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ABSTRACT

An increase in population initiating rapid industrialization was found to consequently
increase the effluents and domestic wastewater into the aquatic ecosystem. Heavy metals are
major toxicants found in industrial wastewaters they may adversely affect the biological
treatment of wastewater. Various methods adopted for removal of heavy metals include
chemical precipitation , membrane separation, ion exchange and adsorption. In the case of
adsorption, the generally used adsorbents like activated carbon, silica, alumina etc are expensive.
This has prompted the use of natural materials as adsorbents in order to develop cheaper
alternatives, which can be disposed off without regeneration due to their lower cost. Rice husk is
tried for the removal of copper and zinc. For chemically modified method rice husk were treated
with 0.1M NaOH. The newly developed adsorbents should be as effective as the conventional
ones. Hence in the present work, 0.1 M NaOH modified rice husk (MRH) is studied for their
adsorptive capacity to remove copper (II) and zinc (II) from aqueous solution. The effect of
various parameters such as, contact time, pH, mixing speed and initial metal concentration for
the adsorption of Cu(Il) and Zn(II) on MRH is investigated. Experimental results are analyzed
using Langmuir and Freundlich isotherms.
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1.INTRODUCTION

The increase in industrial activity during
recent years is greatly contributing to the increase
of heavy metals in the environment, mainly in the
aquatic systems. Water pollution due to heavy
metals is an issue of great environmental concern.
Industrial wastewater containing metal ions such
as nickel, lead, copper and zinc are common
because their metals are used in a large number of

economical technologies involving the removal of
toxic metals from wastewater has directed
attention to biosorption based on metal binding
capacities of various biological materials at little
or no cost. Different types of biomass have been
investigated for the biosorption of metal ions,
including yeast [, algae [5], fungi 6!, bacteria [7]
and agricultural by-products (inexpensive plant
material) such as dried leaves [8 , peanut hull [,
sugar-beet-pulp [10] | tea waste [11] | coconut husk

industries such as electroplating, batteries
o pating, * 121 | apple wastes [13] | maize leaf 141, grape stalk
manufacture, = mining operations, paint and
. . wastes [15]
pigments, pharmaceutical and so on. Metals are of
special concern because they are non-degradable These agricultural by-products are

and therefore persistent. The effect of metals in
water and wastewater range from beneficial
through troublesome to dangerously toxic.
Therefore, the elimination of heavy metals from
water and wastewater is important to protect
public health and wild life.

The conventional methods used to
remove heavy metals include chemical
precipitation, ion exchange and electrochemical
treatment [1-31, The search for new, effective and

relatively cheap and show quite high biosorption
potential. However, the direct use of the raw plant
wastes as adsorbents has been found to be limited
due to leaching of organic substances such as
lignin, tannin, pectin and cellulose into the
solution. To resolve these problems chemical
modification on solid adsorbents have been used
as a technique to improve their physical, chemical
properties and biosorption capacity.
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Rice husk is a by-product of the rice
milling industry and the amount of rice husk
available is far in excess of any local uses, thus
frequently causing disposal problems. Therefore,
rice husk is very inexpensive and thus its use
would significantly lower the cost of wastewater
treatment. In addition, the use of rice husk would
represent effective utilization of waste water. The
aim of this work is to study the biosorption
capacity of rice husk that was chemically modified
with sodium hydroxide for biosorption of Cu(Il)
and Zn(II) ions from aqueous solutions. The
effects of contact time, pH, mixing speed, initial
concentration of metal ions and adsorption
isotherms were investigated.

2. MATERIALS AND METHODS
2.1. Preparation of adsorbent

The rice husk was received from a local
rice mill, the rice husk were crushed and
thoroughly washed with distilled water to remove
all dirt and then were heated in an oven at 80-85°
C for 2 h. About 25 g of oven-dried rice husk were
poured into 500 ml flask containing 250 ml of 0.1
M NaOH solution, and then were shaken at
200rpm for 4h at room temperature. The mixture
was left overnight, and then was filtered to
remove the sorbent, which was washed several
times with distilled water to provide neutral pH.
The adsorbent was then oven dried at 85°C for 2 h.
Finally, MRH was separated and stored in plastic
container for the future experiments.

2.2. Preparation of stock solutions

A stock solution of Copper and Zinc was
prepared in double distilled water with Copper(II)
Sulphate and Zinc(II) Sulphate. All working
solutions of varying concentrations were obtained
by diluting the stock solution with distilled water.
The pH of the effluent was adjusted by using 0.2 M
acetic acid and 0.2 M sodium acetate solutions.
The concentration of metal ions in effluent was
analyzed by Atomic Absorption
Spectrophotometer.

2.3. Biosorption experiments

Biosorption experiments were carried out
by shaking a stopper flask containing 25 ml of
100 mg/L metal ion solution and 0.2 g of MRH at
200 rpm for 60 min. The sample was allowed to
settle and then it was filtered through a Whatman
filter paper. The filtrate of the sample was
analyzed in an AAS for the final concentration of
metal ions in aqueous solution. The amount of
metal adsorbed per unit mass of the adsorbent
was calculated using the following equation:

(Ci_Cf)V

q= IY;
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where, q is the metal uptake (mg/g), Ci is the
initial metal concentration (mg/L), Cris the final
or equilibrium metal concentration (mg/L), V is
the volume of the metal solution in the flask (L)
and M is the dry mass of biosorbent(g). The
percentage removal (%R) of metal ions was
calculated from the following equation:

%R = (CGEL)) x 100
Ci

The same procedure were performed at
different contact time (10, 20, 30, 60 and 120
min), pH (3, 4, 5 and 6), mixing speed (100, 150
and 200 rpm) and initial metal-ion concentration
(100, 200 and 300 mg/L) to obtain the
equilibrium data.

3. RESULTS AND DISCUSSION
3.1. Effect of contact time

Figure 1 shows the effect of contact time
on the removal of Cu(ll) and Zn(II) on MRH at
initial concentration of 100 mg/L at room
temperature. The percentage removal of Cu(II) by
MRH increased from 24.00% to 58.00% when the
contact time of the solution was increased from 10
min to 60 min. In the case of Zn(II) the removal
percentage increases from about 19.36% to
34.72% when the contact time was increased from
10 min to 120 min. Thus taking an optimum time
and economic considerations into account, a
contact time of 60 minutes was used for all
experiments.

As the time increases, Cu(ll) and Zn(II)
getting adsorbed by the adsorbent increases, but a
particular point of time, the removal of metal ions
is almost constant. During the initial stage of
sorption, a large number of vacant surface sites
are available for adsorption. After a lapse of some
time, the remaining vacant surface sites have
difficulty in becoming occupied due to repulsive
forces between the adsorbate molecules on the
solid surface and in the bulk phase.
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Figure - 1: Effect of contact time on the

adsorption of Cu(II) and Zn(II) by MRH.
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3.2. Effect of pH

Figure 2 shows the effect of pH on the
adsorption of Cu(ll) and Zn(II) on MRH at initial
concentration of 100 mg/L at room temperature.
The percentage removal of Cu(ll) by MRH
increased from 24.00% to 58.00% when the pH of
the solution was increased from 3 to 6. Similarly
in the case of Zn(ll) the removal percentage
increases from about 21.28% to 32.80% when pH
was increased from 3 to 6. This shows that at
lower pH, the surface charge of the biomass is
positive, which is not favorable to cations
biosorption. Meanwhile, hydrogen ions compete
strongly with metal ions at the active sites,
resulting in less biosorption. With increasing pH,
electrostatic repulsions between cations and
surface sites and the competing effect of hydrogen

ions decrease. Consequently, the metal
biosorption increases.
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Figure - 2: Effect of pH on the adsorption of
Cu(II) and Zn(II) by MRH.

3.3. Effect of mixing speed

Figure 3 shows the effect of mixing speed
on the removal of Cu(ll) and Zn(II) on MRH at
initial concentration of 100 mg/L at room
temperature. Adsorption studies were carried out
at varying mixing speeds (100-200) rpm. It was
observed that the percent removal metal ions
increases with the increase of stirring speed upto
200 rpm . At this mixing speed the maximum
removal of Cu(II) was 58.00% whereas 32.80% of
Zn(II) were obtained under optimum conditions.
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Figure - 3: Effect of mixing speed on the

adsorption of Cu(II) and Zn(II) by MRH.
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The increase of adsorption efficiency with
the increase of mixing speed could be mainly due
to resistance to mass transport in the bulk
solution at lower mixing speeds. A thin liquid film
surrounding the adsorbent particles offered
resistance to mass transport by diffusion. As the
mixing speed increased, there would be decrease
in the thickness of the boundary film there by
decreasing the effect of film diffusion.

3.4. Effect of initial metal concentration

Figure 4 shows the effect of metal initial
concentration on the adsorption of Cu(Il) and Zn
(I) on MRH at room temperature. The percentage
removal of Cu(Il) by MRH decreased from 58.00%
to 52.00% when the initial concentration of the
solution was increased from 100 to 300 mg/L.
Similarly in the case of Zn(II) the removal
percentage decreases from about 32.80% to
24.48% when the concentration of the solution
was increased from 100 to 300 mg/L. This shows
that the suitable initial metal ions (Cu(Ill) and
Zn(1I)) concentration is 100 mg/L. At low
concentrations, metals are adsorbed by specific
sites, while with increasing metal concentrations
the specific sites are saturated and exchange sites
are filled.

70 ~
01 —a—y,
50 -
40 -
[
£ 30 F—a
g 20 - =—&—Cu(ll)
& 10 - ——7n(Il)
& 0 T !
0 200 400
Initial metal concentration (ppm)

Figure - 4: Effect of metal concentration on the
adsorption of Cu(II) and Zn(II) by MRH.

3.5. Adsorption Isotherm

The adsorption isotherms for the Cu(Il)
and Zn(II) were studied using initial concentration
of Cu(II) and Zn(II) from 100 mg/L to 300 mg/L at
room temperature. In this research, two isotherm
models were used to study the equilibrium
sorption as Langmuir and Freundlich models. The
Langmuir model assumes that the uptake of metal
ions on a homogeneous surface by monolayer
adsorption without any interaction between
adsorbed ions.

The Langmuir isotherm can be expressed as:

Amax bCr (1)

9= Sawepy T
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where, q is the metal uptake (mg of metal ion/g of
adsorbent), (Qmax is the maximum metal uptake
per unit mass of adsorbent (mg/g), b is Langmuir
constant (L/mg) related to energy of sorption
which reflects quantitatively the affinity between
the adsorbent and metal ions. The values of qmax
and b are characteristics for the Langmuir model.
They can be determined by linearized Eq (1) as
shown in Eq (2)

Cf 1 Cf

g - L 2

q Amaxb  Gmax ( )
Therefore, a plot of Ct/q versus Ctgives a straight

. The

and intercept
dmax Amax

Langmuir parameters, qmax and b are calculated
from the slope and intercept of the graph.

line of slope

The Freundlich model is chosen to
evaluate parameters associated to the sorption
behavior. The equation is commonly represented
by:

q=KCf 1/n

where, K and n are Freundlich constants,
indicating the adsorption capacity and the
adsorption intensity respectively. The above
equation is rearranged in linear form to give:

log q =log K+% log Ct

K and n are, respectively, determined from the
intercept and slope of plotting in q versus in C¢

The linearised Langmuir and Freundlich
isotherms of Cu(Il) and Zn(II) are shown in Fig 5a,
5b and Fig 6a, 6b. The Langmuir and Freundlich
parameters and correlation coefficients(R%) for
the adsorption of Cu(Il) and Zn(II) by MRH are
shown in table 1.
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Figure - 5a: Langmuir isotherm plot for the
adsorption of Cu(II) by MRH.
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Figure - 5b: Freundlich isotherm plot for the
adsorption of Cu(II) by MRH.
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Figure - 6a: Langmuir isotherm plot for the
adsorption of Zn(II) by MRH.
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Figure - 6b: Freundlich isotherm plot for the
adsorption of Zn(II) by MRH.

4. CONCLUSION

The experimental investigation concluded
that MRH could be used as potential biosorbent
for removal of Cu(II) and Zn(II) ions from aqueous
solutions. The percentage removal of Cu(Il) and
Zn(1I) ions in aqueous solution increased with
increase in the mixing speed, pH and contact time.

Table - 1: The parameters of Langmuir and Freundlich isotherms

Langmuir isotherm Freundlich isotherm
Metal quw(mg/g) b(L/mg) R? K n R?
Cu(ll) 66.6667 0.00297 0974 0.3572 1.2360 0.994
Zn(Il) 19.2307 0.00411 0991 0.2466 1.4880 0.990
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The percentage removal of Cu(Il) and Zn(II) ions
in aqueous solution decreased with increasing
initial metal concentration. The adsorption
isotherm studies showed that both Langmuir and
Freundlich adsorption isotherm model fits well
with the experimental data. These experimental
studies on the specified adsorbent would be quite
useful in developing an appropriate technology for
the removal of Copper(Il) and Zinc(II) ions from
contaminated industrial effluents.
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