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ABSTRACT

The adsorption of Ag(I) ions from aqueous solutions by almond shell activated carbon (ASC)
was studied in a batch adsorption system. The BET surface area, total pore volume, and
mesopore volume of ASC produce were found to be 893.62m*/g, 0.472, and 0.293cm’/g,
respectively. Factors influencing Ag adsorption such as initial Ag ion concentration (170-
680mg/1), pH (2-12), contact time (10-180min), and temperature (298-308 K) were investi-
gated. The adsorption process was relatively fast and equilibrium was established about
60 min. Maximum adsorption of Ag(l) ions occurred at around pH 4.5. A comparison of the
kinetic models on the overall adsorption rate showed that the adsorption system was best
described by the pseudo second-order kinetics. The adsorption equilibrium data fitted best
with the Langmuir isotherm and the monolayer adsorption capacity of Ag(l) ions was deter-
mined as 59.52mg/g at 308 K. Thermodynamic parameters were calculated for the Ag(I) ion-
ASC system and the positive value of AH (28.446 k]/mol) showed that the adsorption was
endothermic and physical in nature.

Keywords: Almond shell; Activated carbon; Silver; Adsorption isotherm; Kinetic; Thermody-
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1. Introduction

Silver (Ag) is considered of special economic inter-
est compared with other metals. Silver nitrate is the
most common soluble salt that is used in porcelain,
mirroring, photography, electroplating, and ink for-
mulation industries [1]. This metal is a very useful
raw material in various industries due to its excellent
malleability, ductility, electrical and thermal conduc-
tivity, photosensitivity, and antimicrobial properties
[2]. Significant amounts of Ag are lost in the effluents
discharged from such industries and due to the
toxicity of Ag to living organisms, the removal of this
metal from wastewaters is an important concern.

*Corresponding author.

A number of adsorbents have been developed and
tested for the removal and recovery of Ag(l) (e.g. acti-
vated carbon [3,4], cellulose nitrate membrane [5], and
chelating resins [6]). Many studies have appeared on
the development of low-cost activated carbon adsor-
bents produced from cheaper and readily available
materials in the literature [7,8]. Activated carbons with
their large surface area, microporous character, and
chemical nature of their surface have made them
potential adsorbents for the removal of heavy metals
from industrial wastewater. Therefore, in recent years,
many researchers have tried to produce activated
carbons for removal of various pollutants using
renewable and cheaper precursors which were mainly
industrial and agricultural by-products, such as
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coconut shell [9], waste apricot [10], palm shell [11],
molasses [12], rubber wood sawdust [13], rice straw
[14], bamboo [15], sugarcane bagasse pith [16], oil
palm fiber [17], and coconut husk [18].

This study reports the use of almond shell acti-
vated carbon (ASC), produced by pyrolysis and physi-
cal activation in the presence of water vapor, as an
adsorbent to remove off Ag(l) ions from synthetic
solution of silver nitrate regarded as a model of radio-
logical effluent. At present, this almond shell material
is used principally as a solid fuel and is available in
abundance in Sfax, Tunisia. The production of almond
shell is estimated to exceed 60,000 t/year.

In this study, the experimental parameters for the
adsorption of Ag(I) ions from aqueous solutions under
different equilibrium conditions were investigated in a
batch study. The equilibrium isotherm data were trea-
ted with four adsorption isotherm models, Langmuir,
Freundlich, Dubinin—-Radushkevich, and Harkins—Jura.
Values of kinetics studies of Ag(I) have been reported.
In addition to this, characterization of ASC was stud-
ied in terms of surface area, surface morphology, and
surface chemical.

2. Experimental procedure
2.1. Materials

Almond shell was collected from a company
“Chaabane” located in Sfax, Tunisia. Silver nitrate
(Merck, >99% purity) was used as a source of Ag(I).

2.2. Adsorbent preparation

The starting material was cleaned with water and
dried at 110°C for 48 h. The dried sample was crushed
with a blender and sieved to desired mesh size
(I-2mm). Activated carbons were prepared from
almond shell by carbonization under nitrogen (N,)
flow and activation under water vapor. Carbonization
was carried in a vertical stainless steel reactor (length
170 mm, interior diameter 22 mm) which was inserted
into a cylindrical electric furnace Nabertherm.
Almond shells were placed into the reactor and
heated from room temperature to 400°C at a constant
heating rate of 10°C/min under N, flow, then were
held at 400°C for 1h. The samples were left to cool
down after the carbonization. Activation was carried
out in the same furnace. The charcoal obtained was
then physically activated at 850°C for 2h under a N,
flow (100cm’/min) saturated in steam after passing
through the water saturator heated at 80°C. The tenor
steam was fixed to 0.395kg H,O/kgN,. After activa-
tion, the sample was cooled to ambient temperature

A. Omri and M. Benzina | Desalination and Water Treatment 51 (2013) 2317-2326

under N, flow rate. The produced activated carbon
was then dried at 105°C overnight, ground, and sifted
to obtain a powder with a particle size smaller than
45um, and finally kept in hermetic bottle for subse-
quent uses.

2.3. Physico-chemical characteristics of the activated carbon
2.3.1. Textural characterization

The microstructure of the prepared activated
carbon was examined using a scanning electron
microscopy (SEM, Philips XL30 microscope). The
specific surface area (Spgr) is determined by the
adsorption of N, by using an apparatus BET of
the type “ASAP 2010”.

2.3.2. Chemical characterization

The surface organic functional groups and struc-
ture were studied by a Fourier transform infrared
spectrometer (FTIR). The FTIR spectra of the resulting
activated carbon were recorded between 500 and
4,000cm " in a NICOET spectrometer.

The well-known Boehm’s method allows modeling
the principal acidic oxygenated functions of the
activated carbon such as carboxylic acids, lactones,
and phenols using bases of increasing strength as
NaHCOj;, Na,CO; and NaOH, respectively. Then, the
total basicity is given by titration by HCI. More details
are given in [19,20].

The pH of the prepared adsorbent was determined
as follows: 5.0g of carbon is weighed into a 250 ml
beaker and 100ml of water is added. The beaker is
heated to boiling temperature for 5min. The decanted
portion is cooled to room temperature and pH value
is measured.

The point of zero charge (pHpzc) characteristic of
the ASC was determined by using the solid addition
method [21].

2.4. Procedure for adsorption of silver (I): batch adsorption

The effects of experimental parameters such as,
initial metal ion concentration (170-680mg/1), pH
(2-12), and temperature (25-35°C) on the efficiency
adsorption of Ag(l) ions were studied in a batch mode
of operation for a specific period of contact time (10—
180 min). The pH was adjusted using 0.1N HCI or
0.1N NaOH. The Ag(l) solutions were prepared by
dissolving silver nitrate in double distilled water. For
kinetic studies, 50mL of Ag(l) solution of known
initial concentration was taken in a 250 ml screw cap-
conical flask with a fixed adsorbent dosage (0.1g) and
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was agitated in a thermostated rotary shaker for a
contact time varied in the range (10-180min) at a
speed of 200 rpm. At various time intervals, the adsor-
bent was separated from the samples by filtering
through polytetrafluoroethylene syringe filters (pore
size: 0.45um) and the filtrate was analyzed using a
ZEENIT atomic absorption. The amount of adsorption
at equilibrium, g. (mg/g), and the adsorption percent-
age, % adsorption, were calculated by the following
equations:

(Co—C)V
m

Qe = (1)

CO_Ce

0

% Absorption = x 100 (2)

where Cy and C. (mg/]) are the liquid-phase concen-
trations of Ag(I) initially and at equilibrium, respec-
tively. V is the volume of the solution (I) and m is the
mass of dry adsorbent used (g). Adsorption isotherms
were obtained by plotting adsorption capacities with
respect to equilibrium concentrations.

3. Results and discussion
3.1. Characterization of ASC
3.1.1. SEM micrograph and surface area

The ASC has prepared the following textural char-
acteristics: a BET surface area of 893.62m?/g, a total
pore volume of 0.472cm>/g, and mesopore volume of
0.293 cm®/g. This value of mesopore volume indicated
that the ASC was in the mesoporous region. Compar-
ing the surface area with that reported in the literature
for others activated the carbons prepared from the
same precursor in different activation conditions, the
ASC has significant value of surface area (Table 1).

Table 1
Compared surface area of the ASC

Activation conditions SBET Reference
(m*/g)
Activation Temperature (°C)/
agent Time (h)
H;PO, 450/1.0 822 [22]
CO, 800/2.0 851 [23]
CO, 800/3.0 1,012 [23]
H,SO, 200/24 412 [24]
Air 750/1.66 733 [25]
Steam 850/1.5 587 [26]
Steam 850/2.0 893 This
work
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The SEM micrograph of ASC samples are given in
Fig. 1. The external surfaces of these prepared acti-
vated carbon show presence cavities and are very
irregular, indicating that the porosity of the material
was produced by attack of the reagent (H,O) during
activation [27].

The increase in the steam tenor supports the
following gasification process under high temperature
[28]:

H,0 +C — H, + CO (3)

After undergoing carbonization and activation pro-
cess, the volatile matter content decreased signifi-
cantly, whereas the fixed carbon content increased in
ASC, this was due to the pyrolytic effect where most
of the organic substances have been degraded and
discharged as gas and liquid tars leaving a material
with high carbon purity [29]. Adinata et al. [30] found
that increasing the carbonization temperature
decreased the yield progressively due to the release of
volatile products as a result of intensifying dehydra-
tion and elimination reaction.

3.1.2. IR spectra

The FTIR spectrum of ASC is illustrated in Fig. 2.
The bands at 3,440 and 1,088cm™! were assigned to
O-H bonds and C-OH stretching of phenolic groups,
respectively [31]. Aliphatic C-H stretching vibration is
found as a very weak peak at 2,884 cm ™' while asym-
metric vibration of CH, group appears at 2,920cm™ .
The bands located at about 1,620 and 1,395cm ™! were
attributed to carbonyl (e.g. ketone) and carboxylate ion

(COO™) groups, respectively.

Fig. 1. SEM image of ASC.
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Fig. 2. FTIR spectrum of the ASC.

3.1.3. Oxygen functional groups

The identification and quantification of the surface
oxygen groups in the prepared carbon was done by
means of the point of zero charge and Boehm titra-
tion. The results are shown in Table 2. Acidic surface
groups consist of temperature-sensitive and tempera-
ture-insensitive types. Temperature-sensitive types of
acidic surface groups can decompose at high tempera-
ture. Therefore, high activation temperature favors
low acidity [32]. Hence, activated carbons produced
by physical activation are basic character in general.
For this reason, the activated carbon prepared has pre-
dominantly basic surface groups. On the other hand,
the carbon also possesses high ash content; therefore,
the basic nature might also be associated to the
mineral matter of the carbon (Lewis basic structures).
This unusual characteristic has also been reported for
activated carbons obtained from other lingo-cellulosic

Table 2
Chemical parameters of the ASC obtained from Boehm
method, pH, and point of zero charge.

Chemical parameters Values
Total of acid functions 1.708
Carboxylic (-COOH) 1.390
Lactones (-COO-) 0.172
Phenol (-OH) 0.146
Total of basic functions 4905
pH 9.16
pHpzc 8.62
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precursors such as cork powder [33,34]. The pH of the
activated carbon was measured as 9.16. This result
confirmed the Boehm analysis.

3.2. Effect of pH on adsorption of Ag(I) onto the ASC

It is well known that pH of the solution is a critical
factor in adsorption from solution; not only carbon
surface properties change with variations of the pH,
but this parameter can also affect the state of the ionic
species in solution. The effect of pH on Ag(I) adsorp-
tion was studied in the initial pH range between 2 and
12, at a contact time of 60 min (Fig. 3). The removal of
Ag() increases with the pH of the system, and it
reaches a maximum around 4.5 pH units. At pH above
this value, a slight decrease until pH 8 and then a
sharp decrease is obtained in the uptake of Ag(I). This
decreased adsorption of Ag(I) prior to initial pH 8 may
be due to the masking of Ag(I) ions in the form of sol-
uble hydroxide anions. At pH>8, almost all of the Ag
(I) ions are precipitated in the form of AgOH [35]. The
effect is particularly more remarkable at pH 12, being
the amount adsorbed very low, close to 63.01mg/g.
According to data shown in Table 1, the pHpyzc of a
carbon is 8.62. At low pH (acidic) of the solution the
carbon surface is predominantly positively charged,
whereas at strong basic pH above the pHpzc, negative
charges appear on the surface (reduction of the num-
ber of protons H"). So, increased external H" concen-
tration (due to lowered pH) may have effected Ag ion
removal via ion exchange by direct competition effects
between the protons and Ag ions for the exchange
sites on the activated carbon. This result can be consid-
ered as an evidence for the Ag ion removal via ion
exchange mechanism in this study.

160 4
140 4
120 4
100 1
80
60 -

40 -

Silver (I) adsorbed, mg/g

20 A

0 2 4 6 8 10 12 14
pH

Fig. 3. Effect of initial concentration on the adsorption of
Ag() by ASC at 298K, time=60min and Ag(l) initial
concentration =510 mg/1.
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The adsorption mechanism of Ag ions onto
prepared activated carbon can be represented accord-
ing to the following reaction:

(ASC-OH)
Activated carbon

+Agt —  (ASC-O)Ag  +H"

Activated carbon-Ag
(4)
3.3. Effect of initial silver concentration and contact time

The kinetics of Ag(I) sorption was studied by vary-
ing the contact time from 10 to 180 min using different
initial Ag concentrations (170, 340, 510, and 680 mg/1),
various temperatures (298, 308, and 318K), and fixed
the value of pH to 4.5.

The amount of Ag adsorbed for different initial
concentrations onto ASC is shown in Fig. 4.

The adsorption of Ag(I) onto ASC increases with
time and then attains equilibrium value at a time of
about 60 min. The removal of Ag(I) was found to be
dependent on the initial concentration; the amount
adsorbed increasing with increase in initial concentra-
tion. Further, the adsorption is rapid in the early
stages and then attains an asymptotic value for larger
adsorption time. At low concentrations, the ratio of
available surface to the initial Ag(l) concentration is
larger, so the removal becomes independent of initial
concentrations. However, in the case of higher concen-
trations this ratio is low; the percentage removal then
depends upon the initial concentration. On changing
the initial concentration from 170 to 680mg/l, the
amount adsorbed increased from 234371 to
159.375mg/g for a time period of 60 min.

3.4. Effect of solution temperature

Adsorption experiments were conducted at 298,
303, and 308K to investigate the effect of temperature,

200 - )
—— 680 mg/1l

180 4 =g S1omgl

160 4 —2—340mg/l

=01 T0mg/l
140 -

120 4

100

Qu(mg/g)

20 40 60 80 100 120 140 160 180 200

tume (min)

Fig. 4. Effect of initial concentration on the adsorption of
Ag(D by ASC at 298K and pH=4.5.
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with initial Ag(I) concentration of 42.5-255mg/1, con-
tact time of 60min, and fixed the value of pH to 4.5
(Fig. 5).

It was observed that the maximum adsorption of
Ag(I) ion increased from 80% at 298K to 87.56% at
308K, i.e. adsorption increased with the increase of
temperature (Fig. 5). This can be explained by the fact
that at higher temperature, the kinetic energy of Ag(l)
cations is high; therefore, contact between Ag(l) and
the active sites of ASC is sufficient, leading to an
increase in adsorption efficiency.

This condition shows that adsorption is more of a
physical than a chemical adsorption. Similar trends
are also observed by other researchers for aqueous-
phase adsorption [36]. In addition to that, the rise of
adsorption with temperature may enlarge the pore
size to some extent which may also affect the carbon
adsorption capacity.

3.5. Adsorption isotherms

Adsorption isotherms are important in predictive
modeling the procedures for designing the adsorp-
tion system, because the adsorption capacity of a
quantitative of adsorbent could be described, making
the selection of appropriate adsorbent and determi-
nation of adsorbent dosage feasible [37]. In our
equilibrium experiments, the initial Ag(I) concentra-
tions varying from 425 to 255mg/l have been
involved and the experiments were conducted under
the conditions that the carbon dose and pH value
were 0.1g and 4.5 and also at various temperature
(298, 303, and 308K), then the widely used Lang-
muir isotherm [38], Freundlich isotherm [39], Dubi-
nin—Radushkevich isotherm [40], and Harkins—Jura
isotherm [41] were applied to analyze experimental
data.

100 -
—=—308K
—5-303K

~ 801 —&— 298K
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-
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[+]
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Q
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-

=<

s

-} 20 -

(1] T T T r T \
0 50 100 150 200 250 300

Initial silver (I) concentration, mg/1

Fig. 5. Effect of temperature on the adsorption of Ag(l) by
ASC at time=60min and pH=4.5.
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The linear form of Langmuir isotherm equation is
given as:

Ce 1 Ce

=——+
qe me Qm

(5)

where C, is the equilibrium concentration of the adsor-
bate (mg/1), ge is the amount of adsorbate adsorbed per
unit mass of adsorbent (mg/g), b the Langmuir adsorp-
tion constant (I/mg), and Q, is the theoretical maxi-
mum adsorption capacity (mg/g). A straight line with
slope of 1/Q, and intercept of 1/Q,b is obtained when
Ce/qe is plotted against C, (Fig. 6).

Freundlich model is based on sorption on a hetero-
geneous surface of varied affinities. The logarithmic
form of Freundlich was given as:

1
logg. = log K + (E) log C, (6)

where K and n are Freundlich constants with n as a
measure of the deviation of the model from linearity
of the adsorption and Kr (mg/g(l/mg)"/") indicates
the adsorption capacity of the adsorbent. In general,
n>1 suggests that adsorbate is favorably adsorbed on
the adsorbent. The higher the 1/n value the stronger
the adsorption intensity. The plot of log g. versus log
C. gave a straight line with slope of 1/#n and intercept
of log Kg (Fig. 7).

The linear form of Dubinin-Radushkevich iso-
therm equation can be expressed as

Ing.=InQ, — B (7)

CJ/q. (@)

0 20 40 60 80 100 120 140 160 180
C. (mg/)

Fig. 6. Langmuir isotherm for adsorption of Ag(I) onto
ASC at different temperatures. (temperature =298, 303, and
308 K; t=60min, pH=4.5).
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logC,

Fig. 7. Freundlich isotherm for adsorption of Ag(I) onto
ASC at different temperatures. (temperature =298, 303, and
308 K; t =60 min, pH=4.5).

where Qg is the theoretical monolayer saturation
capacity (mg/g), B is the Dubinin—-Radushkevich
model constant (mol®/kJ?), and ¢ is the Polanyi poten-
tial and is equal to

¢=RT In<1 +Cl> (8)

e

The mean energy of sorption, E (kJ/mol), is related
to B as [42]

1
E=—= )
V2B
1.5 1 O 308K
- * 303K
*29BK
0.5 -
o T T T 1
o 5.0E+04 1.0E+05 1.5E+05 2.0E+05
£2

Fig. 8. Dubinin-Radushkevich isotherm for adsorption of
Ag(I) onto ASC at different temperatures. (temperature =
298, 303, and 308 K; t=60min, pH=4.5).
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Fig. 9. Harkins—Jura isotherm for adsorption of Ag(I) onto
ASC at different temperatures. (temperature =298, 303, and
308 K; t=60min, pH=4.5).

In g. vs. &% was plotted at different temperatures as
shown in Fig. 8.

The Harkins-Jura adsorption isotherm can be
expressed as

1 B 1

&= (3) - (3)wme
where A and B, are the Harkins—Jura isotherm
constant, which accounts to multilayer adsorption that
can be explained with the existence of a heteroge-
neous pore distribution. 1/4* vs. log C. Harkins-Jura
isotherms are given in Fig. 9.

The constants and correlation coefficient, R? values
obtained from the two isotherm models applied for
adsorption of Ag ions on the ASC were summarized
in Table 3.

From Table 3, the values of n were found to be less
than 10 indicating that the adsorption was favorable.
The Langmuir isotherms were found to be linear over
the whole temperature range studied and the correla-
tion coefficients R? were extremely high compared to
the Freundlich, Dubinin—Radushkevich, and Harkins—
Jura isotherms, indicating that the Langmuir isotherm
better represented the experimental adsorption data at
all solution temperatures. As can be further seen from
Table 3, the values of Q,, Kg, and Qg increased with
temperature, indicating that the adsorption process
was endothermic in nature.

(10)

3.6. Adsorption kinetics

In order to analyze the adsorption kinetics of Ag(I)
ions onto ASC, two kinetic models; pseudo-first-order
and pseudo-second-order kinetic were applied for the
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Table 3

Langmuir, Freundlich, Dubinin—-Radushkevich, and
Harkins-Jura isotherms parameters for the adsorption of
Ag() onto ASC at different temperatures and constant
value of pH=4.5

Temperatures
298 K 303K 308 K
Langmuir isotherm
Qm (mg/g) 48.78 53.76 59.52
b (1/mg) 0.069 0.072 0.082
R? 0.998 0.999 0.999
Freundlich isotherm
Kr (mg/g) (I/mg)""" 10.15 10.07 11.40
n 3.215 2.924 2918
R? 0.924 0.943 0.902
D-R isotherm
Qs (ng/g) 39.614 41.64 44.20
B x 10° 0.1 9 5
E (kJ/mol) 2.23 2.35 3.16
R? 0.934 0.866 0.808
Harkins—Jura isotherm
A x 1072 5.55 5.55 6.25
B, 2.22 2.22 2.06
R? 0.756 0.769 0.817
3
< 680 mg/l
© 510 mg/l
2 & 340 mg/l
A o170 mgl
o
1 3
g o - v - —g— )
20 a0 60 80 100 160
\@
el
2 Tume (1min)

Fig. 10. Pseudo-first-order kinetic plot for the adsorption of
Ag(I) onto ASC at 298K and pH=4.5.

experimental data. The pseudo-first-order equation
can be expressed as [43]:

ki, (11)

log(qe — q:) = logge — 52

where g, and g; are the amounts adsorbed at equilib-
rium and at time ¢ (mg/g), and k; is the rate constant
of the pseudo-first-order adsorption (min~'). The
linear plot of log (4. —gs) Vvs. t gives a slope of k; and
intercept of log g. as shown in Fig. 10.
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Table 4
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Pseudo-first-order and pseudo-second-order kinetic model parameters for the adsorption of Ag(l) onto ASC at 298K and

pH=4.5

[Ag'] (mg/]) g exp (mg/g)  Pseudo-first-order

Pseudo-second-order

e, cal (mg/g)

K; min™Y) R?

de cal (mg/g) K, (g mg_lmin) R?

170 27.125 21.79 0.026 0.994 30.959 0.001 0.998

340 121.425 36.57 0.033 0.938 125 0.002 0.999

510 153.762 109.85 0.045 0.98 161.29 0.0008 0.999

680 173.875 158.7 0.042 0.97 192.307 0.0003 0.995
The values of k; and R* obtained from the plots

for adsorption of Ag(l) ions on the adsorbent at 298K  Table 5

are reported in Table 4. It was observed that the R?
values obtained for the pseudo-first-order model did
not show a consistent trend. Besides, the experimental
ge values did not agree with the calculated values
obtained from the linear plots. This shows that the
adsorption of Ag(I) on the adsorbent does not follow
a pseudo first-order kinetic model.

The pseudo-second-order kinetic model can be
represented in the following form [44]:

t 1 1
7 kE 12
where k; (g/mgmin) is the rate constant of second-
order adsorption. The linear plot of t/g; vs. t gave 1/
ge as the slope and 1/kq.” as the intercept as shown
in Fig. 11.

From Table 4, all the R? values obtained from the
pseudo-second-order model were close to unity, indi-
cating that the adsorption of Ag(l) on ASC fitted well
into this model.

<680 mg/l

6 - o 510mgl1
2340 mg/l

o170mg/1

Vi
F-Y

l-w

o 20 40 60 80 100 120 140 160 180 200

Time (min)
Fig. 11. Pseudo-second-order kinetic plot for the

adsorption of Ag(I) onto ASC at 298K and pH=4.5.

Thermodynamic parameters for the retention of Ag(I) onto
ASC at different temperatures and pH=4.5

Metal Temperature AG AS AH
ion (K) (k]/mol)  (kJ/molK)  (k]J/mol)
Agd 298 -3.005
303 —3.408 0.105 28.446
308 —4.059

3.7. Adsorption thermodynamics

The thermodynamic parameters for the present
system, including standard free energy (AG, kJ/mol),
enthalpy (AH, kJ/mol), and entropy (AS, kJ/molK),
were calculated using following equations Eqs. (13)
and (14) [45]:

AG = —RTInK (13)

AG = AH — TAS (14)

0 T T T T T T 1
296 298 300 302 304 306 308 310
-1 4
8
<
U 3
<
-4 4
-5 N
T(K)
Fig. 12. Plot of AG vs. T for the estimation of

thermodynamic parameters for adsorption of Ag(l) by
ASC.
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where T is the temperature (K), R is universal gas
constant (8.314]/mol K), and K (1/g) is an equilibrium
constant obtained by multiplying the Langmuir con-
stant Q,, and b. The K is the distribution constant
characteristic of the equilibrium established between
the Ag in solid and liquid phase [46]. The values of
AH and AS were calculated from the intercept and
slope of a plot of AG vs. T (Fig. 12) according to Eq.
(14) by linear regression analysis.

The calculated thermodynamic parameters were
listed in Table 5. As shown in Table 3, the positive
value of AH indicates that the adsorption process is
endothermic [47]. AG reflects the feasibility of the
process and standard entropy determines the disor-
derliness of the adsorption at solid-liquid interface
[48].

4. Conclusions

The ASC prepared by physical activation with
steam was an efficient adsorbent with relative surface
area of 893.62m?/g and mesopore volume of
0.293cm®/g. SEM and fourier transform infrared spec-
troscopy investigations were evidenced with the pres-
ence of a porous structure and different functionalities
on the ASC surface. The present study shows that
ASC could be used as an adsorbent for the removal of
Ag from aqueous solutions. From batch experiments,
the adsorption amount was highly dependent on
operating variables such as initial metal concentration,
pH, contact time, and temperature. The equilibrium
time was found to be 60 min for Ag-ASC system and
an acidic pH equal to 4.5. Efficiency adsorption
increased with decreasing the metal concentration and
increasing temperature. Experimental results indicated
that the pseudo-second-order reaction kinetics pro-
vided the best description of the data. The isotherm
study indicated that adsorption data correlated well
with Langmuir isotherm model. Thermodynamical
parameters were also evaluated for the metal ion
adsorbent system and revealed that the adsorption
was endothermic in nature. This study demonstrated
that the ASC could be used as an effective adsorbent
for the treatment of effluent from radiology.
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