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This paper deals with removal of copper ions from solution by raw rice husk (RRH) and expanding rice
husk (ERH). Different column design parameters like bed depth, flow rate and initial copper concentration
were investigated. It was found that the equilibrium uptake (qeqeexp)) Of the ERH and RRH increased
with increase in initial copper concentration but decreased with increase in flow rate and bed depth,
respectively. The higher adsorption capacity and longer breakthrough time were observed for ERH in

comparison with RRH, under the same conditions. Compared to coconut-shell activated carbon (C-AC),
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ERH was also found more effective in removing Cu?*. 0.01 mol L-! HCl solution was used for desorption of
column which was prior to absorb copper ion, and 0.01 mol L-! NaOH solution was used for re-activation.

Cu* Column regeneration and reuse studies were conducted for adsorption-desorption cycle.

Breakthrough curve
Equilibrium uptake

Crown Copyright © 2011 Published by Elsevier B.V. All rights reserved.

1. Introduction

The copper is essential and healthy to humans. However, like all
heavy metals, it is potentially toxic as well. The excessive intake
of copper results in its accumulation in the liver and produces
gastrointestinal problems, kidney damage, anemia and continued
inhalation of copper-containing sprays which is linked with an
increase in lung cancer among exposed workers [1-6]. Therefore,
it is important to eliminate traces of copper from drinking water,
or to remove copper from wastewater before they are discharged
into receiving bodies.

Various treatment techniques have been employed to eliminate
orreduce copper in wastewater including precipitation, adsorption,
ion exchange and reverse osmosis [7-9]. As of now, adsorption by
activated carbon is accepted to be the best available technology for
the reduction of heavy metals, except that its manufacturing cost is
quite high[10]. Hence, a search is on worldwide for a low-cost alter-
native. Research in recent years has indicated that some natural
biomaterials including agricultural products and by-products can
accumulate high concentration of heavy metals [11-14]. Agricul-
tural products and by-products have been reported to be effective
in removing copper. Rice husk, an abundant agricultural product,
is capable of removing heavy metals and can be considered as
an efficient and low-cost adsorbent for heavy metals. In recent
years, attention has been taken on the utilization of unmodified
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or modified rice husk as a sorbent for the removal of pollutants
[15,16].

In this paper, the adsorption characteristics of Cu?* on raw rice
husk (RRH) and expanding rice husk (ERH) are studied in fixed bed
column with varying parameters of inlet concentration, flow rate
and bed depth.

2. Materials and methods
2.1. Preparation of adsorbent

2.1.1. RRH

Crushed rice husk was obtained from Deyang Haitian high-
tech materials Manufacturing Co., Ltd. Before pretreatment, it was
washed with distilled water for several times to remove the impu-
rities. This rice husk was referred hereinafter to as raw rice husk
(RRH).

2.1.2. Preparation and characterization of ERH

3-5wt% sodium carbonate agent which helps expansion of raw
rice husk is added into high-performance electromagnetic induc-
tion heat extruder. Feed temperature at 80-110°C and discharge
temperature at 250-300°C, respectively. Under these conditions,
raw rice husk moisture content is adjusted about 25% and pH
around 7-8. Due to thermal decomposition characteristics of car-
bonate (per gram of carbonate produced 200-600 cm? gas), under
heating, it decomposes into carbon dioxide and water in the extrude
cavity and pressure is built up (at about 6-7 MPa) inside the extrude
while water in the rice husk is overheated but not vaporize. When
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Fig. 1. Particle size distribution of the adsorbent.

overheat water in rice husk is suddenly out of extruded cavity,
due to huge pressure gap between inside and outside, the water
is rapidly vaporize and eject, the volume drastically increased, and
the hard structure of plant fibers is cracked and loosen that the rice
husk becomes crisp and porous [17,18].

The adsorbents (ERH, RRH and Coconut-shell activated carbon)
are sieved through a mesh to have the uniform size for the whole
study. The particle size distribution of the ERH is broadened in a
range between 1 and 800 pm inclusive of two maxima at about 48
and 260 pm, respectively, as shown in Fig. 1.

The surface area and average pore diameter are determined
by the Micromeritics ASAP 2010 gas adsorption surface analyzer
(Delta Analytical Instruments Inc., USA), and the total pore vol-
ume is estimated as liquid volume of adsorbate adsorb at a relative
pressure of 0.99. The total content of carbon, hydrogen, nitrogen
and oxygen in NHBL is determined by CHNS/O analyzer (Series
|| CHNS/O Analyzer 2400, PerkinElmer, USA). Scanning electron
microscopy (SEM, S440-Leica Cambridge Ltd. Company) analysis is
carried out for the prepared adsorbents to study the surface mor-
phology and to verify the presence of porosity. In addition, the
surface functional groups of the prepared adsorbents are detected
by Fourier transform infrared (FTIR) spectroscope (Nicolet-6700).
The spectra are recorded 4000-400cm~—1.

2.2. Chemical and instrumentation

A stock solution of Cu?* is prepared by dissolving required
amount of CuSO4 in distilled water. All chemicals (CuSO4 and
Na,CO3) are used of analytical grade and obtained from Chengdu
Kelong Chemicals Company.

Atomic absorption spectrophotometer (AAS, TA5-990) is used
for Cu?* measurement. A peristaltic pump (BT-100, Shanghai Huxi
Instruments Company) is also used for providing constant flow of
metal ions and desorbing solution in fixed bed column.

2.3. Fixed bed column study

Column experiments are conducted in a glass column with an
inner diameter (ID=3cm) and length (L=30cm). The column is
packed with adsorbent between two supporting layers of glass
wool. The adsorbent is added from the top of the column. The metal
ions solution is pumped upwards the adsorber from a liquid hold-
ing tank and a peristaltic pump that can control the inlet flow rate.
The samples are collected in regular time intervals and stored for
analysis. The schematic diagram of the column system is shown in
Fig. 2.

2.4. Equilibrium uptake studies

The maximum column capacity, gy (Mg), for a given inlet con-
centration and flow rate is equal to the area under the plot of the
adsorbed Cu?* concentration C,q (Caq =Co — Ce, where Ce is effluent
metal ions concentration and Cy is influent metal ions concentra-
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Fig. 2. Schematic diagram of lab-scale column system.

tion) (mgL-1) versus time (h) and is calculated as following [19]:

t=trotal
Qtotal = % = % ,/[—0 Caddt (])
where ty,, Q and A are the total flow time (min), flow rate
(mlmin~1) and the area under the breakthrough curve, respec-
tively.

The equilibrium uptake (qeq(exp)). the weight of Cu?* adsorbed
per unit dry weight of adsorbent(mgg~1) in the column, is calcu-
lated as following:

Qeq(exp) = qt)o(tal (2)

where X is the total dry weight of ERH in column (g).

3. Results and discussion
3.1. Characterization of rice husk

3.1.1. Pore structure and pore size distribution

The BET surface area, Langmuir surface area and average pore
diameter results were presented in Table 1. The value of BET surface
area of ERH (1.708 m2g~!) was higher than RRH (0.918 m2g-1),
but lower than C-AC (743.976 m2 g~1). The low value of surface
area also indicated low porosity. Pore sizes were classified in
accordance with the classification adopted by the International
Union of Pure and Applied Chemistry (IUPAC), that was, micropores
(diameter (d) <20 A), mesopores (20 A<d <500 A), and macropores
(d>500A). The average pore diameter determined by BJH method
was 102.4957 A, suggesting that ERH consists of mesopores.

Table 1

Physical characteristic of ERH, RRH and C-AC.
Parameter ERH RRH C-AC
Sper (M2 g~ 1)2 1.708 0.918 743.976
Sp (m2g-1)P 2.051 1.273 1002.81
Vior (cm? g~1)° 0.0593 0.00705 0.364
D, (A) 102.496 140.282 19.561

2 BET surface area.

b Langmuir surface area.
¢ Total pore volume.

d Average pore diameter.
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Fig. 3. SEM image of adsorbents: (a) for RRH, (b) for ERH and (c) for C-AC.

3.1.2. SEM images and FTIR spectra

The SEM images at 500x, 1000x and 2000x magnifications
reveal the surface of adsorbents (RRH, ERH and C-AC) as shown
in Fig. 3, and the bar in the figures indicates the magnification that
were represented by the first number (in pum). As shown in Fig. 3,
ERH was a porous biosorbent and had irregular structure, which
favours the biosorption of Cu* on different parts of the biosorbent;
ERH exhibits abundant of roughness, and more crisp compared
with RRH, which might propitious to its adsorption ability; and
many pores were clearly found on the surface of the C-AC, and the
well-developed pores had led to the large surface area and porous
structure of the C-AC.

The FTIR analysis of RRH and ERH were shown in Fig. 4, which
indicated the presence of the same types of functional groups in
the biosorbents. The broad band at 2923.9cm™"! that represents
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Fig. 4. FTIR spectra of RRH and ERH.

bounded C-H groups, the bending vibration peak of -CH, and
—CH3 could be ascribed to the band that appeared at 1453.3cm™!,
at the wave number 1055.1cm~! were also observed, the peak
could be corresponded to the C-O vibration from the carbohy-
drate existing in the rise husk, C-O-H (898.2cm~1) [20], and
—COOH (1511.9cm™1). Dominated the silica functional groups of
Si-0-Si (1055.1cm™1), Si-H (798.4, 468.4cm~!) and -OH and
Si-OH (3000-3700cm~1) [21].

3.2. Behavior of adsorption column

As the adsorbate solution moves, adsorption zone also starts
moving. After some time effluent concentration starts to rise, this
is termed as breakpoint. So breakthrough time (t,) is defined as the
time required approaching a specific breakthrough concentration
(10% of initial concentration Cp). The loading behavior of Cu?* to be
removed from solution in a fixed-bed is usually expressed in term
of Ce/Cy as a function of time, giving a breakthrough curve, and the
pH of copper ions solution is 5.45 for this column experiment.

3.2.1. Effect of bed height

The breakthrough curves of copper ions adsorption obtained
at different bed depths with a copper concentration of 10mgL~!
at flow rate of 10 mlmin~! were given (Fig. 5). The bed depth of
column was packed to approximately 3, 6 and 9 cm, correspond-
ing to 5, 10 and 15 g of adsorbents (RRH and ERH). When the bed
depth was reduced, axial dispersion phenomena predominated in
the mass transfer and reduced the diffusion of copper ions. The cop-
per ions did not have enough time to diffuse into the whole of the
adsorbents mass [22]. As observed from Table 2, an increase of the t,
and geq(exp) Was noticed at the breakthrough point with an increase
in bed depth. This was due to increase in the specific surface of the
adsorbents which supplies more fixation binding sites. Then it fol-
lowed that a delayed breakthrough of the pollutant leaded to an
increase in the volume of solution treated. The increase in adsorp-
tion with that in bed depth was due to the increase in absorbents
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Fig.5. Breakthrough curves of Cu?* removal by RRH and ERH for different bed depth.

dosesinlarger beds which provided greater surface area (or adsorp-
tion sites). The geq(exp) Of ERH for different bed depth 3, 6 and 9 cm,
were 5.951, 4.389 and 3.54 mg g~!, respectively, and the eq(exp) OF
RRH were 4.112, 2.634 and 2.155mg g~ !, respectively.

3.2.2. Bohrat-Adams model

Data collected during laboratory tests serves as the basis for the
design of full-scale adsorption columns. A number of mathematical
models have been developed for the use in design. Among various
design approaches, bed depth service time (BDST) approach based
on Bohrat-Adams equation is widely used [15,16]. This approach
is referred as the BDST approach. The equation of Bohrat-Adams,
which is based on surface reaction rate theory, can be represented
as following:

_Noy 1, (G
AT C0K1n<CB 1) (3)

where Cy is the initial concentration of solute (mgL-1), Cg is the
desired concentration of solute at breakthrough (mgL-1!), K is the
adsorption rate constant (Lmg~! h=1), Ny is the adsorption capacity
(mgL-1), X is the bed depth of column (cm), V is the linear flow
velocity of feed to bed (cmh~1), and t is the service time of column
(h).

The form of the Bohrat-Adams equation, shown as Eq. (3) can
be used to determine the t, for the given values of X, Ny, Cy and K
these must be determined for laboratory columns operated over a
range of velocity values, V.

Setting t=0 and solving Eq. (3) for X yields

V(G
Xo_mln(C—B—l) (4)

Table 2
ta and Geq(exp) for RRH and ERH at different parameters.

H(cm)  V(mlmin)  Go(mgL™')  t,(h) Qeq(exp) (MEE™)
RRH  ERH RRH ERH
3 10 10 2 3 4112 5951
6 10 10 32 5 2634 4389
9 10 10 42 6.6 2155 354
9 5 10 7 12.8 2227 3763
9 15 10 15 3.4 1427  3.005
9 10 20 2.8 49 3213 5497
9 10 50 0.9 1.833 4094 6333
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Fig. 6. BDST plot for Cu?*.

where Xp is the minimum column height which is necessary to
produce an effluent concentration Cg, also known as critical bed
depth.

At least nine individual column tests must be conducted to col-
lect the laboratory data required for the original Bohrat-Adams
approach, an expensive and time-consuming task. With the modi-
fied Bohrat-Adams equation, it only has to do three-fixed bed tests
to collect the necessary data instead of nine. The Bohrat-Adams Eq.
(3) can be expressed as

t=aX+b (5)
where
No
a = slope = % (6)
and
. 1 Go
b = intercept = “KGq In (C—B - 1) (7)

In order to develop a BDST relation, the data of breakthrough
curves plotted for each bed depth of 3, 6 and 9cm by recording
the operating time to reach a certain removal at each bed depth.
The details of fitted equations between t; and the bed depth (H)
and their corresponding R? values were given in Fig. 6. These fitted
curves which were linear could be used for predicting t, at the given
bed depth for ERH and RRH as the R? values > 0.99.

From the slope and intercept of the 10% saturation line
design parameters like K and Ny could be found out using
Egs. (6) and (7). The minimum column height (Xp) necessary
to produce an effluent concentration Cg could be calculated by
using Eq. (4). The values of K, Ny and Xy, were found to be
0.174Lmg-1h-1, 509.556 mgL~! and 2.104cm for ERH, respec-
tively,and 0.235L mg~1h~1,311.424 mg L~ and 2.549 cm for RRH,
respectively. At a constant flow velocity of feed, since K and Ny
were inversely proportional to Xy and the product of K and Ny was
a unique constant for a given absorbent, a greater Ny and a smaller
Xp indicate high efficiency for an absorption material. The Ny was
much greater and the X, was slightly smaller for ERH compared to
RRH, indicating that both the adsorbents were highly efficient for
removal of Cu?* from water environment, and ERH was even more
efficient.

3.2.3. Effect of flow rate

Columns ran with flow rates of 5, 10 and 15 mlmin, the ini-
tial Cu* concentration was kept constant at 10mgL~! and the bed
height was 9 cm. As shown from the breakthrough curves in Fig. 7,
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Fig. 7. Breakthrough curves of Cu?* removal by RRH and ERH for different flow rate.

flow rate had great influence on the metal uptake capacity, and
the detail of t; and qeq(exp) Was given in Table 2, the ta and Geqexp)
decreased with the increase in flow rates. Lower flow rates result in
high residence times in the column. It was well known that because
of the relatively slow loading kinetics of the absorbent, relatively
long residence times were needed. In actual column operation, any
volume element of the solution was in contact with a given layer
of the bed for only a limited period of time, usually insufficient for
attainment of equilibrium. Thus the failure of attaining local equi-
librium results in lower uptake of copper ions from the influent
solution [23].

An increased in the flow rate reduced the volume treated
efficiently until breakthrough point and therefore decreased the
service time of the bed. This was due to decrease in contact time
between the metal ions and the absorbents at higher linear flow
rates. At a higher linear flow rate, the adsorbent got saturated early,
certainly because of a reduced contact time, a larger amount of cop-
per ions were adsorbed on the absorbents and there was a weak
distribution of the liquid into the column, which leads to a lower
diffusivity of the solute amidst the particles of the absorbents. This
showed an increase in the uptake of the metal ions due to the intra
particulate phenomena [22]. The geq(exp) Of ERH for tested flow rates
of 5,10 and 15 ml min~! were 3.763, 3.54 and 3.005 mg g1, respec-
tively, and the geqexpy Of RRH were 2.227, 2.155 and 1.427 mg g1,
respectively.

3.2.4. Effect of initial concentration

The effect of initial influent concentration was investigated
using synthetic solution containing 20 and 50 mg L~! of copper ions
(whereas original copper concentration was 10 mgL~!). From Fig. 8,
it showed the effect of initial concentration on the breakthrough
curves by using a bed depth of 9cm at a flow rate of 10 mlmin~!.
A rose in the inlet metal concentration reduced the treated vol-
ume before the fixed bed adsorption bed gets saturated, a high
metal concentration may saturate the absorbents more quickly,
thereby decreasing the service times (t;). Also, it was clear that
the eqexp) decreased with the increase in the initial concentration
(Table 2). To tested different initial concentration, the geq(exp) Of
ERH at 10, 20 and 50 mgL~! Cu?* concentrations were 3.54, 5.497
and 6.333 mgg~!, respectively, and the eq(exp) Of RRH were 2.155,
3.213 and 4.094mgg1.

Decreasing the fed Cu?* concentration increases the treated vol-
ume of feed metal concentration that could be processed, and shifts
the breakthrough curves to the right. The driving force for adsorp-
tion was the concentration difference between the solute on the
absorbent and the solute in the solution. A high concentration dif-
ference provided a high driving force for the adsorption process and
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9)
\N
©04r —¥— ERH- Cy=10mg L"!
02l —<¢—ERH- Cg=20mg L"!
—»— ERH- C(=50mg L]
0.0 -
1 1 1 L 1 1 1 L 1 1 1 2 1 1 1 4 1 " 1 " 1

0 2 4 6 8 10 12 14 16 18 20
t(h)

Fig. 8. Breakthrough curves of Cu?* removal by RRH and ERH for different concen-
tration.

this might explain why higher adsorption capacities were achieved
in the column fed with a higher Cu?* concentration. The relatively
low Cu?* retention for adsorbents could be attributed to the dif-
ference in the surface morphology. Adsorbent particles did not
have many micropores or macropores, so its low surface area also
resulted in lower sorption capacity [24].

As seen in Table 2, at different parameters the t; and gegexp) Of
ERH were longer and higher when compared to that of RRH. The
increase in the metal uptake capacity for the ERH was due to the
increase in the surface area and pores of adsorbent that result in
more binding site for the adsorption.

3.3. ERH vs. coconut-shell activated carbon

Since its first introduction for heavy metal removal, acti-
vated carbon had been shown undoubtedly as the most popular
and widely used adsorbent in wastewater treatment applica-
tions throughout the world. Coconut-shell activated carbon (C-AC)
with developed pore structure, high adsorption capacity, strength,
chemical stability and durability, it was widely used in water treat-
ment. Green Resources Activated Carbon Co., Ltd. provided the C-AC
(special for water treatment) for this experiment, and the maxi-
mum adsorption capacity for C-AC was 1010mgg—1.

Investigation was carried out under the condition of the flow
rate keptat 10 mlmin—!, the adsorbent dosage of 10 g and the initial
copper concentration of 9.73 and 26.95mgL-!, respectively. From
the results obtained by the columns experiments for ERH and C-
AC, the breakthrough curves were plotted for copper ions and were
shown in the Fig. 9, and the details of geq(exp) Were given in Table 3.
It could be observed that t, of adsorption with ERH was more, and
the geq(exp) Of copper ions for ERH was higher when compared to
that of C-AC. From Fig. 3 and Table 1, it could be seen that C-AC
had more pores and larger surface area than ERH, thus, the higher
metal uptake capacity for the ERH was due to adequate functional
groups in the surface charge of the adsorbent, which provided more
binding site for the adsorption. It could be inferred that the essential
mechanism of adsorption in this case was by chemisorptions.

3.4. Column regeneration and re-usage

In order to achieve the adsorbent recycling, the performance of
fixed bed column was studied for repeating adsorption-desorption
cycle experiment. Desorption was carried out by using 0.01 mol L~!
HCI solution through the bed in the upwards flow direction at a
flow rate of 8mlmin~1, slightly less than the sorption flow rate
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Fig. 9. Breakthrough curves for Cu2* with ERH, RRH and C-AC.
Table 3

The ta and geq(exp) for ERH and C-AC.

Initial concentration (mgL-1) ta (h) Qeq(exp) (M)
ERH C-AC ERH C-AC

9.73 5.2 3.6 4.357 3.319

26.95 1.5 0.8 5.838 4.103

10mlmin~1, so that volume of regenerant was less which helps in
easy handling and high in concentration so that economical metal
ion recovery was possible. Then, the desorbed column was washed
with 800 ml distilled water at a flow rate of 25 ml min—! and then by
reactivation with 0.01 mol L~! NaOH with a flow rate of 10 ml min~—!
and finally washed it again with 800 ml distilled water at a flow rate
of 25 mlmin—!, all in upwards flow direction of the column.

The columns experiments for ERH and C-AC with a bed depth
of 9cm, a metal ion concentration of 10mgL~! and a flow rate of
10mlmin—1, the details of cycles and eq(exp) Were shown in Fig. 10.
It was observed that, under the same conditions, the qeq(exp) Of ERH
column had not been reduced significantly, until the sixth cycle.
On the contrary, after NaOH activation, the geqeexp) OT say adsorp-
tion capacity had increased compared to the first cycle. But since
from the seventh cycle, the adsorption capacity decreased, until
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o
(—]
T

1.0 |

| Y [T T ST T S I T ST N — E——|

0 2 4 6 8 10 12 14 16 18 20 22
cycle

Fig. 10. Adsorption-desorption cycles and Geqeexpy for Cu?* with ERH and C-AC.
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Fig. 11. Elution curves for copper ions from ERH and C-AC column.

20th cycle reduced to 42.46% of the first. But, the geqexp) Of C-
AC column Sharp decline, at 10th cycle reduced to 17.31% of the
first.

The mineral acids were proton-exchange agents, which dislodge
high valance metal ions from biomass [25]. Excessive amount of
H* could reduce the metal sorptive capacity. Washing the biomass
with deionized water could remove H* and could be regener-
ated. Yan and Viraraghavan [25] observed similar phenomena and
indicated that biomass could be repeatedly subjected to alka-
line treatment without losing its adsorption properties. Because
NaOH was capable to remove the lipids, proteins and some solu-
ble polysaccharide which contained in ERH and might change the
surface chemistry and physical state, consequently, the cell wall
structure may become more loosely, more voids and surface areas
available to absorbate, resulting in increase of the adsorption capac-
ity of Cu2*.

The concentration of Cu?* outflow from the desorption-column
was monitored after different time interval as shown in Fig. 11. It
was observed that desorption cycle took 1.333 h, after the further
desorption was negligible, the total volume of this eluent at 3 h was
1440 ml. The maximum concentration of Cu2* from the ERH and C-
AC desorption-column were obtained at about contact time of 20
and 15 min, respectively. The eluting solution was lower in volume
and higher in concentration, which could help in easy handling,
recovery and reuse of Cu?*. It was illustrated that Cu?* was easily
desorbed using HCI solution, and more than 85% of copper ions
were recovered. Therefore, copper ions were easily recovered and
reused and the adsorbents (ERH and C-AC) could be then handled
and reused repeatedly.

3.5. Adsorption mechanisms

Rice husk included cellulose, hemicellulose, lignin, Water, Min-
eral ash, etc. Cellulose, and lignin contained a large amount of
hydroxyl, and the chemical formulas were shown in Fig. 12. FTIR
(Fourier Transform Infrared), XPS (X-ray photoelectron spectra),
among others, had been used to determine functional groups and at
the same time to elucidate the biosorbents metal sorption mecha-
nism [26]. From the FTIR of ERH, some of the functional groups had
been identified in ERH including: carboxyl, hydroxyl and phenolic
(from Fig. 12).

A series of batch adsorption experiments were conducted at dif-
ferent initial copper concentrations and initial pH values of 5.45.
When the adsorption reached equilibrium, it was found that pHe
(equilibrium pH) values were lower than corresponding pHg (initial
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Fig. 12. The chemical formulas of lignin and cellulose: (a), (b), (c) for the basic chemical phenyl propane units of lignin; (d) for cellulose.

pH) values, which indicates that copper ions were adsorbed onto
adsorbent from the liquid phase along with H* ions removal.

Larous et al. [27] established that the maximum sorption effi-
ciency in the pH range of 2-8 may be due to the interaction of
Cu2*, Cu(OH)*, Cu(OH), with surface functional groups (-ROH). Yu
et al. [28] proposed that H* ions (present in carboxyl and phenolic
groups of maple sawdust) could be exchanged with metal cations
in solution. So, the uptake of bivalent cooper by ERH was coupled
with a release of protons from the carboxyl and hydroxyl groups, at
pH 5.45 there were three species present in solution as suggested
by [29]. Cu?* in very small quantity and Cu(OH)* and Cu(OH), in
large quantities, and the following ion exchange was proposed as
the copper sorption mechanism:

2{=R-COOH} + Cu?** « {=R-COOH},-Cu + 2H" (8)
{=R-COOH} + Cu(OH)* <> {=ER-CO0}-CuOH + H* (9)
2{=R-0OH} + Cu?*t & {=ER-0},-Cu + 2H* (10)
{ER-OH} + Cu(OH)* < {=R-0}-CuOH + H* (11)
{ER-COOH} + Cu(OH); < {=R-CO0}Cu(OH),H (12)
{ER-OH} + Cu(OH), < {=R-0}Cu(OH),H (13)

where Rrepresented the immobile functional anion group attached
to the exchangeable proton.

These species were adsorbed at the surface of ERH by ion
exchange mechanism with the functional groups present in ERH as
shown reactions (8)-(11), reactions (12) and (13) were shown by
hydrogen bonding. Ion exchange and hydrogen bonding had been
identified as the main mechanism involved in the binding of copper
ions on ERH.

4. Conclusion

ERH was found to be an effective adsorbent for removal of
copper ions. From the study on adsorption of Cu?* in different
column design parameters, we have found the removal of Cu2*
from aqueous solutions depends strongly on bed depth, flow rate
and initial concentration. As expected from Bohrat-Adams model,
the experimental data were well fitted by Bohrat-Adams model.
The performances of ERH and C-AC columns were also studied
for adsorption-desorption cycles, respectively. Desorption of Cu2*
was possible using HCl solution. The activated and regenerated
column adsorption capacity increased in ERH after re-activation
using NaOH. But, the adsorption capacity of C-AC column sharp
declined. From the concentrations of cooper ions in eluants for
columns, more than 85% of copper ions were recovered. Therefore,
copper ions were easily desorbed from the ERH and C-AC columns
using HCI solution. Among RRH, ERH and C-AC as column filling
absorbents, ERH showed significantly higher adsorption capacity
of metal ions. lon exchange and hydrogen bonding were the major
mechanism of retention of copper by ERH, and showing a high
efficiency.
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