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a b s t r a c t

Activated carbons prepared from chestnut shell and grapeseed were used as adsorbent for the removal of
Cu (II) ions from aqueous solutions. Adsorption experiments were performed by varying initial metal ion
concentration, temperature and pH. Freundlich and Langmuir isotherms were used to analyze the equilib-
rium data obtained at different adsorption conditions. It was observed that Freundlich isotherm provided
vailable online 13 March 2009
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better fit to the equilibrium data than Langmuir isotherm. Effects of temperature, pH and adsorbent
surface area on the adsorption capacity constant of Freundlich and Langmuir isotherms were statisti-
cally investigated by using a two-level factorial design technique and empirical regression equations
were developed. It was determined that the adsorption capacities of adsorbents increased with increas-
ing temperature, pH and surface area. The SEM images of adsorbents before and after adsorption were
rapeseed
u (II) ion

compared.

. Introduction

Heavy metal contamination exists in aqueous waste streams of
any industries, such as metal plating facilities, mining operations

nd tanners [1]. Copper pollution especially, arises from copper
ining and smelting, brass manufacture, electroplating industries

nd excessive use of Cu-based agro-chemicals. Copper along with
rsenic and mercury, is recognized as the highest relative mam-
alian toxic and continued inhalation of copper containing sprays

s linked with an increase in lung cancer among exposed work-
rs [2]. Hence, the removal of copper from aqueous solutions is
xtremely important. Adsorption is highly effective and economical
ethod to remove heavy metal ions from aqueous solutions. Acti-

ated carbons, with their high surface area, microporous structure
nd chemical nature of their surface, are potential adsorbents for
he removal of different heavy metals from industrial wastewaters
3–7].

There have been many studies to obtain low cost activated car-
ons from agricultural wastes such as corn cob [8,9], date pits [10],
pricot stone [11–13], almond shell, nut shell, peach stone [12,14],
at hulls, corn stover [15], coconut shell [16,17], hazelnut shell [14],

rapeseed [12,18], sour cherry stone [12], olive stone [12,19] and
ice husk [20].

The copper adsorption capacities of various adsorbents given in
iterature were summarized in Table 1. Although several studies
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E-mail address: ozcimend@itu.edu.tr (D. Özçimen).
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have been reported in the literature on the copper adsorption by
activated carbons produced from different agricultural wastes, any
study on the adsorption of copper by activated carbons produced
from chestnut shell and grapeseed does not exist.

The goal of this study was to investigate the copper removal
efficiencies of the activated carbons produced from chestnut shell
and grapeseed. The adsorption of copper ions onto activated car-
bons was studied in batch equilibrium conditions. Freundlich and
Langmuir isotherms were used to analyze the equilibrium data.
The influences of various parameters such as temperature, pH and
adsorbent surface area on the adsorption process were also deter-
mined statistically.

2. Experimental

Chestnut shell obtained from a chestnut candy factory in
Bursa located in the Marmara region of Turkey, and grapeseed
obtained from a wine factory in Nevşehir located in the mid-
dle Anatolian region of Turkey, was used as raw materials in this
study.

Air-dried grapeseed and chestnut shell samples were initially
ground and sieved to determine the average particle diameters.
Additionally, porosity and surface area measurements were made
by using Quantachrome Autoscan-33 Model mercury intrusion

porosimeter and Quantachrome NOVA 1200 Model sorptometer
and the results were given in Table 2. Beside these physical proper-
ties, structural properties of biomass samples were also determined
according to the standard methods given in literature [29–31] and
the results were summarized in Table 3 [32].

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:ozcimend@itu.edu.tr
dx.doi.org/10.1016/j.jhazmat.2009.02.148
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Table 1
Comparison of adsorption capacity of various adsorbents for Cu (II).

Adsorbent Adsorption
capacity (mg/mg)

pH References

Hazelnut husk activated carbon 6.64 5.7 [21]
Peanut hulls 10.17 – [22]
Tea industry waste 8.64 5.5 [23]
Rubber wood sawdust activated carbon 5.72 6 [24]
Bagasse fly ash 2.26 4 [25]
W
R
H

e
a
s
t
T
t
c
0
t
t

d
m
s
w
g
u
b
f
w

g
t
a
s
w
d
2

p
p
d
b
A
v
s

T
T

P

A
S
A
P
T

T
T

M

G
C

heat shell 10.84 5 [26]
ice hulls activated carbon 3.92 5.3 [27]
azelnut shell activated carbon 36.33 6 [28]

For the porosity measurements samples were put into the pen-
trometer and placed into the filling device to outgas by vacuum
pplication. Then the system pressure increased slowly up to atmo-
pheric pressure to fill the penetrometer with mercury and measure
he volume of pores having radii between approximately 200-4 �m.
he penetrometer containing the sample and mercury placed into
he pressure vessel and system pressure increased up to 227 MPa
ontinuously to measure pore volumes in the range from about 7 to
.0032 �m radius. In these measurements the pores are assumed
o be cylindrical and Washburn Equation [33] was used to calculate
he pore radius.

The Brunauer–Emmett–Teller (BET) method [34] is used for the
etermination of the surface area values of samples. In this method,
oisture and atmospheric gases were firstly removed from the

ample by application of heat and evacuation. Then the temperature
as reduced to that of liquid nitrogen and the adsorbing gas (nitro-

en) was admited in incremental doses. BET isoterm plot which is
sed to determine the total surface area of the sample was obtained
y using the adsorbed gas versus gas pressure data. The specific sur-
ace area was calculated by dividing the total surface area to sample
eight.

For the production of activated carbons, chestnut shell and
rapeseed samples were physically impregnated with ZnCl2 and
hen, they were carbonized by heating in nitrogen atmosphere with

rate of 20 K/min up to the temperature of 823 K which corre-
ponds to the activation temperature. These carbonized materials
ere used as activated carbons after washing several times with
iluted HCl solution and hot distilled water and drying at 378 K for
4 h.

Characterization of produced activated carbons were done by
erforming necessary physical and chemical analysis. For this
urpose, beside the porosity and surface area measurements, as
escribed above, the micropore volume percentage of activated car-

ons was also determined by using a Micromeritics 2010 model
SAP instrument. The Boehm and iodine number analysis of acti-
ated carbons were done according to ASTM standards [35,36]. The
urface micrographs of activated carbons before and after adsorp-

able 2
he physical properties of chestnut shell and grapeseed.

roperties Chestnut shell Grapeseed

verage particle diameter (mm) 0.377 0.657
pecific surface area (m2/g) 7.01 10.59
verage pore diameter (nm) 502 313
orosity (%) 27.64 6.3
otal pore volume (ml/g) 0.3281 0.0756

able 3
he structural analysis results of biomass samples (dry base).

aterial Extractives (%) Lignine (%) Holocellulose (%)

rapeseed 19.79 41.64 44.40
hestnut shell 8.71 42.80 58.95
zardous Materials 168 (2009) 1118–1125 1119

tion were taken by using a Jeol Model JSM—T330 Scanning Electrone
Microscope which is operated at 20 kV.

In batch adsorption experiments 50 mg activated carbon (adsor-
bent) was thoroughly mixed with the 2 ml aqueous solutions having
the copper ion concentrations of 25, 50, 100, 200, 400, 500, 750
and 1000 ppm. These solutions were prepared by diluting the stock
solution having the copper concentration of 1000 ppm. The stock
solution was prepared by dissolving a known quantity of metal-
lic copper in HNO3 solution. The effect of pH and temperature on
the adsorption were studied at predetermined optimum adsorp-
tion time. pH value of the solution was adjusted by using diluted
HCl and NH3OH solutions. A Unicam model atomic absorption
spectrometer with copper cathode lamp and air acetylene flame
was used for determining copper concentrations of solutions after
adsorption.

3. Results and discussion

3.1. Properties of activated carbons

Important properties of the produced activated carbons which
affect their adsorption characteristics were determined and the
results were given in Table 4.

It is clearly seen from Table 4 that the chestnut shell activated
carbon has higher microporosity, iodine number and larger BET
surface area than grapeseed activated carbon. However, the bulk
density value of grapeseed activated carbon is higher than the
chestnut shell activated carbon. From the pH values it can be con-
cluded that both of the produced activated carbons have acidic
character.

The types and amounts of surface functional groups that present
in the activated carbon samples were determined by the Boehm
analysis and the results were given in Table 5. The amounts
of carboxylic, lactonic and phenolic groups were determined
by neutralizing them with basic solutions having different base
strengths such as, NaHCO3, Na2CO3, NaOH, and C2H5ONa. The basic
group content was determined by the method of titration with
HCl.

The chemical composition of the precursors influences the
chemical properties of the carbons obtained at the same condi-
tions [12]. As can be seen from Table 5 raw materials and activated
carbons contain mainly oxygen groups with weakly acidic proper-
ties and basic groups. Boehm analysis results clearly showed that
an increase in the amount of carboxylic functional groups and a
decrease in the amount of basic groups were observed after the
activation process applied to raw materials. It is known that the
increase in acidic functional group content of adsorbent cause an

increase in the amount of copper adsorbed on the surface. Because,
the removal of positively charged species positively effected from
the acidic functional groups that display ion-exchange properties
[37].

Table 4
Important properties of the activated carbons obtained from chestnut shell and
grapeseed.

Properties Chestnut shell
activated carbon

Grapeseed
activated carbon

Specific surface area (m2/g) 1319 916
Average pore diameter (nm) 36.5 30.5
Porosity (%) 40.5 36.2
Total pore volume (ml/g) 0.5670 0.3923
Microporosity (%) 58.5 32.1
Iodine number (mg/g) 785 601
Bulk density (g/cm3) 0.71 0.92
pH 3.33 3.04
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Table 5
The Boehm analysis results of activated carbons and raw materials (meq/g).

Material Basic groups Carboxylic groups Lactonic groups Phenolic groups Total acidic groups

Chestnut shell activated carbon 0.35 0.45
Chestnut shell 0.41 0.39
Grapeseed activated carbon 0.24 1.28
Grapeseed 0.43 0.25
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ig. 1. Effect of contact time on the amount of copper adsorbed by chestnut shell
nd grapeseed activated carbons.

.2. Effect of contact time on adsorption

In order to determine the optimum adsorption time for the
ctivated carbons used in this study the effect of contact time on
dsorption was determined at 298 K by using the stock solution
hich has the copper ion concentration of 1000 ppm. As can be seen

rom Fig. 1, the copper removal increased rapidly at the beginning
f adsorption with increasing contact time and thereafter attained
o the equilibrium. The minimum contact time required to reach to
he equilibrium is found as 90 min for chestnut shell and 120 min for
rapeseed activated carbons. Thus for the following batch adsorp-
ion experiments the contact time was fixed at these values to make
ure that equilibrium was established.
.3. Adsorption isotherms

Adsorption isotherms are very important for the design of
dsorption systems since they represent how the metal ions are

Fig. 2. Freundlich adsorption isotherm for the adsorption of copper ion

Fig. 3. Freundlich adsorption isotherm for the adsorption of copper ion
0.39 0.29 1.13
0.40 0.31 1.10
0.16 0.27 1.71
0.49 0.41 1.15

partitioned between the adsorbent and liquid phases at equilibrium
as a function of metal ion concentration. Many isotherm models
have been proposed to analyze the adsorption equilibrium data. In
this study the equilibrium data obtained for the adsorption of cop-
per ions onto activated carbons were analyzed by considering the
Freundlich and Langmuir isotherm model equations given below
[38,39].

Freundlich isotherm equation : log qe = log kf + 1
n

log Ce (1)

Langmuir isotherm equation :
1
qe

=
(

1
Q0b

)
1
Ce

+
(

1
Q0

)
(2)

where qe (mg/g) and Ce (mg/l) are the equilibrium concentra-
tions of copper in the solid and liquid phases, respectively. kf

[(mg/g)/(mg/l)1/n] is the Freundlich constant related to the sorp-
tion capacity of the adsorbent and 1/n is the Freundlich constant
related to the energy heterogeneity of the system and the size of
the adsorbed molecule. The values of kf and n can be determined
from the linear plot of log qe versus log Ce. In Eq. (2) Q0 (mg/g) rep-
resents the theoretical monolayer saturation capacity and b (1/g) is
an empirical parameter related to the energy of adsorption. A plot
of 1/qe versus 1/Ce gives a straight line of slope 1/Q0b and intercepts
1/Q0.

The Freundlich and Langmuir isotherms obtained from the equi-
librium adsorption data of this study were given in Figs. 2–5. The
Freundlich and Langmuir constants which are concluded from these
plots for different temperature and pH values were summarized in

Tables 6 and 7 along with the regression coefficients. It is observed
from isotherms given in Figs. 2–5 that both models indicate a
good representation of the experimental results by linear Lang-
muir or Freundlich isotherm equations. But from the calculated
regression coefficients (R2), it can be calculated that Freundlich

s onto chestnut shell and grapeseed activated carbon at T = 298 K.

s onto chestnut shell and grapeseed activated carbon at T = 308 K.
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Fig. 4. Langmuir adsorption isotherm for the adsorption of copper ions onto chestnut shell and grapeseed activated carbon at T = 298 K.
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Fig. 5. Langmuir adsorption isotherm for the adsorption of coppe

sotherm provided better fit to the equilibrium data than Langmuir
sotherm.

As can be seen from Table 6, the kf and Q0 values which are
ndicating the adsorption capacity were found as 0.06, 38.76 and
.55, 98.04 at 298 K for the adsorption of copper onto chestnut shell
ctivated carbon at pH values of 2 and 5, respectively. By increasing
he adsorption temperature from 298 to 308 K caused to increased
hese values to 0.52, 59.88 and 0.61, 100 for pH values of 2 and 5,
espectively.

As indicated in Table 7, for the adsorption of copper onto grape-
eed activated carbon at 298 K, the kf and Q0 values which are
ndicating the adsorption capacity were found as 0.19, 31.84 and
.42, 32.15 for pH values of 2 and 5, respectively. Similar to chest-
ut shell activated carbon by increasing the adsorption temperature

rom 298 to 308 K caused to increase these values to 0.20, 47.61 and
.60, 48.78 for pH values of 2 and 5, respectively.
The adsorption capacity (Q0) values of chestnut shell and grape-
eed activated carbons obtained at pH = 5 (Tables 6 and 7) were
ound considerably higher as compared with those given in Table 1
or different adsorbents. Since the adsorption experiments were
onducted at nearly the same pH this change can mainly be

able 6
alculated Freundlich and Langmuir constants and correlation coefficients for the adsorp

hestnut shell activated carbon Freundlich constants

kf n

= 298 K pH = 2 0.06 1.02
pH = 5 0.55 1.22

= 308 K pH = 2 0.52 1.33
pH = 5 0.61 1.19

able 7
alculated Freundlich and Langmuir constants and correlation coefficients for the adsorp

rapeseed activated carbon Freundlich constants

kf n

= 298 K pH = 2 0.19 1.09
pH = 5 0.42 1.31

= 308 K pH = 2 0.20 1.04
pH = 5 0.60 1.19
onto chestnut shell and grapeseed activated carbons at T = 308 K.

attributed to the properties of the adsorbents used. It is well
known that, the physical properties and the surface functional
group content of adsorbent have strong influence on the adsorption
capacity. As can be seen from Tables 4 and 5, the adsorbents used
in this study have large surface area and acidic functional groups
that cause to increase in the amount of copper adsorbed on the
surface.

3.4. Effect of temperature on the adsorption capacity of activated
carbons

The adsorption isotherms given in Figs. 2–5 and calculated kf
and Q0 values (Tables 6 and 7) clearly showed that the adsorption
capacities for two activated carbons increased with increasing the
temperature from 298 to 308 K.

An increase in adsorption capacity with increasing tempera-

ture denotes that some kind of endothermic chemical interactions
may be taken place during adsorption process [40]. Additionally, an
increase in adsorption capacities of the adsorbents at higher tem-
perature may also be attributed to the enlargement of pore size
[41].

tion of copper onto chestnut shell activated carbon at different conditions.

Langmuir constants

R2 Q0 b(10−4) R2

98.03 38.76 1.99 98.27
96.85 98.04 3.74 97.02

97.64 59.88 4.38 91.34
96.15 100.00 4.30 93.94

tion of copper onto grapeseed activated carbon at different conditions.

Langmuir constants

R2 Q0 b(10−4) R2

94.50 31.84 0.70 80.62
95.29 32.15 9.05 86.18

94.29 47.61 5.21 80.89
96.13 48.78 12.05 84.48
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Table 8
Experimental parameters considered for statistical evaluation.

Adsorption parameters

The surface area of activated
carbon samples

Temperature pH Experimental code

1319 m2/g 298 K 2 A1
5 A2

308 K 2 A3
5 A4

916 m2/g 298 K 2 A5
5 A6

308 K 2 A7
5 A8

Table 9
The levels of experimental parameters.

Parameters Superior level Inferior level Central level

− 0.0287x2 · x3 − 0.0712x1 · x2 · x3 (7)

yQ0 = 57.1 + 17x1 + 6.93x2 + 12.6x3 + 12.2 x1 · x3

− 2.29x2 · x3 − 2.50x1 · x2 · x3 (8)

Table 10
The design matrix and the values for adsorption capacity constants of chestnut shell
and grapeseed activated carbons.

Experimental
code

x1 x2 x3 Freundlich
constant (kf)

Langmuir
constant (Q0)

A1 1 −1 −1 0.06 38.76
A2 1 −1 1 0.55 98.04
A3 1 1 −1 0.52 59.88
122 D. Özçimen, A. Ersoy-Meriçboyu / Journal

Larous et al. have been reported that the active surface sites
vailable for adsorption have increased with temperature. Conse-
uently, the adsorption capacity of the adsorbent also increased.
owever, it is important not to exceed temperature limit, because

he increase of the temperature encourages the process of agglom-
ration in a very determined sense, until a certain temperature
imit, beyond which the desorption becomes more important and
ence reducing the rate of adsorption, as time goes on [42].

The effect of temperature on the adsorption capacity of grape-
eed and chestnut shell activated carbons is in agreement with the
reviously reported results for adsorption of different chemicals
rom aqueous solutions by sunflower oil cake activated carbon [43],
pricot stone activated carbon [44], coir pith carbon [45], sawdust
46], hazelnut shell [47], different bagasse pith activated carbons
40] and euphorbia rigida activated carbon [48] in the literature.

.5. Effect of pH on the adsorption capacity of activated carbons

The results given in Figs. 2–5 and Tables 6 and 7 indicate that
he adsorption capacity values of the activated carbons are clearly
H dependent and increased with increasing pH value from 2 to 5.

Since the binding of metal ions by surface functional groups
as strongly pH dependent, the pH of the aqueous solution is an

mportant controlling parameter in the adsorption process [2]. The
H of solution controls the electrostatic interactions between the
dsorbent and the adsorbate. The surface properties of the acti-
ated carbon also change with the pH of solution [43]. It is known
hat increase of pH decreases the competition between the hydro-
ium and metal ions for surface sites and results in increased uptake
f metal ions by the activated carbon. Carbon samples in aqueous
olutions carry a surface charge, which is very much dependent on
he pH of the solution and the results might be explained by the
hanges in the carbon surface charge at different pH values [3,49].

An examination of copper removal in different raw and chem-
cally treated tree barks showed that copper removal at the pH
alues higher than 5 can be attributed to precipitation [50] and the
recipitation of heavy metal ions may contribute to high uptake of
he metal ions [21,51]. The precipitation of copper ions as copper
ydroxides can be seen such as Cu(OH), Cu(OH)2, Cu(OH)3, Cu(OH)4.
ence the pH values higher than 5 were not studied in this study.

The effect of pH on the adsorption capacities of grapeseed and
hestnut shell activated carbons is in agreement with the previ-
usly reported results for adsorption of different chemicals from
queous solutions by sunflower oil cake activated carbon [43], apri-
ot stone activated carbon [44], coir pith carbon [45], hazelnut husk
ctivated carbon [21], walnut shell activated carbon [52], hazelnut
hell [47], different bagasse pith activated carbons [40], euphorbia
igida activated carbon [48] in the literature.

.6. Statistical evaluation of the results

It is clearly seen from the results given in Tables 6 and 7 that kf
nd Q0 values are changed depending on adsorption temperature,
H value of solution and type of activated carbon used. It is well
nown that the surface area of the activated carbon is the most
mportant property which affects its adsorption capacity. Therefore,
n statistical evaluation, the parameters were selected according
o 23 two-level factorial design matrix considering the following
ariables: adsorption temperature (298 and 308 K), pH (2 and 5)
nd surface areas of the activated carbons (1319 and 916 m2/g) as

ummarized in Table 8. In Table 9 the levels of these parameters are
iven.

The regression equation, used to estimate the values of kf and Q0
nd to comprehend the effects of experimental variables and their
nteractions on these parameters, is a multi-factor linear model of
A: specific surface area (m2/g) 1319 916 1117.5
T: temperature (K) 308 298 303
P: pH 5 2 3.5

the following type:

y = a0 + a1 · x1 + a2 · x2 + a3 · x3 + a4 · x1 · x2 + a5 · x1 · x3

+ a6 · x2 · x3 + a7 · x1 · x2 · x3 (3)

where x1, x2 and x3 are the normalized values of experimental vari-
ables. They are calculated by using the following equations:

x1 = A − central level
(superior level − inferior level)/2

(4)

x2 = T − central level
(superior level − inferior level)/2

(5)

x3 = P − central level
(superior level − inferior level)/2

(6)

The design matrix and the values for adsorption capacity con-
stants of chestnut shell and grapeseed activated carbons were listed
in Table 10.

The design matrix was analyzed statistically to identify and mea-
sure the main and interactional effects quantitatively by using the
analysis of variance which is the most effective technique in the fac-
torially designed experiments. As a result of this statistical analysis,
the following regression equations were developed for predicting
the values of adsorption capacity constants in Freundlich equation
(kf) and Langmuir equation (Q0).

ykf
= 0.394 + 0.0412x1 + 0.0888x2 + 0.151x3 + 0.041x1 · x2
A4 1 1 1 0.61 100
A5 −1 −1 −1 0.19 31.84
A6 −1 −1 1 0.42 32.15
A7 −1 1 −1 0.20 47.1
A8 −1 1 1 0.60 48.78



D. Özçimen, A. Ersoy-Meriçboyu / Journal of Hazardous Materials 168 (2009) 1118–1125 1123

vated

m

a
t
t
v
t
L

s
w
x

i
t
a

v
E

x

x

x

y

Fig. 6. SEM micrographs of the chestnut shell acti

The coefficient of determination for Eqs. (7) and (8) was deter-
ined as 0.999 and 0.986, respectively.

Eq. (7) clearly shows that since the coefficient of pH is the highest
mong all the variables, the effect of this variable on the adsorp-
ion capacity constant of Freundlich adsorption isotherm (kf) is
he strongest. But, in Eq. (8) the coefficient of surface area of acti-
ated carbon is the highest among all the variables and therefore,
he effect of this variable on the adsorption capacity constant of
angmuir adsorption isotherm (Q0) is the strongest.

It can be seen from the Eq. (7) that after pH effect, temperature,
urface area and interactional effect of x1·x2 influence kf positively;
hereas, the influences of the interactional effect of x1·x2·x3 and

2·x3 on kf is negative.
The regression Eq. (8) shows that after surface area effect, pH,

nteractional effect of x1·x3 and temperature influence the Q0 posi-
ively; whereas, the influences of the interactional effect of x1·x2·x3
nd x2·x3 on Q0 is negative.

The normalized values of experimental variables can be con-
erted to real values by using Eqs. (9)–(11), and the real regression
qs. (12) and (13) were given as follows.

1 = A − 1117.5
201.5

(9)

2 = T − 303
5

(10)

P − 3.5

3 =

1.5
(11)

∗
kf

= 4.2 − 0.0121 · A − 0.0146 · T + 1.29 · P + 0.000041 · A · T

− 0.000021 · A · P − 0.00383 · T · P (12)

Fig. 7. SEM micrographs of the grapeseed activated ca
carbon before (a) and after copper adsorption (b).

y∗
Q0

= −1044 + 0.293 · A + 3.75 · T + 56 · P − 0.00116 · A · T

+ 0.0405 · A · P − 0.305 · T · P (13)

By taking into account the above results, the optimum adsorp-
tion conditions for maximum adsorption capacity constant were
determined as T = 308 K, pH = 5 and high surface area.

The regression equations (Eqs. (12) and (13)) developed for
the calculation of kf and Q0 values have a high determination
coefficients and these give an advantage to determine adsorption
capacity constants of Freundlich and Langmuir isotherms without
doing experiments in the investigated parameter range.

3.7. Comparison of the SEM micrographs of activated carbons
before and after adsorption

The SEM micrographs of the activated carbons were given
in Figs. 6 and 7 for chestnut shell and grapeseed activated car-
bons, respectively. SEM images are very useful to obtain accurate
adsorption details of activated carbons before and after adsorption
experiments.

As mentioned previously, physical properties and the surface
morphology of activated carbons influence the adsorption capac-
ity. Chestnut shell activated carbon has more porosed structure and
higher surface area than grapeseed activated carbon (Table 4) and

so, it has more adsorption capacity in comparison with grapeseed
activated carbon (Tables 6 and 7). Fig. 6(a) also shows that the chest-
nut shell activated carbon had a porosed and high surface area. This
observation is supported by the BET surface area (1319 m2/g) and
iodine number (785 mg/g) of the activated carbon. As can be seen

rbon before (a) and after copper adsorption (b).



1 of Ha

f
t
i

g
T
B
d
m
c
t
t
r
c
t
d
m
w

4

p
e
s

c
c
g
i
f
o

t
t
o
t
t
i

b
c

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
[

[

[

[

[
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rom Fig. 6(b), after the copper removal from solution was achieved
he surface of activated carbon was completely covered with copper
ons.

It is clear from the SEM micrograph presented in Fig. 7(a), the
rapeseed activated carbon adsorbent had also a porosed surface.
he copper adsorption of grapeseed activated carbon, which has the
ET surface area of 916 m2/g and iodine number of 601 mg/g is little
ifferent from chestnut shell activated carbon. The reason of more
icropore structure of chestnut shell activated carbon is that the

hestnut shell raw material has more cellulose content (% 58.95)
han grapeseed raw material (% 44.40) [32]. The porosity parame-
ers of the activated carbons obtained from different agricultural
esidues suggest that the differences in the lignin and cellulose
ontents of the precursors can influence the porous structure of
he activated carbons. Materials with a greater content of lignin
evelop activated carbons with macroporous structure, while raw
aterials with a higher content of cellulose yield activated carbon
ith a predominantly microporous structure [12].

. Conclusions

The present study has demonstrated that activated carbon pre-
ared from chestnut shell and grapeseed could be used as an
ffective adsorbent for the removal of copper ions from aqueous
olutions.

An increase in temperature leads to an increase in adsorption
apacity and also adsorption was increased with increasing pH. The
hestnut shell activated carbon has more adsorption capacity than
rapeseed activated carbon due to its higher surface area and poros-
ty. Isotherm data fit well to both Langmuir and Freundlich models
or two activated carbons. However, generally higher R2 values were
btained from the Freundlich model for copper adsorption.

Statistical evaluation of the experimental results showed that
he pH is the most significant parameter among all the parame-
ers studied that influences the adsorption capacity constant (kf)
f Freundlich isotherm and the surface area of activated carbon is
he most significant parameter among all the parameters studied
hat influences the adsorption capacity constant (Q0) of Langmuir
sotherm.

It was clearly observed from the SEM images of adsorbents taken
efore and after adsorption, the surface of activated carbon was
ompletely covered with copper ions.
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