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a b s t r a c t

Pristine orange peel was chemically modified by introducing sulfur groups with the carbon disulfide treat-
ment in alkaline medium. The presence of sulfur groups on orange peel xanthate were identified by FTIR
spectroscopic study. Equilibrium isotherms and kinetics were obtained and the effect of various param-
ccepted 20 April 2009
vailable online 24 April 2009
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anthate

eters including equilibrium pH, contact time, temperature and initial ion concentration on adsorption of
Pb2+ were studied by batch experiments. The maximum adsorption capacity of orange peel xanthate was
204.50 mg g−1, which was found to increase by about 150% compared to that of pristine orange peel. The
adsorption process can attain equilibrium within 20 min, and kinetics was found to be best-fit pseudo-
second-order equation. Temperature has little effect on the adsorption capacity of orange peel xanthate.
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. Introduction

Heavy metal contamination exists in aqueous waste streams
f many industries, such as metal plating facilities, mining
perations, and tanneries. Most of the heavy metals are poten-
ially hazardous to living systems and limits have been placed
n their concentrations in potable water supplies and effluent
ischarges by different control agencies throughout the world
1,2].

Conventional methods for removing heavy metals from aque-
us solutions include chemical precipitation, oxidation/reduction,
lectrochemical treatment, evaporative recovery, filtration, ion
xchange and membrane technologies. However, these processes
aybe ineffective or cost-expensive, especially when the metals in

olution are in the range of 1–100 mg L−1 [1]. Adsorption technol-
gy emerged as an attractive alternative method for heavy metals
emoval from wastewater in recent years [3–8].

Among the adsorbents used to remove heavy metals, those con-
aining sulfur-bearing groups have a high affinity for heavy metals
ut a low affinity for light metals. Some sulfur-bearing compounds

nclude sulfides, thiols, dithiocarbamates, dithiophosphates and
anthates. Xanthates are most prominent because they are easy to

repare with relatively inexpensive reagents, highly insoluble and
ave high stability constant values of the metal complexes formed
9]. According to HSAB (hard and soft acids and bases) classification
ystem, sulfur can be considered as a soft ligand group having strong

∗ Corresponding author. Tel.: +86 731 8836207; fax: +86 731 8836207.
E-mail address: xyguo@mail.csu.edu.cn (X. Guo).
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chanism was suggested to be complexation.
© 2009 Elsevier B.V. All rights reserved.

affinity for a number of metals such as cadmium, copper, lead, etc.,
that are classed as soft acids [10,11]. Xanthates are formed by react-
ing an organic hydroxyl-containing substrate with carbon disulfide
(Eq. (1)) under caustic condition [12].

(1)

Orange peel is mostly composed of cellulose, pectin, hemi-
cellulose, lignin, chlorophyll pigments and other low molecular
weight hydro-carbons [13–16]. Many of these contain several
hydroxyl functional groups, which make the orange peel a potential
substrate for the synthesis of xanthates. This paper deals with the
preparation of a novel orange peel adsorbent by xanthation pro-
cess, along with the detailed investigation of the effect of various
parameters including equilibrium pH, contact time, temperature
and initial ion concentration on adsorption of Pb2+.

2. Experimental

2.1. Chemicals
All chemicals used in this study were of pure analytical grade
purchased from Katayama Chemical Co. Ltd., Japan, unless other-
wise mentioned. Stock solution (2.0 g L−1) of Pb2+ was prepared by
dissolving Pb(NO3)2 in double distilled water and then diluted to
desired concentrations. 0.1 M solution of 2-[4-(2-hydroxyethyl)-1-

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:xyguo@mail.csu.edu.cn
dx.doi.org/10.1016/j.jhazmat.2009.04.078
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in the XOP, which indicates that the hydroxyl groups have combined
with CS2. The presence of sulfur groups in the XOP has been iden-
tified by the appearance of new peaks at 538.3, 1019.6 and 1151.3
corresponding to �C–S, �C S and �S–C–S [10].
26 S. Liang et al. / Journal of Haza

iperazinyl] ethanesulphonic acid (HEPES) used for the purpose of
uffering was purchased from Sigma–Aldrich. 5 mol L−1 HCl and
mol L−1 NaOH were used to adjust the solution pH.

.2. Xanthation of orange peel

Pristine orange peel was washed with double distilled water and
ried at 70 ◦C inside a convection oven for 24 h. The dried orange
eel was crushed and sieved to a smaller particle by a bolt with the
iameter of 0.15 mm. The obtained product was named as OP for
urther adsorption study.

About 50 g of OP were soaked in a mixture of 250 mL ethanol
nd 250 mL 1% NaOH solution at room temperature (20 ◦C) for 24 h
o remove chlorophyll pigments and other low molecular weight
ompounds. After decantation and filtration, the treated biomass
as washed with double distilled water until the solution reached
neutral pH value around 7.0, and then dried at 70 ◦C inside a con-
ection oven. This dried product was prepared as the raw material
or xanthation.

Xanthation process was carried out basically according to Wing
t al.’s [17] procedure with some modifications. About 15 g of the
ried product was taken in a 300 mL Erlenmeyer flask and 200 mL
M NaOH was added into it. The sample was stirred at room tem-
erature for 3 h and again for another 3 h after the addition of
0 mL carbon disulphide (CS2). This mixture was then allowed to
ettle for1 h and the supernatant was decanted. Excess alkali was
emoved by washing with double distilled water. The mixture was
hen washed with acetone and dried and stored at low temperature
6–8 ◦C). This product was abbreviated as XOP hereafter.

.3. Batch adsorption experiment

The optimum pH for adsorption was determined by mixing
0 mg of the adsorbent OP and XOP and 10 mL 100 mg L−1 of the
b2+ solutions of different initial pH values into separate stoppered
ottles, HEPES was used as buffer. The mixture was shaken at a
peed of 120 rpm for 3 h at 30 ◦C. After adsorption, the metal ion
oncentrations in the supernatant liquor were determined by using
n AA-6650 atomic absorption spectro-photometer (Shimadzu).

Adsorption isotherms were conducted by batch experiments at
0 ◦C and pH 5.0 for 1.5 h. Other experimental parameters were as
escribed above. The kinetic experiments were carried out inside
50 mL stoppered conical flasks, containing 0.5 g adsorbent and
00 mL of 100 mg L−1 Pb2+ solution at different temperatures (10
nd 20 ◦C) and pH 5.0 for 2 h. The samples were collected at desired
ime intervals and filtered immediately.

The amount of metal adsorbed (qe) was determined by using the
ollowing equation:

e = (C0 − Ce)V
m

(2)

here C0 and Ce represent the initial and equilibrium metal ions
oncentrations (mg L−1), respectively; V is the volume of the solu-
ions (mL) and m is the amount (mg) of adsorbent.

.4. Characterization of the adsorbents
FTIR spectra of the adsorbents (OP and XOP) were taken with
Fourier-transform infrared spectrophotometer (JASCO FT/IR-410,

apan). Pressed pellets were prepared by grinding the powder spec-
mens with spectroscopic grade KBr for FTIR spectra test. Zeta
otentials of OP and XOP were measured over the pH range of
.0–7.0 on a Malvern Zetasizer (Model ZEN 2010, Malvern Instru-
ent, Co., UK).
Materials 170 (2009) 425–429

3. Results and discussion

3.1. Characterization of the adsorbents

FTIR spectra of OP and XOP are shown in Fig. 1. In OP
spectrum, the broad and intense absorption peaks at around
3420 cm−1 correspond to the O–H stretching vibrations due to
inter- and intra-molecular hydrogen bonding of polymeric com-
pounds (macromolecular associations), such as alcohols, phenols
and carboxylic acids, as in pectin, cellulose and lignin [18], thus,
showing the presence of “free” hydroxyl groups on the adsorbent
surface. The peaks at 2924 cm−1 are attributed to the symmetric
and asymmetric C–H stretching vibration of aliphatic acids [19].
The peak observed at 1744 cm−1 is the stretching vibration of bond
due to non-ionic carboxyl groups (–COOH, –COOCH3), and may be
assigned to carboxylic acids or their esters [19]. The peaks at 1638
and 1434 cm−1 are due to asymmetric and symmetric stretching
vibrations of C O in ionic carboxylic groups (–COO−), respectively
[20]. Aliphatic acid group vibration at 1267 cm−1 may be assigned
to deformation vibration of C O and stretching formation of –OH of
carboxylic acids and phenols [21]. Peaks at 1068 cm−1 may be due
to stretching vibration of C–OH of alcoholic groups and carboxylic
acids [21]. Some distinct changes are noted in the spectrum of XOP.
The broad peak at 3419 cm−1 in the pristine OP shifts to 3409 cm−1
Fig. 1. FTIR spectra of OP and XOP.
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Fig. 2. Zeta potentials of OP and XOP.

The zeta potentials of OP and XOP at the pH range of 2.0–7.0
ere measured and the results are shown in Fig. 2. It can be seen

hat the absolute values of zeta potentials of XOP were larger than
hose of OP, which indicates that XOP has higher physical stability
nd surface activity.

.2. Effect of equilibrium pH on adsorption

The metal ion adsorption is affected by the pH of the solution
hereby changing the surface charge of the adsorbent and metal
peciation. The influence of equilibrium pH on the adsorption of
b2+ by OP and XOP is shown in Fig. 3. It can be observed from
his figure that XOP exhibits higher adsorption efficiencies of Pb2+

han OP within the range of 2.0–7.0, which is consistent with the
henomenon in Fig. 2. Based on the fact that the pH of industrial
astewater is generally around 5, we chose pH 5.0 as the experi-
ental condition for adsorption studies thereafter.

.3. Adsorption isotherms

Both OP and XOP were used as adsorbents to determine the

dsorption capacity on lead ions. The equilibrium adsorption
sotherm experiments were performed by plotting metal ions
dsorbed (qe) against the equilibrium concentration of lead ions
Ce) in solution (Fig. 4). Obviously, the adsorption capacity of XOP

Fig. 3. The effect of pHe on Pb2+ adsorption process.
Fig. 4. Adsorption isotherms of Pb2+ on OP and XOP.

is much larger than OP, which indicates the effectiveness of the
xanthation process.

Both Langmuir (3) and Freundlich (4) models were used to ana-
lyze the isotherm data [22,23]:

Ce

qe
= 1

qmb
+ Ce

qm
(3)

log qe = log KF + 1
n

log Ce (4)

where qm is the maximum amount of adsorption (mg g−1), b the
adsorption constant (L mg−1), KF the constant representing the
adsorption capacity, and n is the constant depicting the adsorption
intensity.

Table 1 shows the applicability of Langmuir and Freundlich
models respectively for Pb2+ adsorption on OP and XOP. For OP, Fre-
undlich model fits better with the isotherm data than Langmuir
model, whereas for XOP the opposite is the case. The theoreti-
cal monolayer capacity (qm) of Pb2+ on XOP has been obtained
as 204.50 mg g−1, which indicates ∼150% increase in adsorption
capacity towards lead ions compared to that of OP (89.77 mg g−1).
The enhancement in metal adsorption capacity can be explained
on the basis of Pearson rule [24]. According to this rule, soft bases
are likely to form stable complexes with metals such as copper, cad-
mium and lead. Since xanthate group can be classified as soft bases,
xanthated biomass will certainly show a much higher adsorption
capacity in comparison with that of pristine biomass. A comparison
of Pb2+ adsorption capacity of some other biosorbents reported in
literatures is listed in Table 2.

3.4. Adsorption kinetics

One of the most important features of the adsorbent material

is the rate with which the solid phase adsorbs metal ions from the
aqueous solutions and attains equilibrium. It can be seen from Fig. 5,
at both temperatures, the adsorption of Pb2+ on XOP at an initial
metal ion concentration of 100 mg L−1 can attain equilibrium within

Table 1
Isotherm data of OP and XOP presented in terms of linearized Langmuir and Fre-
undlich models, respectively.

Adsorbent Langmuir Freundlich

qm (mg g−1) b (L mg−1) R2 KF (mg g−1) 1/n R2

OP 89.77 0.0349 0.9263 8.5672 0.4284 0.9703
XOP 204.50 0.1318 0.9810 42.8450 0.3088 0.5195
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Table 2
Lead adsorption capacity of some agricultural by-products reported in the literature.

Adsorbent qm (mg g−1) References

Orange peel xanthate 204.5 This study
Alfalfa biomass 43 [25]
Sago processing waste 46.6 [26]
Azolla filiculoides 93 [27]
Mango peel waste 99.05 [28]
Olive pomace 114.07 [29]
Maize bran 142.86 [6]
Black oak bark 153.3 [30]
Sugarcane bagasse 196 [31]
Formaldehyde-polymerized peanut skins 205 [32]
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3.5. Mechanism of adsorption
Fig. 5. Adsorption of Pb2+ on XOP at different temperatures.

0 min. The fast adsorption rate reflects good accessibility of the
inding sites of the orange peel xanthate to metal ions. This has
ractical advantages in terms of reducing reactor volumes and time.

n addition, as shown in Fig. 6, when the temperature was increased
rom 10 to 20 ◦C, the amount of Pb2+ removed from the solution at
quilibrium only increased 0.58 mg g−1. The insignificant effect of
emperature on the adsorbed amount indicates that the adsorption
f Pb2+ by XOP might follow chemisorption as opposed to physical
orption that is temperature dependent [8].
Data were modeled using pseudo-second-order model, which
ssumes that the rate is proportional to the square of the number

Fig. 6. Pseudo-second-order kinetics plot.
Scheme 1. Proposed adsorption mechanisms: (a) ion exchange; (b) and (c) com-
plexation.

of remaining free surface sites [33]. This model can be written as:

t

qt
= 1

k2q2
e

+ t

qe
(5)

where k2 (g mg−1 min−1) is the constant of pseudo-second-order
rate. The relationship between t/qt and t is linear with a slope of
1/qe and an intercept of 1/(k2q2

e ). Fig. 6 shows the application of
pseudo-second-order model for both temperatures. Obviously, the
adsorption process could be well described by the pseudo-second-
order equation, indicating the process mechanism to be chemical
adsorption [34].
The orange peel xanthate can adsorb metal ions through ion
exchange, or complexation, or by a combination of both processes.

Fig. 7. A plot of pHinitial and pHequilibrium.
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y ion exchange, two negative charged sulfur atoms of XOP par-
icipate in capturing one divalent metal ion. However, complex
ormation occurs between four sulfur atoms and one divalent metal
on (Scheme 1). It is postulated that Pb2+ adsorption process could
ndergo both ion exchange and complex formation [9,35]. Because

ead belongs to transition metals, which have empty orbitals that
an be occupied by electrons to form complex, and considering
teric hindrance, mechanism (b) is the most possible adsorption
rocess.

In addition, during the adsorption process on XOP, the equilib-
ium pH values increased if no buffer solution was added into the
xperimental solutions (Fig. 7). This phenomenon can be explained
y proposing that Na+ ions were released into the solutions accord-
ng to both ion exchange and complexation mechanisms, they then
ombined with OH− ions to form alkali, which strengthened the
lkalinity of the solutions.

. Conclusions

The prepared orange peel xanthate has much potential as an
fficient and useful adsorbent for the removal of Pb2+ from wastew-
ters. FTIR study demonstrated the involvement of sulfur groups in
he xanthation process. Zeta potentials of XOP were more nega-
ive than OP in the range of 2.0–7.0, and in this pH range adsorption
fficiencies of Pb2+ are all larger than 95%. Langmuir and Freundlich
odels were used to analyze the adsorption isotherms of OP and

OP. At 30 ◦C, pH 5.0, the maximum adsorption capacity of XOP was
04.50 mg g−1, thereby attaining about 150% adsorption increment
ompared with that of the pristine orange peel. Kinetics studies
howed that the adsorption rate is very fast and can attain equi-
ibrium within 20 min, and the experimental data are found to fit
seudo-second-order equation. Temperature has little effect on the
dsorption process. The adsorption process of XOP on Pb2+ may
roceed according to both ion exchange and complexation mecha-
isms.
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