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a b s t r a c t

Bagasse-based ion adsorbent was prepared by chemically modifying bagasse with acrylonitrile and
hydroxylamine with the aim to enhance the ability of removal heavy metal ions from wastewater. The
purified modified materials were characterized by Fourier transform infrared (FT-IR). Batch experiments
of Cu(II) ions (Cu2+) adsorption on the bagasse adsorbent were performed. Effects of the adsorbent dosage,

2+ 2+
eywords:
agasse
inetics
dsorption
odification

initial pH of the solution, temperature of the Cu solution, and initial Cu concentration on the adsorp-
tion of Cu2+ were studied, respectively. Langmuir and Freundlich models were applied to describe the
adsorption isotherm of Cu2+ by bagasse adsorbent. The results indicated that Langmuir model fitted the
adsorption equilibrium data better than the Freundlich isotherm model. Two kinetic models, including
pseudo-first-order and pseudo-second-order, were also used to analyze the Cu2+ adsorption process, and
the results showed that the pseudo-second-order with correlation coefficients greater than 0.999 was
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. Introduction

The water pollution by toxic heavy metals through the dis-
harge of industrial waste is a world-wide environment problem
1,2]. Metals such as copper (Cu), nickel (Ni), lead (Pb), mercury
Hg), chromium (Cr), and zinc (Zn), which have been considered
s hazardous heavy metals are commonly found in waste. These
eavy metals are toxic and their presence in steams leads to accu-
ulation in living organisms, causing health problems in human

eings, plants, and animals. So the removal of these metals from
astewater is necessary. Traditional methods for the removal and

ecovery of heavy metals from industrial waste streams are precip-
tation, ion exchange, electrolysis, adsorption on activated carbon,
tc. [3–5]. Most of these methods are extremely expensive or
nefficient, especially for a large amount of solution at relatively
ow concentrations [6,7]. Adsorption is now recognized as an effi-
ient and economic method to remove metal ions from aqueous
olution [8]. The adsorbents may be of mineral, organic or bio-

ogical origin. Recently, there has been an increasing emphasis on
he adsorbent with low cost for the heavy metal ions removal.
iomaterials such as byproducts or the wastes from agriculture
eserve particular attention [9]. These biopolymers represent an

nteresting and attractive alternative as adsorbents because of

∗ Corresponding author. Tel.: +86 20 85232278; fax: +86 20 85231119.
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heir particular structure, physico-chemical characteristics, chem-
cal stability, and high reactivity resulting from the presence of
epetitive functional groups in polymer chains. Moreover, it is
ell known that the biopolymers which are abundant, renewable

nd biodegradable resources, have a capacity to associate with a
ide variety of molecules by physical and chemical interactions

8]. Some agriculture byproducts or wastes, such as tree fern [10],
awdust [3], rice bran [11], wheat bran [4], corncobs [12], etc.,
ave been widely studied for heavy metals removal from aqueous
olution.

Bagasse, which is a complex material containing lignin and cel-
ulose as major constituents, is an industrial solid waste from the
ugar industry. As its adsorption capacity on metal ions is poor, by
ntroducing some functional groups with higher adsorption abil-
ty the adsorption capacity can be improved. In earlier research,
agasse has been studied as a raw material for the preparation of

on adsorbent. Different chemical modifications have been carried
ut to introduce different functional groups such as phosphate, sul-
onate and carboxyl onto bagasse to increase its adsorption capacity
13,14]. In this work, bagasse was modified with acrylonitrile and
ydroxylamine to introduce amidoxime functional groups in order
o enhance its adsorption ability to heavy metal ions. And the
resent study was focused on the adsorption of Cu2+ onto the

midoximated bagasse at different conditions. The effects of the
dsorbent dosage, initial pH of the solution, temperature of the
olution, and initial Cu2+ concentration on the Cu2+ adsorption were
nvestigated and discussed. The adsorption kinetics and equilib-
ium isotherms were also studied.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:liaobing@gic.ac.cn
dx.doi.org/10.1016/j.jhazmat.2008.07.107
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sponding to the stretching of the cyano group. On the other hand,
three new bands appeared at 2254, 1660, and 910 cm−1 in the ami-
doximated bagasse (Fig. 1c), which were characteristic of the –C≡N,
–C=N and –N–OH groups, respectively. A reduction of the intensity
of cyano absorption at 2254 cm−1 in Fig. 1c was observed, con-

Table 1
Physical and chemical properties of bagasse adsorbent
Y. Jiang et al. / Journal of Haz

. Methods

.1. Materials

Bagasse as received from the provider was milled to the par-
icle diameter less than 80-mesh, and dried in an oven at 100 ◦C
or a period of 24 h. Acrylonitrile (AN) was purchased from Tian-
in kemiou Chemical Reagent Co., Ltd., China; hydroxylamine
ydrochloride, sodium carbonate, and CuCl2·2H2O were supplied
y Guangzhou Chemical Reagent Factory, China, Tianjin Chemi-
al Reagent Factory, China, and Tianjin Fuchen Chemical Reagent
actory, China, respectively. All the other chemicals used were of
nalytical grade without further purification.

Copper solution of desired concentration were prepared from
uCl2·2H2O, by dissolving the exact quantities of copper salts in
eionized water.

.2. Modification of bagasse

.2.1. Preparation of cyanoethylated bagasse
2 mL water, in which 0.1 g tetramethylammonium chloride

as dissolved, was atomized onto 3.0 g bagasse sample. Then
he treated bagasse was dispersed in 72 mL AN, and 2 mL 36%
queous sodium hydroxide solution was added. The mixture was
eacted at 25 ◦C for 2 h. When the reaction was completed, the
ixture was treated with isopropanol in order to dissolve and

liminate the unreacted AN [15]. Finally the product was filtered,
ashed with deionized water, and dried under reduced pressure at
0 ◦C.

.2.2. Preparation of amidoximated bagasse
3.0 g cyanoethylated bagasse was treated with an aqueous solu-

ion of hydroxylamine hydrochloride at pH 10. The pH of the
olution was adjusted by sodium carbonate. The mass ratio of
ydroxylamine hydrochloride and sodium carbonate was 1:0.75.
he mixture was heated to 80 ◦C for desired time, then the prod-
ct was filtered, washed with deionized water for several times
o remove the unreacted hydroxylamine hydrochloride, and finally
ried at 60 ◦C.

.3. Fourier transform infrared (FT-IR) analysis

The Fourier transform infrared (FT-IR) spectra of the modified
agasse were recorded with a FT-IR Analect RFX-65A spectrome-
er (American). Samples were pressed into discs with potassium
romide and analyzed in transmittance and absorbance.

.4. Equilibrium isotherm

The equilibrium isotherm was measured by contacting 0.1 g
midoximated bagasse with a range of different initial concentra-
ions of 40 mL Cu2+ solution (76–600 mg/L). The mixtures were
gitated in a conical flask for 24 h, which was sufficient time to
each adsorption equilibrium at various temperatures. The exper-
ments were carried out at pH values below the pH where metal
ydroxide chemical precipitation occurs, which had been estimated
s pH > 6.3 for Cu(OH)2(s) [16]. The initial pH of the solution was
djusted to 6.0 using Clark-clubs buffer solution [17] without any

urther adjustment during the sorption process. After stirring for
4 h, the amidoximated bagasse was separated by filtration, and the
esidual Cu2+ concentration in the aqueous solution was measured
y atomic absorption spectrometer (AAS Z-5000, Japan). Amount
f Cu2+ uptake at equilibrium, qe (mg/g), was calculated using the
ollowing equation:

C

C

C
H
N

s Materials 164 (2009) 1–9

e = (C0 − Ce)V
m

(1)

here C0 (mg/L) is the initial concentration of Cu2+, Ce (mg/L) is
he concentration of Cu2+ at equilibrium, V (L) is the volume of the
olution, and m (g) is the weight of bagasse adsorbent.

.5. Adsorption kinetics

The initial copper ions concentration was 76 mg/L for all exper-
ments except for the study of the effect of the initial concentration
n Cu2+ adsorption. For Cu2+ adsorption kinetics studies, 1 g ami-
oximated bagasse was contact with 400 mL Cu2+ solution in a flask
tirred continuously in a water bath maintained at different tem-
eratures (30, 40, 50 and 60 ◦C). The initial pH of the solution was
djusted to 6.0 without any further adjustment during the sorption
rocess. After appropriate time intervals, samples of the mixture
ere withdrawn and filtered through a paper filter. The residual

oncentration of Cu2+ in the solution was also measured by atomic
bsorption spectrometer (AAS Z-5000, Japan).

. Results and discussion

.1. Physico-chemical analysis of the adsorbent

Bagasse is a plant biomass containing large number of complex
rganic components, namely, proteins, lipids, and carbohydrate,
tc. there are –OH, –COOH functional groups in the lignocellulosic
nd protein moieties of biomass [18]. And after the modification
f bagasse with acrylonitrile and hydroxylamine, a series of ami-
oxime groups were introduced into the complex polysaccharide
atrix. These functional groups may affect the adsorption capac-

ty of the adsorbent. In order to characterize the adsorbent used
n this study, various physical properties and chemical analysis
f the bagasse adsorbent were determined. Elemental analyses
ere accomplished in Analyzer 2400 CHNS/O PerkinElemer series

I, USA. The surface area and porosity were determined by Accel-
rated Surface Area and Porosimetry System, model ASAP2010M,
icromeritics Corporation, USA. Particle size of the adsorbent was

etermined by Automatic particle size analyzer, model Sedigraph
II 5120, Micromeritics Corporation, USA. The results are given in
able 1.

.2. FT-IR study of modified bagasse

.2.1. FT-IR spectra of modified bagasse
FT-IR spectra of untreated bagasse, cyanoethylated bagasse, and

midoximated bagasse are shown in Fig. 1. The broad and strong
ands around 3500 cm−1 were due to bounded hydroxyl group
–OH). Compared with the untreated bagasse Fig. 1a, a sharp peak
ppeared in cyanoethylated bagasse at 2254 cm−1 (Fig. 1b), corre-
hemical analysis Physical analysis

onstituents Weight (%) Parameter Value

43.96 Surface area (m2 g−1) 107.69
7.13 Mean size (�m) 174.63

13.64 Porosity 0.31
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Table 2
Relative absorbance intensity of different bands of amidoximated bagasse at differ-
ent reaction time

Samples A2254/A1325 A1660/A1325 A910/A1325

Amidoximated bagasse (t = 0 min) 1.008 – –
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ig. 1. FT-IR spectra of (a) untreated bagasse, (b) cyanoethylated bagasse, and (c)
midoximated bagasse.

ributed to the amidoximation of cyano group in the cyanoethylated
agasse.

.2.2. Effect of reaction time on the FT-IR spectra of
midoximated bagasse

FT-IR spectra of amidoximated bagasse with different reaction
ime are shown in Fig. 2. It is clear that all amidoximated bagasse
ave two bands at 1660 and 910 cm−1 due to the formation of
xime group –C=N and –N–OH compared with the spectra of cya-
oethylated bagasse. The reaction degree of the amidoxime group
an be quantified with FT-IR scaling method [19]. The peak at
325 cm−1 (assigned to bending vibration band of cellulose ring
–H in bagasse) could be used as internal reference [20]. The rela-
ive absorbance intensity of 2254, 1660 and 910 cm−1 were given by
2254/A1325, A1660/A1325 and A910/A1325, respectively. Where A1325 is
he absorbed intensity at 1325 cm−1, A2254 is the absorbed inten-
ity at 2254 cm−1, A1660 and A910 is the absorbed intensity at 1660

−1
nd 910 cm , respectively. The values can be calculated from FT-IR
pectra using IR scaling method and are presented in Table 2. It is
lear that the relative absorbance intensity of 2254 cm−1 decreases
ith the reaction time with the conversion of cyano group to oxime

roup. And the relative absorbance intensity of the bands 1660 and

ig. 2. FT-IR spectra of bagasse amidoximated at different reaction time: (a) 0 min,
b) 90 min, (c) 120 min, and (d) 180 min.

s
b
t
g
p
t

F
b
c

midoximated bagasse (t = 90 min) 0.346 1.094 0.806
midoximated bagasse (t = 150 min) 0.289 2.776 1.008
midoximated bagasse (t = 180 min) 0.269 2.862 1.173

10 cm−1 increase with the time due to the formation of oxime
roup. As In the modified process of bagasse with hydroxylamine
ydrochloride, new group –NH2 appeared in the bagasse adsorbent
ith the conversion of cyano group to amidoxime group. While its

bsorption band is in lower wave number than that of –OH group.
o there are two bands around 3500 cm−1 appeared after bagasse
odified with hydroxylamine hydrochloride and the intensity of

he new band increased as the contact time increasing. Accord-
ng to the study, the bagasse adsorbents used in later adsorption
xperiments were all prepared with reaction time 180 min.

.3. Effect of adsorbent dosage on the adsorption of Cu2+

The effect of adsorbent dosage on the removal percentage of
u2+ and Cu2+ uptake amount by amidoximated bagasse is shown

n Fig. 3. It is clear that the percentage of Cu2+ removal increases
ith the adsorbent dosage increasing from 0.5 to 10 g/L. This may be

ttributed to the increase of the number of adsorption sites and sur-
ace area with the weight of adsorbent increasing. At higher dosage,
ll the Cu2+ in the solution could interact with the binding sites
nd thus resulting in a higher percentage of copper removal. While
he amount of Cu2+ adsorbed on per unit weight of bagasse adsor-
ent decreases with the adsorbent dosage, which was in accordance
ith the results of Amarasinghe and Williams [21]. This is due to the

plit in the flux or the concentration gradient between the solute
oncentration in the solution and the one in the surface of the adsor-
ent [22]. When the adsorbent dosage is higher, there is a very fast
dsorption onto the adsorbent surface, which results in a lower
dsorbate concentration in the solution. However, the adsorption
ites on the adsorbent surface remain unsaturated when the adsor-
ate concentration in the solution drops to a lower value. Thus,

he amount of Cu2+ adsorbed onto per unit weight of adsorbent
ets reduced with the adsorbent dosage increasing. The removal
ercentage of Cu2+ and the Cu2+ uptake amount have the opposite
rend toward adsorbent dosage. When the dosage is 2.5 g/L, both

ig. 3. Effect of adsorbent dosage on the removal of Cu(II) ions and Cu(II) ions uptake
y modified bagasse: concentration, 76 mg/L; temperature, 30 ◦C; initial pH, 6.0;
ontact time, 24 h.
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=

KLqm
+

qm
(3)

The Langmuir constants KL and qm have been calculated with the
Eq. (3) and are presented in Table 3. The values of regression coef-
ficient R2 are higher than 0.99. The high coefficient suggests that
ig. 4. Effect of initial pH on the adsorption of Cu2+ by amidoximated bagasse:
oncentration, 76 mg/L; temperature, 30 ◦C; adsorbent dose, 2.5 g/L; contact time,
4 h.

he adsorption amount and removal percentage of Cu2+ reach rel-
tive high values. So the following studies were performed with
dsorbent dosage 2.5 g/L.

.4. Effect of initial pH on the adsorption of Cu2+

Many researchers have verified that the pH of the medium has
ignificant influence on the adsorption capacity of the biosorbents
23,24]. The effect of pH on the adsorption capacity of Cu2+ by
agasse adsorbent was evaluated within the pH range of 3.0–6.0
Fig. 4). The highest adsorption amount of Cu2+ with bagasse adsor-
ent was obtained at pH 6.0. The acidity of the medium can affect
he metal ions uptake amount of the bagasse adsorbent because
ydrogen ions in the solution could compete with Cu2+ for active
ites on the adsorbents surface. The possible sites on bagasse adsor-
ent for specific adsorption include –OH and –COOH functional
roups [25]. These functional groups are dissociated at various pH
alues and consequently take part in surface exchange of Cu2+.

OH � –O− + H+

COOH � –COO− + H+

The surfaces of the adsorbent are expected to be negatively
harged which facilitate the adsorption of the positively charged
u2+. The increase of the pH value favors the surface of the bagasse
dsorbent become negative and the adsorption capacity of Cu2+

ncreases.

----C6H5–OH + Cu2+ → S----C6H5–O–Cu+ + H+

----COOH + Cu2+ → S----COO–Cu+ + H+

here S donates the adsorbent surface, however, the sites responsi-

le for the adsorption process are not exclusively due to the –COOH
nd –C6H5–OH groups, other sites introduced by modification on
he bagasse adsorbent also contribute to the adsorption through
he surface complexation with Cu2+ [26,27].

F
f

s Materials 164 (2009) 1–9

.5. Adsorption isotherms

The adsorption isotherm provides a relationship between the
oncentration of metal ions in solution and the amount of metal
ons adsorbed onto the adsorbent when both phases are at equi-
ibrium [28]. Several equilibrium models have been developed to
escribe adsorption isotherm relationships [29]. The Langumuir
30] and Freundlich [31] equations are the world-widely used mod-
ls because of their simplicity. The adsorption isotherms for Cu2+

n amidoximated bagasse at different temperatures are shown in
ig. 5. The adsorption data has been analyzed with the two adsorp-
ion models.

.5.1. Langmuir isotherm
Langmuir adsorption isotherm is often used to describe the

aximum adsorption capacity of adsorbent. The basic assumption
f Langmuir adsorption isotherm is based on monolayer coverage
f the adsorbate on the surface of adsorbent [32]. The Langmuir
dsorption isotherm is given as

e = qmKLCe

(1 + KLCe)
(2)

here Ce (mg/L) is the equilibrium concentration of adsorbate in
olution, qe (mg/g) is the adsorption amount of adsorbent at equi-
ibrium. KL (L/mg) is the equilibrium adsorption constant which
s related to the affinity of the binding sites and qm (mg/g) is the

aximum adsorption amount of metal ions. They can be deter-
ined from a linear form of Eq. (2) (by plotting the Ce/qe versus

e), represented by

Ce 1 Ce
ig. 5. Equilibrium isotherms of Cu2+ adsorption by amidoximated bagasse at dif-
erent temperatures: contact time, 24 h; initial pH, 6.0; adsorbent dosage, 2.5 g/L.
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Table 3
Adsorption isotherm parameters of Cu2+ adsorbed by amidoximated bagasse at dif-
ferent temperatures: contact time, 24 h; initial pH, 6.0; adsorbent dosage, 2.5 g/L

Parameters Temperature (◦C)

30 40 50 60

Langmuir isotherm
qm (mg/g) 101.01 83.963 67.024 59.277
KL (L/mg) 22.9 × 10−3 17.35 × 10−3 11.33 × 10−3 7.99 × 10−3

R2 0.9937 0.9906 0.9981 0.9977

Freundlich isotherm
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adsorption by bagasse adsorbent. It is obvious that the adsorption
capacities calculated from Langmuir isotherm are much closer to
the experimental values of qe than that of Freundlich isotherm.
From Table 3, it also appears that Langmuir isotherm fitted the
experimental results over the experimental range with a higher
KF (mg/g) 12.714 10.455 6.011 3.336
n 2.880 2.996 2.654 2.264
R2 0.9925 0.9946 0.9822 0.9753

he Cu2+ adsorbed by amidoximated bagasse form monolayer cov-
rage on the surface of the adsorbent. The maximum adsorption
apacity qm is found to decrease from 101.01 to 59.28 mg/g with an
ncrease of the solution temperatures from 30 to 60 ◦C. The sorption
onstant KL also decreases from 22.9 × 10−3 to 7.99 × 10−3 L/mg as
emperature increasing from 30 to 60 ◦C. The decrease of qm and KL
ith temperature indicates that the Cu2+ are more easily adsorbed

y amidoximated bagasse at lower temperature. It indicates that
he adsorption process of Cu2+ on the amidoximated bagasse is an
xothermic process.

Based on the Langmuir isotherm, the maximum adsorp-
ion capacity qm of Cu2+ adsorbed by amidoximated bagasse is
01.01 mg/g at 30 ◦C. Table 4 shows several other materials reported
n literature for the removal of Cu2+ from aqueous solution although
his direct comparison is difficult due to the varying experimental
onditions used in these studies. However, an examination of the
orption value with that given in the literature can provide basic
nformation to evaluate the possibility of using the bagasse adsor-
ent for the removal of Cu2+. From Table 4, it is evident that the
agasse adsorbent prepared in this paper has demonstrated out-
tanding removal capabilities for Cu2+ and was competitive against
ther adsorbents. Differences of Cu2+ uptake are due to the prop-
rties of each adsorbent material structure, functional groups and
urface area.

The type of the Langmuir isotherm can be predicted whether
he adsorption is favorable or unfavorable in term of equilibrium
arameter or dimensionless constant separation factor RL, which is
efined by the following equation, according to Hall et al. [41]:

L = 1
(1 + KLC0)

(4)

2+
here C0 (mg/L) is the initial concentration of Cu and KL is the
angmuir constant as described above. The separation factor RL
ndicates the shape of the isotherm, whether the adsorption is
avorable or not, according to the following criteria [42,43].

able 4
omparison of maximum capacities of Cu2+ on some adsorbents

dsorbent material qm (mg/g) References

on-exchange resin 146 [33]
agasse 101.01 This work
ried flower leaves 89.37 [34]
eanut hull carbon 65.57 [35]
orncob 62.87 [36]
heat bran 51.5 [4]

atural clay 44.84 [37]
oybean hulls 38.7 [38]
ice bran 33.58 [11]
aolinite 10.79 [39]
eolite 8.9 [40]

F
t
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alues of RL Type of isotherm

L > 1 Unfavorable
L = 1 Linear
< RL < 1 Favorable
L = 0 Irreversible

The values of RL versus Cu2+ initial concentration at various
emperatures are shown in Fig. 6. The values are found to be less
han 1 and greater than 0 for all experiments carried out at dif-
erent concentrations and temperatures, which indicates that the
dsorption of Cu2+ on amidoximated bagasse is favorable. And the
ower temperature and higher concentration is more favorable to
he adsorption.

.5.2. Freundlich isotherm
The Freundlich isotherm is based on assumption that adsorption

s on a heterogeneous surface and exponential distribution of sites
nd their energies [44], which can be expressed by the following
quation:

e = KFC1/n
e (5)

here KF (mg/g) and n are the Freundlich constants related to the
orption capacity of the adsorbent and the energy of adsorption,
espectively [45]. They can be calculated in the following linear
orm:

og qe = log KF + 1
n

log Ce (6)

he values of KF and n at different temperatures obtained from the
ntercept and slope of the plots of log qe against log Ce are also pre-
ented in Table 3. The values of KF decrease from 12.71 to 3.34 mg/g
ith the temperature of the solution increasing from 30 to 60 ◦C.
s the KF is a measurement of adsorption capacity, the decrease of

he value again confirms that the adsorption process of Cu2+ on the
midoximated bagasse is an exothermic process. All the values of
are between 2 and 3. According to McKay et al. [46] the values of
in the range of 2–10 represent good adsorption. From the results
btained, it is clear that the adsorption of this study is very good.

Fig. 7 shows graphical comparison of the experimental value
ith the calculated value from the equilibrium isotherm for Cu2+
ig. 6. Separation factor for Cu2+ adsorption by amidoximated bagasse at various
emperatures: contact time, 24 h; initial pH, 6.0; adsorbent dosage, 2.5 g/L.
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ig. 7. Comparison of Langmuir and Freundlich models with experiment for Cu2+

dsorption by amidoximated bagasse.

oefficient of correlation than that of Freundlich isotherm. These
esults indicated that the adsorption of Cu2+ onto bagasse adsor-
ent follows better the Langmuir isotherm.

.6. Adsorption kinetics

Adsorption kinetics describes the relationship of solute uptake
ate of the adsorption and the adsorption time. For further appli-
ation, the elucidation of the kinetic parameters and sorption
haracteristics of the adsorbent material is necessary. The primary
ssue to be addressed is contact time, temperature and initial Cu2+

oncentration of the adsorption process.

.6.1. Effect of contact time and temperature
The influence of time and temperature on the rate of Cu2+ uptake

s shown in Fig. 8. The results of amidoximated bagasse sorption
how an initial rapid adsorption rate followed by a slow one, which
s consistent with the observation of Saygideger et al. [47]. It can
e attributed to the fact that at the initial stage the adsorption sites

re more, and the metal ions can interact easily with the sites, so
higher adsorption rate is obtained. Besides, the driving force for

dsorption is the concentration gradient between the bulk solution
nd the solid–liquid interface, and the concentration gradient is

ig. 8. Effect of contact time on the adsorption of Cu2+ by amidoximated bagasse
t various temperatures: concentration, 76 mg/L; initial pH, 6.0; adsorbent dosage,
.5 g/L.
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igher in the initial period, which results in a higher adsorption rate.
he slow adsorption rate in later stage is due to slower diffusion of
olute into the interior of the adsorbent [48]. It is also found that
he adsorption amount of Cu2+ on per unit weight of amidoximated
agasse decreases with the temperature increasing, which further
onfirms the adsorption of Cu2+ onto amidoximated bagasse was
n exothermic process [49]. The decreasing adsorption capacity of
midoximated bagasse with the rising temperature may result from
he weakening adsorptive forces between the active sites of the
dsorbents and adsorbate species and also between the adjacent
olecules of the adsorbed phase [50].
The adsorption kinetics data of Cu2+ onto amidoximated bagasse

an be analyzed by pseudo-first-order Lagergren equation [51,52]
nd pseudo-second-order model [53]. The pseudo-first-order equa-
ion is expressed as the following equation:

dqt

dt
= k1(qe − qt) (7)

here qt and qe (mg/g) is the amount of metal ions adsorbed on
er unit weight of adsorbent at time t and equilibrium, respec-
ively; and k1 (min−1) is the pseudo-first-order rate constant of
he sorption process. The model is based on the assumption that
he adsorption rate is proportional to the number of free sites. By
pplying the boundary conditions t = 0 to t = t and qt = 0 to qt = qt

nd integrating, Eq. (7) can be represented in linear form in the
ollowing equation:

og(qe − qt) = log qe − k1t

2.303
(8)

inear plots of log(qe − qt) versus t can be plotted to evaluate this
inetic model and to determine rate constant and qe from the slop
nd intercept, respectively.

The pseudo-second-order model is based on the assumption
hat adsorption rate is related to the square of the number of unoc-
upied sites:

dqt

dt
= k2(qe − qt)

2 (9)

here k2 is the rate constant of the pseudo-second-order
g mg−1 min−1). Integrating Eq. (9) from t = 0 to t = t and qt = 0 to
t = qt yields the linearized version of this model:

t

qt
= 1

k2q2
e

+ t

qe
(10)

he parameters qe and k2 can be calculated from the slope and the
ntercept of the plot t/qt versus t. The initial sorption rate h0 can be
btained as qt/t approaches zero:

0 = k2q2
e (11)

he results obtained for adsorption of Cu2+ onto amidoximated
agasse at different temperatures and contact time were analyzed
ith Eq. (8) and Eq. (10). The kinetic parameters calculated are

hown in Table 5. All plots show higher correlation coefficients
2 and better conformity with the pseudo-second-order model
han pseudo-first-order model. The plots of t/qt versus t for the
inear pseudo-second-order model are shown in Fig. 9. The values
f correlation coefficients R2 for the pseudo-second-order kinetic
odel are greater than 0.999 at any temperature. And the calcu-

ated values of qe estimated from the pseudo-second-order kinetic

odel in this study is much closer to the experimental values of qe

han that of pseudo-first-order model. So the sorption of Cu2+ by
midoximated bagasse in this study was better fitted to the pseudo-
econd-order model. The pseudo-second-order rate constant k2
nd initial adsorption rate h0 decrease with the temperature, which
onfirms the exothermic nature of the adsorption process.
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Table 5
Kinetic constants of Cu2+ adsorbed onto amidoximated bagasse at different temperatures: initial concentrations, 76 mg/L; initial pH, 6.0; adsorbent dose, 2.5 g/L

Parameters Temperature (◦C)

30 40 50 60

qe exp (mg g−1) 27.605 26.177 24.834 19.471

Pseudo-first-order
k1 (min−1) 7.876 × 10−3 5.548 × 10−3 5.804 × 10−3 6.932 × 10−3

qe1 (mg g−1) 12.204 9.072 11.223 12.879
R2 0.9834 0.9865 0.9818 0.9260

Pseudo-second-order
k2 (g mg−1 min−1) 1.849 × 10−3 1.625 × 10−3 1.451 × 10−3 1.378 × 10−3

qe2 (mg g−1) 28.035 26.638 25.342 20.016
1.153 0.932 0.552
0.9999 0.9999 0.9997

q -first-order and pseudo-second-order equation, respectively.
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Fig. 10. Plot of Cu2+ adsorption amount by amidoximated bagasse at various initial
concentrations: temperature, 30 ◦C; initial pH, 6.0; adsorbent dosage, 2.5 g/L.
h0 (mg g−1 min−1) 1.453
R2 0.9999

e exp: the experimental value of qe; qe1 and qe2: calculated values of qe from pseudo

.6.2. Effect of initial Cu2+ concentration
The initial concentration provides an important driving force

o overcome all mass transfer resistance of metal ions between
he aqueous and solid phase. Batch of experiments were also per-
ormed to study the effect of the initial Cu2+ concentration on
ts adsorption kinetics in solution by amidoximated bagasse. The
esults are shown in Fig. 10. The adsorption curves obtained are
ingle smooth and continuous, which suggests the formation of
dsorbate monolayer on the surface of the adsorbent [54,55]. It
s observed that the extent of adsorption increased rapidly in the
nitial stages and then the increase became slow in the later stage
ntil reaching to equilibrium. And it also shows that the increases

n initial Cu2+ concentration leads to an increase in the adsorp-
ion capacity of Cu2+ by amidoximated bagasse. It is attributed to
he fact that the driving force, which depends on the concentra-
ion gradient, increases with the initial Cu2+ concentration. And
he adsorption sites of the adsorbent in the solution with higher
u2+ concentration are more easily to reach adsorption saturation.
he plots of t/qt versus t according to Eq. (10) at various initial
u2+ concentrations are shown in Fig. 11. The rate constant k2, the
quilibrium sorption capacity qe and the initial sorption rate h0 at
ifferent concentrations can be calculated from Fig. 11, which are

resented in Table 6. The equilibrium adsorption amount increases
ith the increasing of the initial Cu2+ concentration, which is
ue to the fact that resistance of metal ions uptake decreases
s the mass transfer driving force increases with the increasing
oncentration.

ig. 9. Pseudo-second-order sorption kinetics of Cu2+ onto amidoximated bagasse
t various temperatures: concentration, 76 mg/L; initial pH, 6.0; adsorbent dosage,
.5 g/L.

Fig. 11. Pseudo-second-order sorption kinetics of Cu2+ by amidoximated bagasse
at different initial concentrations: temperature, 30 ◦C; initial pH, 6.0; adsorbent
dosage, 2.5 g/L.

Table 6
Pseudo-second-order rate constant of Cu2+ adsorbed onto amidoximated bagasse at
different concentrations: temperature, 30 ◦C; initial pH, 6.0; adsorbent dose, 2.5 g/L

Parameters 76 mg L−1 172 mg L−1 356 mg L−1

k2 (g mg−1 min−1) 18.49 × 10−4 4.703 × 10−4 6.135 × 10−4

qe (mg g−1) 28.035 53.562 80
h0 (mg g−1 min−1) 1.453 1.349 4.118
R2 0.9999 0.9995 0.9995
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. Conclusion

The results of the study reveal that bagasse can be converted into
n adsorbent with good adsorption capacity by modifying it with
crylonitrile and hydroxylamine. The amidoximated bagasse was
sed to study the removal of Cu2+ from aqueous solution, and the
dsorption capacity increased with the pH value of the solution and
he initial Cu2+ concentration, but decreased with the adsorbent
osage.

The studies of adsorption isotherms suggested that Langmuir
sotherm generated the better agreement with the experiment
ata of Cu2+ adsorbed by bagasse adsorbent than Freundlich

sotherm with correlation coefficients greater than 0.99 for the
dsorption systems. The value of the maximum adsorption capac-
ty qm calculated from Langmuir model were also closer to
he experimental values of qe than that of Frenudlich model,
hich decreased from 101.01 to 59.28 mg/g when the solution

emperature increased from 30 to 60 ◦C. The decrease of the
aximum adsorption capacity with temperature indicated the

dsorption process of Cu2+ onto the amidoximated bagasse was
xothermic.

A pseudo-second-order model was more suitable than a pseudo-
rst-order model with correlation coefficients greater than 0.999.
he pseudo-second-order rate constant and initial adsorption rate
ecreased with the temperature increasing, which confirmed the
xothermic nature of the adsorption process.
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