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Abstract

In the present study, beans peel was used as an adsorbent for removing Pb(Il)
ions from aqueous solutions. The amounts of adsorbed ions were estimated were
carried out by using flame atomic absorption spectrophotometer. The effects of initial
metal ions concentration, pH , existing salt and temperature were studies.

The adsorption isotherms are of H-curve type according to Giles classification
and the experimental data were best fitted to Langmuir and Freundlich isotherm
models.

The adsorption phenomenon was examined as a function of temperature (20,30,
40 and 50°C) and various thermodynamic parameters (AH®, AS° and AG°) have been
calculated. The thermodynamic parameters of lead ion- beans peel systems indicated
the adsorption processes is spontaneous.

The results indicated that the adsorption extent of lead ions onto beans peel
increased with increasing the pH of solution and it was decreased with increasing
ionic strength of solution.

Introduction

Contamination of aquatic environment with heavy and toxic metals is a
complex problem and their removal requires much attention . Their concentration
gets accentuated through bioaccumulation via food chain in living tissues, causing
various diseases and physiological disorders @®. Hence the safe and effective
disposal of contaminated water containing heavy metals like lead , Cadmium ,
Chromium , Mercury is always remained a challenge to the industrialists and
environmentalists @,

These heavy metals are not biodegradable and tend to accumulate in living
organisms, causing various diseases and disorders ®). All lead compounds are
considered cumulative poisons. Acute lead poisoning can affect nervous system and
gastrointestinal track®.

The attributable toxicity of lead to the fact that it and other heavy metals
words for inhibitors effective interactions enzyme can also be interpreted toxicity of
lead based on overlaps with groups of various enzymes as the (mostly) inhibits the
work of those enzymes through its association totals (SH) in these enzymes
proteins, or by sliding some of the major metal ions constituents such as calcium
and on this basis, all member or regulations could be potential targets for attack of
lead, leading to a wide dynamic effects , Lead is like most heavy metals are toxic

*The Research is apart of on MSC. Thesis in the case of the second researcher

144



AL-Qadisiyha Journal For Science Vol.19 No. 2 Year 2014

ISSN 1997-2490 Hassan H. \ Salam H.

compounds and require large doses to some extent for toxicity but the risk increases
because lead tends to cluster in the body (central nervous system) because of a
property which is characterized by accumulation of lead as the rest of some heavy
metals ions.

A number of methods for the removal of heavy metals from aqueous
solutions are available, including a reduction process, ferrous chloride treatment,
biological treatment, biosorption and ion exchange followed by chelating resin®.

Adsorption technique is quite popular due to its simplicity as well as the
availability of a wide range of adsorbents. Adsorption is widely used in the water
and wastewater treatment industries, activated carbon remains an expensive
material, the use of low-cost adsorbents is more suitable. A large number of low-
cost adsorbents such as carrot residues © |, mango peel waste®®, Powder of
mosambi fruit Y | waste of olive-oil production®?, rice husk®*¥, oil palm shell*®),
have been treated for heavy metals removal.

The aim of this work is to investigate the capability of peel beans for the
removal lead ions from aqueous solution in different conditions of temperature, pH
and ionic strength and to calculate the thermodynamic functions at equilibrium
conditions.

Materials and Methods

Instruments:

1- Atomic Absorption Spectrophotometer, EA3000A, Euroea , Italy.
2- Shaker water bath, CL002, K&K Scientific, Korea.

3- Centrifuge, CL008, JANETZI — T5, Belgium.

4- Electronic Balance, +0.0001g, Sartorius Lab. L420 B, Germany.
5- pH-Meter, BL 210S, Sartorius Ag Gottingen, Germany

Materials:
Hydrochloric acid ,sodium chloride and sodium hydroxide were supplied by
Fluka and lead nitrate were supplied by BDH .

Preparation of The beans Peel

Grinding beans peel in the form of powder was washed with excessive
amounts of distilled water; several washings were performed to remove dust and
soluble materials. The powder was then dried under sunlight and then in an oven at
120°C for a period of 1.5 hour and kept in airtight containers .

Adsorption Isotherm

The adsorption isotherm were determined by shaking 0.2gm of surface into 10ml
of metal ions solution , having concentration ranged between 50-500 ppm at pH 4.8 .
After 60 min. of shaking , the suspensions were centrifuged at 300rpm for 10 min.
The metal ions concentration was determined spectrophotometer .

The quantity of metal adsorbed was calculated according to the following
equation 9:-
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Where:  Qe: sorption capacity (mg/g).
X : the quantity adsorbed (mg).
m : weight of adsorbent (g).
Co : initial concentration (mg/L).
Ce : equilibrium concentration (mg/ L).
V : volume of solution (L).

Effect of Temperature

Adsorption experiment was repeated in the same manner at different
temperatures (20,30, 40 and 50°C) to estimate the basic thermodynamic functions of
the process.

Effect of pH

Adsorption experiment was carried out as mentioned previously as a
function of pH using a fixed concentration of metals ions. Hydrochloric acid and
sodium hydroxide were used to adjust the pH vale in the range from (1.0 to 6.8). The
pH of the suspensions at the commencement of the adsorption was measured as well
as at the end of experiment using pH-meter.

Effect of lonic Strength

The effect of the addition (0.01-0.3g) of sodium chloride to solutions
containing fixed concentration of metal ions equilibrated with 0.2g of beans peel
were investigated under the same experimental conditions described before.

Results and Discussion

Adsorption and desorption Isotherm

Studied the time required to reach equilibrium concentration in adsorption
lead ions on the surface of beans peel in different times was (0-180 min.) when the
temperature (20°C) and constant concentration of ion (500 mg /L) and using that
particle size of 150um. Results of the study showed that the time required to reach
equilibrium concentration is (30 mim).

The plot amount of adsorbent versus equilibrium concentration to give the

general shape of Isotherm adsorption and desorption as shown in Figures (1), (2)
respectively.
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Figure (1): Isotherm lead ion adsorption on the surface of the beans
peel at a temperature of 20°C
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Figure (2) : Adesorption Isotherm lead on the surface of the beans
peel at a temperature of 20°C

When comparing the curved isotherm adsorption obtained with isotherm
curves adsorption shown in Figure (1), we find that they follow product (H)
according to classification (Giles) as this kind achieved by the forces of
different on different parts of the surface, as well less energy adsorption
increase the covered part of the surface and adsorption increases with
increasing concentration of material adsorbent ©

These properties mean that the curve follows the equation (Langmuir
adsorption) for the adsorption of : -

147



AL-Qadisiyha Journal For Science Vol.19 No. 2 Year 2014
ISSN 1997-2490 Hassan H. \ Salam H.

Ce 1 1 2)

9 = " +—.Ce
€ Q. q
Figurné (é) show's the linear relationship of Ce/ Qe versus Ce . the values

Langmuir

constants as well as the correlation coefficient are presented in table (1).
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Figure (3) : Straight Langmuir lead ion adsorbed on the surface of
the beans peel

Table (1): Langmuir constants for lead ions adsorbed on the surface
of the beans peel

Om kL R?
39.566 0.005 0.9943

Study the percentage of lead ion removal from agueous solution at
different times
The percentage of substance adsorbed on the surface of the beans peel used
different times (0-120 min) was studied and recorded the amount of material removed
of water aqueous as shown in Figure (4).
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Figure (4): The percentage of lead ion removal from aqueous solution
compared to the original focus at different times
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The results showed that the percentage of lead ion removed from aqueous
solution increases with time to end this surface saturation ions used as shown
in Figure (4) .

Effect of Temperature on Adsorption
The effect of temperature on the lead ion adsorption on the surface of the

beans peel In different temperatures (20, 30, 40 and 50°C) was invistigated at acidic
functions (4.8) . It is through the use of equation (1) to calculate the amount of
adsorbent .

The plot of amount of adsorbent (Qe) versus equilibrium concentration (C) for
the purpose of obtaining isotherm adsorption per degree temperature as shown in
Figure (5), and indicate that the amount of adsorbent (Qe) less with increasing

temperature.
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Figure (5): The amount of the adsorbent for lead ion on the surface
of the beans peel at different temperatures

Thermodynamic functions of adsorption process were calculated and the
results showed in a table (2) , which illustrates the adsorption process is
"exothermic Process" as the temperature increases leading to increased kinetic
energy of the molecules adsorbed on the surface adsorbent leading to
disengagement lead ion surface . The results showed that the adsorption of the
physical type where value of adsorption is AH lower (20 kJ.mol?) .

Table (2) : Values thermodynamic equilibrium constant for the
adsorption of lead ions on the beans peel

AH° (kJ.mOI_:L) AG° (k\].mOI_l) AS° (J.mOI_l.k_l) Equ|||br|um Constant

-5.441 -16.338 +37.193 731.2

Effect of pH

Several different acidic functions were used (0.1-6.8) to study the effect of
pH on adsorption of lead ions on the surface of the beans peel at 20°C and
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concentration (500 mg/L) . Through the use of equation (1) was extracted values (Qe)

were drawn against the acidic function as shown in Figure (6).
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Figure (6) : The effect of pH at temperatures of 20°C and conce. (500
mg /L)

This can be explained by noting that the amount of adsorbent increases
with increasing pH vale above 6.8 ions begin degradation, leading to the formation of
hydroxides insoluble like pb (OH)2.

Due to the fact that protons strong competing sorbate because of the higher
concentration and high mobility and partly to the fact that the solution pH influences
the sorbent surface charge .Any sorbent surface creates positive or negative charge on
its surface. In acidic medium the adsorbent surface was highly protonated , which was
not favorable for metal ion uptake. At higher pH values, the adsorbent surface began
acquiring a net negative charge making the situation electrostatically favorable for a
higher uptake of metal ion @7

Effect of lonic Strength

Several different concentrations of pure sodium chloride salt (0.01, 0.05, 0.1,
0.15, 0.2, 0.25 and 0.3gm) were used to study the effect of strength ionic adsorption
of lead ions on the surface of the beans peel at 20°C at pH 4.8.
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Figure (7): The effect of ionic strength at temperature of 20°C and
pH (4.8)

This can be clarified by a competition between the sodium ions and lead ions in
the adsorption on the surface of the beans peel including sodium ions characterized by
a smaller size of lead ions. The transition ion in solution faster to the adsorption of
sodium ions faster than the adsorption of lead ions.

Conclusions:

On the basis of the experimental results of this investigation, the following
conclusions can be pointed out :

1- The results of atomic spectroscope show that the increase in the amount of
adsorbent increase the time of equilibrium.

2- The beans Peel as adsorbent can be used for the removal Pb (II) ions from
solution.

3- Langmuir isotherm model adequately described the adsorption of Pb (lI) ions onto
beans Peel.

4- Thermodynamic studies confirmed that adsorption process of Pb (Il) onto beans
Peel was exothermic. The thermodynamic value of AG® is negative for system,
indicating spontaneous process. As that type adsorption is physical from AH°
through value AH interaction, which is equal to (-1.553 J.mol™?).

5- The percentage removal of metal ions was dependent on pH solution and ionic
strength of sodium chloride solution.
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