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The activated carbon obtained from pine cone was investigated as a

new adsorbent to remove copper(II) ion from aqueous solution. The

adsorption process of copper(II) ion was carried out in a batch mode

and the effects of adsorbent concentration (0.25-1.00 g/100 mL), initial

pH's (2.0-6.0) and initial metal ion concentrations (25-100 mg/L) were

investigated. Maximum removal capacity of the copper(II) ion from

aqueous solutions was achieved at pH 5.0. Adsorption data was well

fitted to the Langmuir and Freundlich isotherms. Langmuir monolayer

capacity was a value of 15.05 mg/g. The results in this study indicate

that the activated carbon obtained from pine cone can be an effective

adsorbent for removal of copper(II) ions from aqueous solution.
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INTRODUCTION

Heavy metals are the most common toxic pollutants found both in industrial

waters and soils. Increasing levels of these metals make them a public concern1.

The major sources of heavy metal pollutants are usually from many industries and

agricultural activities2.

Copper, a widespread used heavy metal which finds many useful applications

in our life is seriously harmful if present in aquatic environment3. Maximum acce-

ptable copper concentration in drinking water is less4 than 3000 mg/dm3. Copper

along with mercury and arsenic is recognized as one of the highest mammalian

toxic ion5.

The toxicity of copper on humans has been comprehensively reviewed by some

researchers. Acute copper poisoning after ingestion may show systematic effects

such as hemolysis, liver and kidney damage. The excessive intake of copper also

results in its accumulation in the liver and produces gastrointestinal problems6.

Hence, removal of copper from water and wastewater assumes importance.

There are many publications dealing with techniques for removal of heavy

metal ions from aqueous effluents including precipitation, electroplating, evaporation,

ion exchange, membrane separation and adsorption7-10. The adsorption with selection

of suitable adsorbents can be an economic and effective technique for the removal

of heavy metals from wastewater11.



Though the use of commercial activated carbon is well known adsorbent for

the removal of heavy metals from water and wastewater, high cost limits its usage.

Hence, it is a growing need to derive the activated carbon from cheaper and locally

available waste materials.

In recent years, agricultural by-products have been widely studied for metal

removal from water. These include peat12, wood13, pine bark14, banana pith15, rice

bran, soybean and cotton seed hulls16, peanut shells17, hazelnut shell18, rice husk19,

sawdust20, wool21, orange peel and compost22 and leaves23.

Activated carbon was prepared from pine cone with zinc chloride. The obtained

products are essentially microporous24. To our best knowledge, the adsorption of

Cu(II) ions on activated pine cone has not been reported previously. The influence of

several operating parameters, such as pH, adsorbent dosage and initial metal concen-

tration on the adsorption capacity of the activated pine cone were investigated.

EXPERIMENTAL

The pine cones (Pinus brutia) were collected from Enez forest which is located

in western Turkey during summer period and stored after drying in laboratory condi-

tions until use. The stock solution of Cu(II) was prepared in 1000 mg/L concentration

using CuSO4·5H2O and then diluted to desired concentrations. HCl and NaOH were

used for pH adjustment. All chemicals used in this study were of analytical laboratory

grade, being purchased from Merck.

Preparation of activated pine cone: Pine cones were ground using a laboratory

mill to obtain the particle size of 0.5-1.2 mm. Chemical activation of the pine cone

was done with ZnCl2 solution. 10 g of dried pine cone was well mixed, by stirring,

with 100 mL of an aqueous solution that contained 20 g of ZnCl2. The chemical

ratio was 200 % (20 g of ZnCl2/10 g of pine cone in 100 mL H2O) in this case. The

chemical ratio is defined as the weight ratio of activating agent (ZnCl2) to the precursor

(pine cone). The mixture was heated at 80 °C for 1 h. After heating, the slurry was

kept in an oven at 100 °C for 24 h. The resulting ZnCl2 treated sample was then

subjected to carbonization and activation process in a programmable electrical furnace

(Severn Furnaces Ltd.) at 500 °C for 1 h. After activation, sample was allowed to

cool and subsequently washed with 0.5 M HCl and then several times with deionized

water. It was ground and sieved through a 65-mesh. The resulting product was kept

in a desiccator for further use.

Adsorption studies: Batch adsorption experiments were carried out in 25 mL

Cu(II) solutions of known concentration poured into flask containing certain amount

of adsorbent. The adsorption studies were carried at 25 °C using temperature controlled

shaker (Nüve ST-402). The flasks were shaken at 150 rpm for a prescribed length

of time to attain equilibrium, then the reaction mixtures were filtered out and analyzed

for its metal ion concentrations using Flame atomic absorption spectrometer (Unicam

929-FAAS).
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The effect of pH of the initial solution on the equilibrium uptake of Cu(II) ions

was evaluated over a pH ranges from 2-6. The pH values of the solutions were

adjusted with 0.1 M NaOH and 0.1 M HCI using Orion 3 STAR pH meter. The

adsorption studies were also conducted in batch experiments as a function of adsor-

bent dosage (0.25, 0.50, 0.75 and 1.00 g) and initial metal ion concentrations (25,

50, 75 and 100 mg/L). The amount of metal ion adsorbed was calculated as,

100
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0

eq0
×

−
= (1)

where C0 and Ceq are the initial and equilibrium concentrations of the adsorbate,

respectively. Adsorption capacity was calculated by using the mass balance equation

for the adsorbent:
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where qeq is the adsorption capacity (mg/g) at the equilibrium; C0, is the initial

concentration of metal ion in solution (mg/L); Ceq, is the equilibrium concentration

of metal ion in solution (mg/L); V, is the volume of metal ion solution (L) and W, is

the weight of the adsorbent (g).

RESULTS AND DISCUSSION

Effect of pH: The pH of the solution is the most important parameter affecting

the adsorption of metal ions. The effect of pH on the adsorption of Cu(II) ion on

activated pine cone has been studied by varying it in the range of 2-6 as shown in

Fig. 1. Results of the experiments show that the efficiency of Cu(II) ion adsorption

was improved by increasing the pH from 2.0 (56.00 %) to 5.0 (87.70 %), however

further increase of pH from 5.0-6.0 lead to decrease (85.34 %) of adsorption (Fig. 1).

Low adsorption yield at pH 2.0 can be attributed to the fact that there are more

protons at lower pH, available to protonate active binding sites of adsorbent. Thus

generate electrostatic repulsion between metal ions and positive charged adsorbent

surface. At pH values above 6.0, turbidity was observed. This can be explained by

precipitation of copper ions in the solution. Similar results were obtained by some

reserchers, who reported that pH has a significant role on Cu(II) ion removal found

optimal at pH 5.0. They also reported that at pH values above 6.0, Cu(II) ions were

precipitated as hydroxides3, 25, 26.

Effect of adsorbent dosage: The adsorption study of Cu(II) ions on activated

carbon from pine cone was done at 25 °C temperature by varying the quantity of

adsorbent from 0.25-1.00 g. The influence of adsorbent dosage on adsorption yield

of Cu(II) ions is illustrated in Fig. 2. The adsorption yield was increased from

65.00 -98.73 % with increasing the amount of adsorbent from 0.25-1.00 g/100 mL.

The increase of the adsorption yield of Cu(II) ions is due to the increase of active

sites on the adsorbent surface and thus making penetration of the metal ions to the

active sites of the adsobent easier.
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   Fig. 1. Effect of initial pH on the adsorption     Fig. 2. Effect of adsorbent dose on the adsorption

of Cu(II) ions to the activated pine cone of Cu(II) ions to the activated pine cone

(initial concentration = 75 mg/L, (initial concentration = 75 mg/L, pH = 5,

adsorbent dose = 0.5 g/100 mL, temperature = 25 ± 0.1 °C, contact time =

temperature = 25 ± 0.1 °C, contact 60 min)

time = 30 min)

Effect of initial metal ion concentration: The adsorption of metal ions by

activated pine cone was studied at different Cu(II) ion concentrations at the range

of 25-100 mg/L. The high adsorption yield (98.2 %) is obtained at initial concentra-

tion 25 mg/L and low adsorption yield (85.76 %) is obtained at initial concentration

100 mg/L. Similarly Ozer et al.27 indicated that at low initial Cu(II) ion concentration

all the Cu(II) ions present in solution could interact with the binding sites of adsorbent

and thus the adsorption rate of ions are higher with respect to the adsorption values

obtained from high initial Cu(II) ion concentration. At high initial Cu(II) concen-

tration binding sites of adsorbent could became saturated which decrease the adsor-

ption of metal ions (Fig. 3).
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Fig. 3. Effect of initial metal concentration on the adsorption of Cu(II) ions to the activated

pine cone (pH = 5.0, adsorbent dose = 0.5 g/100 mL, temperature = 25 ± 0.1 °C,

contact time = 60 min)
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Adsorption isotherms: The adsorption isotherms reveal the specific relation

between the concentration of the adsorbate and its adsorption degree onto adsorbent

surface at a constant temperature. The experimental data were fitted to Langmuir

and Freundlich isotherm equations. The Langmuir equation was used to describe

observed adsorption phenomena. The Langmiur isotherm applies to adsorption on

completely homogenous surface with neglible interaction between adsorbed mole-

cules20,28. The Langmuir equation is commonly expressed as in the linear form:

max
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maxeq

eq

q

C

bq

1

q

C
+= (3)

where qeq, is the amount of copper adsorbed on the adsorbent at equilibrium (mg/g);

Ceq, is the equilibrium concentration of copper solution (mg/L); qmax, the mono-

layer capacity (mg/g) and b, (L/mg) is an equilibrium constant of Langmuir.

The Freundlich isotherm was also tested with our experimental data.The

Freundlich adsorption isotherm can be expressed in the linear form29 as:

eqFeq Clog
n

1
Klogqlog 








+= (4)

where KF and n, are Freundlich adsorption isotherm constants, indicated the capac-

ity and intensity of the adsorption, respectively.

The linear Langmuir and Freundlich plots for the adsorption of Cu(II) ions

onto activated pine cone are obtained by plotting Ceq/qeq versus Ceq (Fig. 4) and log

qeq versus log Ceq (Fig. 5), respectively. The Langmuir and Freundlich adsorption

constants evaluated from the isotherms with the correlation coefficient are listed in

Table-1.
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Fig. 4. Langmuir adsorption isotherm plots for    Fig. 5. Freundlich adsorption isotherm plots for

   the asorption of Cu(II) ions at 25±0.1 °C the adsorption of Cu(II) ions at 25±0.1 °C

The high correlation coefficient shows that both models are suitable for descri-

bing the adsorption equilibrium of copper ions. As can be seen from the results in

Table-1, equilibrium data agree well with the Langmuir model which illustrates

that the adsorption on surface of the activated carbon from pine cone is a monolayer

adsorption.
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TABLE-1 
LANGMUIR AND FREUNDLICH CONSTANTS FOR Cu(II)  

ADSORPTION ON ACTIVATED PINE CONE AT 25 ± 0.1 °C 

Langmuir equation Freundlich equation 
Adsorbent 

qmax (mg g-1) b (L mg-1) R2 KF (L g-1) n R2 

Activated pine cone 15.05 0.165 0.9957 3.38 2.43 0.9964 

 
The adsorption capacity (qmax) of activated carbon from pine cone for the uptakes

of Cu(II) is 15.05 mg/g. The adsorption capacity of various adsorbents for Cu(II)

ions taken from literature are presented in Table-2. It is clear from Table-1 that the

value of the Freundlich constant 'n' obtained for this process indicates beneficial

adsorption, as it lies between 1 and 10. The essential characteristics of the Langmuir

isotherm can be expressed by means of 'RL', a dimensionless constant referred to as

separation factor or equilibrium parameter RL is defined by Al-Degs et al.39.

)0
L

b(C1

1
R

+
= (5)

where b, is the Langmuir constant and C0, is the initial metal concentration (mg/L).

The RL parameter indicates the type of isotherm to be irreversible (RL = 0), favourable

(0 < RL < 1), linear (RL = 1) or unfavorable (RL > 1). Dimensionless parameter RL

remained at 0.190, 0.110, 0.070 and 0.057 for following initial metal concentra-

tions 25.0, 50.0, 75.0 and 100.0 mg/L, respectively. According to the values given

above, it is concluded that the adsorption process is favourable.

TABLE-2 
COMPARISON OF ADSORPTION CAPACITIES  
OF VARIOUS ADSORBENTS FOR Cu(II) IONS 

Adsorbents Adsorption capacity (mg/g) References 

Activated pine cone 15.050 This study 
Peanut husk 10.150 30 
Corncobs 7.620 31 
Blast furnace sludge 16.100 32 
Hazelnut husk AC 6.645 33 
Rubber wood sawdust AC 5.729 9 
Bagasse fly ash 2.260 34 
Ethylediamine grafted silica 16.580 35 
Cotton boll 11.400 36 
Activated carbon (filtrasorb 200) 24.100 37 
Pine bark 9.470 38 

 
Conclusion

The activated carbon from pine cone was selected as an adsorbent for the removal

of copper ions from aqueous solutions. The adsorption experiments were carried

out as a function of initial metal concentration, adsorbent dose and pH. The results

indicated that more than 98 % of removal of copper ions was achieved by using 1.0 g/

100 mL of activated carbon derived from pine cone (75 mg/L initial metal ion
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concentration, 60 min contact time). The removal efficiency was optimal at pH 5.0.

The adsorption was highly dependent on initial metal concentration, adsorbent dosage

and pH. Adsorption trends are founds to follow both Langmuir and Freundlich

isotherms. As a result it can be said that the activated carbon derived from pine

cone is an effective adsorbent for the removal of Cu(II) ions from aqueous solution.
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