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Abstract: Cu(Ⅱ) biosorption by orange peel that was chemically modified with sodium hydroxide and calcium chloride was 
investigated. The effects of temperature, contact time, initial concentration of metal ions and pH on the biosorption of Cu(Ⅱ) ions 
were assessed. Thermodynamic parameters including change of free energy ),( ΘΔG  enthalpy )( ΘΔH  and entropy )( ΘΔS  during the 
biosorption were determined. The results show that the biosorption process of Cu(Ⅱ) ions by chemically treated orange peel is 
feasible, spontaneous and exothermic under studied conditions. Equilibrium is well described by Langmuir equation with the 
maximum biosorption capacity(qm) for Cu(Ⅱ) as 72.73 mg/g and kinetics is found to fit pseudo-second order type biosorption 
kinetics. As the temperature increases from 16 ℃ to 60 , copper biosorption decrease℃ s. The loaded biosorbent is regenerated 
using HCl solution for repeatedly use for five times with little loss of biosorption capacity. 
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1 Introduction 
 

The removal of heavy metal ions by biosorption has 
been widely studied in the last decade due to its potential 
application, particularly in wastewater treatment. 
Biosorption is a process that utilizes inexpensive biomass 
to sequester toxic heavy metals and is particularly useful 
for the removal of trace level of contaminants from 
industrial effluents[1]. Compared with conventional 
methods, such as chemical oxidation and reduction, 
precipitation and membrane separation, biosorption 
process has several advantages, including low operating 
cost, minimization of the volume of chemical and/or 
biological sludge to be disposed of, high efficiency in 
detoxifying extremely dilute effluents, and no nutrient 
requirements[1−2]. 

Different types of biomass have been investigated 
for the biosorption of copper ions, including yeast[3], 
algae[4], fungi[5], bacteria[6], and agricultural 
by-products (inexpensive plant material) such as dried 
leaves[7], wheat bran[8], sawdust[9], banana pith[10], 
sugar-beet-pulp[11], apple wastes[12]. Among these 
materials, agricultural by-products are relatively cheap 
and show quite high biosorption potential. However, the 

direct use of the raw plant wastes as adsorbents has been 
found to be limited due to leaching of organic substances 
such as lignin, tannin, pectin and cellulose into the 
solution[13]. To resolve these problems, chemical 
modification on solid adsorbents has been used as a 
technique to improve their physical, chemical properties 
and biosorption capacity[14−18]. 

The use of orange peel as a biosorbent material 
presents strong potential due to its main components of 
cellulose, pectin (galacturonic acid), hemicellulose and 
lignin. These components bear various polar functional 
groups including carboxylic and phenolic acid groups to 
be involved in metal binding[19−20] and are 
biopolymers admittedly associated to the removal of 
heavy metals[21−22]. As a low cost biosorbent, orange 
peel is an attractive option for the biosorption removal of 
dissolved metals. AJMAL et al[23] and ANNADURAI et 
al[24] employed raw orange peel for removal of metal 
ions from simulated wastewater. The aim of this work is 
to study the biosorption capacity of orange peel that was 
chemically modified with sodium hydroxide and calcium 
chloride for biosorption of Cu(Ⅱ) ions from aqueous 
solutions. The effects of temperature, contact time, initial 
concentration of metal ions and pH on the biosorption of 
Cu(Ⅱ) ions were investigated. Finally, elution-reuse of 
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the biosorbent was evaluated. 
 
2 Experimental 
 
2.1 Chemicals 

All chemicals used in the present work were of 
analytical purity. The stock solution of Cu(Ⅱ ) was 
prepared in 1.0 g/L concentration using CuSO4·5H2O and 
then diluted to appropriate concentrations for test. 0.1 
mol/L HCl and 0.1 mol/L NaOH were used for pH value 
adjustment. 
 
2.2 Chemical treatment of orange peel 

Orange peel(OP) was used as the raw material for 
the preparation of the chemically modified biosorbent. 
The OP collected from a local plantation was cut into 
small pieces, washed several times with distilled water 
and dried at 80 ℃. The product was crushed and sieved 
to obtain an average particle size lower than 0.45 mm 
and then treated with sodium hydroxide and calcium 
chloride solutions to improve the capacity of biosorption 
to metal ions. For this purpose, 100 g of dried OP was 
soaked in solution containing 500 mL ethanol, 250 mL 
NaOH (0.5 mol/L) and 250 mL CaCl2 (1.5 mol/L) for 24 
h. After repeating decantation and filtration, the modified 
biomass (SCOP) was washed with deionized water until 
pH value of the solutions reached 7.0, then dried for the 
test use. 
 
2.3 Instruments used for biosorbent characterizations 

A pH meter (PHS−3C, made in China) was used to 
measure pH of the suspensions. FTIR spectroscopy was 
used to identify the chemical groups in the biosorbent. 
FTIR spectra of the biosorbent before and after 
adsorbing Cu(Ⅱ) were recorded in 400−4 000 cm−1 
using a JASCO−410 model FTIR spectrometer with KBr 
discs. 
 
2.4 Biosorption tests 

Batch biosorption experiments were conducted by 
mixing biosorbent with Cu(Ⅱ) ion solutions with desired 
concentrations in 100 mL sealed conical flask using a 
shaking thermostat machine at a speed of 120 r/min. The 
effect of pH on the equilibrium biosorption of Cu(Ⅱ) 
was investigated by mixing 0.100 g of SCOP with 25 mL 
50 mg/L of Cu(Ⅱ) ion solutions between pH 2.0 and 6.5. 
In kinetic experiments, the biosorption time was varied 
from 0 to 120 min. In isotherm experiments, 0.100 g of 
biosorbent was mixed with 25 mL of Cu(Ⅱ ) ion 
solutions at various concentrations (25−800 mg/L). After 
the pre-set contact time was reached, the samples were 
withdrawn and centrifuged at 4 000 r/min for 5 min, and 

then the supernatant fluid was analyzed for the Cu(Ⅱ) 
ion concentrations by using Rayleigh WFX−130B 
atomic absorption spectrophotometer. The amount of 
biosorptions(q) was calculated by the following 
equation: 
 

m
Vq )( e0 ρρ −

=                               (1) 
 
where ρ0 and ρe are the initial and equilibrium Cu(Ⅱ) ion 
concentrations, respectively (mg/L); V is the volume of 
the solutions (L) and m is the amount of adsorbent used 
(g). All the biosorption experiments were conducted in 
duplicate, and the mean values were calculated. 
 
2.5 Desorption tests 

To investigate the possibility of repeated use of the 
biosorbent, desorption and regeneration experiments 
were also conducted. After biosorption experiments of 50 
mg/L of Cu(Ⅱ) ion solution with 0.2 g of adsorbent in 
50 mL conical flask, the copper-loaded biosorbent was 
then transferred to another conical flask and agitated 
with 50 mL of 0.05 mol/L HCl solutions for 30 min. It 
was again filtered, and then Cu(Ⅱ) ions desorbed in the 
filtrate were determined. The eluted biosorbent was 
washed several times with distilled water to remove 
excess acid. The biosorbent regenerated was then used in 
next biosorption processes. 
 
3 Results and discussion 
 
3.1 Effect of biomass treatment on biosorption 

BAIG et al[25] studied on the binding of Pb(Ⅱ), 
Cu(Ⅱ), Ni(Ⅱ), Cd(Ⅱ), Zn(Ⅱ), Cr(Ⅲ) and Cr(Ⅵ) to the 
inactivated biomass of Solanum elaeagnifolium and 
suggested that carboxyl groups (—COOH) are responsible 
to some extent for the binding of metal ions. This means 
that metal binding can be enhanced by increasing the 
number of carboxylate ligands in the biomass. The major 
constituents of orange peel, cellulose, pectin, 
hemicellulose and lignin, contain methyl esters that do 
not bind metal ions significantly. However, these methyl 
esters can be converted to carboxylate ligands by treating 
the biomass with a base such as sodium hydroxide, 
thereby increasing the metal-binding ability of the 
biomass. The hydrolysis reaction of the methyl esters is 
as follows: 
 
R—COOCH3+NaOH=R—COO−+CH3OH+Na+ 

 
The addition of calcium chloride makes the pectin 

acid precipitated, which reduces its solubility in solution. 
Therefore, chemically modifying the biomass increases 
the number of carboxylate ligands, which would enhance 
the binding ability of the biomass. The metal-binding 
capacities of the biomass before and after treatment by 



FENG Ning-chuan, et al/Trans. Nonferrous Met. Soc. China 19(2009) 1365−1370 

 

1367

NaOH-CaCl2 were compared. An increase of 
approximately 30% of Cu(Ⅱ) ions was obtained for 50 
mg/L Cu(Ⅱ) solution. 
 
3.2 FTIR analysis 

The FTIR spectra of OP and SCOP are shown in 
Fig.1. The broad and intense absorption peaks at 3 400 
cm−1 correspond to O — H stretching vibrations of 
cellulose, pectin, absorbed water, hemicellulose, and 
lignin. The peaks at 2 924 cm−1 can be attributed to C—H 
stretching vibrations of methyl, methylene and methoxy 
groups. The presence of the peaks at 1 744 cm−1 and    
1 638 cm−1 in the OP spectrum indicates the stretching 
bands of ester carbonyl (C=O) groups and carboxylate 
ion (COO−), respectively[26]. The vibrations in 1 430−  
1 455 cm−1 can be due to aliphatic and aromatic (C—H) 
groups in the plane deformation vibrations of methyl, 
methylene and methoxy groups. The bands in 1 300−   
1 000 cm-1 can be assigned to C—O stretching vibrations 
of carboxylic acids and alcohols. For FTIR spectrum of 
the SCOP, weakened intensity of the peak at 1 744 cm−1 
indicates that the methyl esters are hydrolyzed with 
NaOH and ester group is converted to carboxylate ions. 
 

 
Fig.1 FTIR spectra of OP(a) and SCOP before (b) and after Cu 
binding(c) 
 

Different biosorption mechanisms including 
complexation, ion exchange and electrostatic attraction 
may be involved in the biosorption process. After Cu(Ⅱ) 
biosorption, OH stretching vibration shifts to 3 449 cm−1. 
The significant shifts of these specific peaks to the lower 
wavenumber after adsorbing metal ions suggest that 
chemical interactions between the metal ions and the 
hydroxyl (—OH) groups occur on the biomass surface. 
The carboxyl (C=O) peak occurs at 1 609 cm−1 for 
Cu(Ⅱ)-loaded biomass. In addition, after loading metal 
ion, the peak of C—O groups shifts to 1 046 cm−1. These 
results indicate that the functional groups mentioned 
above are mainly involved in the biosorption of Cu(Ⅱ) 
onto the biomass[27]. 

3.3 Effect of pH on biosorption 
It is well known that pH can affect the protonation 

of the functional groups on the biomass as well as the 
metal chemistry[28]. The effect of pH on biosorption 
capacity of SCOP to Cu(Ⅱ) ions is shown in Fig.2. At 
lower pH, the amount of biosorption to Cu(Ⅱ) is small. 
Biosorption to Cu(Ⅱ) increases with the increase of pH 
from 2.5 to 4.5. The highest biosorption efficiency is 
observed in the pH range of 4.5−6.0. These observations 
can be explained by the fact that at lower pH values, the 
surface charge of the biomass is positive, which is not 
favorable to cations biosorption. Meanwhile, hydrogen 
ions compete strongly with metal ions at the active sites, 
resulting in less biosorption. With increasing pH, 
electrostatic repulsions between cations and surface sites 
and the competing effect of hydrogen ions decrease. 
Consequently, the metal biosorption increases[29]. 
 

 
Fig.2 Effect of pH on biosorption to Cu(Ⅱ) under conditions: 
50 mg/L of Cu(Ⅱ); biosorbent of 0.100 g, biosorption medium 
of 25 mL, contact time of 2 h, and temperature of 25 ℃ 
 
3.4 Biosorption kinetics 

Biosorption capacity to Cu(Ⅱ) was determined as a 
function against time to obtain the optimum contact time 
for the biosorption of SCOP to Cu(Ⅱ) ions. Fig.3 shows 
the results of the biosorption equilibrium of Cu(Ⅱ) ions 
on SCOP against time. It can be seen from Fig.3, the 
biosorption process is very fast and reaches equilibrium 
at about 10 min. Therefore, 2 h of contact time was 
chosen as the biosorption time for the experimental test 
to ensure that equilibrium was achieved. 

The kinetics of Cu(Ⅱ) ion biosorption on SCOP 
were analyzed using pseudo-second order[30]:  

e
2
e2

1
q
t

qkq
t

t
+=                               (2) 

 
where k2 is the constant of pseudo-second-order rate; qe  
is the biosorption capacity at equilibrium; and qt is the 
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biosorption capacity at time t. The equilibrium 
biosorption capacity and the pseudo-second-order rate 
constant can be experimentally determined from the 
slope and the intercept of the plot t/qt against t. The 
graphical interpretation of the data for the 
second-order-kinetic model is given in Fig.4. A good fit 
(R2=0.999 8) is obtained and the theoretical value of qe 
also agrees very well with the experimental value, 
indicating that the biosorption conforms to the 
pseudo-second-order mechanism and the biosorption rate 
is controlled by chemical biosorption. k2 and qe obtained 
from the plot are 2.01 g/(mg⋅min) and 11.67 mg/g, 
respectively. 
 

 
Fig.3 Biosorption kinetics of Cu(Ⅱ) ions under conditions: pH 
of 5.3, Cu(Ⅱ) concentration of 50 mg/L, biosorbent of 0.100 g, 
biosorption medium of 25 mL, temperature of 25 ℃, and pH 
of 5.3 
 

 
Fig.4 Pseudo-second-order plot of biosorption kinetics of 
Cu(Ⅱ) ions 
 
3.5 Biosorption isotherms 

Fig.5 presents the experimental biosorption 
isotherm for Cu( Ⅱ ) on SCOP with the initial 
concentrations of Cu(Ⅱ) varied from 25 to 800 mg/L at 
25 ℃. Two isotherm models, Langmuir and Freundlich, 
were used to describe the equilibrium data. The amount 

 

 
Fig.5 Biosorption isotherms of Cu(Ⅱ) under conditions: pH 
5.3, contact time of 2 h, biosorbent of 0.100 g, biosorption 
medium of 25 mL, temperature of 25 ℃, and pH of 5.3 
 
of Cu( Ⅱ ) adsorbed (qe) at equilibrium metal 
concentrations of ρe can be defined by the Langmuir 
equations as 
 

m

e

me

e 1
qbqq
ρρ

+=                               (3) 

 
where qm is the maximum monolayer capacity of the 
biosorbent, and b is the biosorption constant. The plot of 
ρe/qe vs ρe should be a straight line with slope of 1/qm and 
intercept of 1/(qmb) when the biosorption follows the 
Langmuir equation. 

The Freundlich equation can be expressed as: 
 

eFe lg1lglg ρ
n

Kq +=                          (4) 

 
where KF and 1/n are Freundlich isotherm constants 
related to biosorption capacity and intensity of 
biosorption, respectively. Using Eq.(4), a plot of lg qe vs 
lg ρe will give a straight line with slope of 1/n and 
intercept of lg KF. 

The Langmuir and Freundlich biosorption constants 
evaluated from the isotherms with the correlation 
coefficients are listed in Table 1. Equilibrium data agree 
well with the Langmuir model, illustrating that the 
biosorption on the surface of SCOP is a monolayer 
biosorption. Also, the maximum biosorption capacity of 
SCOP is significantly higher than that of OP. A 
comparison of biosorption capacities (qm) of SCOP with 
some other biosorbents is listed in Table 2. The 
biosorption capacity of SCOP for Cu(Ⅱ) is the highest 
among those biomasses mentioned. Therefore, it can be 
noteworthy that the SCOP has an important potential for 
the removal of Cu(Ⅱ) ions from aqueous solutions. 
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Table 1 Langmuir and Freundlich isotherm constants for Cu(Ⅱ) biosorption on OP and OPAA 

Adsorbent 
Langmuir model Freundlich model 

qm/(mg·g−1) b/(L·mg−1) R2 qm/(mg·g−1) b/(L·mg−1) R2 

OP 44.28 0.019 0.992 2 3.67 0.424 0.965 3 

SCOP 72.73 0.027 0.987 0 6.79 0.401 0.881 3 

 
Table 2 Adsorbents available for biosorption of Cu(Ⅱ) 

Adsorbent qmax/(mg·g−1) Ref. 

Baker’s yeast 65.00 [3] 

Alga Ecklonia maxima 85.00−94.00 [4] 

Rhizopus a rrhizus 33.88 [5] 

Dried Sunflower leaves 89.37 [7] 

Dehydrated wheat bran 51.51 [8] 

Sawdust 1.79 [9] 

Banana pith 13.5 [10] 

Washed sugar beet pulp 21.1 [11] 

Apple wastes 10.8 [12] 

Orange peel 3.65 [24] 

Modified orange peel 72.73 This study

 
3.6 Effect of temperature on biosorption 

The effect of the temperature on the biosorption of 
Cu(Ⅱ) ions was studied in the temperature range of 
16−60 ℃ . The result shows that temperature has a 
negative effect on the biosorption efficiency for copper 
biosorption. 

In order to describe thermodynamic behavior of the 
biosorption of Cu(Ⅱ ) ions on SCOP from aqueous 
solution, thermodynamic parameters including the 
changes in free energy ),( ΘΔG enthalpy )( ΘΔH and 
entropy )( ΘΔS  are calculated by following equations: 
 

=Δ ΘG −RTlnKD                             (5) 
 
where R is the gas constant R=8.314 J/(mol⋅K); T is the 
thermodynamic temperature (K) and KD is the 
distribution coefficient.  

KD can be calculated using the following equation 
[31]: 
 

e

e
D ρ

qK =                                    (6) 

 
where qe and ρe are the equilibrium biosorption 
capacities of metal ions on adsorbent (mg/g) and the 
equilibrium concentration of metal ions in the solution 
(mg/L), respectively. 

The enthalpy )( ΘΔH and entropy )( ΘΔS are 
estimated from the following equation: 
 

RT
H

R
SKD

ΘΘ Δ
−

Δ
=ln                          (7) 

 
According to Eq.(7), ΘΔH  and ΘΔS can be 

calculated from the slope and the intercept of the plot of 
ln KD versus 1/T, respectively (Fig.6). 

Gibbs free energy change )( ΘΔG  was calculated to 
be −3.58, −3.30, −3.09 and −2.79 kJ/mol for Cu(Ⅱ) 
biosorption at 16, 40, 50 and 60 ℃, respectively. These 
negative ΘΔG values indicate thermodynamically feasible 
and spontaneous nature of the Cu(Ⅱ) biosorption on 
SCOP. The increase in ΘΔG  with increase in tempera- 
ture shows a decrease in feasibility of biosorption at 
higher temperatures. ΘΔH  and ΘΔS  are found to be 
−8.55 and −17.00 J/(mol⋅K) for Cu(Ⅱ) biosorption. The 
negative ΘΔH  indicates the exothermic nature at 16− 
60 ℃. The negative ΘΔS  value suggests a decrease in 
the randomness at solid/solution interface during the 
biosorption of Cu(Ⅱ) on SCOP. 
 

 

Fig.6 Plot of ln KD vs 1/T for estimation of thermodynamic 
parameters for biosorption of Cu(Ⅱ) on SCOP 
 
3.7 Desorption study 

After biosorption of Cu(Ⅱ) ions, the biosorbent was 
regenerated with hydrochloric acid (0.05 mol/L), and 
rinsed with deionized water, and then subsequent 
experiments were repeated. After the fifth biosorption- 
desorption cycle, the biosorption efficiency is decreased 
from 94.8% to 90.8%. The initial amount of SCOP 
employed in the first cycle is 0.2 g and it is reduced to 
0.146 g after the fifth cycle. 
 
4 Conclusions 
 

1) The biosorption of copper(Ⅱ) ions from aquatic 
system was carried out using chemically modified orange 
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peel(SCOP). 
2) The selected biosorbent exhibits high biosorp- 

tion capacity. The copper biosorption performance on 
SCOP is significantly affected by pH and metal 
concentrations. For the solution of 50 mg/L Cu(Ⅱ) ion, 
the maximum biosorption efficiency for Cu(Ⅱ) is 94.8% 
at 25 ℃ and pH 5.3.  

3) Biosorption kinetic is found to be best fit 
pseudo-second-order equation. The biosorption 
equilibrium data fit well to the Langmuir isotherm. The 
maximum biosorption capacity is found to be 72.73 mg/g. 
The thermodynamic calculation indicates the feasibility, 
exothermic and spontaneous nature of the biosorption of 
Cu(Ⅱ) ion on SCOP at 16−60 . The interactions ℃

between Cu(Ⅱ ) ions and functional groups on the 
surface of the biosorbent are confirmed by FTIR analysis 
and the spectra show that carboxyl and hydroxyl groups 
are involved in Cu(Ⅱ) ion binding to the SCOP. 
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