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Abstract—Use of low-cost minerals to eliminate mining and industrial pollutants is the main goal of this study. We
investigated the ability of pumice and nano-pumice to remove cadmium from a synthetic aqueous solution. Batch
experiments were performed to investigate adsorption characteristic; therefore, the effective factors influencing the
adsorption process including solution pH, contact time and initial concentration have been considered. Equilibrium
data were attempted by Langmuir and Freundlich isotherm models to realize the interaction between adsorbent and
adsorbate. The results show that cadmium adsorption on Pumice follows the Langmuir isotherm model with a R* of
0.9996 and shows a homogeneous and mono-layer adsorption. Whereas, cadmium adsorption on nano-Pumice fol-
lows a Freundlich model (R*=0.9939) and exhibits a multi-layer adsorption. The maximum mono-layer capacity (q,,,,)
of cadmium for pumice and nano-pumice was calculated 26 and 200 mg/g, respectively. Two different kinetics models
including pseudo first-order and pseudo second-order were studied to evaluate the rate and mechanism of cadmium
adsorption by pumice and nano-pumice. The kinetics data indicate that a pseudo second-order model provides the

best correlation of the experimental data.
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INTRODUCTION

Industries and mines are the most important producers of heavy
metals and contamination sources in the environment. One of the
widely used toxic metals, cadmium, belongs to the hazardous heavy
metals group [1]. In nature, cadmium occurs in the form of cad-
mium sulfide (CdS), usually as a minor component in zinc, lead
and copper ores [2]. During metal extraction and processing of
zing, lead and copper smelters, cadmium liberates and enters the
environment as metal slag and dissolved form in wastewaters [2].
It is fairly mobile in soil but not biodegradable and is one of the
hazardous pollutants for human life and biochemical cycles of organ-
isms.

The consequences of the rapid growth of modern science and
technology are environmental degradation and pollution problems.
Therefore, the removal of heavy metals such as cadmium from con-
taminated water is essential to protect ecosystems and human health.

Although, various methods, including ion exchange, solvent ex-
traction, reverse osmosis, precipitation and adsorption, have been
applied to remove metal ions from aqueous solutions [3], most of
these methods are not affordable due to high costs resulting in failure
to remove low concentrations of metal ions and dispose of accu-
mulated sludge after purification process. Among these methods,
adsorption can be a suitable alternative approach to treat indus-
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trial waste water, especially if the used adsorbent is a low-cost mate-
rial and it does not need pre-treatment. Adsorption is a physical-
chemical process in which pollutants transfer from the aqueous
phase to a solid phase. In recent decades, researchers have used
many minerals as low-cost adsorbents with high adsorption effi-
ciencies such as zeolite [4,5], Montmorillonite [6-8], kaolinite [8,9],
diatomite [10-12] and perlite [13,14] to remove heavy metals and
organics pollutions. Table 1 compares the adsorption capacities of
various minerals including pumice and nano-pumice used in this
study.

One of these low-cost minerals that can be used as adsorbent is
pumice, which is abundant in many countries such as Iran (west
and northwestern Iran). Pumice is a volcanic glass with high pores
formed during explosive eruptions [15]. It typically has light color
and silicic or felsic to intermediate composition. This volcanic rock
has received significant interest because of its large surface area,
high water adsorption capacity and surfaces with negative charge
[16]. Literature review shows that few researches have been car-
ried out to apply pumice as an adsorbent [1,16].

Panuccio et al. [1] performed batch experiments to evaluate the
combined effects of ionic activity, pH, and contact time on the cad-
mium sorption in three different mineral adsorbents comprising
vermiculite, zeolite, and Pumice. The results show that the equilib-
rium data followed both the Langmuir and Freundlich isotherm
models. A pseudo second-order kinetics model fitted well to the
experimental data for the adsorption process by three adsorbents.
The results further indicate that the maximum adsorption capacity
of pumice was lower than that of two other adsorbents. The adsorp-



Cadmium removal from aqueous solutions by pumice and nano-pumice 89

Table 1. Comparison of the adsorption capacities of various min-
erals as adsorbents used for metal removal from aqueous

solutions
Maximum
Adsorbent f(/)[s;al adsorption Source
capacity (mg/g)

Pumice cd™ 26 Present study
Nano-Pumice cd™ 200 Present study
Montmorillonite Ni** 12.886 [6]
Montmorillonite Cu* 7.616 [6]
Kaolinite cd™ 9.9 (8]
Montmorillonite Ccd™ 32.7 (8]
Bentonite cd* 93 (8]
Montmorillonite Ccd™ 6.784 (7]
Montmorillonite Pb** 32.89 (7]
Montmorillonite Cu** 17.094 (7]
Montmorillonite Zn** 22.727 (7]
Clinoptilolite cda* 0.082 (meq/g) [4]
Scolecite Cd*  0.0078 (meq/g) [4]
Bigadic clinoptilolite Cd*  0.0053 (meq/g) (4]
Montmorillonite Pb* 0.68 [9]
Montmorillonite cd* 0.72 [9]
Kaolinite Pb* 0.12 [9]
Kaolinite Ccd™ 0.32 9]
Zeolite Cu® 141.12 [5]
Zeolite Co™ 244.13 [5]
Zeolite Ccd* 118 (umol/g) [1]
Vermiculite Ccd* 143 (umol/g) [1]
Pumice cda* 47 (umol/g) [1]
Diatomite cd™ 16.08 (12]
Diatomite Pb* 24.94 (12]
Pumice Ni** 1.187 [16]
Scoria Ni** 0.98 [16]
Perlite Pb* 8.906 [13]
Perlite cd™ 0.64 [14]

tion capacity of three minerals depended upon pH and was inde-
pendent of the initial cadmium concentration. However, the ex-
periments were conducted without agitation. This most probably
caused that the percentage of cadmium adsorption by pumice was
obtained after six weeks. In their research, very slight amount of
cadmium was adsorbed.

Alemayehu and Lennartz [16] investigated the removal of Ni (II)
from water using volcanic rock grains including scoria and pum-
ice. The experiments were conducted under batch conditions. The
effect of pH, temperature, contact time, adsorbent/solution ratio,
particle size and initial concentrations on the adsorption process
was considered. The maximum adsorption capacities of 980 and
1,187 mg/kg were obtained for Ni(II) on scoria and pumice, respec-
tively. The pseudo second-order equation well described the ad-
sorption kinetics of Ni(II). In addition, the Langmuir and the Fre-
undlich isotherm models well suited the equilibrium data. However,
the surface characteristics of the adsorbents were not investigated.

There is therefore a need to investigate the adsorption efficiency

of this widely available and low-cost material in detail. One of the
greatest advantages of the present research over the previous stud-
ies applying pumice as adsorbent is that the effect of adsorbent
particle size on adsorption process was considered. In this study,
pumice was crushed into nano-size in order to efficiently use its
surface feature for cadmium uptake from aqueous solution. The
purpose of present work was to investigate the mechanism of Cd**
adsorption onto pumice and nano-pumice. We evaluated the maxi-
mum adsorption capacities of Pumice and nano-Pumice and com-
pared their application as a low-cost adsorbent with each other. In
addition, the adsorption kinetics, isotherm and maximum adsorp-
tion capacity are discussed.

MATERIALS AND METHODS

1. Preparation of Adsorbent
1-1. Pumice Preparation

Pumice used in these experiments was taken from Malar Min-
ing Company. To obtain homogeneous samples, raw pumice was
crushed without washing process or initial preparation at two stages
in mineral processing laboratory of Amirkabir University of Tech-
nology; Tehran, Iran. In the first stage, pumice samples were crushed
by a mill jaw to reach particles with sizes less than 20 mm. Then,
in the second stage, crushed samples were powdered by a Micron-
izer to reach 150 um in size. The powdered pumice samples were
finally used as adsorbent to adsorb cadmium ions from an aque-
ous solution.
1-2. Nano-pumice Preparation

To prepare nano-pumice, powdered pumice samples were ground
by a planetary Ball mill (FRITSCH EQ-PC1-12) in Institute for Color
Science and Technology, Tehran, Iran, to reach particles less than
100 nm in size and used as adsorbent in this research.
2. Characteristics of Adsorbent
2-1. X-ray Fluorescence Analysis

Chemical composition of pumice sample was determined by using
X-ray fluorescence, XRE (Philips X-Ray Diffractometer Xunique 11)
in the Central Laboratory of Amirkabir University of Technology.

The results for this analysis are given in Table 2. As seen, the XRF

Table 2. Results of XRF analysis, density and color of pumice sam-

ples of Malar Mine

Compound Percent %
SiO, 58.08
ALO, 16.32
Fe,O; 3.98
CaO 3.28
MgO 15
TiO, 0.76
P,0Os 0.52
Na,O 391
K,0 429
LOI 494
Density 0.5-0.7 g/em’
Color Light gray-Dark gray
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Fig. 1. XRD patterns of pumice samples used in this study.

experiment reveals that pumice is composed mainly of SiO, and
ALO,.
2-2. X-ray Diffraction

X-Ray diffraction (XRD) study using a Philips X-Ray Diffrac-
tometer Xunique 1140 was performed to indicate the minerals exist-
ing in pumice samples. Fig. 1 shows the XRD pattern. According
to Fig. 1, minerals including Biotite (Bio), Orthoclase (Ort), Albite
(Alb), Sanidine (San), quartz (Qua), Phlogopite (Plo) exist in the
pumice sample. As this figure shows, Biotite, Quartz and Ortho-
clase are the main compounds of pumice. Diffraction peaks of Bio-
tite occurred in the angles (26) range between 8.9430° and 41.9857°
and peaks of orthoclase located in the range of 23.1019° and 30.6392".
In addition, major peaks of Albite, Quartz, Sanidine and Phlogo-
pite are associated with the diffraction angles of 27.814°, 35.6016",
36.5140° and 70.997°, respectively.

Results of XRF and XRD analyses suggest that unsaturated func-
tional groups [Si (OH), "] and [Al (OH),™] can play an important
role in adsorption of Cd** ions from aqueous solution by pumice
and nano-pumice. It is because in surface hydroxyl groups the sili-
con atoms on the surface tend to maintain their tetrahedral coor-
dination with oxygen. So, they have a tendency to adsorb metal
ions with positive charges [14].
2-3.FTIR Analysis

The functional groups of natural pumice were confirmed using
the Fourier transform infrared (FTIR) analysis (5*10"°<A<4*10™* nm,
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Fig. 2. FTIR spectra of Pumice and nano-Pumice before adsorp-
tion of Cd™" ions.
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Fig. 3. FTIR spectra of Pumice and nano-Pumice after adsorption
of Cd™* ions.

Perkin Elmer, USA). The capability for the adsorption of Cd** ions
was studied to demonstrate its practicability as a cationic model
compounds to investigate the adsorption behavior [17-19]. In this
work, the FTIR analysis was in the range between 390 and 4,000
cm™' to investigate the adsorbent properties. Fig. 2 shows the FTIR
spectra of pumice and nano-pumice before adsorption process.

The locations of peaks to exhibit adsorption bands were indi-
cated at 455.56 cm™ (stretch vibration of band Si-O-Al), 71945 cm™
(showing symmetric and bent of Quartz), 769.73 cm™" (showing
stretch vibration of band Si-O-H), 1,028.00cm™ (symmetric and
stretch of band Si-O-Si), 1,634.85cm ™ (stretch vibration of band
H-O-H) and 3466.31 cm™ (broad and stretch of band O-H). Com-
parison of the FTIR spectra of pumice and nano-pumice indicates
that all peaks of FTIR spectra of pumice show the same overview
for nano-pumice. It means that the FTIR spectra of pumice and
nano-pumice show the same trend before the adsorption process.
However, the intensity of peaks for nano-pumice decreased rather
than pumice. The cause of this phenomenon may be attributed to
fewer nano-pumice particles.

The results of FTIR analysis of pumice and nano-pumice sam-
ples are compared in Fig. 3 for after the adsorption process. Com-
paring Figs. 2 and 3, one can say that the FTIR spectra of pumice
and nano-Pumice show almost same trend before and after cad-
mium adsorption, but adsorption of cadmium increased the inten-
sity of peaks.

2-4. Scanning Electron Microscopy

The morphology and other surface characteristics of pumice and
nano-pumice were characterized by scanning electron microscopy
(Philips SEM.XL30). Also, in this study, scanning electron micros-
copy images were used to measure the particle size of nano-pumice.
The SEM results, given in Fig. 4, illustrate the difference of surface
and texture morphology between pumice and nano-pumice. Ac-
cording to Fig. 4(a), pumice has a rough surface with amorphous
structure, while Fig. 4(b) shows surface of sorbent with spherical
and average particles size of 80 nm. It is obvious that nano-pum-
ice has more numbers of pore space than pumice where Cd** ions
can be trapped and adsorbed into these pores.

2-5. Atomic Force Microscopy

To investigate the surface characteristics of the adsorbent in more

detail and to measure the particle size of nano-pumice, the atomic
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(a)

Fig. 4. Scanning electron microscopy of Pumice (a) and nano-Pumice (b).
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Fig. 5. Three dimensional AFM images from the surface of nano-Pumice.

force microscopy (AFM) observations were performed using DS-
95-50E. AFM provides us microscopic information on the surface
structure and plots the surface topography of the adsorbent [20].
Fig. 5 shows three-dimensional AFM images from the surface of
nanoparticles.

According to Fig.5, the average grain size of crushed samples
varied between 22.6 and 26.4 nm. The color range shows the mor-
phological changes of the surface, which indicate the adsorption
sites on surface of nano-pumice and show the high capacity of nano-
pumice in the adsorption process.

The results of SEM and AFM analyses indicated sizes less than

100 nm for particles of crushed pumice samples (nano-pumice).
3. Cadmium Solution

The main cadmium solution was prepared using 3CdSO,-8H,O.
This was obtained from Merck Company of Germany. Cadmium
solutions were measured by atomic absorption spectroscopy refer-
ence solutions for cadmium. Cadmium salt was dissolved in dis-
tilled water to make a 1,000 mg/! solution. Then, cadmium solutions
were diluted using distilled water to prepare all the cadmium solu-
tions used in these experiments. Cadmium concentrations of other
solutions were measured by atomic adsorption spectroscopy (AAS)
(Uni-Com9330).

Korean J. Chem. Eng.(Vol. 32, No. 1)
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4. Adsorption Procedure

Adsorption of Cd™ from aqueous solution by pumice and nano-
pumice was probed in batch experiments. Hence, effects of pH,
contact time and initial concentration of metal solution were stud-
ied. The main solution was diluted to obtain the required concen-
trations (25, 50, 100, 200, 300 and 500 mg/l). In these experiments
all containers were shaken at 500 rpm to homogenize and facili-
tate the reaction, and all these experiments were conducted at lab
temperature (25+1 °C). Kinetic experiments were performed with
constant pumice and nano-pumice dose, separately (0.1 g) at certain
time intervals (10, 20, 30, 45, 60, 90, 120 and 180 min) and pH=6.

The adsorption isotherm experiments were conducted by mix-
ing 0.1 gr of pumice and nano-pumice separately in a jar contain-
ing 50 ml of Cd** solutions with varying concentrations (50, 100,
200, 300, 400 and 500 mg/]) at pH=6 for 120 min to attain equilib-
rium condition. Initial kinetic experiments indicate that adsorp-
tion time of 120 min was sufficient to reach equilibrium. Therefore,
120 min of mixing was selected for all batch isotherm experiments.

After the experiments, the solids were separated from solutions
by filtering and then residual cadmium concentration was analyzed
by AAS. Following this, amount of adsorbed per unit mass of ad-
sorbent, q, (mg/g), was calculated using Eq. (1) [21]:

C-C,
=M

xV (1

where, q, C, C,, V and M are the amount of adsorbed per unit mass
of adsorbent (mg/g), initial metal concentration (mg/l), equilib-
rium concentration of metal (mg/J), used volume of solution (L)
and dosage of adsorbent (mg), respectively.
4-1. Adsorption Kinetics

The kinetic parameters are essential to predict the rate of adsor-
bate uptake on adsorbent from aqueous solution in order to design
and model an appropriate treatment system based on adsorption
process [14,22-26]. In this study; to examine the rate of the adsorp-
tion process, the kinetic of the adsorption data was analyzed using
two different kinetic models: the pseudo-first order and pseudo-
second order models, which can be expressed in their linearized
forms as Egs. (2) and (3), respectively [27]:

In(q.—q,)=Inq,~ Kt 2

L. R 3)
q: que 9e

where, g, (mg/g) is the adsorption uptake at time t (min): g, (mg/
g) denotes the adsorption capacity at adsorption equilibrium; and
K; (min™") and K, (gmg "-min™") are the kinetic rate constants for the
pseudo-first order and pseudo-second order models, respectively.
4-2. Equilibrium Experiments

The most common method of presenting adsorption equilib-
rium data is the adsorption isotherm, which describes the equilib-
rium sorption of a material on adsorbent surface at constant tem-
perature. It expresses the concentration adsorbate in the solid phase
q as a function of adsorbate concentration in liquid phase C [28].
The two widely used Langmuir and Freundlich isotherm equations
were applied to fit the equilibrium data to predict the equilibrium
parameters of adsorption system.

The Langmuir isotherm is applied to describe a single-solute
system. This model suggests that adsorption occurs at homoge-
neous sites by monolayer sorption with no significant interaction
between adsorbed ions [29]. The linear form of the Langmuir equa-
tion is expressed as follows [29,30]:

=f=— 1 2C @

where, C, is the equilibrium concentration of adsorbate (mg/l), q,
denotes the equilibrium amount of metal ions adsorbed per unit
mass of adsorbent (mg/g), q,, and b represent the maximum adsorp-
tion capacity (mg/g) and the Langmuir isotherm constant (//mg),
respectively. A linear plot of C,/q, against C,, gives a straight line
with a slope of 1/q,, and an intercept of 1/q,b [29,30].

The Freundlich model was also applied to investigate the adsorp-
tion isotherm of cadmium ijons on pumice and nano-pumice. The
Freundlich equation is used for heterogeneous systems and con-
siders multilayer adsorption [29,30]. The Freundlich model is ex-
pressed as follows [30]:

a=KC." ©)
The linear form of this model is [29]:

1
logq,=logK,+ r—llogCe (6)

Fig. 6. SEM images of Pumice surface before (a) and after (b) cadmium adsorption.

January, 2015
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where q, is the number of metal ions adsorbed per unit mass of
adsorbent (mg/g), C, denotes equilibrium concentration of metal
ions (mg/l), Ky and n represent Freundlich constants related to the
adsorption capacity and adsorption intensity; respectively.

Freundlich parameters Ky and n can be calculated from the inter-
cept and slope of a linear plot with logq, versus logC, [29].

RESULTS AND DISCUSSION

1. Interpretation of SEM Images

Scanning electron micrographs of pumice before and after ad-
sorption of cadmium are shown in Fig. 6(a), (b). From Fig. 6(a),
that Pumice had a porous surface with irregularly shaped parti-
cles. As is seen in Fig. 6(b), the surface of pumice slightly changed
after cadmium adsorption, and the porous surfaces were fewer than
those of the prior to the adsorption process. The reason is that the
cadmium ions were adsorbed on the external surfaces of pumice.

The SEM images of nano-pumice surface before and after cad-
mium adsorption are shown in Fig. 7(a), (b). According to Fig. 6(a)
and Fig. 7(a), nano-pumice has significant numbers of pore spaces
in comparison with the pumice surface, wherein the cadmium
ions can be trapped. This characteristic makes nano-pumice a suf-
ficient adsorbent. As evident from Fig. 7(b), the surface structure
of nano-pumice clearly changed after cadmium adsorption, and
porous surfaces were almost totally occupied with the cadmium
ions. In other words, the adsorption made a uniform surface with
a non-porous structure for nano-pumice. This phenomenon can
be attributed to the sticking of nanoparticles of pumice by cadmium
ions, because the nanoparticles of pumice and cadmium ions have
negative and positive charges, respectively.
2. Effect of pH

The pH of solution is one of the most important factors in the
adsorption process, especially adsorption capacity [28]. To investi-
gate the effect of pH, 0.1 g of adsorbent (pumice and nano-pum-
ice separately) was added to 50 ml of cadmium solution with con-
centration of 100 mg/l, at lab temperature and agitating speed of
500 rpm with various initial pH values of 2, 3, 4.5, 6, 7, 8.5 and 10
for pumice and 2, 3, 5, 7 and 9 for nano-pumice for 120 min.
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Fig. 8. Effect of pH on cadmium adsorption ob Pumice and nano-
Pumice. Condition: amount of adsorben: 0.1 g, initial cad-
mium concentration: 100 mg/l, T=25+1°C and agitating
speed=500 rpm.

The relationship between pH values and the amount of Cd** ad-
sorbed on pumice and nano-pumice is presented in Fig. 8. At any
pH, Cd** adsorbed on nano-pumice shows higher adsorption capac-
ity than that on pumice, which shows the high capacity of nano-
pumice for the removal of cadmium ions from aqueous solutions.

According to this figure, cadmium adsorption increased from 5
to 48 mg/g for pumice while for nano-pumice, Cd** adsorption
increased from 32.5 to 45 mg/g as pH increased. For both adsor-
bents, the amount of Cd** adsorbed increased slightly above pH=7.
This phenomenon can be explained by precipitation of Cd** as insol-
uble Cd(OH), precipitate. Therefore, pH values beyond 7 were not
studied for other experiments to avoid the formation of Cd** pre-
cipitates as the hydroxides.

As mentioned before (Table 2), the oxides of Fe, Al, Si, Ca and
Mg are present in varying amounts in pumice. The hydroxylated
surface of these oxides develops a charge on the adsorbent surface
in aqueous solution [16]. Hence, the variation of adsorbed Cd™* at
various pHs can be explained by the oxides present in adsorbents
[14,16]. Little Cd*" uptake at low pH values shows that functional
oxide groups (ALO;, Fe,Os, SiO,) of the adsorbent are protonated.
Furthermore, additional protons compete with Cd** ions for the
same binding site [14,16]. However, in an alkaline medium, a neg-

Fig. 7. SEM images of nano-Pumice surface before (a) and after (b) cadmium adsorption.
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Fig. 9. Amount of cadmium adsorption onto Pumice and nano-
Pumice at three diffrent concentrations as function of con-
tact time. Conditions: amount of adsorbent: 0.1 g, T=25+
1°C, pH=6 and agitating speed=500 rpm.

ative charge develops on adsorbents surface, so the amount of ad-
sorption increases significantly until the cadmium precipitates at
pHs above 7 [14].

However, as Fig. 8 shows, for both adsorbents, the best adsorp-
tion took place at pH=6, which is close to the natural pH of pum-
ice. So, this pH was selected for the subsequent experiments.

3. Kinetics Results
3-1. Effect of Contact Time on Cadmium Adsorption

The adsorption of cadmium onto pumice and nano-pumice at
three different initial concentrations as a function of contact time is
shown in Fig. 9. This figure indicates that the amount of cadmium
adsorption by pumice and nano-pumice increases with time to attain
equilibrium condition after 60 and 10 min, respectively; and it remains
constant thereafter. It is also illustrated that with an increase in the
initial cadmium concentration from 50 to 200 mg/! and 25 to 300
mg/l, the amount of cadmium adsorption, increases from 18 to 29.5
and 10.85 to 101.25 by pumice and nano-pumice, respectively.

The rapid rate of Cd** adsorption at the early minutes of adsorp-
tion process is the main point in this figure. In other words, more
than 75% and 92% of cadmium adsorption by pumice and nano-
pumice occurred at 10 min, respectively, which may be attributed
to the availability of a large number of vacant adsorption sites on
the adsorbent surfaces [29,30]. However, the remaining vacant sur-
face sites are occupied with time due to repulsive forces between the
adsorbate ions on the solid surface and in the bulk phase [29,30].
3-2. Adsorption Kinetics Results

The kinetics parameters of the pseudo-first and pseudo-second

180
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Fig. 10. Amount of cadmium adsorption onto Pumice and nano-
Pumice for diffrent concentrations. Conditions: amount of
adsorbent: 0.1 g, T=25+1°C, pH=6 and agitating speed=
500 rpm.

order models at different initial concentration of cadmium are given
in Table 3 in which the correlation coefficient values for pseudo-
second order model were found higher than 0.99 for cadmium
adsorption by pumice and nano-pumice. In addition, as can be seen
in this table, the theoretical q. values are similar to the experimental
Qeyp values. Thus, the adsorption of Cd** on pumice and nano-pum-
ice can be well described by the pseudo-second order kinetic model.

The K, values calculated from the pseudo-second order kinetic
model for cadmium adsorption by pumice and nano-pumice de-
creased with an increase in cadmium concentration. It means that
the rate of adsorption of Cd** onto pumice and nano-pumice de-
creases by increasing Cd concentration.

As further illustrated in this table, the K, values for cadmium
concentration by nano-pumice were higher than those of pumice,
which suggests that nano-pumice adsorbed cadmium ions faster
than did pumice.

4. Equilibrium Results
4-1. Effect of Initial Concentration

The effect of initial concentration on adsorption of cadmium by
pumice and nano-pumice is shown in Fig. 10. As cadmium con-
centration increased from 25 to 500 mg/l, the amount of cadmium
adsorption by pumice increased and reached equilibrium amount
(25.75mg/g) for a concentration of 100 mg/l, while the cadmium
uptake by nano-pumice increased from 10.8 to 153.6 mg/g.

However, the amount of cadmium adsorption increased with
increasing the initial concentration of cadmium, but the efficiency
of adsorption decreased (Fig. 11). The high amount of cadmium

Table 3. Kinetics parameters for cadmium adsorption by Pumice and nano-Pumice

Type of Initial concentration Qe Pseudo first-order Pseudo second-order

adsorbent (mg/L) (mg/g) q, (mg/g) K, (1/min) (1) Q. (mg/g) K, (grmg min") )

Pumice 50 18 2.9 0.012 0.6736 18.32 0.0125 0.9997
100 27 7.9 0.014 0.6842 274 0.0098 0.9998
200 29.5 10 0.02 0.7634 30.12 0.0071 0.9998

Nano-Pumice 25 10.85 2.32 0.007 0.2651 10.87 0.2 0.9999
100 41.55 6.2 0.014 0.4768 40.52 0.012 0.9999
300 101.25 9 0.014 0.3316 101.1 0.032 0.9999
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Fig. 11. Precentage of cadmium adsorption onto Pumice and nano-
Pumice for diffrent concentrations. Conditions: amount of
adsorbent: 0.1g, T=25+1°C, pH=6 and agitating speed=
500 rpm.

Table 4. Parameters of Longmuir and Freundlich for adsorption
of cadmium by Pumice and nano-Pumice

Langmuir Freundlich
Type of
adsorbent A b R? n Ky 2
(mg/g) (/g (I/mg)
Pumice 2597 013 0999 5.82 9975 0.8616

Nano-Pumice 200 0.0134 0.9435 156 5.505 0.9939

adsorption percentage by nano-pumice at 500 mg/! indicates the
higher capacity of nano-pumice than pumice for adsorption of ele-
vated concentration of cadmium.

4-2. Isotherm Results

To interpret the equilibrium data, experimental data were fitted
to Langmuir and Freundlich isotherm models. The parameters of
the Langmuir and Freundlich isotherms for Cd** adsorption on
pumice and nano-pumice are given in Table 4.

As this table shows, the highest value of R* for Langmuir iso-
therm (0.9996) describes that the Cd** adsorption on Pumice was
best represented by this model. According to this model, the max-
imum adsorption capacity; q,,, and the Langmuir constant, b, for
adsorption process were calculated as 25.97 and 0.13, respectively.
The highest R” value of Freundlich model (0.9939) shows that the
adsorption of Cd** on nano-Pumice is described by this model.
The values of n, which represent the favorability of the adsorption,
were more than one, indicating that the adsorption of Cd** on nano-
pumice was favorable.

Based on the Langmuir model, the value of maximum adsorp-
tion capacity for Cd** adsorption by nano-pumice was 200 mg/g,
which shows the potential performance of nano-pumice for the
removal of Cd** fons from aqueous solutions.

According to the results of isotherm studies, cadmium adsorp-
tion on pumice shows a homogeneous and monolayer adsorption,
whereas cadmium adsorption on nano-pumice follows the Freun-
dlich model and exhibits multi-layer adsorption.

CONCLUSION

As low-cost adsorbents, the pumice and nano-pumice were ap-

plied to remove cadmium ions from an aqueous solution. To use
pumice surface feature more efficiently, the pumice samples were
crushed at nano size and characterized by SEM and AFM analy-
ses. The results of these analyses indicated sizes less than 100 nm
for particles of crushed pumice samples. Adsorption experiments
were carried out as a function of contact time, solution pH and
initial metal ion concentration. The results show that cadmium
adsorption by pumice and nano-pumice was pH dependent, and
the optimum pH was 6. The results further show that the amount
of cadmium adsorption increases with pH increasing until the cad-
mium ions precipitated as Cd(OH), (at pHs above 7). In other words,
the removal of cadmium ions in low pHs (acidic conditions) is less
than that of in high pHs (basic media), which this fact can be ex-
plained on the basis of aqua complex formation of the oxides pres-
ent on adsorbents surface. The kinetic studies for both adsorbents
show that the adsorption process was well explained by pseudo sec-
ond-order kinetic model. The isotherm studies reveal that the Lang-
muir model was the best-fitted model for the adsorption of cadmium
by pumice (R*= 0.9996). The maximum adsorption capacity of cad-
mium was 25.97 mg/g. Furthermore, the cadmium adsorption on
nano-pumice followed the Freundlich model (R*=0.9939). The results
of isotherm studies indicate that by producing nano-particles from
pumice and increasing the surface area of the adsorbent, the adsorp-
tion capacity increased from 25.97 to 200 mg/g. Accordingly, the
nano-pumice was shown to be an efficient adsorbent and could be
employed as a low-price adsorbent to eliminate metal ions from
aqueous solutions.
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