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Removal of Fe (II) and Zn (II) ions from Aqueous solutions
by Synthesized Chitosan
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Abstract: Adsorption of Fe (II) and Zn (II) ions from aqueous solution onto chitosan was
investigated in a batch system. The effects of initial ions concentration, solution pH, timeand
temperature were studied. Results indicated that chitosan could be used as a biosorbent to
remove the ions from contaminated water. Synthesize of chitosan involved three main stages,
demineralization, deproteinization, and deacetylation. Chitosan was characterized using Fourier
Transform Infrared Spectroscopy (FTIR) and solubility in 1% acetic acid.
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1. Introduction

The toxic metals, existing in high concentrations (even up to 500 mg.L™"), have to be effectively
removed from wastewaters'. In recent years, the removal of toxic heavy metal ions from sewage, industrial and
mining waste effluents has been widely studied. Their presence in streams and lakes has been responsible for
several types of health problems in animals, plants and human beings”.

There are various physical-chemical methods of such polluted water treatment e.g. neutralization, ion
exchange, precipitation, sorption, membrane processes, filtration, photocatalytic degradation and adsorption®>*.
The choice of the suitable methods is based not only on the concentration of heavy metals in surface water but
on economical factors, too. Sorption belongs to effective and economically acceptable methods to remove
heavy metals”. To see the decrease of polluted water most researches were concentrated with treatment of
heavy metals from industrial wastewater. It uses normal material to removal metals from different sides because
it is valid largely in agriculture processes in addition to their low price as adsorbent materials®*>'. The methods
of dye removal from industrial wastewaters could require many processes such as biological treatment,
coagulation, electrochemical techniques, adsorption, and oxidation. Among these methods, adsorption is
considered an effective and economical method to remove ions from wastewaters>®>’. It has been reported that
many different types of adsorbents are effective in removing ions from aqueous effluents. Natural polymeric
materials are gaining more and more interest for application as adsorbents in wastewater treatment due to their
biodegradable and non-toxic nature. Currently, the most common procedure involves the use of activated
carbon®®¥. Activated carbon is regarded as an effective but expensive adsorbent due to the high cost of
manufacturing and regeneration. Because of its relatively high cost, there have been attempts to utilize low cost
and naturally occurring adsorbents. There are many different studies on the use of low cost materials such as
various agricultural wastes®****>, Chitosan (CS) offers an interesting set of characteristics, including non-
toxicity, biodegradability, biocompatibility, and bioactivity. Chitosan and its derivatives have been extensively

investigated as biosorbents for removal of heavy metals and dyes***.
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Figurel; Chemical structures of chitin, chitosan and cellulose.

344

The present paper is focused on utilization of the low cost sorbent chitosan to remove heavy metal ions
such as Zn*" and Fe’* from model acidic solutions. The removal efficiency and the sorption capacity were
determined. The studied parameters were heavy metal ions concentrations, contact time and changes of the pH

solution during the experiment.
2. Materials and methods

2.1. Preparation of Sorbent:

Traditional isolation of chitin consists of three traditional steps as shown in (Figure 2): demineralization

(DM), deproteinization (DP), and deacetylation (DA).

Wet crawfish shell, Washing and drying, and Grinding
and sieving

Deproteinization: 3% NaOH (w/v) for 1 h at b.p

°C, solid: solvent (1:10, w/v) washing

Demineralization 1 N HCl for 30 min at room
temp., solid: solvent (1:15, w/v), Washing and Drying

Deacetylation 50% NaOH for 2hr. at / 902C., solid:
solvent (1:10, w/v), Washing and Drying

Chitosan

¢

Figure 2; A simple Scheme of Chitosan Production.
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2. 2. Batch adsorption experiments

A stock solution of heavy metals (1.0 g/L) was prepared by dissolving 1.48 and 1.13 g of Zn*" and
Fe*powder in 1 L of double distilled water. The desired concentrations ranging from 10 to 60 mg/L were
obtained by dilution. For each adsorption experiment, 50 ml of the ions solution with a specified concentration
was stirred at 100 rpm in a glass flask. The pH of solutions was adjusted to a desired value by adding dilute
NaOH or HCI solution. Batch adsorption experiments were carried out using a thermo stated shaker for a
certain contact time at a determined temperature at 100 rpm.

Batch adsorption experiments were carried out to examine effects of adsorbent dosage, initial dye
concentration, solution pH, and time on the adsorption of ions on chitosan.

The amount of ions adsorbed on chitosan (at a predetermined time ¢), g¢ (in mg/g), was determined
using the mass balance equation:

Gt=(C-COX M /v eeuen. 1)

The decolorization rate (1) of ionswas calculated by the following equation:

n=(C-CO/C.x 100% .......... Q)

WhereC is the initial concentration of ions(in mg/L), Ct (in mg/L) is the instant concentration of ionsat a
predetermined time ¢, V' is the volume of the solution (in L), and m is the mass chitosan (in g).

3. Results and discussion
3.1. Effect of adsorbent dosage

The effect of adsorbent dosage (varied from 0.025 to 0.25 gm) on the percentage removal of 50 mg/L
ions solution is shown in Fig. 3. The percentage removal of ions from the solution increased from (30% to 86%)
for Zn>" and (20% to 72%) for Fe*" as the adsorbent dosage increased from 0.025 to 0.25 gm. This result is
expected because of the increased adsorbent surface area and availability of more adsorption sites caused by
increasing adsorbent dosage™.
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Figure3; Effect of adsorbent dosage in ions removal.

3.2. Effect of solution pH

The pH of theions solution affects the surface charge of the adsorbent, the degree of ionization of the
materials, and the dissociation of functional groups on the active sites of the adsorbent™**’. The percentage
removal of ions at different pH values is plotted in Fig. 4. The percentage removal increased from 40% to 73 %
when pH was increased from 2 to 6 for Zn>" and (25% to 72%) for Fe*" when pH was increased from 2 to 8 for


http://www.sciencedirect.com.tiger.sempertool.dk/science/article/pii/S0169433211014450#fig0015
http://www.sciencedirect.com.tiger.sempertool.dk/science/article/pii/S0169433211014450#fig0025
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Fe’"ions. In low pH value, binding sites are generally protonated or positively charged (by the hydronium ions).
Thus, repulsion occurs between the metal cation and the adsorbent at a higher pH value; binding sites start
deprotonating, and makes different functional groups available for metal binding. In general, cation binding
increases as pH increases™***,
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Figure 4; Adsorption of Zn’* and Fe*'by chitosan as a function of pH at initial concentration of 50mg/L
and adsorbent dosage 0.1 g .

3.3. Effect of contact time:

A50ml of 50mg/L of Zn*" and Fe*" was taken in conical flasks and treated with 0.1 gm chitosan
(adsorbent) at several times (20, 40, 60, 80, 100, 120 and 140 min.). The variation in percent removal of Zn**
and Fe*"with the time was shown in figure 5. It was found that the best time toremove these metal ions was 80
min. The results showedthat the removal percentage was73% Zn*"and 65% Fe", this due to saturation of active
sites which do not allow further adsorption to take place*.
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Figure 5; Effect of contact time on Zn*" and F e2+ads0rpti0n(50mg/L) by 0.1gm chitosan.

3.4. Effect of initial metals ions concentration

The effect of initial Zn>" and Fe* concentration on the percentage removal of the ions is shown in
figure6. The initial metals ionsconcentration was varied from 10 to 60 mg/L. A rapid initial adsorption of ions
took place within the first 20 min, after which the adsorption slowed down and then almost reached equilibrium
at 120 min. The percentage of ions removal evidently decreased with increasing initial ions concentration. The
percentage removal was 82.05% for 10 mg/L initial concentration and only 30.26% for 60 mg/L after 120 min
of adsorption (figure 6). This was caused by an increase in the mass gradient pressure between the solution and

44,45
adsorbent™ ™.
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Figure6;The effect of variation of initial metal ions concentration on to their adsorption using chitosan.

4. Conclusion

The synthesize of chitosan involved three main stages demineralization, deproteinization, and

deacetylation., it characterized by using Fourier Transform Infrared Spectroscopy (FTIR) and solubility in 1%
acetic acid. Metal ions adsorption onto the chitosan depended highly on adsorbent dosage, initial ions
concentration, solution pH and time.
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