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Abstract In this work, synthesis of chitosan beads
impregnated with nano-y-Al,O3 (AICB) was carried out.
The characteristics of the synthesized adsorbent were
obtained by using Brunauer Emmett and Teller technique
and Scanning Electron Microscopy method. The use of
AICB in continuous removal of chromium, lead, nickel and
cadmium ions from liquid solution was studied using fixed-
bed column system. Bed depths and flow rate effects on
breakthrough and uptake capacity of the adsorbent in col-
umn were also examined. Dynamic parameters of the
adsorption were calculated by using bed depth service time
(BDST) and Thomas models. In both models, the data were
analyzed by error analyzing and combining the values of
determined coefficient (R?) from regression analysis. The
adsorption capacities of AICB in breakthrough were
158.33, 183.33, 63.33 and 31.67 mg/g for chromium, lead,
nickel and cadmium, respectively. In addition, BDST
model was found to be an acceptable kinetic model to
describe the experimental data.
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List of symbols

Co Influent concentration (mg/L)

C, Effluent concentration at any t (mg/L)

K1, Thomas rate constant [mL/(mg.min)]

BDST the kinetic constant (L/mmol h)

M Mass of adsorbent (g)

No Dynamic bed capacity (g/L)

N, Is dynamic removal capacity of the fixed-bed
column (mmol/c:m3 )

qe Is the equilibrium heavy metals uptake (mg/g)

0 Volumetric flow rate (mL/min)

ty Time at breakthrough (h)

t Bed service time (h)

Uy Linear flow rate (cm/h)

\% Linear velocity of flow rate (cm/h)

Z Bed depth (cm)

Introduction

The rapidly expanding industrial development accompa-
nied by population and consumption growth has generated
new challenges about heavy pollution loads to the natural
resources (Shahabfar et al. 2012; Baghvand et al. 2010).
Water resources can be polluted by different activities,
such as industries (Shokati Poursani et al. 2015), agricul-
ture (Boularbah et al. 2006), fuel consumption (Norouzi
et al. 2015) and transportations (Maniquiz-Redillas and
Kim 2014). Nickel, lead, cadmium, chromium and most of
other heavy metals are not environment friendly when they
released to the environment (Sheng et al. 2008; Matouq
et al. 2015; Lu et al. 2015). Therefore, one of the efficient
ways for metal ions removal from water and wastewater is
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non-biological treatment. Various techniques, including
adsorption, chemical precipitation, ion exchange and
reverse osmosis, yet have been applied for metal ions
removal from aqueous solution (Lu et al. 2015). Seeking
for effective, cheap and low waste adsorbents, the appli-
cation of different adsorbents for this purpose has been
increased recently (Xie et al. 2015). Suitable metal ions
adsorbent preference for clean-up aqueous solution would
be very important. Some metal ions adsorbents are carbon
nanotubes, nanometal oxides, nanozeolite composites,
polymers and polymer-metal oxides (Shokati Poursani
et al. 2015). Nanometal oxides have a large capacity for
metal ions adsorption, caused by their large surface area
and oxygen bridges presence in their structures (Yamani
et al.2012). In this case, the maximum sorption capacities
of nano-y-Al,O5 for adsorption of Cr®", Pb®>", Cd*" and
Ni?* were calculated to be 13.3, 6.0, 1.1 and 0.33 mg/g,
respectively, at laboratory temperature and in batch
experimental conditions (Shokati Poursani et al. 2015). The
practical techniques for water and wastewater treatment are
developed based on batchwise laboratory studies which
make them applicable in industries (Lu et al. 2015; Yamani
et al. 2012).

The efficiency and structure of powder adsorbents
should be improved by synthesis in composite form (Pinho
et al. 2015). Metal oxide composites can be synthesized
with many different materials (Pinho et al. 2015). Chitosan
is a natural-based polymer with superior features like
environmental compatibility, biodegradability and non-
toxicity and adsorption attributes (Pinho et al. 2015). The
chitosan characteristics related to the deacetylation degree,
acetyl groups distribution, the length of chain and distri-
bution of molecular mass (Schmuhl et al. 2001). Chitosan,
which is a deacetylated form derived from chitin, that it is
the polysaccharine natural base and made up from p-glu-
cose amine and N-acetyl-D-glucosamine that randomly
distributed b-(1-4)-linked (Xie et al. 2015). Therefore, it is
an ideal organic compound material to be used in water
treatment processes; it could be developed in the shape of
beads, films and treats in non-acidic solutions as a hydro-
gel. (Miller and Zimmerman 2010). The great prevalence
of chitosan attributes to including many functional groups
like amino (2-site) and hydroxyl groups (6-site) which are
worked as active sites for adsorption of metal ions (Xie
et al. 2015). Besides, application of chitosan has many
advantages like environmental and economic benefits and
biodegradable properties, which could be extracted from
shellfish waste (Miller et al. 2011).

Recently, chitosan and its derivatives like; chitosan
cross-linked, chitosan beads and composites, have been
applied as adsorbents for metal ions and other pollutants
removal from liquid solutions (Pinho et al. 2015). Razzaz
et al. (2015) improved the chitosan-TiO, composite
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nanofibrous and used it for lead and copper ions removal.
Their study showed that the maximum adsorption capaci-
ties for lead were more than copper ions. Li et al. (2015)
synthesized the chitosan-sulfhydryl functionalized gra-
phene oxide composites and studied lead, copper and
cadmium ions removal. They concluded that adsorption
competitive capacity order was Cd (II) > Cu (II) > Pb (ID).
Microspheres based on chitosan-organic rectorite were
synthesized and used for low-concentration copper and
cadmium ions removal from liquid solution (Xie et al.
2015).Pinho et al. (2015) synthesized the deactivated car-
bon xerogels—chitosan composite and usage for the azo dye
orange removal from aqueous solution. The synthesis of
titanium oxide-impregnated chitosan beads (TICB) was
carried out and used for arsenic ions removal by Miller and
Zimmerman (2010) and Miller et al. (2011), and the syn-
thesis of mixed metal oxide-impregnated chitosan beads
(MICB) containing nanocrystalline Al,O; and nanocrys-
talline TiO, has been performed for removal of arsenate
ions from water by Yamani et al. (2012). Moreover, Xie
et al. (2015) have reported the synthesis of magnetic
microspheres based on chitosan-organic rectorite for
removal of low-concentration metal ions. In all of these
studies, chitosan composites were used for low-concen-
tration metal ions removal in batch conditions, whereas it
was necessary to apply them in a fixed-bed column for an
economic and continue usage.

Bohart-Adams and Thomas model are prevalently
applied in modeling of fixed-bed breakthrough curves in
biosorption and environmental sorption researches (Zhou
et al. 2015; Chu2010). Cr (VI) removal from electroplating
wastewater by coconut coir pith was surveyed in a fixed-
bed column by Suksabye et al. (2008) whom considered the
bed depth and flow rate effects. In this review, the maxi-
mum adsorption of chromium(VI) ions on adsorbent was
measured to be 201.47 mg/g. Continuous adsorption stud-
ies under the bed depth, flow rate and initial pollutant
concentrations effects were carried out in order to remove
methylene blue from liquid solution by jackfruit leaf
powder as adsorbent (Uddin et al. 2009). In another study,
continuous sorption condition in a column was used for As
(IIT) removal from liquid solution by applying iron oxide-
coated cement, as an adsorbent and the bed depth, flow rate
and initial concentration effects were evaluated (Kundu
and Gupta 2007).

The objective of this work was to synthesize AICB, and
investigate and optimize the adsorbent properties for
chromium, lead, nickel and cadmium removal from liquid
solution. The synthesized adsorbent used for continuous of
metal ions removal in a fixed-bed column is schematically
shown in Fig. 1.

As previously mentioned, the synthesized nano-y-Al,O3
was described by sol-gel technique with precursor of 1,
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Fig. 1 Schema of fixed-bed column installation

2-epoxybutane, AlCl;, 6H,O, absolute ethanol and deion-
ized water (Shokati Poursani et al. 2015).

Materials and methods

All the selected agents were of analytical grade and
obtained from Merck. Cd, Ni, Cr and Pb stock solutions
were prepared by dissolving Cr,O;, Cd (NO3),,11H,0, Ni
(NO3), and Pb (CH300),-3H,O in deionized water. y-
Al,O5 nanoparticles had been synthesized in previous work
(11.5 nm) (Shokati Poursani et al. 2015). Chitosan (med-
ium molecular weight) was purchased from Orbital Com-
pany. A 1 M HNO; and NaOH solutions and a pH meter
model 744 (Metrohm) were used for adjusting pH. More-
over, Gilson peristaltic pump model Miniplus Evolution
was used to adjust the metal ions current to the column.
Electrical Balance Model BP 221S (Sartorius), Ultrasonic
(Viseclean), oven (Laboren), furnace (Nabertherm) and
mixer model CH-4103-BOT Tmingen (HT Infors AG)
were also used. Metals ions concentration analysis was
done by using Inductivity Coupled Plasma (Optima 2000
DV).

Preparation and synthesis of nano-y-Al,O3/Chitosan
beads (AICBs)

AICBs were prepared by mixing chitosan 5 g with 0.1 M
HCI (150 mL) by stirring (1000 rpm) until solution color

was changed to clear bright yellow (5 h). For preparing
chitosan impregnated with 7y-Al,03,1.67 g of v-AlL,O3
nanoparticle was added to the prepared solution, and
mixing was continued to obtain a homogenous solution. A
suitable nozzle added the obtained solution dropwise to
NaOH solution (0.1 M) and mixed (100 rpm). After 24 h,
the synthesized AICB was rinsed and dried for 48 h at
room temperature.

Adsorption studies

To determine the ideal pH values for sorption of metal ions
by AICB in a single ingredient, adsorption examinations
were carried out by adding 3 g/L of AICB to the solution
with concentration of 20 mg/L of Cr®", Pb**, Cd**and
Ni** ions. pH effect on ions sorption was investigated in
the range of 3-6.5, at room temperature and contact time of
4 h. The concentration of metal ions before and after
equilibrium sorption was analyzed using ICP. The uptake
percentages of metal ions were calculated according to
Eq. 1:

(CO - CE)
0

Up = x 100 (1)
where Cy and C, are initial and equilibrium concentrations
of ions (mg/L), respectively. The results of optimum pH
values for adsorption by AICB are shown in Fig. 2.

Fixed-bed column adsorption experiments were carried
out using AICB packed into a glass column. The experi-
ments were done by pumping the metal ions (chromium,
cadmium, lead and nickel) solutions at optimum pH values
for each metal through the column by using a peristaltic
pump. All the experiments were carried out at room tem-
perature. Metal ions samples were collected at specified
intervals in the adsorptive process.

In dynamic experiments, 0.15 g of AICB was placed in a

column with 0.7 cm diameter and 15 cm length.
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Fig. 2 The results of optimum pH values for adsorption by AICB

Y
ﬁ @ Springer



1462

Int. J. Environ. Sci. Technol. (2017) 14:1459-1468

Afterward, in a single component, the aqueous solution
containing each metal ion (concentration was 20 mg/L)
was passed over the column. The effluent flow rate was
adjusted at 0.25 mL/min by the peristaltic pump. The metal
ions breakthrough curves were drawn by plotting the C/Cy
against time (7).

In order to describe the column behavior, two models,
Thomas and bed depth service time (BDST) models, were
used to fit the experimental data in the column. In Thomas
model, the flow rate with variations of 0.25, 0.5 and 1 mL/
min was adjusted, while metal ions concentration and bed
depth were held fixed at 20 mg/L and 1.5 cm, respectively.
In BDST model, the bed depth was adjusted at 1.5, 3, and
4.5 cm with 0.25 mL/min flow rate, while metal ions
concentration was 20 mg/L. The behavior of metal ions in
a column can be studied using a breakthrough curve, in
terms of C,/C, versus time ¢. In order to approve the fit
model for the sorption system, it was necessary to analyze
the data error and values of determined coefficient (R%)
from regression analysis (Han et al. 2007).

Characteristic of adsorbent (AICB)
Scanning Electron Microscope (SEM)

The SEM images (taken by LEO, 440i) of synthesized
AICB are presented in Fig. 3. The shape of AICB are very
near to elliptical, with a mean diameter of about
450-500 pm (in dried beads). SEM images of these beads
reveal the dispersion of nano-y-Al,O5 particles (11.5 nm)
on the surface of AICB in surface morphology, especially
on the shrinkage of the beads’ surface occurred after dry-
ing. Increase in the dried bead-specific surface area may be
a result of appearing shrinkage at the beads’ surface after
drying.

Pore volumes and surface areas by BET

AICB-specific surface area was determined by nitrogen
adsorption isotherms method. The surface area analysis
was carried out through BET (model Quanta chrome
NOVA 2200e). The comparison between the results of
surface morphology-related parameters of y-Al,O; and
AICB is presented in Table 1. The total pore volume and
specific surface area in nano-y-Al,Oj3 particle are high in
comparison with AICB, while it is vice versa for average
pore diameter sizes. The pore size distribution was
obtained by Barrett—Joyner—Halenda method (BJH method
revealed the mesoporosity). The pore size distribution
against the specific surface area could be used for appli-
cation of these beads inside the column in fixed-bed
studies.

’r @ Springer

Results and discussion

Adsorption of metal ions on AICB in fixed-bed
column

Practical adsorption data in continuous studies in column
were conducted to obtain the useful parameters such as
dynamic sorption capacity and dynamic sorption efficiency
from the breakthrough curve. Figure 4 shows the break-
through curve [C/C, against time (#)] for metal ions sorp-
tion on the AICB. The shape of breakthrough curve and the
time for appearance of the breakthrough are the main
elements determining the operation and dynamic response
of the fixed-bed column (Nilchi et al. 2011a, b). It is evi-
dent that the capacity of adsorbent was raised at higher
extent of AICB masses. The volume of purified water at
50% breakthrough has risen when the AICB mass increase
from 0.15 to 0.45 g that conforms to 1.5—4.5 cm bed depth.

The general position of the breakthrough curve in the
direct of the time axis depends on the column capacity with
respect to the bed height, feed concentration and flow rate
(Nilchi et al. 2011a). The dynamic capacity (DC) of the
fixed-bed column is calculated by Eq. 2 (Nilchi et al.
2011a, b):

Cov f(1-E)d
DC — ()(M CU) 4 (2)

where v is volume flow rate (mL/min), ¢ is time at a
specified breakthrough (min), M is mass of AICB sorbent
(g), C is metal ions concentration in the effluent and C, is
concentration of the influent. Two dynamic sorption
capacities for the synthesized AICB were calculated by
evaluating the integral at 5 and 100% for each metal ion’s
breakthroughs (Table 2).

Equation 3 can calculate the efficiency of the adsorption
column (E) (Nilchi et al. 2011a, b). The related data values
are also indicated in Table 2.

Areal
b= areal + area2 x 100 (3)
where Areal is the area above the curve from C/Cy = 0%
till C/Cyp = 5%, and Area? is the area above the curve from
C/Cy = 5% to C/ICy = 100%.

The mechanism of adsorption in AICB was based on
adsorption, the role of chemisorptions was very small due
to the electrostatic repulsion between metal ions, and
hydroxyl groups on the bead surface prevented
chemisorptions (Miller et al. 2011). In AICB, the nano-y-
Al,O5 particles located on the bead act as an oxidizing
agent and amine and hydroxyl groups of chitosan (Yamani
et al. 2012, Pinho et al. 2015) and also perform as a natural-
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Table 1 BET analysis of nano-
v-AlL,O5; and AICB

Fig. 4 Breakthrough curves for
aCd,bNi,cPbandd Cr
sorption on AICB

Adsorbent Average pore diameter (nm) Total pore volume with diameter (cc/g) Surface area (m2/g)

v-Al, O3 13.02 0.41 125.40
AICB 15.84 0.45 11.32
1 1
0.9 0.9
0.8 a (Cd) 0.8 b (Ni)
0.7 0.7
0.6 0.6
g 0.5 g 0.5
0.4 O 04
0.3 0.3
0.2 0.2
0.1 0.1
0 0
0 25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200
t(min) t(min)
1 1
0.9 0.9
08 ¢ (Pb) 08 d (Cr)
0.7 0.7
S 06 0.6
D 0.5 Q= 0.5
0.4 O 04
0.3 0.3
0.2 0.2
0.1 0.1
0 0
0 25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200
t(min) t(min)

Table 2 Adsorption dynamic capacities in column experiment on AICB adsorbent

Heavy Flow rate (bed Dynamic capacity at 5% breakthrough Dynamic capacity at 100% Efficiency of adsorption
metal volume/h) (practical) (mg/g) breakthrough (total) (mg/g) column (%)

Cd 0.25 23.83 31.67 15.83

Ni 0.25 40.00 63.33 31.66

Pb 0.25 181.67 183.33 90.15

Cr 0.25 143.33 158.33 79.16

based material for sorption of metal ions (Miller and
Zimmerman2010; Gerente et al. 2007).

Breakthrough curve models

In order to describe the fixed-bed column behavior, two
classic kinetic models, Thomas and bed depth service time
(BDST) models, were used to fit the experimental data in

the column.

@ Springer

Thomas model application

Thomas model for a fixed-bed adsorption column is pre-
sented by Eq. 4 as follows (Zhou et al. 2015):

Sy =1 / (1+exp (%) — KinCor)

(4)

where Ky, is the Thomas rate constant (mL/min.mg), g. is
the equilibrium metal ions uptake per g of the adsorbent
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(mg/g), m is mass of adsorbent (g) and Cy and C, are the
effluent concentration of metal ions (mg/L) at time of 0 and
t (mg/L), respectively. The value of C,/C, is the ratio of
effluent and influent metal ions concentrations (Baral et al.
2009; Futalan et al. 2011). The column kinetic coefficient
Kth and adsorption capacity of the column ge can be
obtained by plotting of C,/C, against ¢ at a given condition
using the nonlinear regression method. The Thomas model
was applied to the experimental data at various conditions.
The linearized form of the Thomas model is presented by
Eq. 5:

C; King.m
In( — — = — — KuCot 5
n<Co > 0 "o ®)

where plotting In (g—[’) - 1) against ¢ will determine the
Thomas constants g, and K.

Table 3 illustrates the results of parameters obtained from
the Thomas model. The correlation coefficient values ranged
from 0.97 to 0.99 and error percentages ranging from 0 to 4.55
indicate a good agreement between the experimental data and
the column data generated using the Thomas model. Figure 5
shows a good agreement between the experimental and pre-
dicted data by the Thomas model. As seen in Table 3, the
values of R? are all between 0.97 and 0.99. The relations of Q
and Ky, values are in reverse order in the column data obtained
in varying flow rates. The rate constant Ky, is observed to
increase with the increase in flow rate. In other words, increase
in the flow rate induces a decrease in the mass transport
resistance, due to an increase in the molecules velocity and
decrease in the boundary layer. The wet layer on the surface of
adsorbent in the fixed-bed column can affect the mass transfer
resistance (Yang et al. 2015).

In higher flow rates, the mass transfer of metal ions from
the liquid layer to the adsorbent surface leads to less sat-
uration of the adsorbent bed.

Table 3 Thomas model parameters at different flow rates for the
removal of metal ions (Cd, Ni, Pb and Cr) by AICB

Ions  Q (cc/min) Ky, (L/mg min) ¢ (mg/g) R? e (%)

Cd 0.25 0.70 x 1073 26,568.89 096 1.84
0.50 1.70 x 1073 4169.52 099 1.64
1.00 2.10 x 1073 222778 098 0.14
Ni 0.25 2.40 x 1073 9082.99 092 4.55
0.50 2.10 x 1073 510543 098 133
1.00 2.00 x 1073 294553 099 2091
Pb 0.25 2.70 x 1073 14,790.12 099 0.01
0.50 2.50 x 1073 7794.77 099  0.01
1.00 2.80 x 1073 4059.06 099 0.10
Cr 0.25 2.20 x 1073 13,585.18 098 0.71
0.50 2.40 x 1073 7243.54 099 0.60
1.00 2.90 x 1073 3787.57 099 0.10

BDST model application

The BDST equation was initially derived from the model
described by Bohart—-Adams, but Hutchins modified it. Due
to the Bohart—-Adams approach, at least nine column tests
must be conducted to collect the required laboratory data.
This model assumption was governed by the surface
reaction between the adsorbate and the unused capacity of
the adsorbent. It does not take into account the intra-par-
ticle mass transfer resistance as well as the external surface
resistance where the adsorbate is directly adsorbed onto the
surface of the adsorbent (Yang et al. 2015; Futalan et al.
2011). Eq. 6 (Yang et al. 2015) describes the Bohart—
Adams model in a fixed-bed adsorption column:

C, VA
— = KagCot — KagNo| — 6
Co exp( ABCo AB 0<U0)) ( )

where Z is bed depth (cm), Kap is kinetic constant (L/
mmol.h),Cy is influent concentration (mg/L), C; is effluent
concentration at any time ¢ (mg/L), UO is linear flow rate
(cm/h) and Ny is dynamic bed capacity (g/L).

Hutchin simplified the Bohart—-Adams equation, pre-
sented a linear relationship between the bed depth and
service time, and called it BDST model equation (Eq. 7).
This model requires only three fixed-bed tests to collect the
necessary data (Yang et al. 2015).

p :&— ! ll‘l(@— 1) (7)
GV KagCo \ G

where ¢, is the service time at break through point (h), C,
and C, are initial and breakthrough solute concentration
(mmol/L), respectively, N, is dynamic removal capacity of
the fixed-bed column (mmol/cm?), KAB (L/mmol h) is the
kinetic constant, and V (cm/h) is the linear velocity
calculated by dividing the flow rate (Q) by the column
section area. Equation 8 can be rewritten as in the form of a
straight line (Yang et al. 2015):

ty=aZ+b (8)

where:

a = slope =N, /CyV 9)
1

b = intercept = —

KABCOIn(g—?— 1) (o

Thus, a linear plot of bed depth against time was drawn
in order to determine the parameters of dynamic removal
capacity and kinetic constant from the intercepts and
slopes. The results of bed depth and service time at
breakthrough point are plotted in Fig. 6.

The slope, intercept, R* and percentage of errors at
breakthrough values were calculated in the same way by

’r @ Springer
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plotting service time versus bed depths (1.5, 3 and 4.5 cm).
The results are listed in Table 4.

As seen in Table 4, the values of R? are between 0.97 and
0.99 and error percentages in the values are between 0.10 and
2.05. Error analysis of BDST model implies that all of the
breakthrough curves are valid and could be used to describe
the real values of the breakthrough curves.

Desorption of adsorbents

After continuous adsorption of the metal ions by adsor-
bents, it was necessary to regenerate them for further use.
Regeneration was carried out by pumping 0.1 M HNO3
solution through the bed in the downward direction when
the flow rate was 0.25 mL/min.

Conclusion

In this study, AICB adsorbent was successfully synthesized
and characterized by various techniques. The effect of
some parameters, including pH, bed depths and flow rates
on adsorption of chromium, lead, nickel and cadmium in a
fixed-bed column was studied. It was found that the

@ Springer

t(min)

optimum pH for sorption of cadmium, nickel, lead and
chromium were 5, 5.5, 6 and 3, respectively. The obtained
equilibrium data indicated that the maximum adsorption of
metal ions by AICB occurred at lower flow rates and higher
bed depths. The adsorption capacity of the synthesized
AICB for the removal of arsenic and arsenate was higher
than those reported. The adsorption capacity of nano-y-
Al,O3 for the removal of cadmium, nickel, lead and
chromium followed the results of the previous studies
(Shokati Poursani et al. 2015), and it was more than AICB.
However, the application of nano-y-Al,O5 particles in
continuous adsorption in column was not practical. Hence,
AICB would be an effective adsorbent in a continuous
system for the removal of cadmium, nickel, lead and
chromium from aqueous solution. Furthermore, the ellip-
tical shape of AICB would be an advantage in a fixed-bed
column. The calculated dynamic capacities were 23.83 and
31.67 mg Cd/g sorbent, 40.00 and 63.33 mg Ni/g sorbent,
181.67 and 183.33 mg Pb/g sorbent and 143.33 and
158.33 mg Cr/g sorbent at 5 and 100% breakthroughs,
respectively. In addition, according to the experimental
data, influent flow rates such as bed depth and adsorbent
quantity can affect the breakthrough curves. The BDST
model was found to be better than the Thomas model in
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Fig. 6 Comparison of the
experimental and predicted
breakthrough curves for

a cadmium, b nickel, ¢ lead and
d chromium removal by AICB
at different bed depth (initial
metals concentration and flow
rate were 20 mg/L and 0.25 cc/
min, respectively

Table 4 BDST model
parameters at different bed
heights for the removal of metal
ions (Cd, Ni, Pb and Cr) by
AICB

(a) 35 (b) s
x 1.5cm x 1.5cm
_3 E i;“{:lﬂ '4 E i.;l:m
Poly. (1.5 cm) Poly. (1.5 cm)
Poly. (3 cm) oly. (3 cm|
25 Poly. (4.5 cm) 3.5 gog. 8.5 c:n)
—_ -3
(=3
) S
O Q 25
=1 S
1.5 s 2
-1 -1.5
-1
-0.5
-0.5
0 0
020 40 60" 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
t( min) t( min)
(o 220 @
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18 0 3em o 3em
+ 45cm + 45cm
Poly. (1.5 cm) -10 Poly. (1.5 cm)
-16 Poly. (3 cm) Poly. (3 cm)
Poly. (4.5 cm) Poly. (4.5 cm)
-14
= -8
s -12 8
@) =
o -10 £ 6
=1
- 8
4
-6
4 5
2
0 0 ]
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
t( min) t( min)
Tons Bed depths (cm) Kga (L/mg min) Ny (mg/L) R? e (%)
Cd 1.50 1.80 x 1073 108.49 0.99 0.47
3.00 1.90 x 1073 135.61 0.99 0.37
4.50 2.10 x 1073 222.78 0.98 0.85
Ni 1.50 220 x 1073 125.53 0.96 2.05
3.00 220 x 1073 173.07 0.99 0.54
4.50 2.00 x 1073 241.53 0.99 1.44
Pb 1.50 2.60 x 1073 153.91 0.98 1.06
3.00 270 x 1073 216.33 0.99 0.03
4.50 2.80 x 1073 405.01 0.99 1.07
Cr 1.50 250 x 1073 151.37 0.99 0.10
3.00 2.60 x 1073 212/30 0.99 0.10
4.50 2.90 x 1073 378.75 0.99 0.20

describing the behavior of metal ions removal by AICB in
whole breakthrough curves. The metal ions desorption
from AICB was also successfully carried out by 0.1 M
HNO3 solution. The synthesized AICB improved the
adsorptive capabilities of nano-y-Al,O; for cadmium,

nickel, lead and chromium. Finally, it can be concluded
that, the high specific surface area of nano-y-Al,03, mul-
tiplies the active sites and specific surface area of AICB.
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