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Cu >Fe>Crduring the findings. The adsorption data fitted well into Freundlich and
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study has showed that the Fe(III), Cu(II), Cr(II) ions adsorption on the surface of waste

of vegetable Palak was physical adsorption and the process was spontaneous and
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on human physiology and other biological systems when

level.[1,2].They pose serioushealthy hazards through entry into the food chain, therefore

Journal of Medicinal Chemistry and Drug Discovery
ISSN: 2347-9027

Special Issue
Analytical Chemistry Teachers And Researchers

Association
National Convention/Seminar

18 January 2015

www.jmcdd.com

STUDIES ON THE REMOVAL OF HEAVY METAL IONS FROM AQUEOUS

SOLUTIONS BY WASTE OF VEGETABLE PALAK

Chandranayan Waghmare1,Milind Ubale1*Sayyed Hussain

Department of Applied Sciences CSMSS College ofPolytechnic
,Aurangabad,M.S.(INDIA)

Department of Chemistry RajashriShahuScience and Arts
College,Waluj,Aurangabad,M.S.(INDIA)

PG Department of Chemistry,VasantraoNaikMahavidyalaya,AurangabadM.S.(INDIA)
of Chemistry,SirSayyed College, AurangabadM.S.(INDIA)

Abstract

In the Present work the waste of vegetablePalakwas used as adsorbent for

removal of heavy metals like Fe(III), Cu(II), Cr(II) from aqueoussolution.

adsorption characteristics of all three metals on waste of Palak

function of varying adsorbent dose, temperature and time. The percentage removal of

Fe(III), Cu(II), Cr(II) by waste of Palakcarried under different conditions during

findings was significant. The order of adsorption on waste of Palak

Cu >Fe>Crduring the findings. The adsorption data fitted well into Freundlich and

Langmuir adsorption models. The results shows that waste of Palak

great potential in removal of metal ions from aqueous solution.The thermodynamic

study has showed that the Fe(III), Cu(II), Cr(II) ions adsorption on the surface of waste

was physical adsorption and the process was spontaneous and

Waste of vegetable Palak, Heavy metal ions,Freundlichisotherm, Langmuir

Introduction

Heavy metals such as Iron, Copper, Lead, Zinc, Nickel, Chromium have harmful effects

on human physiology and other biological systems when they exceed the tolerance

.They pose serioushealthy hazards through entry into the food chain, therefore
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was used as adsorbent for

removal of heavy metals like Fe(III), Cu(II), Cr(II) from aqueoussolution. The

Palakwas evaluated as a

function of varying adsorbent dose, temperature and time. The percentage removal of

carried under different conditions during this

Palak of metals ions were

Cu >Fe>Crduring the findings. The adsorption data fitted well into Freundlich and

Palak vegetable holds a

great potential in removal of metal ions from aqueous solution.The thermodynamic

study has showed that the Fe(III), Cu(II), Cr(II) ions adsorption on the surface of waste

was physical adsorption and the process was spontaneous and
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Heavy metals such as Iron, Copper, Lead, Zinc, Nickel, Chromium have harmful effects

they exceed the tolerance

.They pose serioushealthy hazards through entry into the food chain, therefore
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they must be removed from industrial waste effluents. In recent past development of

efficient and eco-friendly methods for removal of

by agro waste as adsorbent by various researchers

work has been reported on thermodynamic study by using waste of

vegetablePalak(WVP) as an adsorbent for removal of Iron, Copper an

Aqueous solution.

In the present investigation an attempt has been made to study the feasibility

of waste of vegetablePalak

Iron, Copper and Chromium. The adsorpti

solution was carried to study varying adsorbent dose, temperature & time.

Adsorbent

The adsorbent selected for the present work was waste of locally available vegetable

Palak.The dried waste material of

distilled water to remove the suspended matter and dust for one hour and filtered. The

residues left was treated with formaldehyde and finally with very dilute solution of

sulphuric acid. It was then stirred for

room temperature. Then it was filtered and washed with distilled water repeatedly to

remove free acid. After chemical treatment the residue was dried first in air and finally

in oven at 90-100oc for 8

homogeneous powder was pass through mesh for desired particle size (9.8

micron).The adsorbent once prepared was used throughout the experimental work. The

particle size of the adsorbent

wasof the same mesh(9-8-

experiments were on the basis of their settlement at the bottom of the system, so that the portion

of the solution could be taken out conveniently from the supernatant liqu
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they must be removed from industrial waste effluents. In recent past development of

friendly methods for removal of heavy metals are receiving attention

by agro waste as adsorbent by various researchers[3-9].Literature survey reveals that no

work has been reported on thermodynamic study by using waste of

as an adsorbent for removal of Iron, Copper an

In the present investigation an attempt has been made to study the feasibility

as a cheap, locally and easily available for the adsorption of

Iron, Copper and Chromium. The adsorption of heavy metals ions from aqueous

solution was carried to study varying adsorbent dose, temperature & time.

Experimental

The adsorbent selected for the present work was waste of locally available vegetable

.The dried waste material of Palakwere grinded into powder and was boiled in

distilled water to remove the suspended matter and dust for one hour and filtered. The

residues left was treated with formaldehyde and finally with very dilute solution of

sulphuric acid. It was then stirred for half an hour vigorously using mechanical stirrer at

room temperature. Then it was filtered and washed with distilled water repeatedly to

remove free acid. After chemical treatment the residue was dried first in air and finally

c for 8-10 hours and powdered using electric grinder. The

homogeneous powder was pass through mesh for desired particle size (9.8

micron).The adsorbent once prepared was used throughout the experimental work. The

particle size of the adsorbent

-41-8 micron)The particle sizeof adsorbent selected for these

experiments were on the basis of their settlement at the bottom of the system, so that the portion

of the solution could be taken out conveniently from the supernatant liquid.
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Preparation of Adsorbate Solution:

Iron, Copper and Chromium were the metal ions selected for the present investigation. The

chemicals were all of Analytical grade and used without further purification. The solutions were

prepared in doubly distilled water. Prepared by using first metal distillation unit and then all

quick fit glass assembly in permangantic conditions, wherever necessary the prepared solutions

were standardized as per literature

Batch Adsorption Experiments:

Each batch adsorption study was carried out by contacting

Cr(II) under different conditions for 60 minutes in glass tube. The uptake of metal study

on WVP was carried systematically and at temperature 30

adsorbent dose, contact time on adsorption of metal ions. The effect of temperature on

the adsorption was carried out in order to study the thermodynamics of the process.

Each study was conducted in thermo stated water bath and the residual metal ions were

analyzed. The amount of metal ions adsorbed from solution was determined by

difference[10] The concentration of metal ion solution were determined from calibration

curve spectrophotometrically

(λmax = 515 nm) 

Effect of Temperature:

The magnitude of the temperature effects for the adsorption process is one of the most important

criteria for the efficient removal of heavy metals from the waste water

metal ions adsorption onto WVP

rise in temperature (13)from 308K to 318. This effects may attributes to a negative temperature

co-efficient of solubility of the solute or to

solvent. The effect of temperature on adsorption of metal ion on
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Preparation of Adsorbate Solution:

Iron, Copper and Chromium were the metal ions selected for the present investigation. The

chemicals were all of Analytical grade and used without further purification. The solutions were

ed water. Prepared by using first metal distillation unit and then all

quick fit glass assembly in permangantic conditions, wherever necessary the prepared solutions

were standardized as per literature [10].

Batch Adsorption Experiments:

ion study was carried out by contacting WVP with the ions

Cr(II) under different conditions for 60 minutes in glass tube. The uptake of metal study

was carried systematically and at temperature 30oC to evaluate effect of

ose, contact time on adsorption of metal ions. The effect of temperature on

the adsorption was carried out in order to study the thermodynamics of the process.

Each study was conducted in thermo stated water bath and the residual metal ions were

The amount of metal ions adsorbed from solution was determined by

The concentration of metal ion solution were determined from calibration

curve spectrophotometrically (shimatzu-1211) at their respective wavelength i.e. Iron

Result and discussion

The magnitude of the temperature effects for the adsorption process is one of the most important

criteria for the efficient removal of heavy metals from the waste water[12]

WVP at different temperature indicates decrease in adsorption with

from 308K to 318. This effects may attributes to a negative temperature

efficient of solubility of the solute or to a steep simultaneous decrease of real adsorption of

solvent. The effect of temperature on adsorption of metal ion on WVP is given in figure 1
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Figure No. 1.1 Effect of Temperature on Adsorption of Adsorbate:

Effect of Contact Time:

In adsorption studies, effect of contact time plays vital role irrespective of the other

experimental parameters affecting adsorption kinetics and dynamics. The adsorption studies

were carried vout at different contact time at constant

Chromium with fixed dose of adsorbent .In the present investigation it is observed that at initial

stage adsorption is rapid and become slow and get stagnated with increase in time. This may be

due to immediate solute adsorption on the surface of adsorbent with subsequent slow removal of

the remaining amount of metal ions. Similar findings are also reported by other researchers

The effect of temperature on adsorption of metal ion on WVP is given in figure 2

Figure 1.2 :Effect of Time on Adsorption of Adsorbate:
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Figure No. 1.1 Effect of Temperature on Adsorption of Adsorbate:

In adsorption studies, effect of contact time plays vital role irrespective of the other

experimental parameters affecting adsorption kinetics and dynamics. The adsorption studies

were carried vout at different contact time at constant initial concentration of Iron ,Copper and

Chromium with fixed dose of adsorbent .In the present investigation it is observed that at initial

stage adsorption is rapid and become slow and get stagnated with increase in time. This may be

lute adsorption on the surface of adsorbent with subsequent slow removal of

the remaining amount of metal ions. Similar findings are also reported by other researchers

The effect of temperature on adsorption of metal ion on WVP is given in figure 2
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Figure No. 1.1 Effect of Temperature on Adsorption of Adsorbate:

In adsorption studies, effect of contact time plays vital role irrespective of the other

experimental parameters affecting adsorption kinetics and dynamics. The adsorption studies

initial concentration of Iron ,Copper and

Chromium with fixed dose of adsorbent .In the present investigation it is observed that at initial

stage adsorption is rapid and become slow and get stagnated with increase in time. This may be

lute adsorption on the surface of adsorbent with subsequent slow removal of

the remaining amount of metal ions. Similar findings are also reported by other researchers(14)

The effect of temperature on adsorption of metal ion on WVP is given in figure 2

gure 1.2 :Effect of Time on Adsorption of Adsorbate:
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Effect of Adsorption dose:

Effect of adsorption dose plays an important role in standerdisingthe adsorption process with

quantification of adsorbate solution and the adsorbent. The present study re

adsorbent dose increase from 1 gm to 5 gm, the removal efficency of all free metal ions increase

on the surface of WVP as shown in figure 3. The incease in adsorption with increase in WVP

dose may be attributed to the increase in the avai

concentration of the adsorbent .

Figure1.3 :Effect of adsorbent dose on removal of metal ion

The adsorption isotherm is a graphical representation of amount of substance adsorbed

the residual concentration of the adsorbate in the solution

range of adsorbate concentration and adsorbent doses were analysed using Langmuir and

Freundlich isotherm in order to find the adsorption capacity of WVP

suggested that the ratios of the amount of solute adsorbed onto a given mass of adsorbent to the

concentration of the solute in the solutions are not constant at different concentration of

solution[16].The Freundlich isotherm was

and computer programming in EXCELL.The value of regression coefficient r

close to one which indicates the good correlation exists between log X/m and log c .The

Langmuir mode(17) represents monolayer adsorption on a set of distinct localized adsorption sites

having the same adsorption energies.The essential characteristics of Langmuir isotherm is
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Effect of adsorption dose plays an important role in standerdisingthe adsorption process with

quantification of adsorbate solution and the adsorbent. The present study re

adsorbent dose increase from 1 gm to 5 gm, the removal efficency of all free metal ions increase

on the surface of WVP as shown in figure 3. The incease in adsorption with increase in WVP

dose may be attributed to the increase in the availability of active sites or surface area at higher

concentration of the adsorbent .

Figure1.3 :Effect of adsorbent dose on removal of metal ion

Adsorption Isotherms

The adsorption isotherm is a graphical representation of amount of substance adsorbed

the residual concentration of the adsorbate in the solution(15).The adsorption data for a wide

range of adsorbate concentration and adsorbent doses were analysed using Langmuir and

Freundlich isotherm in order to find the adsorption capacity of WVPadsorbateFreundlich theory

suggested that the ratios of the amount of solute adsorbed onto a given mass of adsorbent to the

concentration of the solute in the solutions are not constant at different concentration of

.The Freundlich isotherm was verified by using least square fit and regression analysis

and computer programming in EXCELL.The value of regression coefficient r

close to one which indicates the good correlation exists between log X/m and log c .The

represents monolayer adsorption on a set of distinct localized adsorption sites

having the same adsorption energies.The essential characteristics of Langmuir isotherm is
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Effect of adsorption dose plays an important role in standerdisingthe adsorption process with

quantification of adsorbate solution and the adsorbent. The present study reveals that as the

adsorbent dose increase from 1 gm to 5 gm, the removal efficency of all free metal ions increase

on the surface of WVP as shown in figure 3. The incease in adsorption with increase in WVP

lability of active sites or surface area at higher

Figure1.3 :Effect of adsorbent dose on removal of metal ion

The adsorption isotherm is a graphical representation of amount of substance adsorbed against

.The adsorption data for a wide

range of adsorbate concentration and adsorbent doses were analysed using Langmuir and

adsorbateFreundlich theory

suggested that the ratios of the amount of solute adsorbed onto a given mass of adsorbent to the

concentration of the solute in the solutions are not constant at different concentration of

verified by using least square fit and regression analysis

and computer programming in EXCELL.The value of regression coefficient r2 found to be very

close to one which indicates the good correlation exists between log X/m and log c .The

represents monolayer adsorption on a set of distinct localized adsorption sites

having the same adsorption energies.The essential characteristics of Langmuir isotherm is

copper

chromium
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expressed in terms of dimensionless constant separation factor or equilibrium fa

indicative of the isotherm and is indicative of the nature of the isotherm and is enlisted below as:

RL value

RL > 1

RL = 1

0 <RL

R = 0

The adsorption of all three metal ions are favorable on to the surface WVP as R

present study falls in the O <R

Thermodynamic parameters evaluates the nature of adsorption of adsorbate and its

magnitude during adsorption process . The change in Gibbs free energy( G) , enthalpy changes

( H) and entropy change ( S) were calculated and are s

Table 1 .

According to Laura[19]

between adsorption site and metal ions is physical adsoption. In the present investigation G

values of Fe(III), Cu(II) , and Cr(II) are below

negative value of H indicates exothermic process. Our observation supported by Soon

Yong.et.al[20]. The positive value of S suggest increased randomness at t

interface solvent molecule which are displayed by the adsorbed species gain more translational

entropy than was lost by the adsorbate ions Furthermore before adsorption process takes place

the adsorbateions are heavily solvated (the system

when the ions are adsorbed on the surface due to release of solvated water molecules.
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expressed in terms of dimensionless constant separation factor or equilibrium fa

indicative of the isotherm and is indicative of the nature of the isotherm and is enlisted below as:

value Types of Isotherm

> 1 Unfavorable

= 1 Linear

L< 1 Favorable

R = 0 Irreversible

metal ions are favorable on to the surface WVP as R

present study falls in the O <RL< 1 and is agreement with findings of Lodha et al

Thermodynamic parameter

Thermodynamic parameters evaluates the nature of adsorption of adsorbate and its

magnitude during adsorption process . The change in Gibbs free energy( G) , enthalpy changes

( H) and entropy change ( S) were calculated and are summarized in the tabular form in

[19] G upto -15 KJ/ mole are connected with physical interaction

between adsorption site and metal ions is physical adsoption. In the present investigation G

f Fe(III), Cu(II) , and Cr(II) are below -15 KJ/mole indicates physical adsorption. The

negative value of H indicates exothermic process. Our observation supported by Soon

. The positive value of S suggest increased randomness at t

interface solvent molecule which are displayed by the adsorbed species gain more translational

entropy than was lost by the adsorbate ions Furthermore before adsorption process takes place

the adsorbateions are heavily solvated (the system is more ordered) and this order may be lost

when the ions are adsorbed on the surface due to release of solvated water molecules.
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expressed in terms of dimensionless constant separation factor or equilibrium factor RL which is

indicative of the isotherm and is indicative of the nature of the isotherm and is enlisted below as:

Types of Isotherm
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< 1 and is agreement with findings of Lodha et al(18)

Thermodynamic parameters evaluates the nature of adsorption of adsorbate and its

magnitude during adsorption process . The change in Gibbs free energy( G) , enthalpy changes

ummarized in the tabular form in

15 KJ/ mole are connected with physical interaction

between adsorption site and metal ions is physical adsoption. In the present investigation G

15 KJ/mole indicates physical adsorption. The

negative value of H indicates exothermic process. Our observation supported by Soon-

. The positive value of S suggest increased randomness at the solid-liquid

interface solvent molecule which are displayed by the adsorbed species gain more translational

entropy than was lost by the adsorbate ions Furthermore before adsorption process takes place

is more ordered) and this order may be lost

when the ions are adsorbed on the surface due to release of solvated water molecules.
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Table 1 :- Thermodynamic parameters at different temperature.

Adsorbate Temprature/K

Iron

303

308

313

Copper

303

308

313

Chromium

303

308

313

It has been proved that activated WVA is an excellent adsorbent

ions from aqueous solution under certain physiochemicals conditions. The result indicates the

potentially practical value of WVA as adsorbent. The dimensionless equilibrium parameter R

found to be in the range between 0 to 1 is

thermodynamic parameters G, H and S shows spontaneous process.
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It has been proved that activated WVA is an excellent adsorbent for removal of heavy metal

ions from aqueous solution under certain physiochemicals conditions. The result indicates the

potentially practical value of WVA as adsorbent. The dimensionless equilibrium parameter R

found to be in the range between 0 to 1 is indicative of favorable adsorption onto the surface of

thermodynamic parameters G, H and S shows spontaneous process.
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