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Abstract

In this study, copper uptake by sour orange residue (SOR) was investigated. Equilibrium isotherms and kinetics were obtained and the effects
of solution pH, temperature, and particle size were studied in batch experiments. Equilibrium was well described by Langmuir and Freundlich
isotherms and kinetics was found to be best-fit pseudo-second order equations. Maximum uptake was observed at pH 5. With an increase in
temperature from 20 to 50 °C, copper removal decreased about 20%. Additional chemical treatment of the biosorbent by NaOH, increased the
biosorption capacity. It was found that increase in biosorbent particle size had no significant effects on the final equilibrium concentration, but

decreased biosorption rate.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Contamination of environmental by heavy metal is a serious
problem and this has led to the development of new and
improved methods for treating wastewaters. The conventional
methods used to remove heavy metals from wastewaters are
precipitation, coagulation, reduction and membrane processes,
ion exchange. However, industrial application of such pro-
cesses is often restricted because of technical and or economic
constraints. Adsorption is an effective technique for removal of
heavy metal. Therefore, numerous approaches have been studied
for the development of cheaper and effective metal adsorbent
such as microbial biomass and agricultural by-products [1,2].
Some of these by-products are carrot residue [3], apple residue
[4], olive mill residue [5], and wheat shell [6]. An important step
to the development of biosorption processes is the selection of
optimal physicochemical conditions such as medium pH, tempe-
rature and biomass concentration. The study of process kinetics
and equilibrium is another fundamental step, giving important
information about the uptake mechanism [7].

Sour orange (Citrus aurantium) is one of the citrus that are
abundant in north and south of Iran and sour orange residue
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(SOR) is a by-product of fruit industries that is mainly used as
animal feed.

SOR, like other citrus fruit residue, is composed of peel and
pulp (the fraction screened from the juice). The peel is the major
part of the SOR, which is comprised of the flavedo (exterior
yellow peel) and the albedo (interior white peel). Dominant
components of these fractions are respectively pectin, cellulose,
hemicellulose, lipid, some nitrogen compound and almost 3%
ash content [8].

Pectic substances are the predominant type of polysaccharide
identified for the cell walls of SOR [9]. Due to the carboxyl
functions of galacturonic acid, pectic substances are known to
strongly bind metal cations in aqueous solution [10].

The aim of this work was to study adsorption capacity of SOR
for removal of Cu(Il) from the solution and investigate effects of
contact time, pH, temperature, particle size and biomass treat-
ment on the biosorption efficiency. Reusability of biosorbent
was also studied.

2. Materials and methods
2.1. Biosorbent preparation

The SOR biomass was obtained from a fruit-processing fac-
tory near Shiraz (Iran). After washing with deionized water and
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drying at 70 °C in a convection oven the residues were ground
and sieved into different fractions.

2.2. Chemical treatment of SOR

Biosorbent was treated with NaOH solution to enhance the
capacity of metal uptake. For this reason, 200 g of dried SOR
were treated in 1000 ml NaOH (0.1 M) solution for 24 h. After
decantation and filtration, treated biomass was washed with
deionized water until the solution reached a pH value of 7.0.

2.3. Copper solution preparation

An aqueous stock solution of CuSOy in a concentration of
6350 mg1~! of Cu(II) was used in all experimental runs. Calcu-
lated quantities of this stock solution were measured and used for
further experimental solution preparation. The pH of the solu-
tion was adjusted with HySO,4 and NaOH solutions. Deionized
water was used for all experiments and all of materials used were
of analytical grade and were obtained from Merck.

2.4. Analysis of Cu(Il) ions

The concentration of unadsorbed Cu(Il) ions in the sample
supernatant was determined spectrophotometrically. The colou-
red complex of Cu(Il) ions with cuprizone solution was read at
600nm [11].

2.5. FTIR spectroscopy

FTIR spectroscopy was used to identify the chemical groups
present in the biosorbent. Spectra of the biosorbent before and
after Cu(Il) binding were recorded in a Fourier transform infra-
red spectrometer (Bruker, Tensor 27) with the samples prepared
as KBr discs.

2.6. Determination of pHp,¢

The surface charge of biomass is a function of pH. The pH
with which the charge of the solid surface is zero is referred to
as the zero point of charge (pHp.c). The determination of the
pHp;c of the samples was carried out using a procedure similar
as described previously by Rivera et al.: 50 ml of 0.01 M NaCl
solutions were placed in a closed Erlenmeyer flasks. The pH of
each solution in each flask was adjusted to values of 2, 4, 6, 8,
10 and 12 by adding HC1 0.1 M or NaOH 0.1 M solutions. Then,
0.15 g of SOR sample was added and the final pH measured after
48 h under agitation at room temperature. The pHyp,, is the point
where the curve pHgpna versus pHipitial crosses the line equal to

PHfinal [12].
2.7. Desorption procedure

The desorption of the adsorbed Cu(Il) ions from the biosor-
bents was studied in a batch system. 0.2 g metal loaded biomass
was added to flask containing 100 ml of desorbing agent (0.1 N
HCL) and stirred at 190 rpm at 30 °C. After shaking for 60 min,

the solution was centrifuged and the supernatant was analyzed
for Cu(Il) ion desorbed. In order to determine the reusability of
the biomass after biosorption process, the biomass were taken
out from the solution and washed with deionized water. Conse-
cutive biosorption—desorption cycles were repeated four times
by using the same biosorbents. Desorption ratio was calculated
from the following equation:

. . amount of Cu(II) ions desorbed
Desorptionratio =

amount of Cu(II) ions biosorbed

2.8. Experimental run

2.8.1. Kinetics studies

Metal uptake rate is important for designing biosorption pro-
cess. Batch kinetic experiments were carried out at a constant
temperature (25°C), using 500-ml Erlenmeyer flasks. The
experiments were conducted with two different particle sizes
(0.71-1 mm and 0.15-0.35 mm) at the initial metal concentra-
tion of 150 mg1~! and biomass dosage of 10 g1~!. The mixtures
were agitated at 300 rpm. The samples were taken at predetermi-
ned time intervals from the mixture and immediately centrifuged
at 10,000 rpm for 5 min to remove suspended particles. The
supernatant was analyzed for the residual metal ion concentra-
tion.

2.8.2. Biosorption isotherms

A number of batch experiments were conducted at constant
temperature (28 °C) using 250-ml Erlenmeyer flasks. Varying
amounts of dried SOR (4-20g1~!) were added to each flask
consisted of a total volume of 100 ml copper ion solution with
an initial concentration of 300 mg1~!. The initial pH value of
4.5 was used for all experiments. All flasks were then sealed
to minimize evaporation, and shaken at 150 rpm on a rotary
shaker for 24 h, which is more than ample time for biosorption
equilibrium. The amount of metal adsorbed was determined by
using the following equation:

(€C-CoV
9= ————

m

where ¢ is metal uptake (mg g~!) and Cy and C are the concen-
trations of the metal ions before and after biosorption (mg1~"),
V the volume of the aqueous phase (1), and m the amount of the
biosorbent (g).

3. Results and discussion
3.1. Effect of pH and pH,, on biosorption

The uptake of Cu(Il) ion by SOR biomass was strongly affec-
ted by pH in the range of 2-6 as seen in Fig. 1 The effect of pH
can be explained in terms of pHyp;. of the adsorbent and spe-
cies of Cu(Il) formed in the solution. The pH with which the
charge of the solid surface is zero is referred to as the zero
point of charge (pHp,c). Above pHy,. the surface charge of the
adsorbent is negative. The SOR displays a zero point charge at
pHpzc 5 (Fig. 2). Perusal of the literature on Cu(Il) speciation
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Fig. 1. Effect of solution pH on Cu(II) biosorption by SOR (Cp=100mg1~!,
biomass concentration 5g171).

diagram shows that the dominant Cu(Il) species at pH >6.0 is
Cu(OH);, and at pH <6.0 is Cu>* and Cu(OH)* [13].

At a pH value of two, the amount of Cu(II) uptake was small.
There was an increase in copper uptake with increasing pH 2-5.
The highest biosorption efficiencies were observed between pH
4.5 and 5.5. These observations can be explained by the facts that
at lower pH values the surface charge of the biomass is positive
and cations adsorption is not favorable also hydrogen ions com-
pete strongly with metal ions for the active sites, so biosorption
was small. When the pH was increased, electrostatic repulsion
between cations and surface sites and the competing effect of
hydrogen ions decreased and consequently the metal uptake was
increased. At a pH value greater than 5.5 precipitation of copper
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Fig. 2. Determination of pH zero point of charge (pHp,c).
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Fig. 3. Effect of contact time on Cu(Il) removal with different particle size
(Co=150mg 1!, biomass concentration 10 g 1.

was observed. Similar pH effects on copper biosorption have
been reported for wheat shell [6].

3.2. Biosorption kinetics

Fig. 3 shows the copper concentration profiles versus agi-
tation time using dried SOR with two different particle sizes
at initial pH values of 4.6 and initial copper concentration of
150mgI1~!. It can be seen that biosorption consisted of two
phases: a primary rapid phase and a second slow phase, which is
more apparent for small particle size diameter (0.15-0.35 mm).

Equilibrium times were reached after 20min for
0.15-0.35mm size and 80min for the 0.7-1.0mm size.
The agitation speed was enough fast (300 rpm) to overcome the
film diffusion resistance, so it seems that intraparticle diffusion
could be the major difference in equilibrium time. Although the
difference in particle size affected the kinetic of biosorption, the
effects of it on final concentration and biosorption efficiencies
were small.

The kinetics of Cu(Il) biosorption on SOR were analyzed
using pseudo-second order Eq. (1)

r_ 1 +1t (1
g kg’ qe

where g; and g, are biosoption capacity at time ¢ and equilibrium,
respectively (mg g~ 1) and k> (g mg ™! min™!) is the rate constant
of pseudo-second order equation.

The plot of (#/g,) and ¢t for both different particle sizes were
shown in Fig. 4. The linear plots indicate the applicability of this
kinetic model for Cu(II) uptake. Values of k, obtained from the
plot were 0.252 gmg~! min~!, for the 0.15-0.35 mm size and
0.0228 gmg~! min~!, for the 0.7—-1.0 mm size. Values of g, for

both sizes were calculated as 13.72mg g~!.
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Fig. 4. Plots of #/q; vs. time (¢) for the sorption kinetic of Cu(Il) on SOR of
different particle size (Co=150mg1~', biomass concentration 10 g1~").
3.3. Biosorption isotherms
Both Langmuir and Freundlich models were used to describe
biosorption isotherm. The Langmuir equation has the form:

_ gmbCe
1+ bCe

where ¢g. is the amount of metal adsorbed at equilibrium
(mg g_l), Ce. is the equilibrium concentration (mg I, bisa

qe ()
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constant related to the energy of biosorption (Img™!), and gp,
is the amount of metal per unit weight of adsorbent to form a
complete monolayer on the surface. The constants b and gy, are
the parameters of the Langmuir equation and can be determined
from a linearized form of the above equation

C 1 C
T 3)
qe gmb  gm
The Freundlich model has the form:
ge = kC!/™ @)

where k and n are empirically constants and were determined
from a linearized form of Freundlich equation:
In(ge) = In(k) + gCe (&)

Fig. 5(a) and (b) shows the applicability of these models for
copper biosorption for natural and NaOH-treated SOR. Models
parameters and correlation coefficient values (+%) are given in
Table 1. As can be seen from this table the maximum uptake
capacity of treated SOR is significantly higher than untreated
SOR. A comparison of biosorption capacities (gm) of untreated
SOR and some other biosorbents reported in literature are listed
in Table 2.

3.4. Effect of the temperature
The effect of the temperature on the efficiency of biosorp-

tion by SOR biomass was studied considering temperature range
20-50°C. The experiments were done with a biomass concen-
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Fig. 5. Copper biosorption isotherms (a) untreated SOR and (b) NaOH-treated SOR.
Table 1
Langmuir and Freundlich model parameters for treated and untreated biomass
Langmuir isotherm Freundlich isotherm
gm (mgg™") b(mg™") P k n r
NaOH treated biomass 52.08 0.066 0.99 9.52 2.90 0.98
Untreated biomass 23.47 0.054 0.98 5.52 3.74 0.98
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Table 2
Copper biosorption capacities of some agriculture by-products reported in
literature

Adsorbent Gmax (Mg g’l) Reference
Dehydrated wheat bran 51.51 [15]
Soybean hulls 38.7 [1]

Carrot residue 32.74 [3]

Sour orange residue 21.7 This study
Sugar beet pulp 21 [10]
Leaves of M. truncata 20 [16]

Cork oak 20 [17]
Papaya wood 19.88 [18]
Cottonseed hulls 19.1 [1]

Olive mill residue 13.5 [5]

Tree fern 11.7 [1]

Apple wastes 10.8 [1]

Pine bark 9.47 [19]
Wheat shell 8.26 [6]
Banana peel 4.75 [20]
Oil-palm fibers 1.98 [1]
Sawdust 1.79 [21]

tration of 7 g1~ and metal concentration of 63 mg1~! of Cu(II)
solution. The resulting isotherms can be observed in Fig. 6. The
results indicate that there was a negative effect on the biosorption
efficiency for copper uptake as the temperature was increased.
In order to estimate the heat of biosorption (AH) a new set of
experiments at three levels of temperature were carried out and
Langmuir parameters were also calculated. Since b is an equili-
brium constant, its dependence with temperature can be used to
estimate enthalpy changes of biosorption.
AG° AH AS°

Inb= RT = RT+ R (6)

The plot of Inb versus 1/T is a straight line from which and
with universal gas constant R (1.987 cal mol~! K~1) the value
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Fig. 6. The effect of the temperature on the biosorption efficiencies
(Co=63mg 1~!, biomass concentration 7 g 1.
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Fig. 7. The determination of biosorption heat using b (Langmuir parameter) at
different temperature and initial pH 4.5.

of AH was found to be —6.149 kcal mol~!, which indicated the
exothermic reaction Fig. 7.

The magnitude of AH may give an idea about the type of
sorption. Two main types of adsorption are physical and chemi-
cal. The enthalpy for physical adsorption is usually no more than
1 kcalmol~! and the enthalpy for chemical adsorption is more
than 5 kcalmol~! [14]. So, it seems that biosorption of Cu(II)
on SOR is almost a chemical process.

3.5. FTIR analysis

Fig. 8(a) and (b) shows FTIR spectra of the biomass before
and after metal ions biosorption. As it could be seen from FITR
spectra, many functional groups were presented on the biomass
surface. Different adsorption mechanisms including complexa-
tion, ion exchange, and electrostatic attraction may be involved
in the biosorption process. Looking at the spectra, it shows band
shifting and possible involvement of hydroxyl groups around the
broad peak 3423 cm™!. The peak at 2925.88 cm™! is due to CH
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Fig. 8. FTIR analysis of SOR (a) before Cu binding and (b) after Cu binding.
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stretching vibrations of CH, CHj, and CH3 groups. Very little
change was observed in the free carboxyl band 1744 cm™!, but
an increase in the asymmetric C=0 band at 1631 cm™! indicates
some carboxyl binding. Shifting of the symmetric C=0 band
was also seen, but this shift is less than instrument resolution
(4cm™!) and cannot be discussed reliably. Apart from this the
major visible change is the increase in the C—O carboxyl band
1257-1244 cm~!. Changes in this band usually result from com-
plexation of the carboxyl oxygen. From these spectra it appears
that carboxyl and hydroxyl groups are involved in Cu binding
to the SOR.

3.6. Desorption and reuse

The Cu(II) ions adsorbed onto biosorbents were eluted with
0.1 M HCI1. More than 99% of the adsorbed Cu(Il) ions was
desorbed from the biosorbents. In order to examine the reusabi-
lity of the biomass, biosorption—desorption cycles were repeated
four times by using the same preparations. After the first cycle
the biosorption capacity decreased 14% and remained constant
for all consecutive cycles. These results showed that sour orange
residue can be repeatedly used in biosorption process without
detectable losses in their adsorption capacities.

4. Conclusions

The removal of copper ions from aquatic systems is carried
out using sour orange residues. The selected biomass exhibited
high sorption capacity. The copper uptake performance of SOR
was strongly affected by pH. The biosorption efficiencies were
decreased with increasing in temperature. Effects of particle size
on biosorption efficiencies were small, but rate of biosorption
decreased with increasing the particles size. Sorption kinetic was
found to be best-fit pseudo-second order equation. The selected
biomass exhibited high sorption capacity and its capacity, and
it was found that it is favorable adsorbent for copper removal
from waste. The interactions between Cu(Il) ions and functio-
nal groups on the cell wall surface of the biosorbent cells were
confirmed by FTIR analysis and the spectra showed that car-
boxyl and hydroxyl groups are involved in Cu binding to the
SOR.

References

[1] Y.-S. Ho, Removal of copper ions from aqueous solution by tree fern, Water
Res. 37 (2003) 2323-2330.

[2] RJ.E. Martins, R. Pardo, R.A.R. Boaventura, Cadmium(II) Zin(II) adsorp-
tion by the aquatic moss Fontinalis antipyretica: effect of temperature, pH
and water hardness, Water Res. 38 (2004) 693-699.

[3] B. Nasernejad, T.E. Zadeh, B.B. Pour, M.E. Bygi, A. Zamani, Campa-
rison for biosorption modeling of heavy metals (Cr(IIl), Cu(Il),Zn(II))
adsorption from wastewater by carrot residues, Process Biochem. 40 (2005)
1319-1322.

[4] S. Ho lee, C. Hun Jung, H. Chung, M.Y. Lee, J.-W. Yang, Removal of
heavy metals from aqueous solution by apple residues, Process Biochem.
33 (1998) 205-211.

[5] E. Pagnanellia, L. Toro, F. Veglio, Olive mill solid residues as heavy metal
sorbent material: a preliminary study, Waste Manage. 22 (2002) 901-907.

[6] N. Basci, E. Kocadagistan, B. Kocadagistan, Biosorption of copper (II)
from aqueous solutions by wheat shell, Desalination 164 (2004) 135-140.

[7]1 AL Ferraz, I.A. Teixeira, The use of flocculating brewer’s yeast for Cr(IIT)
and Pb(II) removal from residual wastewaters, Bioprocess. Eng. 21 (1999)
431-437, Springer- Verlag.

[8] J.E. Kefford, B.V. Chandler, The Chemical Constituents of Citrus Fruits,
Academic press, 1970, p. 28.

[9] M.C. Garau, S. Simal, C. Rossello, A. Femenia, Effect of air-drying
temperature on physico-chemical properties of dietary fibre and antioxi-
dant capacity of orange (Citrus aurantium v. Canoneta) by-products, Food
Chem., in press, available online at www.sciencedirect.com.

[10] Z.Reddad, C. Gerente, Y. Andres, M.-C. Ralet, J.-F. Thibault, P. Le Cloirec,
Ni(IT) and Cu(II) binding properties of native and modified sugar beet pulp,
Carbohydr. Polym. 49 (2002) 23-31.

[11] Z. Marczenko, Spectrophotometric Determination of Elements, Ellis Hor-
wood Limited, 1976, p. 243.

[12] J. Rivera-Utrilla, I. Bautista-Toledo, M.A. Ferro-Garcy’a, C. Moreno-
Castilla, Activated carbon surface modifications by adsorption of bacteria
and their effect on aqueous lead adsorption, J. Chem. Technol. Biotechnol.
76 (2001) 1209-1215.

[13] T A.H. Schneider, J. Rubio, R.W. Smith, Biosorption of metals onto plant
biomass: exchange adsorption or surface precipitation? Int. J. Miner. Pro-
cess. 62 (2001) 111-120.

[14] A. Ozer, D. Ozer, Comparative study of the biosorption of Pb(II), Ni(II)
and Cr(VI) ions onto S. cerevisiae: determination of biosorption heats, J.
Hazard. Mater. B 100 (2003) 219-229.

[15] A. Ozer, D. Ozer, A. Ozer, The adsorption of copper(I) ions on to
dehydrated wheat bran (DWB): determination of the equilibrium and ther-
modynamic parameters, Process Biochem. 39 (2004) 2183-2191.

[16] R.P.de Carvalho, J.R. Freitas, A.-M.G. de Sousa, R.L.. Moreira, M.V.B. Pin-
heiro, K. Krambrock, Biosorption of copper ions by dried leaves: chemical
bonds and site symmetry, Hydrometallurgy 71 (2003) 277-283.

[17] N. Chubar, J.R. Carvalho, J.N.M. Correia, Cork biomass as biosorbent for
Cu(II) Zn(II) and Ni(II), Colloids Surf., A: Physicochem. Eng. Aspects 230
(2004) 57-65.

[18] A. Saeed, M.W. Akhter, . Muhammed, Removal and recovery of heavy
metals from aqueous solution using papaya wood as a new biosorbent, Sep.
Purif. Technol. 45 (2005) 25-31.

[19] S. Al-Asheh, F. Banat, R. Al-Omari, Z. Duvnjak, Prediction of binary sorp-
tion isotherms for the sorption of heavy metals by pine bark using single
isotherm data, Chemosphere 41 (2000) 659-665.

[20] T.A. Kurniawan, G.Y.S. Chan, W.-H. Lo, S. Babel, Comparisons of low-
cost adsorbents for treating wastewaters laden with heavy metals, Sci. Total
Environ. 366 (2006) 409-426.

[21] B. Yu, Y. Zhang, A. Shukla, S.S. Shukla, K.L. Dorris, The removal of heavy
metal from aqueous solutions by sawdust adsorption—-removal of copper, J.
Hazard. Mater. B 80 (2000) 33-42.


http://www.sciencedirect.com/

	Copper biosorption from aqueous solutions by sour orange residue
	Introduction
	Materials and methods
	Biosorbent preparation
	Chemical treatment of SOR
	Copper solution preparation
	Analysis of Cu(II) ions
	FTIR spectroscopy
	Determination of pHpzc
	Desorption procedure
	Experimental run
	Kinetics studies
	Biosorption isotherms


	Results and discussion
	Effect of pH and pHpzc on biosorption
	Biosorption kinetics
	Biosorption isotherms
	Effect of the temperature
	FTIR analysis
	Desorption and reuse

	Conclusions
	References


