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ABSTRACT

The application of carbonized senna uniflora (ids a biosorbent for the removal of copper ior@rfraqueous
solutions was investigated. Batch adsorption stwdieowed that senna uniflora(mill.) was able tocadsCu(ll)
ions from aqueous solutions in the concentrationge of 100 — 200 mg’L The adsorption kinetics tested with
pseudo-first-order and pseudo- second- order mogielsled high Rvalues. The thermodynamic parameters such
as standard Gibb’s free energy@’), standard enthalpy4H®) and standard entropyA&’) were evaluated by
applying the Van't Hoff equation. The thermodynanatCu(ll) adsorption onto SUC indicates its spoous and
endothermic nature. Desorption studies were doriegugarious concentrations of HCI solution. HCI stdn of
higher concentration shows maximum desorption peegge. The carbonized senna uniflora (mill.) wasfibto be
cost effective and has good efficiency to remopg@oions from aqueous solution.
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INTRODUCTION

Heavy metal pollution is an environmental problehworldwide concern. The heavy metals, such as,leapper,
cadmium, zinc and nickel are among the most compalfutants found in industrial effluents. Even atwl
concentrations, these metals can be toxic to osgamcluding humans[1]. Copper(ll) is known to heewf the
heavy metals and widely used in many industriekiding metal cleaning and plating, paper boarchtpd circuit
board, wood pulp, fertilizer, paints and pigments.[8] The effluents in these industries usuallyntain a
considerable amount of copper, which spreads ih® énvironment through soils and water streams and
accumulates along the food chain, resulting ingh hiisk to human health, as high concentrationsogiper will
cause stomach upset and ulcer, mental retardameeahd brain damage, and so on. As copper(ll¥ dme degrade
biologically, the control of Cu(ll) pollution hagpecial importance for both organisms that livevaters and those
that benefit from waters.

Different methods of treating wastewaters contgjnireavy metal ions have been developed over yehishw
include coagulation, ion- exchange, membrane s&parareverse osmosis, solvent extraction, chemical
precipitation, electro flotation, etc. Among thesethods, adsorption is a much preferable techrfiguthe removal

of heavy metals from polluted waters compared heist due to ease of operation and cost- effectivesss.

In recent years, considerable attention has beeusénl on the removal of copper from aqueous soluiging

adsorbent derived from low-cost materials. Sevadabrbents such as saw dust, silica and iron oge&leage sludge
ash, anatase-type titanium dioxide, olive mill desis, inorganic colloids, blast furnace sludge aativated carbon
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have been used for the treatment of Cu(ll)-ricHuefits at the solid-solution interface. The plaekested for
adsorption of Cu(ll) ions in this study is senndflora (mill.). In India it was first reported frodarnataka and also
in parts of Maharastra. It is a new plant recordTfamilnadu. It is probably introduced in wastegals, both urban
and rural seen as aggressive colonizer. Sennatai used in relieving inflammatory pain, an gtgiinto the
development of new agents for treating inflammatdiseases. Carbonized senna uniflora (mill.) i©w tost
adsorbent material. The present paper investigatetgtail, the adsorption of copper by carbonigedna uniflora
(mill.). The paper attempts to examine the reuseasbonized senna uniflora(mill.) as an adsorbfentthe
contaminated water bodies. In this study the nafteeoadsorbent is abbreviated as SUC.

EXPERIMENTAL SECTION

2.1 Preparation of Adsorbent

The plantsenna uniflora(mill.)was collected , cut into small pieces and driedhim absence of sunlight. It was
treated with concentrated sulphuric acid in thsorat3. It was washed with distilled water repedteo remove the
free acid completely. It was then kept in a hotaien at 120C. The dried adsorbent material was sieved using
nylon sieves of sizes <75, 75-95, 95-150 and 2BD4um . The particle size of <75um was used inptlesent
study.

2.2 Adsorbate Solution
A stock solution of Cu(ll) (1000 mgt) was prepared by dissolving CuS&H,0 in distilled water. The solution
was further diluted to the required concentratibefore use.

RESULTS AND DISCUSSION

3.1 Batch Adsorption Experiments

Adsorption experiments were carried out in batcb&§0 ml of 200 mglL* of copper(ll) solution with 0.2g of
carbonized senna uniflora(mill.). pH of the solatiwvas kept at 2.37 for all experiments.. The terajpee of the
experiments was maintained at 305 K+l except farntodynamic study. The solutions were shaken in a
mechanical rotary shaker at 225 rpm for predetezthtime.

The percentage of Cu(ll) ions adsorption by SUC w@sputed using the equation:
% adsorption ={C-G/C ¥»100 1

Where Gand G are the initial and equilibrium concentration af(€@) ions (mgL™") in solution. Adsorption capacity
O, at specific time, t, was calculated by the folilogvequation

a=(G-C)VIW >

where qis the adsorption capacity (mg/g), i€ the initial concentration of metal in solutigmg L?), C, is the
equilibrium concentration of metal in solution (g), V is the volume of metal ion solution (L) andigthe weight
of the adsorbent (Q).

3.2 Kinetic study

Kinetics of the adsorption process have been etedufor this work. This study describes solute kpteate and
evidently these rate controls the residence timeaddorbate uptake at the solid liquid interface[Rinetic

experiments were conducted to assess the time fakdéime equilibrium to be obtained. The adsorpfot reveals
that the rate of percent adsorption of Cu(ll) ieitially high which is probably due to the aldility of larger
surface area of SUC for the adsorption of Cu(lfjsioAs the surface adsorption sites become exiubee rate of
uptake is controlled by the rate of transportrfrthe exterior to the interior site of the adsothgauticles. In all
subsequent experiments the equilibrium time is taaied at 240 min, which was considered sufficilemtthe

removal of Cu(ll) by SUC. The rate of kinetics oG was analyzed using pseudo-first-order, pseudorse

order. The conformity between experimental data #medmodel predicted values was expressed by atioel
coefficient (R)
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3.3 Pseudo-first-order model
The pseudo-first order model was proposed by Lagar@ 1898 for the adsorption of solutes fromamiild. The

rate equation is

dajdt=k@ea) e €

Integrating equation (1) and applying boundary ¢ioas t=0 to t=t and =0 to g=q, the integratedni of
equation (1) becomes

Log (g-q) =log (¢ )-k*¥/2.303 e 4)

where q is the amount of metal ion adsorbed at equilibripgm unit weight of adsorbent (mg/g),igithe amount of
metal ion adsorbent at a given time(mg/g) andskhe rate constant (mth of first order adsorption. This is the
most popular form of pseudo-first order kinetic rebequation. In order to obtain the rate constiduet straight line
plots of log (@) against t, for different initial concentrations @u(ll) ions have been analyzed (figl & 2). The
rate constant (4% adsorption capacity {§ and correlation coefficient fRvalues have been calculated from these
plots and presented in table 1.
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Fig. 1. Pseudo-first-order kinetic plots for the adorption of Cu(ll) ions at 305 K using 150 mg [* of copper solution

Table 1 Pseudo-first-order kinetic modefor the adsorption of Cu(ll) ions on SUC at 305 +K.

Adsorbent| Cu (Il) Conc(mgd | g (mg/g) | KkX10° | R?
15C 4.764: 0.690¢ 0.94:
175 8.5901 1.3818 0.91B

The table 1 indicates that the correlation coedfitiR in this model lies between 0.913 and 0.943.Theliegiuim
adsorption capacity.gand rate constant;dncreases with increase in concentration of cogptrtion. Therefore, it
is predicted that pseudo-first-order kinetic modtaild be applied to the present study.

3.4 Pseudo-second order model
The rate constant for the adsorption of metal ionS&JC was determined by Lagergren equation. Thigtgon

modified by Ho and McKay and the differential etioa for this reaction is

da/dt =k (G- )> (5)
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where k is the second order rate constant of adsorptiog{gnn™)

Integrating Equation(5) for the boundary condititn8 to t=t and g0 to g= g,

U(e-gy=Ua+kt s (6)
Equation (6) can be rearranged to obtain

Vq=1/ka? +1% G e @)

h=leq? s @)

where, gand ¢ are milligrams of solute adsorbed per gram obauknt at time t and at equilibrium respectively.
ks is the rate constant of the second order adsorptids the initial sorption rate(mg/g min). It pse-second order
kinetics is applicable, the plot of t{ s t of equation (7) should give a linear relasioip and g and k can be
determined from the slope and intercept of the mepectively. Figures (3) shows Pseudo-second ondeel for
the adsorption of Cu (11) ions of concentrations0and 175 mg/ton SUC at 305 K
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Fig. 2. Pseudo-first-order kinetic plots for the adorption of Cu(ll) ions at 305 K using 175 mg [* of copper solution
The values K h were calculated from the pseudo-second-ordeteirand reported in table 2

Table 2 Pseudo-second-order kinetic modébr the adsorption of Cu(ll) ions on SUC at 305 K.

K2
Cu (Il) Conc. O . h 2
Adsorbent , /mg min ) R
(mgh) | (maig) | 99| (mgig min)
suc 150 31.25 0.726241 7.09219 0.9p7
175 32.25806 0.280994 2.92397) 0.997

The correlation coefficient @R values for this model is very high found i.e? R 0.997 which is very ideal
correlation coefficient value to be a perfect modétnce it can be established that the adsorptic@ugll) ions
onto SUC perfectly follow the pseudo-second-ordeetic model.
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Fig. 3. Pseudo-second-order kinetic plots for thedsorption of Cu(ll) ions at 305 K
3.5 Thermodynamic Parameters
According to the values of thermodynamic parametiien spontaneity of adsorption process will beeweined.
AG’ can be calculated using the reaction [2]:
AG’=-RTInb 9)

AH® andAS® were calculated from the slope and intercept eflithear plot of In b versus 1/T fig 4 accordinghe
Van't Hoff equation. Obtained thermodynamic parasretre listed in table 3.
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Fig. 4. Van't Hoff plot for the adsorption of Cu(ll) ions by SUC

212



T. Nalini et al J. Chem. Pharm. Res., 2013, 5(2):208-215

Table 3Thermodynamic parameters for the adsorption of Cu(l) ions on SUC

Adsorber | T (Kelvin) AG° AH° AS°
305+1 -2.69645|
sSucC 315+1 -2.00919 0.823327| 10.81814
325+1 -2.76334]

AH® was positive value, suggesting endothermic rear The positive value ofAS° suggests the increased
randomness at the solid/solution interface durirggadsorption of Cu(ll) onto SUC. The negative galhG® imply
the spontaneous nature of the adsorption procesthef the decrease in the valuesA@® with the increasing
temperature indicates the adsorption was more apentis at higher temperatures. This indicates ghlag¢tte!
adsorption is actually obtained at higher tempees

3.6 Desorption study
Desorption study help to elucidate tmechanism of adsorption and recover precious métais wastewater an

adsorbents[4]The desorption of Cu(ll) ions from SUC was perfed usin various solvents such as HCI, Hls,
NaCl and EDTAto remove the bound Cu(ll) i¢[5]. The Cu (Il) ion loade@dsorbent SUC after adsorption proc
was collected and gently washed with distilled waeremove any L-adsorbed Cu(ll) ions. Then these adsorb
were dried and reused for batchmode desorptiorepsod he result of the desorption studies is shin fig (5)

SUC

Fig. 5. Desorption efficiencies of Cu(ll) ions fronSUC by various solvent (HCI, HNO3, NaOH and EDTA of 0.1M concentration

From fig 5, it can be seen thdilaOH and EDTA had the least percentage of desorgsocompared with oth

solvents such as HCIl and HNO'his is because NaOH and EDTA Can desorb Cuffl} ithat are weakly bond

to the surface of SUC. Thereforanly a small fraction of the Cu(ll) ions heldttee adsorbent are attached by w

bonds to sorption sites. Theoiganic acids HCI and HN\; were foundto desorb quite a high percentage of CL

ions from SUC. This indicates that the adsorptib©o(ll) ions onto SUC is by ion exchange mechani$ims is

confirmed by repeating the desorption test witledént conentrations of HCI solutior. HCI of concentration
0.025M, 0.05 M and 0.1M were used as solventsHisrtes[6]. The result of this desorption analysis is show
fig 6 and table 4.
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Fig. 6. Desorption efficiencies of Cu(ll) ions from SUC i various concentrations of HCI 0.1M, 0.05 M and 0.025 I

Table 4Desorption of Cu(ll) ions from SUC by variousconcentrations of HC

% of desorption
0.025M HCI | 0.05M HCI | 0.1M HCI
34.66981 46.93396 54.71698

From table 4 it is observed thidte desorption percentage increased with increasingentrations of HCI soluti
from 0.025M to 0.1M.The maximum desorption of Cu(ll) ions tc place using 0.1 M HC On increasing the
concentration of HC$olution, the hydrogen ion concentration also iases which leads to increase in the exch:
of hydrogen ion for Cu(ll) ions in solution[! This confirmsthat the adsorption of Cu(ll) ions onto SUC is byg-
exchange mechanism.

CONCLUSION

This workclearly indicates the potential of using carbonizedna uniflora(mill.) as an excellent adsorbenttfe
removal of Cu(ll) ions from aqueous solutions.. Thaction rate increased with an increase in teatpes. The
kinetic studies indicated that thésorption oCu(ll) ions on SUC followedboth pseud- first and pseudo-second-
order modelsAmong these two models ,the best fit data was @ksgein pseud-secon-order model than first-
order model The adsorption dynamic studies indicated that tbgative value ofAG® and positive value oAH°
obtained confirms that Cu adsorption is a spontagemnd an endothermic process. From this studpvesg of
Cu(ll) from used SUC wasfficient using various concentrations HCI. On inceasing the concentration of H,
the desorption percentage also increi The overall results indicated thie carbonized senna uniflora(mill.) i
suitable adsorbent for the removal of Cu(ll) ior@i aqueous solution in terms of low cost, natand abundant
availability.
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