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Abstract

Herein this article, we are reporting facile
microwave assisted sol-gel method for
synthesis of magnetite (Fe304) nanoparticles.
These as-synthesized nanoparticles were
further used for adsorptive removal of Cu (II)
ions from aqueous solution. Magnetite
(Fe304) nanoparticles were characterized in
terms of chemical composition, phase,
structure, morphology and particle size using
variety of characterization techniques viz.
Fourier transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD) and
Transmission electron microscopy (TEM).
FTIR analysis confirmed presence of Fe-O
and XRD results revealed cubic spinel
structure of magnetite nanoparticles. TEM
analysis revealed particle size about 20-60 nm.
Column studies were performed to evaluate
effects of various parameters such as pH,
initial copper ion concentration and flow rate
on Cu (II) adsorption. Further, model
parameters were evaluated for Yoon-Nelson,
Thomas and Adams-Bohart model by linear
regression analysis for Cu (II) adsorption
results. The obtained experimental data was
found to best fitted with Yoon-Nelson and
Thomas model compared to Adams-Bohart
model.

Key words: Magnetite, Microwave assisted
sol-gel, Cu (II) adsorption, Column study,
Adsorption kinetic models

I. INTRODUCTION

Industrial wastewater contains higher amount
of heavy metals that can pollute the water when
discharged into it [1]. Toxic heavy metals of
particular concern in industrial wastewaters
include zinc, copper, nickel, mercury, cadmium,
lead, arsenic and chromium. At least 20 metals
are considered to be toxic and approximately half
of these metals are emitted in to the environment
in quantities that are risky to the surroundings as
well as human health [2]. Copper is an essential
trace element that is vital to the health of all
living things but excess exposure or presence
adversely affects all living things. It targets
organs like liver, bone, nervous system and
immune systems. Also, too much copper can
cause vomiting, diarrhea, stomach cramps, and
nausea. It also causes liver damage and kidney
disease. Ingestion of 15-75 mg of copper can
cause gastro-intestinal disorder. Copper toxicity
can cause irritation, corrosion, hepatic damage
and central nervous system irritation followed by
depression. Prescribed limit for copper in
drinking water is 0.05 mg/L as per WHO norms
and also 0.05 mg/L as per ISI prescribed limits
[3]. Different treatment processes that have been
used to remove heavy metals from wastewater
include precipitation, coagulation, ion exchange,
electro-dialysis, membrane filtration, flotation,
and reverse osmosis [4-6]. However, they have
their own limitations such as high cost and low
efficiency of removing trace level of heavy metal
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ions compared to adsorption method.

Adsorption is used in many industries for
water purification due to its low cost and
applicability on large scale [ 7]. Some researchers
investigated the adsorbents which could be used
for water treatment with higher output and lower
costs, but have a very little regeneration
capabilities for recovering purposes. High
regeneration cost would lead to an uneconomical
recovery of adsorbents, and consequently the
resultant wastes would cause a secondary
pollution to the environment [8]. Therefore, it is
necessary to explore a new effective adsorbent
with large surface area, as well as low
regeneration cost. For water purification, there is
a need of technologies that have ability to
remove toxic contaminants from the
environment, rapidly, efficiently, and within a
reasonable cost. Thus, development of novel
nanomaterials with increased affinity, capacity
and selectivity for heavy metals is an active
emerging area of research [9].

Nanoadsorbents are nanoscale particles
or nanocomposites of organic/inorganic
materials that have high affinity to adsorb
substances due to small size and high surface
area. Nanosorbents can be designed to have
multiple reactive nanoparticles or nanostructure
components to target specific contaminants and
offer the opportunity of even greater sorption
capacities. Hence it is significantly improved
remediation technology in terms of efficiency,
selectivity and specificity when compared to
conventional technologies [10]. Among the
various kinds of nanoadsorbents, oxide based
nanomaterials such as Fe3Os, TiO2, ZnO and
their composites play an important role.
Recently, there have been several reports on
magnetic oxides, especially Fe3O4 being used as
nanoadsorbents for the removal of various toxic
heavy metal ions from wastewater, such as Ni%**,
Cu?*, Cd**, Hg?* ,Pb*", Zn?*, Co**, Cr** and As>*
[11]. Magnetite nanoparticles have one more
special property in the form of supermagnetism
along with small size and high surface area.
Currently iron oxide nanoparticles with novel
properties and functions are being widely studied
in the field of separation due to its cost effective
synthesis, easy coating and surface modification
[12]. Also their ability to control or manipulate
materials on a nanoscale dimensions provide

amazing versatility in separation techniques [ 13].
Apart from these, low toxicity, chemical
inertness and biocompatibility makes it a good
adsorbent for heavy metal removal. Also they
can be reused after magnetic separation for
removing the adsorbed toxic contaminants.
Moreover, their surface modification by the
attachment of inorganic shells and organic
molecules stabilizes and prevents oxidation of
nanoparticles [14]. These surface functionalities
provide sites for the uptake of specific/selective
metal ions and, thus, enhance the efficiency of
the removal process [15]. In this scenerio,
Afnidar et al. reported removal of Cd (II) ions
using magnetite nanocomposite in fixed bed
[16]. Yuan et al. reported two step sol-gel
approach followed by ultrasonication for
synthesizing amino-functionalized SiO2-meso-
SiO2-R2-NH:1  with particles sized 2.1 nm,
effectively removing Cu (II), Cd (II) and Pb (1)
[17]. Wang et al developed amino-
functionalized Fe30s-Si02 magnetic
nanomaterial to remove Cu (II), Cd (II), and Pb
(IT) from aqueous media [18]. Liu et al.via co-
precipitation method synthesized humic acid
functionalized Fe3O4 nanoparticles for removing
Cu (II), Pb (1), Cd (IT) and Hg (II) ions [19]. Xin
et al. synthesized amine-functionalized
mesoporous FesO4 nanoparticles for highly
efficient removal of toxic heavy metal ions such
as Cu (II), Pb (II) and Cd (II) from water.
Removal efficiency is around 98% [20]. Reza et
al. functionalized salicylic acid on silica-coated
magnetite nanoparticles to remove Cu (II), Cd
(II), Ni (II) and Cr (III) ions [21]. Faraji et al.
reported sodium dodecyl sulphate coated Fe3O4
nanoparticles (SDS-Fe3O4NPs) to remove Cu
(I), Ni (II) and Zn (II) ions from water and
wastewater samples [22]. Kim et al via
hydrothermal route synthesized Fe3Os-MnO2
nanocomposite, effectively removing Cu (1), Cd
(I), Pb (IT) and Zn (II) ions [23]. Zhang et al.
developed Fe304-Si02-poly(1, 2-
diaminobenzene) nanoparticles for the removal
of Cu (II), As (I1I) and Cr (III) ions from aqueous
solution. Particles had core shell structure with
particle size ranging from 23-27nm [24]. Xiao et
al. prepared carboxylated multi-wall carbon
nanotube (c-MWCNT)-Fe3;O4 magnetic hybrids
for removing Cu (II) ions [25]. Xin ef al. reports
a simple and efficient chemical method to
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decorate  multi-walled carbon nanotubes
(MWCNTs) with iron oxide (Fe3O4)
nanoparticles. The size of the nanoparticles
ranges from 30 to 50 nm, effectively removing
Cu (II) ions [26]. Banerjee et al. developed nano-
adsorbent by treating Fe3Os nanoparticles with
gum arabic to remove copper ions from aqueous
solutions. Particle size was found to be 13-67 nm
having spinel morphology which effectively
removed Cu ions [27]. Chang et al. synthesized
chitosan-bound  Fe3Os4 nanoparticles  via
carbodiimide activation forming 13.5 nm
particles effectively removing Cu (II) with
maximum adsorption capacity of 21.5 mg/g [28].
Badruddoza et al. successfully grafted CM--CD
on the surface of Fe3Os nanoparticles forming
ellipsoidal magnetic nanoparticles with 12 nm
size to remove Cu (II) ions [29]. There are
several methods for the synthesis of nano-sized
iron oxide particles, including laser vaporization,
hydrothermal synthesis, solvothermal, sol-gel,
combustion aerosol synthesis, etc [30].

Among them, sol-gel method has
recently been attracting much attention since it
provides a simple, economic and effective
method to produce high quality particles. The
key feature of sol-gel method is that it provides
the opportunity to control structure of final
particles at the beginning of the process itself
[31]. Microwave assisted method is another
significant alternative that has gained attention in
recent years as a simple, rapid and efficient
process for growth of nanostructured oxides. In
microwave heating electromagnetic radiations
are converted into dipolar rotation and ionic
conduction, which in turn are related to
chemistry of reaction mixture. Thus selective
heating of compounds in reaction mixture can be
achieved, as different compounds have different
microwave absorbing properties. The general
advantages of microwave mediated synthesis
over conventional ones are reaction rate
acceleration as a consequence of high heating
rates, wide range of reaction conditions, that is,
mild conditions or autoclave conditions, high
reaction yields, reaction selectivity due to
different microwave absorbing properties,
excellent control over reaction conditions, and
simple handling, allowing simple and fast
optimization of experimental parameters [32].

The application of the microwave
technique to iron oxide nanoparticles fabrication
is due, and, in fact, several microwave-assisted
synthesis of iron oxide nanoparticles for heavy
metal ions removal have been reported; however,
in these preliminary cases, the protocols have
either required toxic additives, or the
nanoparticles that were produced lacked
monodispersity [33], or required a phase transfer
step to confer water solubility [34]. The objective
of this study is to synthesize, characterize
magnetite nanoparticles by microwave assisted
sol-gel method and investigate its application in
Cu (II) ion removal.

II. EXPERIMENTAL

A. Regents and standard solutions

Materials used in this work were of analytical
grades and include Ferric nitrate
(Fe(NO3)3.9H20), ethylene glycol (C2Hs0O2),
copper sulfate pentahydrate (CuSO4.5 H20),
ammonia and nitric acid. Distilled water was
used throughout this work. Stock solutions of
copper ions were prepared by dissolving CuSOs4
in distilled water.

B. Preparation of FesO4 nanoparticles

In a typical synthesis process of Fe3Oa
nanoparticles, 5 gm of ferric nitrate was added to
10 mL ethylene glycol and was stirred for 2
hours at 40°C at 600 rpm. Then the prepared sol
was placed in microwave oven (LG
MS2021CW, 2.45GHz) and was heated using
microwave radiation power of 350 W for 20 min.
After few minutes of irradiation, gel is formed
and it breaks down again to liquid. The obtained
sample was filtered using whatman filter and
then was dried at 150 °C in oven. The sample was
then mortared and calcinied at 300 °C in muffle
furnace yielding magnetite nanoparticles [35].
The overall experimental set-up is as shown in
Figure 1.
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Fig. 1. Assembly for synthesis of magnetite
nanoparticles using sol-gel method

C. Characterization techniques

Infrared spectra of the samples were obtained
using a FTIR spectrophotometer (Perkin
Elmer/Spectrum EXII) in KBr pellets. The
phases were identified by the means of X-ray
diffraction (Bruker D8 advance diffractometer
with Cu K-o radiation). The size and
morphology were observed by Transmission
electron microscope (Philips CM200).

D. Column adsorption studies for removal of
Cu (I1) ions
Stock solution of Cu (II) ions was
prepared in distilled water and was used for
column adsorption studies. Adsorption in a
continuous flow system was done in a fixed bed
column (i.d. = 130 mm and length = 700 mm).
Bed of adsorbent of fixed height was used with
glass wool placed at the bottom. The addition of
glass wool was made to improve the flow
distribution. Aqueous Cu (II) ion solution was
pumped through column at a desired flow rate by
a peristaltic pump (Electrolab PP 50V) in an up
flow mode. Samples were collected from the exit
of the column and analyzed for copper using UV
spectrophotometer (Systronics UV-106). During
study various parameters viz. effect of pH, effect
of initial Cu (II) ion concentration, and effect of
flow rate were screened.
Effect of pH
The effect of varying pH (3-7) on
adsorption of Cu (II) ions is studied. The flow
rate of 1.0 mL/min and initial Cu (II) ion
concentration of 600 mg/L was maintained.
e Effect of initial Cu (II) ion concentration

Different  initial Cu (II) ion
concentrations (150-550 mg/L) were used and
the effect on the column performance was
analyzed. The pH was maintained at 6 and flow
rate at 1.0 mL/min, respectively.

Effect of flow rate

Different flow rates (1-3 mL/min) were
used and the effect on the column performance
was analyzed. The initial inlet concentration was
maintained at 550 mg/L at pH6 respectively.

ITII. RESULT AND DISCUSSION

A. Synthesis of Fe3O4 nanoparticles

In the microwave-assisted sol-gel
synthesis of magnetic nanoparticles, the unpaired
electron (Fe*™) present in sol are excited to higher
energy state due to absorption of microwaves.
Coupling between magnetic and microwaves
field converts radiation energy to heat. Thus in
few minutes due to conversion of radiation
waves to heat, gel is formed and it breaks down
again to liquid. This is then filtered, dried and
mortared to obtain magnetite nanoparticles.

B. Characterization of as-synthesized FesO4
nanoparticles
FTIR spectrum was recorded as a
function of transmission and wavelength in the
range of 400-4000 cm’!. Figure 2 shows the
FTIR spectrum of as-synthesized Fe304
nanoparticles. In spectrum, the absorption peak
observed at 553.23 cm’! can be attributed to Fe-
O bond. The absorption peak 1070.91 cm™'arises
due to strong C-O stretching. The peaks in range
of 2916.15 cm'and 2355.77 cm’' can be
allocated to tensional vibrations of hydroxyl

groups [36].
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Fig. 2. FTIR spectra for magnetite
nanoparticles
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Fig. 3 depicts the XRD pattern of microwave
assisted  sol-gel  synthesized  magnetite
nanoparticles. The main diffraction peaks at 6 =
29°, 35°and 42° can be assigned to (22 0), (3 1
1) and (4 0 0) phases of cubic spinel structured
magnetite crystals (JCPDS 79-0418). No other
peak related to other phases of iron oxide
nanoparticles is seen. Usually it is not easy to
distinguish between y-Fe203 from Fe3O4 because
of similar structure. Also Fe3O4 nanoparticles are
quite sensitive to oxygen even at low
temperature resulting in oxidation of surface of
Fe3Os to y-Fe:03 during drying. Oxidation of
Fe304 to y-Fe20O3 indicates that spinel structure
was maintained during this process only valence
alteration of iron ions takes place. Thus
microwave heating results in high reaction
temperatures, faster nucleation, less reaction
time, and yielding more crystalline particles [37,
38].

TEM image of as-synthesized Fe3O4
nanoparticles is shown in Figure 4. From figure
it revealed that the synthesized magnetite
nanoparticles are having spherical morphology
and are in the range of 20-60 nm.
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Fig. 3. XRD pattern for magnetite
nanoparticles
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Fig. 4. TEM micrograph of microwave

assisted sol-gel synthesized magnetite
nanoparticles

C. Cu (I1) ion Continuous flow adsorption
studies
The as-synthesized magnetite nanoparticles were
further evaluated for adsorptive removal of Cu
(IT) ions in continuous flow using column. The
following section discusses the effect of different
operating paprameters.

Effect of pH

The capacity of an adsorbent for adsorption of
heavy metal ions depends on its chemical and
physical properties, target metal ions, hydrolysis
capacity of the metal ions and the competitive
adsorption of coexisting matters in aqueous
solution. The effect of varying pH (3 - 7) on
adsorption of Cu (II) ions, with initial Cu (II)
ions concentration of 600 mg/L and flow rate of
1.0 mL/min is as shown in Figure 5. Results
reveals that as pH increases adsorption increases,
since metal ions (i.e. cation) have tendency to
hydrate in aqueous solution with increase in pH
value. At lower pH values, presence of H' ions
results in repulsive forces between H" and copper
ions resulting in lesser adsorption. Also as the
solution passes through the column, adsorbent
becomes protonated i.e., surface becomes
positively charged thus resulting in lesser
adsorption. However with increase in pH from 5-
6, due to presence of OH™ ions adsorption
increases. But at higher pH, light blue colored
precipitate is formed and the entire copper ions
settles down so adsorption experiments were
performed at pH = 6.

PH Vs Removal Efficiency

% Rem oval Efficiency

1 2 3

pH

Fig. 5. Effect of pH on removal of Cu (II)
ions
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Effect of initial Cu concentration

Different initial Cu (II) ions concentrations
ranging from 150-550 mg/L were used and the
effect on the column adsorption performance
was analyzed. The pH and flow rate were
maintained at 6 and 1.0 mL/min, respectively.
With increase in Cu (II) ion concentrations,
adsorption increases thus resulting in increase in
efficiency as seen in Figure 6. However, further
increase in concentrations, results in lesser
adsorption due to limited active sites.

Cu ion Conc. Vs Removal Efficiency
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Fig. 6. Effect of initial Cu ion concentration
on removal of Cu (II) ions

Effect of flow rate

Different flow rates (1-3 mL/min) were
used and the effect on column performance was
analyzed. The initial Cu ions concentration and
pH were maintained at 550 mg/L and 6,
respectively. As seen in Figure 7, lower flow rate
results in higher copper ions removal. At low
flow rate, the residence of adsorbate was more
and hence adsorbent got more time for
adsorption of Cu ions as compared to higher flow
rates thus resulting in higher adsorption. Thus,
efficiency decreases with increase in flow rate.
Further increase in flow rate results in carryover
of adsorbent.

Flow rates Vs Removal Efficiency
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Fig. 7. Effect of flow rates on removal of Cu
(II) ions

Model
Yoon-Nelson, Thomas and Adams-Bohart

kinetic models were used to analyze the column
performance.
Yoon-Nelson Model

Yoon and Nelson developed a model [39]
based on the assumption that the rate of decrease
in the probability of adsorption is proportional to
the probability of adsorbate adsorption and
adsorbate breakthrough on the adsorbent. Yoon-
Nelson model can be expressed as follows

C,
lnﬁ = kYNt Z'k

Where kyv (L/min) is the rate velocity
constant, 7 (min) is the time required for 50%
adsorbate breakthrough. A linear plot of In [CY
(Co-Cv)] against sampling time (t) determines the
values of 7 and kyv from the intercept and slope
of the plot (Fig. 8a-8c).
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Fig. 8a. Linear Plot of Yoon-Nelson model
with experimental data at different pH, Co=
600 mg/L, Qo= 1 mL/min
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Fig. 8b. Linear Plot of Yoon-Nelson model
with experimental data at different
concentrations, pH=6, Qo= 1 mL/min.
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Fig. 8c. Linear Plot of Yoon-Nelson model
with experimental data at different flow rate,
Co=550 mg/L, pH=6

Table 1
Yoon-Nelson model parameters for Cu (Il)
adsorption at various operating conditions

Qo Co T kyn
pH | (mL/ | (mg/ | (min | (min" | R?
min) | L) s) 1
4 1 600 9.5 0'%18 0.937
5 1 600 | 14.27 0'(;18 0.933
6 1 600 | 15.91 | 0.012 | 0.950
6 1 150 | 11.07 | 0.039 | 0.924
6 1 350 | 10.22 | 0.044 | 0.947
6 1 550 | 8.148 | 0.027 | 0.955
6 1 550 |10.31]0.022 | 0.942
6 2 550 ]9.32510.040 | 0.931
6 3 550 | 7.51 |0.049 | 0.925

Values of r and kyware listed in Table 1. Values
of R? were between 0.92 and 0.95. From Table 1,
the rate constant kyv decreases and the 50%
breakthrough time 7 increases with increasing
pH. Also with increase in Cu ion concentration,
7 decreases. With increasing flow rate, the values
of 7 decreases because of less residence time of
copper ions in adsorbent bed, while the values of
kyn increases.

Thomas Model
Thomas model [40] can be expressed as follows
1n(% RV e

t

Where, ki (mL/min.mg) is the Thomas
rate constant, go (mg/g) is maximum solid-phase
concentration, Co (mg/L) is the influent Cu ion
concentration, Ci: (mg/L) is the effluent
concentration at time ¢, w (g) the mass of
adsorbent and v (mL min') the flow rate. The
value of Ci/Co is the ratio of outlet and influent
Cu ion concentrations. A linear plot of In
[(Co/Cy)-1] against time (f) was employed
(Figure 9a-9c¢) to determine values of go and krm
from the intercept and slope of the plot.

The column data were fitted to the
Thomas model to determine the Thomas rate
constant (km) and maximum solid-phase
concentration (qo). Results for various operating
conditions are listed in Table 2. From Table 2, it
is seen that values of determined coefficients
(R?) ranges from 0.92 to 0.955. As the influent
concentration increases, value of go increases but
value of km decreases. The reason is that the
driving force for adsorption is the concentration
difference between the copper ion on the
adsorbent and the copper ion in the solution.
With increasing pH, the values of go increases
and value of kr: decreases.
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Fig. 9a. Linear Plot of Thomas model with
experimental data at different pH, Cy= 600
mg/L, Qo= 1 mL/min.
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Fig.9b. Linear Plot of Thomas model with
experimental data at different concentrations,
pH=6, Qo= 1 mL/min
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Fig. 9c. Linear Plot of Thomas model with
experimental data at different flow rates, Co=
550 mg/L, pH=6

Table 2
Thomas model parameters for Cu (II)
adsorption at various operating conditions

k
Qo Co qo (n:i
pH | (mL/ | (mg | (mg/g . R?

min) | /L) | ) min

/g)
4 1 600 | 5.7 0.034 | 0.937
5 1 600 | 8.567 | 0.030 | 0.933
6 1 600 | 9.55 | 0.020 | 0.950
6 1 150 | 1.61 0.26 0.924
6 1 350 | 3.57 | 0.125 | 0.947
6 1 550 | 4.489 | 0.049 | 0.955
6 1 550 | 5.675 | 0.04 0.942
6 2 550 10,'765 0.07 0.931
6 3 550 | 13.8 0.08 0.925

Adams-Bohart Model

The Adams-Bohart model [41] is used to
estimate characteristic parameters such as
maximum adsorption capacity (No) and kinetic
constant (k4) using a quasi chemical kinetic rate
expression. The expression is as follows

C V4
==k Cot -k Ny -

0

Where, Co and Ct (mg/L) are the influent
and effluent concentration. k4p (mL/mg .min) is
the kinetic constant, /' (cm/min) is the linear
velocity calculated by dividing the flow rate by
the column section area, Z (cm) is the bed depth
of column and No (mg/L) is maximum ion
adsorption capacity per unit volume of adsorbent
column. The values of Mo and k45 can be obtained
from the intercept and slope of the linear plot of
In (Ct /Co) against time (¢) as shown in (Figure
10a-10c). Results for various operating
conditions are listed in Table 3. From Table 3, as
the influent concentration and pH increases,
value of No increases but k4s decreases, showing
that overall system kinetics was dominated by
external mass transfer [42]. However with
increasing flow rates, No and k4s increases. The
correlation coefficient, R?> values were between
0.82 and 0.95.
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Fig. 10a. Linear Plot of Adams-Bohart model
with experimental data at different pH, Co=
600 mg/L, Qo= 1 mL/min.
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Fig. 10b. Linear Plot of Adams-Bohart model
with experimental data at different
concentrations, pH=6, Qo= 1 mL/min.
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Fig. 17. Linear Plot of Adams-Bohart model
with experimental data at different flow rates,
Co= 550 mg/L, pH= 6.

Table 3
Adams-Bohart model parameters for Cu (II)
adsorption at various operating conditions

Qo Co No (I:II:IB‘
pH | (mL/ | (mg/ | (mg/ . R?

min) | L) | L) | ™"

!/mg)
4 1 600 | 23.35 | 0.011 | 0.893
5 1 600 | 27.32 | 0.010 | 0.908
6 1 600 | 33.80 | 0.008 | 0.957
6 1 150 | 3.40 | 0.086 | 0.863
6 1 350 | 7.35 | 0.040 | 0.935
6 1 550 | 16.20 | 0.016 | 0.908
6 1 550 | 18.40 | 0.0145 | 0.918
6 2 550 | 26.40 | 0.020 | 0.905
6 3 550 | 34.82 | 0.0218 | 0.824

IV. CONCLUSIONS

Magnetite nanoparticles were
synthesized by simple and convenient

microwave assisted sol-gel method. Microwave
results in high reaction temperature which plays
an important role in formation and growth of
nanoparticles. Thus formation of cubic spinel
structured Fe3Os was confirmed by XRD pattern.
Microwave heating also results in less reaction
time and formation of high crystalline
nanoparticles. Thus  these  microwave
synthesized magnetite nanoparticles were used
as an adsorbent for Cu (II) ion removal from
aqueous solutions using fixed bed adsorption
column. Maximum removal efficiency was

obtained at pH 6, Cu ion concentration 550 mg/L
and flow rate 1 mL/min.

Comparison of Yoon-Nelson, Thomas
and Adams-Bohart kinetic models with
experimental data was performed and model
parameters were determined by analysis for Cu
(I) adsorption under various operating
conditions. Result showed that the rate constant
kyn decreases and the 50% breakthrough time z
increases with increasing pH. With increasing
flow rate, the values of 7 decreases while the
values of kyy increases according to Yoon-
Nelson model. Also with increasing initial
concentration of copper, go of the adsorbent
increases and kinetic constant krz of model
decreases respectively according to Thomas
model. Also as influent concentration and pH
increases, value of No increases but kus
decreases. Values of R? for Adams-Bohart model
were found to be lower than that for Thomas and
Yoon-Nelson models, thus experimental data
fitted well with Thomas and Yoon-Nelson
models.
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