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Abstract: Copper adsorption by orange peel, which was chemically modified with sodium hydroxide, was investigated. The
adsorbent was characterized using surface area analyzer, infrared spectroscopy and scanning electron microscopy. Total negative
charge and zeta potentials on the adsorbent surface were determined. Equilibrium isotherms and kinetics were obtained and the
effects of solution pH value, adsorbent concentration and temperature were studied in batch experiments. Column experiments were
performed to study practical applicability, and breakthrough curves were obtained. Equilibrium is well described by Langmuir and
Freundlich isotherms, and kinetics is found to fit pseudo-second order type adsorption kinetics. According to Langmuir equation, the
maximum adsorption capacity for Cu( ) is 50.25 mg/g at pH value of 5.3. The results show additional chemical modification of the

adsorbent by NaOH and the increased adsorption capacity.
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1 Introduction

Increasing use of metals and chemicals in
processing industries has resulted in generation of large
quantities of effluent that contains high level of toxic
heavy metals, which poses environmental-disposal
problems due to its non-degradable, persistence nature
and accumulation throughout the food chain[1-2].
Copper is known to be a commonly used heavy metal.
This metal, which has many useful applications in our
life, is very harmful if it is discharged into natural water
resources and may finally pose a serious health hazard.

Many methods, such as chemical precipitation, ion
exchange, reverse osmosis and adsorption, have been
used for heavy metal ions removal from various aqueous
solutions. In recent years, there has been considerable
interest in the use of biological materials including algae,
bacteria, fungi, agricultural by-products and residues as
adsorbents to remove toxic metals from aqueous
solutions by adsorption[3—5]. Adsorption process was
extensively used to remove copper from aquatic medium
using low cost adsorbents such as plant materials[6] and
cellulose materials[7]. Among them, agricultural
by-products and biomass are relatively cheap and show
very high adsorption capacities. However, using

untreated agricultural by-products as adsorbents can also
bring severe problems, such as low adsorption capacity,
high chemical oxygen demand (COD) and biological
chemical demand (BOD) as well as total organic carbon
(TOC), due to the release of soluble organic compounds
contained in the plant materials, such as lignin, tannin,
pectin and cellulose, into the solutions[8—9]. The
increase of the COD, BOD and TOC can cause depletion
of oxygen content in water and then threaten the aquatic
life. To release such problems, chemical treatment on
solid adsorbents was used as a technique for improving
their physical and chemical properties and increasing
their adsorption capacity[10—14].

Orange peel (OP) is a material composed of several
constituents. Among them pectin (galacturonic acid),
hemicellulose, cellulose and lignin acid bear various
polar functional groups, including carboxylic and
phenolic acid groups that can be involved in metal ions
complexion[15—16]. As the low cost, OP is an attractive
and inexpensive alternative for the adsorption removal of
dissolved metals. The aim of this work was to study the
adsorption capacity of OP that was chemically modified
with sodium hydroxide for removing Cu( ) ions from
solutions, and investigate various parameters including
contact time, pH and concentration of Cu( ) ions on the
adsorption efficiency.
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2 Experimental

2.1 Chemicals

All chemicals used in the present work were of
analytical purity. The stock solution of Cu( ) with
concentration of 1.0 g/ was prepared using
CuSO45H,0 and then diluted to appropriate
concentrations. 0.1 mol/L HCl and 0.1 mol/L NaOH
were used for pH value adjustment.

2.2 Chemical modification of OP

OP was used as the raw material for the preparation
of the chemically modified adsorbent. OP, which was
collected from a local plantation, was cut into small
pieces, washed several times with distilled water and
dried at 80 . The product was then crushed and sieved
to obtain an average particle size lower than 0.45 mm.
Adsorbent was modified with NaOH solution to improve
the capacity of metal uptake. For this purpose, 100 g of
dried OP was treated in 1 L NaOH (0.1 mol/L) solution
for 24 h. After repeated decantation and filtration,
modified biomass (SOP) was washed with distilled water
until the pH value of solutions reached 7.0.

2.3 Instruments used for adsorbent characterization
The specific surface area of OP and SOP was
measured by BET N, adsorption using Quantasorb
surface area analyzer (QS/7). Surface morphologies of
the adsorbents were identified by a JSM—-5600LV
scanning electron microscope (SEM). FTIR spectroscopy
was used to identify the chemical groups present in the
adsorbents. Spectra of the adsorbent before and after
Cu( ) binding were recorded in the wavenumber range
of 400—4 000 cm ' using a JASCO—410 model FTIR
spectrometer with the samples prepared as KBr discs.
Zeta potentials of OP and SOP were measured in the pH
range of 2.0—7.0 on a Malvern Zetasizer (Model ZEN
2010, Malvern Instrument Co UK). A modification of the
method and the potassium dichromate method were used
to determine total negative charge[17] and the chemical
oxygen demand (COD). A pH meter (PHS—3C, made in
China) was used to measure pH value of the suspension.

2.4 Batch adsorption experiments

Batch adsorption experiments were conducted by
mixing adsorbent with 25 mL of Cu( ) ions solutions of
desired concentrations in 100 mL sealed conical flask
using a shaking thermostat machine at a speed of 120
r/min. The effect of solution pH value on the equilibrium
adsorption of Cu( ) was investigated by mixing 100 mg
of SOP with 25 mL of Cu( ) ions solutions of 50 mg/L
between pH value of 2.0 and 6.5. In the kinetic
experiments, 50 mg/L. Cu( ) ions solutions were used.

The adsorption time varied between 0 and 120 min. In
the isotherm experiments, 0.100 g of adsorbent was
added in 25 mL of Cu( ) ions solutions at various
concentrations (25—400 mg/L). After the established
contact time (1 h) reached, the samples were withdrawn
and centrifuged at 4 000 r/min for 5 min and the
supernatant fluid was analyzed for the residual Cu( )
ions concentration by wusing Rayleigh WFX-130B
atomic absorption spectrophotometer. The amount of
adsorption (¢) was calculated by the following equation:
q:(pO_pe)V (1)
m

where py and p. are the initial and equilibrium Cu( )
ions concentrations, respectively; V is the volume of the
solutions; and m is the amount of adsorbent used. All the
adsorption experiments were conducted in duplicate, and
the mean values were calculated.

2.5 Column adsorption experiments

The column adsorption tests for Cu( ) ions removal
were carried out using a transparent glass column of 0.95
cm in inner diameter and 20 cm in height fitted with a
glass filter at the bottom. SOP (100 mg) was packed into
the column. The test solution, containing 50 mg/L Cu( )
ions at pH value of 5.3, was passed through the column
at a flow rate of 6.0 mL/h by using a peristaltic pump
(made in China). The column was conditioned by
passing water at the same pH value. A fraction collector
(BIORAD model 2110 fraction collector) was used to
collect the fraction of effluent at definite intervals of time
for the measurement of Cu( ) ions concentration. After
the complete adsorption, an elution test was carried out
using 0.1 mol/L HCI solution at a flow rate of 6.0 mL/h.
Here, prior to the elution test, the column was washed
with distilled water to expel any unbound Cu( ) ions.
The eluted Cu( ) ions concentration was analyzed as
before.

3 Results and discussion

3.1 Effect of biomass modification on Cu( )

adsorption

The work done by BAIG et al[18] on the binding of
Pb( ), Cu( ), Ni( ), Cd( ), Zn( ), Cr( ) and
Cr( ) ions to the inactivated biomass of Solanum
elacagnifolium  suggested that carboxyl groups
(—COOH) are responsible to some extent for the
binding of metal ions. This means that increasing the
number of carboxylate ligands in the biomass can
enhance the metal binding capacity. Cellulose, pectin,
hemicellulose, and lignin, which are major constituents
of OP, contain methyl esters that do not bind metal ions
significantly. However, these methyl esters can be
modified to carboxylate ligands by treating the biomass
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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—COOCH;+NaOH=R—COO +CH;0H+Na" 2)

Therefore, chemically modifying the biomass
increases the number of carboxylate ligands, which can
enhance the binding ability of the biomass. The
metal-binding capacities of the raw and NaOH treated
biomass are compared in Table 1. The results clearly
show that SOP is 1.3 times more effective than OP for
the adsorption of Cu( ) ions.

In addition, after adsorption by SOP, the solution of
Cu( ) ions is colorless, but after adsorption by OP, it is
yellow. The fact may be due to the outflow of pigment in
OP when agitated with Cu( ) ions solution, which leads
to very high COD of solution. However, most pigment
and other soluble organic compounds contained in the
OP could be removed by modification process[19], so
SOP is more stable and makes the solution have a low
COD.

Table 1 Effect of biomass modification on Cu ( ) adsorption
at pH value of 5.3, contact time of 1 h, py of 50 mg/L,
adsorbent dosage of 4 g/L, and temperature of 25

Adsorption of
Adsorbent COD/(mg'L™" sorption o
Cu( )%
or 1416 727
SOP 156 91.6

3.2 Adsorbent characterization

The scanning electron micrographs clearly reveal
the surface texture and morphology of the adsorbent
(Fig.1). The surface morphology of OP is different from
that of SOP. After being treated with sodium hydroxide,
SOP has more irregular and porous structure than OP,
and therefore more specific surface area. This surface
characteristic will substantiate the higher adsorption
capacity. The surface areas of OP and SOP are observed
to be 0.83 and 1.17 m*/g by BET method, respectively.

The zeta potentials of OP and SOP in the pH range
of 2.0-7.0 were measured. The results are shown in
Fig.2. Total negative charge is found to be 0.58 mmol/g
for OP and 1.10 mmol/g for SOP. The zeta potential and
total negative charge of adsorbent are mainly dependent
on the amount of —COOH and —OH attached onto the
surface of the adsorbent[20]. The zeta potentials of OP
and SOP increase (become more negative) directly with
the increase of the solution pH value, indicating that the
negative charge on the surface of OP and SOP augments
with increasing alkalinity of the solutions. This effect is
certainly caused by the ionisation of the —COOH and
—OH groups. At the same pH value, the zeta potentials
of SOP are more negative than those of OP and total

negative charge of SOP is more than that of OP, which
indicate that the amount of —COOH in SOP is more
than that in OP because the methyl ester groups were
converted to carboxylate ions by modifying OP with
sodium hydroxide, which facilitated the electrostatic
interaction with cations[21].

Zeta potential/mV
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Fig.2 Zeta potentials of OP and SOP

The FTIR spectra of OP and SOP are shown in
Fig.3. The broad and intense absorption peaks at 3 410
ecm ' correspond to the O—H stretching vibrations of
cellulose, pectin, absorbed water, hemicellulose, and
lignin. The peaks at 2 924 cm ' can be attributed to the
C—H stretching vibrations of methyl, methylene and
methoxy groups. The peaks at 1 744 cm ' and 1 638 cm™'
in the OP spectrum indicate the ester carbonyl (C=0)
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groups and carboxylate ion stretching band (COO),
respectively[22]. The vibrations at 1 430—1 455 cm ™' can
be due to aliphatic and aromatic (C—H) groups in the
plane deformation vibrations of methyl, methylene and
methoxy groups. The peak at 1 057 cm ™' can be assigned
to the C—O stretching vibration of carboxylic acids and
alcohols. For FTIR spectrum of the SOP, weakening
intensity of the peak at 1 744 cm™' indicates that the
methyl esters are hydrolyzed with NaOH and ester group
is converted to carboxylate ions.
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Fig.3 FTIR spectra of OP (a) and SOP before Cu binding (b)
and after Cu binding (c)

Different  adsorption mechanisms including
complexation, ion exchange, and electrostatic attraction
may be involved in the adsorption process. Fig.3 also
shows FTIR spectra of the SOP before and after metal
ions adsorption. After Cu( ) adsorption, — OH
stretching vibration is shifted to 3 436 cm'. The
significant shift of this specific peak to the lower
wavenumber after the metal ions adsorption suggests that
chemical interactions between the metal ions and the
hydroxyl groups (OH—) occur on the biomass surface.
The carboxyl (C—=0) peak is observed at 1 622 cm™" for
Cu( )-loaded biomass. In addition, after loading metal
ion, the peak of C—O groups shifts to 1 085 cm™'. These
results indicate that the functional groups mentioned
above are mainly involved in the adsorption of Cu( )
onto the biomass [23].

3.3 Effect of pH value on Cu( ) ions adsorption

It is well known that pH wvalue affects the
protonation of the functional groups on the biomass as
well as the metal chemistry[24]. The effect of pH value
on Cu( ) ions adsorption capacity on SOP is shown in
Fig.4. At low pH value, the amount of Cu( ) adsorption
is small. There is an increase in copper adsorption with
pH value increasing from 2.5 to 4.5. The highest

adsorption efficiency is observed between pH 4.5 and 6.0.

These observations can be explained by the fact that at

lower pH values, the surface charge of the biomass is
positive and cations adsorption is not favorable.
Meanwhile, hydrogen ions compete strongly with metal
ions for the active sites, which results in less adsorption.
When the pH value is increased, electrostatic repulsion
between cations and surface sites and the competing
effect of hydrogen ions decrease, and consequently the
metal adsorption increases[25].

100
© 90
=
2
=
2
=
< 80
70 1 A | .
2 3 4 5 6 7
pH

Fig.4 Effect of pH value on Cu( ) absorption on SOP at p, of
50 mg/L, adsorbent dosage of 4 g/L, contact time of 1 h and
temperature of 25

3.4 Effect of contact time and adsorption Kinetics
Cu( ) adsorption capacity was determined as a function
of time to determine an optimum contact time for the
adsorption of Cu( ) ions on SOP. Fig.5 shows the
results of the adsorption equilibrium of Cu( ) ions on
SOP against time. From Fig.5, there is rapid adsorption
kinetics within 10 min and adsorption equilibrium can be
attained within 1 h. Therefore, 1 h of contact time was
chosen as the optimum adsorption time for the
experimental studies to ensure that equilibrium
conditions can be achieved.

The kinetics of Cu( ) ions adsorption on SOP was

100
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401

Adsorption/%

201
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Fig.5 Adsorption kinetics of Cu( ) ions at pH value of 5.3, po
of 50 mg/L, adsorbent dosage of 4 g/L and temperature of 25
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analyzed using pseudo-second order[26]:

1
Lo L 3)
qt que qe

where k&, (g/(mg-min)) is the constant of pseudo-second-
order rate; ¢g. (mg/g) is the adsorption capacity at
equilibrium; and ¢, (mg/g) is the adsorptions capacity at
time ¢ (min). The equilibrium adsorption capacity ¢. and
the pseudo-second-order rate constant k, can be
experimentally determined from the slope and the
intercept of the plot #/4; against ¢. The graphical
interpretation of the data for the second-order-kinetic
model is given in Fig. 6. As shown in Fig.6, the good fit
(R*=1) is obtained and the theoretical values of g, also
agree very well with the experimental values, which
indicates that the adsorption conforms to the
pseudo-second-order mechanism and the adsorptions rate
is controlled by chemical adsorption. The value of &,
obtained from the plot is 1.739 g/(mg'min) and the value
of g, is calculated as 11.46 mg/g.
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Fig.6 Pseudo-second-order plot

3.5 Effect of initial concentrations and adsorption

isotherms

Fig.7 shows the experimental adsorption isotherm
for Cu( ) adsorption onto SOP when the initial
concentration of Cu( ) varies between 25 and 400 mg/L
at 25 . Two isotherm models, Langmuir and
Freundlich, were used to describe the equilibrium data.
The amount of Cu( ) adsorbed ¢. (mg/g) at equilibrium
metal concentrations of p. (mg/L) can be defined by the
Langmuir equation as

Pe_ 1 P 4)
9de  dmb  qm

where ¢, is monolayer capacity of the adsorbent (mg/g);
and b is the adsorption constant (L/mg). The plot of p./g.
vs p. should be a straight line with a slope of 1/¢,, and an
intercept of 1/(gnb) when the adsorption follows the
Langmuir equation.

50
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Fig.7 Adsorption isotherm of Cu( ) ions at pH value of 5.3,
contact time of 1 h, adsorbent dosage of 4 g/L and temperature
of 25

The Freundlich equation can be expressed as
1
lgg. =1gKe +—lg o, ©)

where Ky and 1/n are Freundlich isotherm constants
related to adsorption capacity and intensity of
adsorptions, respectively. If Eq.(5) is applied, a plot of
lg g. vs lg p. will give a straight line of slope 1/n and
intercept 1g Kp. The estimated parameters of the two
models were evaluated by regression analysis. The
correlation coefficients obtained from the Langmuir
equations and Freundlich equations are 0.991 2 and
0.974 9, respectively. Equilibrium data agree well with
the Langmuir model. The values of ¢, and b are found to
be 50.25 mg/g and 0.045 L/mg, respectively. The values
of Kr and 1/n are found to be 542 and 0.422,
respectively. According to the Langmuir equation, the
maximum adsorption capacity (¢,,) of Cu( ) ions on
SOP is 50.25 mg/g, which is higher than that on OP
(gm=35.56 mg/g).

3.6 Column adsorption and elution experiments

The performance of SOP in continuous operation
was studied via column runs by percolating Cu( ) ions
solution at pH value of 5.3. Fig.8 shows a typical
breakthrough curve for Cu( ) ions, using a column
packed with 0.10 g of SOP at a feed concentration of 50
mg/L of Cu( ) ions. The breakthrough occurs at 58 bed
volumes (BV) while complete saturation is achieved at
350 BV. The effective adsorption capacity calculated
from Fig. 8 is 33.50 mg/g, which is lower compared with
adsorption capacity (50.25 mg/g) of batch experiments.
In batch experiments the mixture is shaken continuously
and good interaction between the solid and solute is
achieved. In the fixed bed, adsorbent is packed in the
column and the surfaces of the solid particles are in
contact with each other and therefore result in less
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solid-solute interaction. Further, liquid channeling that
results in poor solid-metal ion contact and less residence
time may occur in the column[27]. Therefore, column
adsorption capacities are lower compared with those of
batch operation.

After complete saturation of the column, an elution
test was carried out. The results are shown in Fig.9. The
desorption/elution of Cu( ) ions is found to be very
efficient because the eluted amount of Cu( ) ions
calculated from Fig.9 is 33.23 mg/g, which is 99.2% of
the adsorbed Cu( ) ions. This amount is eluted by the
use of a small amount of eluant (0.1 mol/L HCI) in a
short time.
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Fig.8 Column adsorption test results for Cu( ) ions on SOP
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Fig.9 Elution test results of adsorbed Cu () ions from SOP by
using 0.1 mol/L HC1

4 Conclusions

1) Sodium hydroxide is used for modifying OP and
therefore enhances its removal efficiency for Cu( ) ions
in comparison with OP.

2) The adsorption performance of SOP on Cu( )
ions is significantly affected by initial pH value and
metal concentration. The maximum adsorption efficiency
is 91.6% at 25 , p¢=50 mg/L, pH 5.3 and 4 g/L

adsorbent dosage. Adsorption kinetic is found to be
best-fit pseudo-second order equation. The adsorption
equilibrium data fit well to the Langmuir isotherm. The
maximum adsorption capacity is found to be 50.25 mg/g.

3) FTIR results verify the changes of the surface
properties of adsorbent materials after the modification
of OP and reveal that the carboxyl and hydroxyl groups
are involved in Cu( ) ions adsorption.
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