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Abstract:

Introduction:

The increasing level of toxic metals in the environment is causing serious repercussions on the health of human beings. To mitigate
the adverse  effects  of  heavy metal  concentration in  the  receiving waters,  it  is  necessary to  develop an affordable  cost  effective
technology, which is effective to remove the heavy metals. The purpose of the present work is to investigate the removal of Nickel
and Zinc ions from the water using known adsorbents. Chitin is a biopolymer used as as adsorbent to remove metal ions from the
solution. Chitin is inexpensive adsorbent and is available abundantly.

Methods and Materials:

In this study, the adsorption techniques, such as variations at different pH levels, contact time and dosage of known concentration of
different  metal  standard  solutions  and  quantity  of  adsorbent  were  carried  out.  The  experimental  data  is  attached  overleaf  with
different isotherms and kinetic models.

Results:

The results revealed that the optimum pH found in the removal of Zn and Nickel ions is 6-6.5. The equilibrium attained after 7
minutes.  The  low pore  size  was  observed  to  be  effective  for  adsorption.  The  results  of  the  experimental  data  revealed  that  the
adsorption  process  follows  the  first  order  kinetic  model.  By  using  Langmuir  isotherm,  the  adsorption  capacity  of  Chitin  was
evaluated.

Conclusion:

The results indicate that the Chitin is one of the best adsorbents for the removal of cations from the aqueous solution.

Keywords: Nickel, Zinc, Langmuir isotherm, Chitin, Adsorption isotherm, Biopolymer.

1. INTRODUCTION

The rapid growth of industrialization and urbanization started the use of large quantities of heavy metals resulting in
the contamination of environment [1]. Heavy metal pollution is an important problem, particularly in water owing to its
hazardous/toxic effects and bio- accumulation nature in the food chain of human body [2]. The main source of heavy
metal  pollution  (Zn  and  Ni)  in  the  water  drives  from  electroplating  industries  [3,  4].  industrial  processes  such  as
galvanization, mining, and melting. Heavy metals are non-degradable and potentially hazardous. Hence, the removal of
heavy metals like Nickel and Zinc is highlighted in this study. Nickel and Zinc were chosen for this study, because of its
widespread  use  in industries. it  has remarkable  water  pollution  effect and  constant  vulnerability to  the  Nickel  this
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creates  lung  cancer  and  malfunction  of  kidneys.  Exposure  of  zinc  may  cause  skin  irritation,  vomiting,  nausea  and
stomach  cramps.  Zinc  is  toxic  with  the  permissible  limit  of  5  mg/l  concentration.  Nickel  carbonyl  is  highly  toxic
compound in nature [5].

Many conventional methods are being applied for the removal of soluble metals in water by oxidation, reduction,
ion exchange, membrane filter and adsorption [6]. Adsorption is regarded as dependable and effective technique to get
rid of Zinc and Nickel from water owing to high efficiency at lower concentration, easy handling and cost-effective.

Various  studies  have  been  carried  out  to  create  suitable  sorbents/adsorbents/bio-sorbents  for  removal  of  heavy
metals from aqueous solution [7]. One such adsorbent is Chitin, which is effective in a low concentration of heavy
metals.  Chitin  is  a  biopolymer  (Hexoamines)  with  molecular  weight  of  203.2  g/mol.  Chitin  is  a  fibrous  substance
consisting of polysaccharides, which is major constituent in the exoskeleton of arthropods such as crustaceans (crabs,
lobsters and shrimps) and cell walls of fungi [8].

2. MATERIALS AND METHODS

In the present study, Chitin was applied for removal of Nickel and Zinc from the groundwater [9]. This study was
carried out at various variables like pH levels, initial concentration, contact time and dosage of Chitin for removal of Ni
(II) and Zn (II) from aqueous solution [10, 11]. Based on the results, adsorption isotherm and kinetics of adsorption
were investigated.

YU et al. reports that the metals can be removed by polymerized saw dust with equilibrium of 3 hrs. In order to
reduce the equilibrium time, Chitin was used as physical adsorbent for the removal of heavy metal ions in the present
case study [12, 13] (Fig. 1).

Fig. (1). Equilibrium time of 7 min shows qe (mg/g) versus time.

3. RESULT AND DISCUSSION

3.1. pH Effects

To establish a optimum pH range for the removal of Zinc and Nickel ions, the surface phenomena studies were
taken up over pH range of 2-9.5. It was noticed that with the increased pH of the solution and remained nearly constant
at higher pH values. With the increase of pH, the percentage of adsorption increased. With Zinc, the removal is 66.9%
to 71.9% and a pH increase from 4.0 to 8.0 (Figs. 2 and 3). In the situation of Nickel, the removal increased from 62.7%
to 85.5% with an increase in the pH from 4.5 to 9.5. So the removal of nickel enhanced the scale of pH 4.5 to 6.5 and
stabilized at pH 6.5. The removal of nickel was marginal with low pH values because the number of hydrogen ions
increased which has the ability to compete with metal ions thus decreasing the efficiency of adsorption. The optimum
pH for zinc and Nickel removal is 6.0 and 6.5 respectively.
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Fig. (2). Effect of pH on removal of Zinc.

Fig. (3). Effect of pH on removal of Nickel.

3.2. Effects of Agitation Time and Initial Concentration

Removal of  Zinc and Nickel  from aqueous solution by adsorption phenomena on chitin increases with time till
equilibrium is attained. It was witnessed that an initial remarkable uptake was indicated by the high initial slope of
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curves. It occurred owing to the fact that in the beginning, the adsorption was empty, hence the percent of removal is
high. After the rapid initial uptake, there is a transitional phase in which the rate of uptake is decreased up To a certain
level of concentration and reached at a constant value. The time of equilibrium for both the metals is the same i.e. 7
minutes. As the initial concentration of the nickel increased in the range of 5 to 15 mg/l [14], there is an increase in the
adsorbed from 0.385 to 1.30 mg/gm. In the case of Zinc [15], the amount of Zinc metal adsorbed per gram of adsorbent
increased  from  0.289  to  1.004  mg/gm  as  the  initial  concentration  increased  from  5  to  15  mg/l  [16,  17].  It  can  be
observed in Figs. (4 and 5) for nickel and Zinc that the equilibrium time is independent of initial concentration.

Fig. (4). Effect of pH on removal of Zinc(II).

Fig. (5). Effect of initial concentration on removal of Nickel (II).
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3.3. Effects of Particle Size

Increase in the specific surface area will increase the extent of adsorption process. Adsorption will be much greater
for  smaller  particles  for  the  specific  surface  area.  The  effects  of  particle  size  on  the  removal  of  zinc  and  nickel  is
maintained with different particle sizes of 75 to 150µm, 150- 300 µm and 350 to 600 µm. In Figs. (6 and 7), it has been
observed that the percentage removal of zinc increased from 69.2 to 89.5% as the particle size decreased from 300-
600µm to 75 to 150 µm. In the study of nickel, the removal enhanced from 81.9 to 95.8% as the particle size lowered
from 300- 600 µm to 75-150 µm Table 1.

Fig. (6). Effects of particle sizes (µm) of removal of Zinc (II).

Fig. (7). Effects of particle sizes of removal of Nickel (II).
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3.4. Adsorption Isotherms

The equilibrium data for the adsorption of zinc and nickel on chitin fitted in Langmuir isotherms [18, 19] (Figs. 8
and 9) 1/(x/m) = 1/Qo + 1 / (bQo Ce)

Where

Qo – Amount of adsorbent, which form a complete monolayer on the surface (mg/gm)

b - Constant, which increases with increasing molecular size

Ce - Equilibrium concentration (mg/l) between adsorbent and solution

x - mass of gas adsorbed (mg/l)

m- grams of adsorbent (gm/l)

Fig. (8). Langmuir isotherm for adsorption of Zinc.

Fig. (9). Langmuir isotherms for adsorption of Nickel.
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The Langmuir Constants are presented in the following table (Table 1)

Table 1. The Langmuir Constants.

Metal Qo,mg/gm b,1/mg
Zinc 1.183 0.3338

Nickel 4.814 0.0357

3.5. Column Studies

The studies were conducted by downflow column by using 18mm diameter Chitin adsorbent column with a depth of
15 cm. bottom bed. The exact flow rate of 1.15 m2/hr (5ml/min) was initiated during the experiment. The breakthrough
of the results is shown by the curves mentioned in Figs. (10 and 11). The breakthrough adsorption capacities and total
column are mentioned below: (Table 2)

Table 2. The breakthrough adsorption capacities and total column.

Metal Breakthrough
Capacity, mg/gm Total Column Capacity, mg/gm

Zinc 0.530 0.759
Nickel 2.538 2.703

Fig. (10). Breakthrough curve of continue flow fixed bed column (Zinc).

Fig. (11). Breakthrough curve of continue flow fixed bed column (Nickel).
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3.6. Kinetic Rate Constants

Normally adsorption is considered to be a forward reaction of first-order kinetics (Figs. 12 and 13). The kinetic rate
constant  provides  the  nature  of  adsorbent  metal  reaction.  The  constant  rate  can  be  determined  using  the  following
equation,

Log(C/C1) = (K/2.303) t

Log (C/C1) = K1t Where

C - Initial Concentration (mg/l) of metal

C1 -Concentration remaining in solution at any time ‘t’

t -Time (min)

K1 Proportionality constant (or) kinetic rate constant

Fig. (12). Kinetic rate constant of Zinc.

Fig. (13). Kinetic rate constant of Nickel.
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The rate of zinc and nickel are presented as follows in the table form (Table 3).

Table 3. The rate of zinc and nickel.

Metal -1
Rate const.,K1 min

Zinc 0.0303
Nickel 0.0387

CONCLUSION

Chitin is a natural biopolymer which is found to be selective, more reactive and effective adsorbent for the removal
of zinc and nickel from aqueous solution in comparison to other adsorbents like sawdust, clay, lime, charcoal and fly
ash. The amino groups present in chitin in the coordinate covalent bonds with metal ions and is easily adsorbed. The
equilibrium time for this metal using chitin is less when compared to that of other adsorbents. The removal of zinc was
71.8% and of Nickel is 85.6%.

In the beginning, the adsorption of the initial concentration of metal increased as the amount of metal adsorbed per
gram  of  adsorbent  increased.  The  equilibrium  time  in  the  process  of  adsorption  is  independent  in  the  initial
concentration. If the adsorbent dose is increased, the percentage removal of metal will also be increased. The percent
removal of metal is also increased with the decrease in particle size of adsorbent from 300 µm to 75µm. The reaction
rate of heavy metals on the Chitin follows simple first order kinetic equation.

The rate law or rate equation for chemical reaction is an equation that links the reaction rate with the concentrations
or pressures of the reactants and constant parameters (normally rate coefficients and partial reaction order). For many
reactions, the rate is given by a power law such as:

r = k [A] x [B] y

Where [A] and [B] express the concentration of the species A and B (usually in moles per liter (molarity, M)). The
exponents  x  and  y  are  the  partial  orders  of  reaction  for  A  and  B  and  the  overall  reaction  order  is  the  sum  of  the
exponents. These are often positive integers but they may also be zero, fractional, or negative. The constant k is the
reaction rate constant or rate coefficient of the reaction and has units of 1/time. Its value may depend on conditions such
as temperature, ionic strength, surface area of an adsorbent or light irradiation

The kinetic constant in the study was observed as Ni (II) as higher than that of Zn (II). The adsorption of Ni (II) and
Zinc  (II)  on  the  Chitin  poser  can  be  well  described  by  Langmuir’s  isotherm.  Nickel  shows  more  preference  for
adsorption sites in Chitin than Zinc as per the fixed bed column studies.
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