we can note that the optimal pH = 2.  

 

Effect of contact time:- 
The effect of the contact time on the adsorption Ag (I) by activated carbon is shown in figure 2. These data 
have been obtained from starting adsorbent and working solution without any pH adjustment (pH = 2). The 

results showed that increasing the contact time increased the ions adsor ption and then leveled up after 1h. 

 

Consequently, the contact time was set to 1h in each experiment. The amount of adsorbed silver by activated 

carbon from an initial concentration of 50 mg/l after 1h was 9.80 mg/g. 
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           Fig. 2:- Effect of the contact time on the removal of Ag (I). 

Effect of temperature:- 
To investigate the effect of the temperature (25, 35, 45 and 60 °C) on the Ag (I) adsorption, the experiments were 

conducted with constant concentration of Ag (I) (50 mg/l), pH = 2, amount of activated carbon (0.1 g) and contact 

time (1h). The results are given in figure 3. 

 

As can be seen from this figure, the adsorbed amount of Ag (I) ions decrease when increasing temperature from 

25 to 60 °C. 

 

The observed decrease in the adsorption capacity with an increase of temperature indicated that low temperature is in 
favor Ag (I) ions removal by adsorption onto activated carbon. This may be due to a tendency of the Ag (I) ions to escape 

from the solid phase to the bulk phase with an increase in the temperature of the solutions. This effect suggested that the 

adsorption mechanism associated with the removal of Ag (I) onto activated carbon involves a physical process, which is 

usually associated with low adsorption heat. This means that the adsorption process has an exothermic character. 

 

 
Fig. 3:- Effect of the temperature on the removal of Ag (I). 

 

Effect of initial concentration of metal:- 
Dependency of the process of Ag (I) removal from different initial concentrations (5 – 50 mg/l) by the activated 

charbon is illustrated in figure 4. The examination of the data reveals that the amount of absorbed silver increases with 

the concentration of solution from 0,92 mg/g to 9.80 mg/g. The percentage of adsorption increases also from 92.40 to     

97.98 %. 
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Fig. 4:- Effect of the initial concentration of meal on the adsorption of Ag (I) onto activated carbon. 

 

Adsorption isotherms:- 
The equilibrium adsorption isotherms are of fundamental importance in the study and design of adsorption systems. 

According to the slop of the initial portion of the curves, they are classified into various groups. In this work, the 

isotherm curve corresponds to S-type in Giles’s classification (Figure 5). 

 

 
                         Fig. 5:- Adsorption isotherm of Ag (I) onto activated carbon. 

 

Several methods have been published in the literature to describe experimental data of adsorption isotherms. The 

Langmuir and Freundlich models are the most frequently employed models. In this work, both models were used 

to describe the relationship between the amount of Ag (I) ions adsorbed and its equilibrium concentration in 

solution at 25, pH = 2, for initial concentrations of 5, 10, 20, 30, 40 and 50 mg/l during 1h. 

 

The linear form of the Langmuir isotherm model can be represented by the using equation below: 

Ce/ q = 1/qo b + (1/ qo) Ce 

 
Where q is the amount of solute adsorbed per unit weight of adsorbent (mg/g), Ce is the equilibrium of 

concentration of solute in the bulk solution (mg/l), qo is the monolayer adsorption capacity (mg/g) and b is the 

constant related to the free energy of adsorption. The constants of Langmuir isotherm are obtained by plotting 

Ce/qe versus Ce (figure 6). They are given in the table 2. 

 

The linear form of the Freundlich isotherm model is given by the following equation: 

Log q = Log K + 1/n Log Ce 

 

Where K is the constant indicative of the relative adsorption capacity of the adsorbent (mg/g) and n is the constant 

indicative of the intensity of the adsorption. The constants of Freundlich isotherm are obtained by plotting Log q 

versus Log Ce (figure 7). They are given also in the table 2 
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Fig. 6:- Langmuir isotherm.                                 Fig. 7:- Freundlich isotherm. 

 

Table 2:- Constants of Freundlich and Langmuir in the adsorption of Ag (I) onto activated carbon. 

Langmuir model Freundlich model 

q0 (mg/g) b (l/mg) R
2
 K (mg1-n ln g-1) n R

2
 

- 1.8850 - 0.9205 0.5705 10.6389 2.5981 0.8621 

The value of n (2.5981) represent a small but a beneficial adsorption of Ag (I) onto activated carbon. The correlation 

coefficients indicate that the adsorption process conforms to the Freundlich model. 

 

Conclusion:- 
It can be concluded that activated carbons with high adsorption capacities can be produced from Algerian dates 

stones (Ghars variety) by chemical activation with phosphoric acid and can be employed as adsorbent for the 

removal of silver (I) from aqueous solutions. However, the pH, time contact, temperature and initial concentration 

of metal could either affect the adsorption capacities of the activated carbon positively or negatively depending on the 

range of the parameters. The experimental data of adsorption of Ag (I) followed the Freundlich model. 

 

The results of this study may be helpful to environmental sanitary engineers for designing and establishing a 

continuous treatment plant for both water and wastewaters. 
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