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Characterization and Cu(II) adsorption properties of activated 
carbons prepared from cotton stalk by one-step H3PO4 activation.

In the present study adsorption of copper (II) ions from aqueous 
solution by activated carbon was produced from cotton stalks 
husk via thermal pretreatment preceding chemical modification 
with phosphoric acid was investigated under batch mode. The 
biosorbent was characterized by thermo-gravimetric analysis, 
Fourier transform infrared (FT-IR) and iodine number. The in-
fluence of copper concentration, contact time, and temperature 
was studied. Sorption equilibrium time was observed in 30 min.  
The equilibrium adsorption data  were correlated with  Freun-
dlich and Langmuir adsorption isotherm models. The kinetics of 
the adsorption process was tested by pseudo- first-order, pseu-
do-second order and Intra-particle diffusion. It was shown that 
adsorption of copper could be described by the pseudo-second 
order kinetic model. Thermodynamic parameters such as Gibbs 
free energy (∆G0), the enthalpy (∆H0) and the entropy change  
of  sorption  (∆S0)  have  also  been  evaluated and  it  has  been  
found  that  the  adsorption process  was spontaneous, feasible 
and endothermic in nature. The results indicated that Activated 
carbon was produced from cotton stalks husk can be used as 
an effective and low-cost adsorbent to remove copper (II) from 
aqueous solution.

Keywords: Heavy metals, adsorption, isotherms, kinetics, ther-
modynamics.
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1. Introduction 

The increasing discharge of industrial 

wastewaters containing heavy metals to the 

environment has been on the increase as a 

result of rapid growth of  industries. This is a 

serious problem because heavy metals at high 

concentrations are toxic to aquatic eco-systems 

causing harmful effects to living organisms, 

plants and humans [1]. Copper can cause 

serious health problems such as damage to 

heart, kidney, liver, pancreas, brain, intestinal 

distress and anemia [2]. The World Health 

Organization (WHO) recommended a maximum 

acceptable concentration of Cu (II) in drinking 

water of 1.5 mg /L [3]. Therefore, the 

concentrations of copper must be reduced to 

levels that satisfy environmental regulations for 

various bodies of water. Conventional treatment 

methods for heavy metals containing 

wastewater treatment include chemical 

precipitation, ultrafiltration, solvent extraction, 

ion exchange, reverse osmosis and adsorption. 

Among these techniques, adsorption is one of 

the most economically favorable and technically 

simple method [4,5]. The adsorption technique 

has been found to be  one of the most effective 

for the removal of metal ions from solution [6,7]. 

As a result many researchers have reported the 

use of  different materials for adsorption, such 

as biomass materials [8–19], fertilizer waste 

[20],  tea waste [21],  microorganism [22],  

charcoal [23],  yeast [24], sludge ash [25], date 

pits [26], lateritic minerals [27], red mud [28] 

and clay [29,30]. However, owing to the high 

cost and difficult procurement of activated 

carbon, efforts are being directed towards 

finding efficient and low cost adsorbent 

materials. A number of researchers have 

utilised wide variety of adsorbents to remove 

heavy metal ions from aqueous solutions. 

In this study activated carbons were obtained 

from cotton stalk will be investigated as a 

potential and low cost adsorbent for the 

removal of Cu(II) ions from aqueous solutions.  

The main objective of this study is the use of 

the activated carbon as a low-cost adsorbent 

for  Cu(II) ions from aqueous solution. This is  

to minimize the problem of  high cost involved 

in  the treatment of  industrial wastewaters in 

most developing nations. The effect of initial 

metal ion  concentration, contact time and 

temperature were investigated. Equilibrium, 

kinetic and thermodynamic parameters were 

also determined to help provide a better 

understanding of the sorption process. 

2. Experimental  

2.1. Reagents and reference materials 

All the chemicals used were of analytical 

reagent grade. Deionized doubly distilled (DDD) 

water was used throughout the experimental 

studies. Cu2+ standard solutions (10 mg/L, 

Atomic Spectroscopy Standard, PerkinElmer, 

Inc, U.SA) were prepared by diluting 10 mg/L in 

a volume of 500 mL deionized water. Working 

standards were prepared by progressive 

dilution of the Cu2+ stock solution with DDD 

water. GACS reagent grade HCl, NaOH and 

buffer solutions (Merck, Germany) were used to 

adjust the solution pH to the required value. 

The cotton stalks husks were obtained from a 

farm in Djelmé, in the north region of 

Cameroon. They were filtered through 

Whatman paper #4 (USA) to remove 

suspended particles and then stored in a 

laboratory fridge at 4 0C until analysis before 

one week.  

2.2. Preparation of activated carbon  

The preparation of activated carbon was carried 

out according to the procedure recommended 

by Martinez et al., 2006. The solid residue of 

cotton stalks was manually chosen, cleaned 

with deionized water, dried at 100 °C for 24 

hours, ground and passed through a sieve to 

obtain samples of 1–2.5 mm particle size.  This 

raw material was treated with phosphoric acid 

at different concentrations (0.5/1, 1/1, 1.5/1, 

2/1, 3/1, char/H3PO4) and pyrolysed in a tubular 

oven (Nabertherm S.A.S), at 600°C. These 

ratios were selected from previous 

investigations [7] which showed that the 

adsorption capacity increases remarkably with 
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increasing char/H3PO4. After the activation, the 

steam flow was stopped and the obtained ACs 

were cooled down to room temperature and  

washed with distilled water to a  pH of  7. 

2.3  Characterization   of   the   precursor   

and   prepared samples 

The raw Cotton stalk, activation temperature 

was fixed using thermogravimetry  and   

differential  thermal  analysis  (TG- DTA). The 

prepared activated carbon, surface functional 

groups were analysed from FT-IR spectra 

obtained by the KBr pellet method using Perkin 

Elmer Spectrum RXI FTIR spectrometer in the 

range 4000–400 cm-1.  

2.4. Iodine number 

The iodine number was determined by using 

the sodium thiosulfate volumetric method. 

Standard iodine solution was added over 

activated carbon (10 mg) and after an 

equilibration time of 4h, the residual iodine 

concentration was determined by titration with 

standard sodium thiosulfate using starch as an 

indicator. The iodine number was defined as 

the adsorbed quantities of iodine (in molg-1of 

carbon) obtained by subtracting the residual 

concentration at equilibrium Ce, from the initial 

concentration Co. 

V
m

CC
Q e−

= 0

0

                                                                                                                             
(1) 

Where  m  and  V  are  the  mass  of  activated 

aarbons  sample  and  the  volume  of  

adsorbing  solution respectively. 

2.5.  Batch adsorption studies  

2.6 Data treatment 

2.6.1 Isotherm models 

The sorption equilibrium data for Cu2+ on 

activated carbons was analyzed by means of 

the Freundlich and Langmuir isotherm models 

[8].  The Freundlich isotherm equation x/m = 

kfC1/n can be written in the linear form as given 

in equation 1. 
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where x/m and Ce are the equilibrium 

concentrations of Cu2+ in the adsorbed and 

liquid phases in mg/g, and kF and n are the 

Freundlich constants that are related to the 

sorption capacity and intensity, respectively.  

The Freundlich constants KF and n can be 

calculated from the slope and intercept of the 

linear plot of log (x/m) a logCe. 

The Langmuir sorption isotherm equation 
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where Qmax is the maximum adsorption 

capacity (mg g-1) when all adsorption sites are 

occupied, Ce(mg) is the equilibrium 

concentration of copper, Qe is the equilibrium 

adsorption capacity  and the Langmuir constant 

KL (L/mg) is derived from the ratio of the 

adsorption rate constant to the desorption rate 

constant. 

2.6.2 Kinetics models 

Kinetics adsorption data were fitted to the 

pseudo-first-order kinetics model [29]. 

)(1 te

t qqk
dt

dq
−=

                                                                                                                           
(4) 

Where qe and qt refer to the amount of Cu2+ 

adsorbed (mg g-1) at equilibrium and at any 

time, t (min), respectively, and k1 is the rate 

constant for pseudo-first-order sorption (min-1). 

Integration of equation 4 for the boundary 

conditions t = 0 to t and qt = 0 to qt, gives 

equation 5: 

303.2
log
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log 1tk

q
qq

q
e
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−

                                                                                                        
(5) 

Equation 4 is rearranged to give equation 5: 
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(6) 

The slope of a plot of log(qe - qt) versus t  was 

used to determine the first-order rate constant, 

k1. In many cases, the first-order equation of 

Lagergren does not fit well for the whole range 

of contact times and is generally applicable 

over the initial stage of the adsorption 

processes [30]. Kinetics data were further 

treated with the pseudo-second-order kinetic 

model [30]. The pseudo-second-order equation 

is also based on the sorption capacity of the 

solid phase. Contrary to the other model, it 

predicts the behaviour over the whole range of 

adsorption and is in agreement with an 

adsorption mechanism involving the rate-

controlling step. The differential equation is 

given by equation 7: 

2

2 )( te

t qqk
dt

dq
−=

                                                                                                                          
(7) 

Where k2 is the rate constant for pseudo-

second-order adsorption (g mg-1 min-1). 

Integrating Eq.(7) for the boundary conditions t 

= 0 to t and qt = 0 to qt, gives equation 8: 

 

                                                                                                            

(8) 

 

This is the integrated rate law for a pseudo-

second-order reaction.  

The slope and intercept of a plot of t/qt versus t 

were used to calculate the second-order rate 

constant, k2. This model is more likely to 

predict the behaviour over the whole range of 

adsorption and is in agreement with the 

chemisorption mechanism being the rate-

controlling step [28].  

2.6.3 Adsorption mechanism 

In order to gain insight into the mechanism and 

rate-controlling step affecting the kinetics of 

adsorption, the kinetics experimental results 

were fitted to the Weber and Morris intra-

particle diffusion model (1963), in which the 

rate of intra-particle diffusion is a function of 

t1/2 and can be defined according to equation 

9: 
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Where rp is the particle radius, Dt is the 

effective diffusivity of solutes within the particle, 

and kw is the intra-particle diffusion rate. 

Values of kw can be obtained by linearizing the 

curve q = f (t1/2). Such types of plots may 

present multi-linearity, implying that the overall 

adsorption process may be controlled by one or 

more steps, such as film or external diffusion, 

intra-particle diffusion and a chemical reaction 

on the pore surface, or a combination of more 

than one step.  Weber and Morris (1963) 

reported that if intra-particle diffusion was 

involved in the adsorption process, then a plot 

of the square root of time versus the adsorption 

amount would result in a linear relationship, and 

that the intra-particle diffusion would be the 

controlling step if this line passes through the 

origin. 

3.  Results and discussion 

3.1.  Characterization of raws materials 

In this work, cotton stalk pod husk  an industrial 

effluent abundantly available from the cotton 

processing plants, was utilized as a feedstock 

for preparation of activated carbon at 600 °C 

GAC1(0.5/1 for 3h), GAC2 (1/1 for 3h), GAC3 

(1.5/1 for 3h), GAC4 (2/1 for 3h) and GAC5 (3/1 

for 3h) via microwave induced (w/w) of H3PO4 

activation 

3.1.1.     Thermal analysis of adsorbent 

Thermal behaviour of raw cotton stalk obtained 

from the thermogravimetric  (TG)  and  

differential  thermal  analysis (DSC) is depicted 

in Fig.1. The decomposition of cotton stalk pod 

husk  is found to occur in three stages. The first 

stage corresponds to an approximate weight 

loss of 6.2% at 50°C -200 °C. It is mainly 

attributed to release of H2O by evaporation and 
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dehydration reactions [31]  as well as 

decomposition of hemicellulose. The low 

moisture content of the dried stalk resulted in 

low weight loss. The second stage has a 

greater weight loss of about 46.1% at 200°C–

353°C. This corresponds to the primary 

carbonization and involves degradation of 

cellulose and lignin [32]. Third stage weight loss 

is approximately 37.7% at 353°C–900°C. In this 

stage, weight loss is exponential. As most of 

the volatile constituents have already been 

removed, this stage corresponds to the 

formation of activated carbon. Thus from TG 

and DSC analyses, it is observed that a 

temperature above 353°C can be chosen for 

preparation of the activated carbon from GACs. 

 

 

Fig 1. Curve of thermo-gravimetric analysis (TG and DSC) of cotton stalk pod husk. 

 

3.1.2.  Functionalization  

The Fourier transform infrared (FTIR) spectra of 

the activated carbons are shown in Fig. 2. 

The absorption between 2750-2560 cm-1 

corresponds to the elongation vibrations of 

hydrogen of the hydroxyl groups OH of 

(carboxyls, phenols or alcohols) and of the 

absorbed water [33] it also corresponds to 

vibration of OH elongation of cellulose and 

lignin [34]. A broad band between 2260-2190 

cm-1 which corresponds to a C≡C elongation in 

disubstituted alkyne. A small band around 

1710-1690 cm-1 attributed to the C = O 

elongation vibration of the carboxylic acid. A 

band at 1680-1630 cm-1 which corresponds to a 

C = C alkene. A band around 1565-1475 cm-1 

corresponding to the N-H deformation in the 

secondary amide. At around 1120-1080 cm-1, a 

band corresponding to a C-O elongation of the 

C-OH group in secondary or tertiary alcohol is 

observed. The intense peak observed at 960-

900 cm-1 corresponds to a deformation 

vibration outside the CH2 plane which is 

associated with the vinyl compounds. At about 

860-760 cm-1 we have a deformation vibration 

outside the NH2 plane of the R-NH2 group of 

the primary amine. The band observed at 520-

430 cm-1 corresponds to the C-O-C vibration in 

ether. 
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Table 1: Bandes infrarouges observées dans les spectres IRTF des différents matériaux. 

Adsorbants                                                 Nombres d’onde (cm-1) 

O-H C≡C C=O C=C N-H C-OH CH=CH2 R-NH2 C-O-C 

GAC1 2681.85 2234.97 1692.34      - 1541.37 1120.55 954.59     - 467.07 

GAC2 2702.82 2240.27      - 1678.08 1555.93 1118.64 949.18     - 453.44 

GAC3 2574.30      - 1692.53      -    1556.73 1194.70 901.12     -      - 

GAC4 2675.22 2205.48      - 1678.66 1588.67 1163.05 969.64     - 439.34 

GAC5 2658.02 2192.30      -      - 1557.81 1112.04 918.13 840.03 446.03 

 

                                                                                                              

 

                                

Fig.2: FTIR spectra for GAC1 (A), GAC2 (B), GAC3(C), GAC4(D) and GAC5 (E). 
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3.1.3 Iodine number 

Determining the iodine number is one of the 

methods to determine the adsorption capacity 

of activated carbons. It is a measure of the 

micropore (0–20 Å) content of the activated 

carbon by adsorption of iodine from solution. 

The typical range is 500–1200 mg/g, which is 

equivalent to surface area of carbon between 

900 and 1100 m2/g [35]. 

It can be seen from Fig 3 that iodine adsorption 

of activated carbon prepared with activation at 

600°C slightly increases with increasing 

impregnation ratios. It was shown that 

micropore content on surface of activated 

carbon is slightly increased with increasing 

impregnation ratios. This is attributed to more 

extensive reaction between H3PO4 and surface 

carbon [36], leading to increased release of 

CO2 and CO gases and creating micropores 

inside of the mesopores [37].  

 

Fig.3 . Effect of impregnation ratio at the activation temperature of 600°C. 

 

3.2 Batch adsorption studies 

3.2.1. Effect of contact time  

Fig. 4 shows the effect of contact time on the 

removal of Cu2+. Experimental studies were 

carried out with varying adsorbents (GAC1, 

GAC2, GAC3, GAC4 and GAC5) with 100 mgL-

1 of the initial copper ion concentration. 

Equilibrium adsorption was established within 

60 min for the metal ion. It is very clear from the 

results that the agitation time required for 

maximum uptake of metal ions by activated 

carbon was dependent on the initial metal ion 

concentration. This data is important because 

equilibrium time is one of the parameters for 

economical wastewater treatment plant 

application [18]. According to these results; the 

agitation time was fixed at 2h for the rest of the 

batch experiments to make sure that 

equilibrium was attained. 

3.2.2. Equilibrium isotherms 

Adsorption isotherms provide information on 

the nature of the solute–surface interaction as 

well as the specific relation between the 

concentration of adsorbate and its degree of 

accumulation onto the adsorbent surface at 

constant temperature. These equilibrium 

experiments were performed at room 

temperature with an adsorbent mass of 0.5 g 

and an adsorbate concentration (C0) ranging 

from 25 – 125 mg/L. In order to understand the 
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adsorption mechanism of copper onto activated 

carbon, two adsorption isotherm models, 

Langmuir and Freundlich, were used to fit the 

experimental data. The isotherm parameters 

were determined by non-linear regression with 

Origin version 7.0 B a Microsoft Windows-

based statistical software. The adsorption 

isotherms obtained for the various GACs are 

illustrated in Fig. 5A and Fig. 5B. The values of 

the parameters and the correlation coefficients 

obtained for the different adsorbents are listed 

in Table 2. It is well known that the Langmuir

 

Fig.4: Effect of agitation time and initial concentration of Cu2+on the adsorption of Cu2+for GACs. 

Conditions: carbon concentration, 0.5 g/50 ml. 

 

model is usually used with an ideal assumption 

of a monolayer adsorption surface [27]. The 

value of the correlation coefficients (R2) for the 

two models for different GACs shows that the 

best fit for both models.  The essential 

characteristics of the Langmuir isotherm can be 

expressed in terms of a dimensionless constant 

separation factor or equilibrium parameter, RL, 

which is defined  

as 01

1
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=

 

where KL is the Langmuir constant and C0 is the 

initial concentration of Cu2+. The RL value 

indicates the shape of the is otherm as follows. 

RL > 1 Unfavourable 

RL = 1 Linear 

0<RL < 1 Favourable 

RL = 0 Irreversible 

According to Mckay et al., 1982. RL values 

between 0 and 1 indicate favourable 

adsorption. The RL value for copper was 

respectively 0.46, 0.99, 0.38, 0.59 and 0.3 for 

GAC1, GAC2, GAC3, GAC4 and GAC5 for 100 
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mgL-1. Hence, the adsorption of the Cu2+ on GACs seems to be favourable. 

 

Table 2: Isotherm parameters for Cu2+ adsorption onto GAC1, GAC2, GAC3, GAC4 and GAC5. 

adsorbents Langmuir Freundlich 

Qmax KL RL R2 Kf n R2 

GAC1 17.54 11.4 0.46 0.994 13.03 1.47 0.990 

GAC2 18.51 9 0.99 0.996 6.65 4.08 0.996 

GAC3 21.27 15.66 0.38 0.983 7.08 3.78 0.992 

GAC4 21.27 6.71 0.59 0.979 2.44 1.897 0.998 

GAC5 21.73 23 0.3 0.994 13.92 9.25 0.995 

 

(A) 

 

(B) 

Fig.5: Langmuir (A) and Freundlich (B) isotherms for Cu2+ adsorption onto GACs at room 

temperature. 
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3.2.3 Kinetics studies  

In order to investigate the kinetics of adsorption 

of Cu2+, the Lagergren-first-order model and 

Ho’s pseudo-second-order model were used. 

The values of the parameters and the 

correlation coefficients obtained by using non-

linear regression with Origin version 7.0 at 

room temperatures are listed in Table 3. The fit 

of the experimental data to the kinetics models 

are illustrated in Fig.6A and Fig.6B. It was 

found that Ho’s pseudo-second-order model 

gave the highest values of the correlation 

coefficients and predicted qe more accurately 

than the other model investigated. Therefore, 

Ho’s pseudo-second-order model could be 

used for the prediction of the kinetics of 

adsorption of Cu2+ on the activated carbon. 

 

Table 3: Kinetics parameters for Cu2+adsorption onto cotton stalk pod husk activated carbons. 

 

Model 

Lagergren Pseudo second order Intra-particle Diffusion 

K1/min-1 R2 K2app/g.mg-
1.min-1 

R2 h/mg.g-1.min-1 Kw/mg/gmin0.5 R2 I 

CAC1 0.071 0.788 0.200 0.999 66.102 0.057 0.633 16.61 

GAC2 0.025 0.907 1.450 0.996 496.799 0.091 0/079 17.53 

CAC3 0.083 0.978 0.060 0.999 29.623 0.280 0.998 17.97 

CAC4 0.120 0.955 0.067 0.999 33.079 0.293 0.903 18.15 

GAC5 0.094 0.771 0.130 0.999 64.184 0.323 0.918 18.79 

 

 

(A) 

 

(B) 

Fig.6: Fit of the pseudo-first-order (A) and pseudo-second-order (B) kinetics models for the 

adsorption of Cu2+ onto GACs for C0 = 100 mgL-1. 
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3.2.4. Adsorption mechanism  

Fig.7. shows the intra-particle diffusion plot for 

the adsorption of Cu2+ on the five activated 

carbons  GAC1, GAC2, GAC3, GAC4 and 

GAC5. From Fig. 7, it can be seen that the plots 

for GAC1, GAC2, GAC3, GAC4 and GAC5 

show similar features; the first stage is 

attributed to external surface adsorption. The 

second stage represents intra-particle diffusion. 

The last stage illustrates the final equilibrium 

stage where maximum adsorption was 

presented attained.  

In  these observations, the adsorption of Cu2+ 

occurred in two phases, surface sorption 

followed by the intraparticle diffusion. This 

observation  is also similar to the observation 

discussed by Ofomaja [34]. As  shown in Fig. 7, 

the task to of distinguishing between film 

diffusion  (first stage) and particle diffusion 

mechanisms (second stage) is difficult. The kw 

value evaluated from the first linear parts of 

these curves for GAC1, GAC2, GAC3, GAC4 

and GAC5 were 16.61, 17.53, 17.97, 18.15 and 

18.79 (mg/gmin0.5), respectively. The kw value 

increased with increasing impregnation of 

H3PSO4, which showed that the adsorption rate 

increased with increasing impregnation of 

H3PSO4.  

 

 

Fig.8: Plot of the intra-particle diffusion model for the adsorption of Cu2+ on GACs for C0 = 100 

mgL-1. 

 

3.2.5. Adsorption thermodynamics 

The result on the effect of temperature on the 

adsorption of Cu(II) ions unto GACS is 

presented in Fig.8. From the graph, a slight 

increase in adsorption of metal ions with 

increase in solution temperature from 300 to 

328 K was obtained. This shows that the 

process is endothermic in nature. The increase 

in percentage removal of metal ions at higher 

temperature may be due to a greater kinetic 

energy acquired by the metal ions with 

temperature increase resulting in an easier 

diffusion from the bulk solution unto the surface  

of GACs. The  standard free energy (∆G0), 

enthalpy change (∆H0) and entropy change 

(∆S0) thermodynamic parameters were 

determined to evaluate the feasibility of the 

adsorption process [38]. The standard free 

energy of the adsorption is related to the  

thermodynamic equilibrium constant (Kc) by the 

following equation: 

                                                                                                                

(10) 
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Where T is temperature (K), R is the ideal gas 

constant (8.314 J/mol K) and  Kc is defined by 

the equation: 

                                                                                                                        

(11) 

where Ca is the metal ion 

concentration adsorbed from solution at 

equilibrium (mg/L) and Ce is the equilibrium 

metal ion concentration in solution (mg/L). Also, 

the Gibb’s free energy is related to the enthalpy 

change (∆H0) and entropy change (∆S0) at a 

constant temperature by the Van’t Hoff [7] 

equation: 

 

                                                                    

(12) 

 

The values of (∆H0) and (∆S0) were calculated 

from the slope and intercept of the plot (lnKc 

versus 1/T) and the calculated thermodynamic 

parameter values are presented in Table 4. The 

values of (∆H0) obtained for the metal ions are 

positive, indicating  the endothermic nature of 

the adsorption process, which  explains the fact 

that adsorption efficiency increased with 

increase in temperature. Positive values of 

(∆S0) also indicated an increase in randomness 

at the solid/liquid interface. During the sorption 

process while low values of (∆S0) that no 

remarkable change on entropy occurred. It is 

clear that the  reaction is spontaneous in nature 

as negative values of (∆G0) were obtained at all 

temperatures studied. It was also observed  

that the change in (∆G0) indicated increased 

with increase in temperature which indicates an 

increase in the spontaneity of the process with 

temperature. The  magnitude of the enthalpy 

change (∆H0) provides information about the 

type of sorption. The heat evolved during 

physisorption generally lies in the range of 2.1 – 

20.9 kJ/mol, while the heat of chemisorptions 

generally falls in the range of 80-200kJ/mol 

[38]. From table 4, the values of (∆H0) for Cu(II) 

ions are 7.356 ; 6.667 ; 13.02 ; 3.735 and 8.453 

kJ/mol, respectively. This indicates  that the 

adsorption of Cu(II) ions unto GACs may  be 

attributed to a physical adsorption process. This 

may be one of the reasons why the data did not 

fit the pseudo second equation, since the 

pseudo-second order equation depicts a 

chemisorptions mechanism. This low energy is 

desirable, as physisorption processes usually 

require a low energy barrier to be overcome by 

metals ions for binding onto the surface of 

GACs and also enhances easy desorption of 

the metal ions  from the surface, when 

regeneration of the adsorbent is required. 

 

Fig 9. The effect of solution temperature on the percentage removal of Cu(II) ions from solution 

unto GACs. Metal concentration 100 mg/L, adsorbent dose 0.1 g, contact time 120 min. 

0

5

10

15

20

25

30

35

40

45

50

0 27 30 40 50 55

Q
e(

m
g
/g

)

T(°C)

GAC1 GAC2 GAC3 GAC4 GAC5

Ce

C
K a

C =








 
+







 
−=







 
−=

R

S

RT

H

RT

G
KC

000

ln



Pierre Gerard TCHIETA et al., IRJMSA, 2017; 2:8 

Http://escipub.com/international-research-journal-of-materials-sciences-and-applications/        0013

Table 4: Thermodynamic parameters for adsorption of Cu(II) ions form solution unto GACs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

Activated carbon was produced from cotton 

stalks husk was successfully utilized as a low-

cost adsorbent for  the removal of  Cu(II)  ions 

from aqueous  solution by   batch adsorption 

method. The adsorption process was found to 

be dependent on  many factors such as the 

initial concentration of  copper ions, contact 

time and also effect of impregnation ratio. The 

equilibrium data were tested using the 

Langmuir and Freundlich, isotherm model and 

the best fit was obtained with the Langmuir and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Freundlich model. Kinetic parameters were also 

analyzed using the Lagergren pseudo-first 

order, pseudo-second order, and intraparticle  

diffusion rate equation. The pseudo-second 

order provided the best fit to the experimental 

data and the result also indicated the presence 

of  intraparticle  diffusion on  the sorption of 

copper ions, although it was not the sole rate 

determining step. Thermodynamic analysis 

showed that the process was spontaneous and 

endothermic in nature. The value of the 

enthalpy change ΔH0 indicated a physisorption 

Adsorbents Température (°C) ΔG°(KJ/mol) ΔH° (KJ/mol) ΔS° (J.mol-1.k-1) 

 

 

GAC1 

27 -2.85  

 

7.356 

 

 

34.02 
30 -2.95 

40 -3.29 

50 -3.632 

55 -3.802 

 

 

GAC2 

27 -1.97  

 

6.667 

 

 

28.79 
30 -2.056 

40 -2.344 

50 -2.535 

55 -2.632 

 

 

GAC3 

27 -2.7  

 

13.02 

 

 

52.4 
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40 -3.38 

50 -3.9 

55 -4.17 

 

 

 

 

GAC4 

27 -2.08  

 

3.735 

 

 

19.415 
30 -2.147 

40 -2.341 

50 -2.535 

55 -2.632 

 

 

GAC2 

27 -2.78  

 

8.453 

 

 

35.312 
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40 -3.23 

50 -3.8 

55 -4.68 
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mechanism for  copper ions unto the adsorbent. 

The Langmuir and Freundlich isotherms 

showed a favorable adsorption process 

between the adsorbent and metal ions in  

solution. It was also found that pore diffusion 

played an important role in the adsorption. 
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