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ABSTRACT

In the present study, commercially activated carba@s investigated as a adsorbent for the removabpper ions
from aqueous solutions. Batch adsorption studiesveldl that commercially activated carbon was abledsorb
Cu(ll) ions from aqueous solutions in the concetirarange of 100 — 200 mg'L The adsorption was favoured
with maximum adsorption at pH 5, whereas the adsmmpstarts at pH 1. The effects of contact timmtjal
concentration of metal ions and adsorbent dosageehbeen reported. The applicability of Langmuir and
Freundlich isotherms were tried for the systemdmpletely understand the adsorption isotherm preegsAmong
these two isotherm models, the adsorption of Cigh¥ on SUC fits very well with Langmuir adsorptisotherm
which indicates the monolayer adsorption procedse Tommercially activated carbon was found to bst co
effective and has good efficiency to remove cojgper from aqueous solution.
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INTRODUCTION

The presence of toxic heavy metals in industritients has become a matter of environmental con€awpper(ll)
is known to be one of the heavy metals and widskduin many industries including metal cleaning plading,
paper board, printed circuit board, wood pulp,iliegr, paints and pigments, etc.[1].The efflueintshese industries
usually contain a considerable amount of copperctwispreads into the environment through soils ewader
streams and accumulates along the food chain,tirgguih a high risk to human health, as high comegions of
copper will cause stomach upset and ulcer, meetatdance, liver and brain damage, and so on. pgez@l) does
not degrade biologically, the control of Cu(ll) llption has special importance for both organisimat tive in
waters 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 techrfiguihe removal

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

In recent years, considerable attention has beemsénl on the removal of copper from aqueous soluiiing

adsorbent derived from low-cost materials. Sevadabrbents such as saw dust, silica and iron og@&leage sludge
ash, anatase-type titanium dioxide, olive mill desis, inorganic colloids, blast furnace sludge aativated carbon
have been used for the treatment of Cu(ll)-richuefits at the solid-solution interface. The mateselected for
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adsorption of copper (ll) ions in this study is aaercially activated carbon. It is purchased commaélycfrom a
scientific company. Commercially activated carbsmilow cost adsorbent material. The present papestigates,
in detail, the adsorption of copper by activatedboa. In this study the name of the adsorbenbiseviated as AC.

MATERIALS AND METHODS

2.1 Purchasing of Adsorbent
Activated carbon is purchased commercially fromcRien Scientific Company, Tiruchirappalli, Tamibha India.

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

2.3 Batch Adsorption Experiments

Adsorption experiments were carried out in batcb&§0 ml of 200 mglL* of copper(ll) solution with 0.2g of
commercially activated carbon. pH of the soluticasvkept at 4 for all experiments unless otherwisatianed. The
pH values of solutions were adjusted with dilutel W€ NaOH solution by using Systronics digital preter 335

with combined glass electrode. The temperaturb@ekperiments was maintained at 305 K+1. The isoisitwere

shaken in a mechanical rotary shaker at 225 rpn6@minutes to study the effect of pH, carbon desagd

concentration and then filtered using whatmanndidfilter paper and copper concentration was meashy using

Systronics spectrophotometer.

To examine the effect of pH, adsorption experimevdse conducted at different pH ranging from 1 tat 200 mg
L-* of Cu (Il) solution. The optimum pH was determinfedm this study."'The adsorption studies were also
conducted in batch experiments as function of dmsur dosage (0.1g to 0.8g) and metal ion concéorsat
(50,100,150,200,250,300mg').for maximum adsorption.

The percentage of Cu(ll) ions adsorption by SUC e@sputed using the equation:
% adsorption ={¢-CG/C 100 (1)

Where Gand G are the initial and equilibrium concentration af(@) ions (mgL") in solution. Adsorption capacity
was calculated by using the mass balance equatidhé adsorbent

EG-QVW 2}

where q is the adsorption capacity (mg/g),i<the initial concentration of metal in solutiémg LY, C. is the
equilibrium concentration of metal in solution (@), V is the volume of metal ion solution (L) andigthe weight
of the adsorbent (Q).

RESULTS AND DISCUSSION

3.1 Effect of pH

pH of the solution is the most important parametféecting metal ion adsorption. This is becauserbgen ion
competing with the positively charged metal ionstioa active sites of the adsorbent[2]. The effdgbld on the
adsorption of Cu(ll) ions on AC has been studied/dnying it in the ranges of 1 to 5 as shown in(fi} As shown
in fig (1), the uptake of Cu(ll) ions depends on, pHincreases with the increase in pH reachingrtfaximum
adsorption at pH 5. Above pH 5 precipitation of Quifns occured.
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Fig. 1. Effect of pHon the adsorption of Cu(ll) ions (initial concentraion = 200 mg L*, temperature = 305 K, contact time = 60 min an
adsorbent dosage = 4.0g/L)

3.2 Effect of Adsorbent Dosage

The adsorption studies of Cu(ll) ions AC were done at 305 * 1 Kemperature by varying the quantity
adsorbent fromD.1 to 0.8g while keeping the volume of the metalson constant at pt4. The influence of
adsorbent dosage in percent adsion of Cu(ll) ions is shown in fig (2).
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Fig. 2. Effect of adsorbent dosage on the adsorptiaf Cu(ll) ions (initial concentration = 200 mg L?, temperature = 305+ 1K, contact
time = 60 min and pH 4.0)

The results from fig 2 indicatabat the adsorption increased with the increase¢héndose of the adsorbent. 1
increase in the adsorption percentage is due tintliease in active sites on the adsorbent andrialéng easie
penetration of the mekions to the adsorption si.

154
Pelagia Research Library



T. Nalini et al Der Chemica Sinica, 2013, 4(2):152-158

3.3 Effect of Initial Cu(ll) i on Concentratior

In batch adsorption processes, the initial metaldoncentration of metal ions in the solution playkey role as

driving force to overcome the mass transfer resestzbetween the solution and scphasf?. The effect of initial
metal ion concentration ranging from -300 mg/L*on AC was studied by taking different concentrations
CuSQ solutions at pH Awhile keeping the dosage of the adsor 4g/L constant and temperature at 305+ 1
This result is shown in fig (3)
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Fig. 3. Effect of initial metal concentration on the adsgption of Cu(ll) ions (contact time = 60 min,pH 4.0,temperature = 30'+ 1 K, and
adsorbent dosage = 4.0g/L)

It is indicated from the fig(3) that the percent adsorption decreases with the deeref initial metal iol
concentration. As a result of the above observatiirns indicated that the adsorption processuffifions onAC
has to be dependent on concentration of the n@tisolution up to some extent.

3.4 Adsorption Isotherm:

The equilibrium adsorption isotherms are of fundarakeimportance for the design of adsorption systsince the
predict how metal ions will partition between admort and liquid phases at equilitm as a function of metal
concentration.

The simplestidsorption isotherm is based on the assions that every adsorption sis equivalent and that the
ability of a particle to bind there is independefitwhether or not adjacent sites are occupLangmuir and
Freundlich isotherm are commonly used in batch gudi®m studie. Hence these two isotherms have been zed
for Cu(ll) ion adsorption.

3.5 Langmuir Isotherm

This model assumes that the adsorptions occur etifsp homogeneous sites ohe adsorbent and is used
successfully in many monolayer adsorption procq{3] The data of the equilibrium studies fcdsorption of Cu(ll)
ions onto ACmay follow the following form of Langmuir mol:

Cdge=(1/Q*Ce+1bQ e ()

Where G is the equilibrium concentration ( mg/®); o is the amount of Cu(ll) ions adsorbed at equilibr
(mg/g); Q and b are Langmuir constants related to adsormiamacity(mg/g) and energy of adsorption ¥mg)
which reflects quantitatively the affinity betwedime adsorbate and adsorbent. The valueQ, and b can be
obtained from the slope and intercept oflot of CJ/ge against Ce respectively. Fig @ows Langmuir isotherm
model for Cu(ll) ions on AC.
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langmuir isotherm for Cu using ac
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Fig. 4. Langmuir adsorption isotherm plot for the adsorption of Cu(ll) ions at 305+1 K

Table 1 Langmuir adsorption isotherm parameters anccorrelation coefficients for the adsorption of Cull) ions on AC at 305+1 K.

Langmuir Parameter
Qo 52.63158
b 0.016464
R 0.956

The high value of correlation coefficienf fRom table 1 indicates that the adsorption of Quih by AC follows
Langmuir isotherm model. The table 1 afyges information about the adsorption capacity) (@d energy of
adsorption b of AC.

The essential characteristics of Langmuir isotheam be expressed in terms of a dimensionless curstparation
factor or equilibrium parameter, Rwhich is defined by[1],[4]

RO=V@G) @)

Where b is the Langmuir isotherm constant apdsGhe initial Cu(ll) concentrations. Rvalue indicate the type of
isotherm. The adsorption process as function pfniy described as[4]

R >1 unfavourable

R =1 Linear

0< R <1 favourable

R =0 irreversible

R, values were calculated for AC for the adsorption @1 1l) ion and are shown in fig (6)
In the present study, the calculated \Rlue for adsorption of Cu(ll) ions on AC obtainad305 +1 K based on

Langmuir isotherm for the adsorption of Cu(ll) ionto AC was found to be 0< R1 and this indicates a highly
favourable adsorption within the concentration n§50 — 500 mgt [6]
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Fig. 5. Plot of R Vs. initial Cu(ll) concentration
3.7 Freundlich model

The Freundlich model can be applied for non-idegbon on heterogenous surfaces and multilayeoradisn. It is
expressed by the following equation

Qe = Kf Ce L — (5)
The equation may be linerized by taking logarithms

log (ky=1/nlog G+1log(K) s (6)

The Freundlich intensity of adsorption (1/n) andagtion capacity Kwere calculated from slope and intercept of
the plot of log (@) against log (9 respectively which is shown in Fig (7).
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Fig. 6. Freundlich adsorption isotherm plot for theadsorption of Cu(ll) ions at 305+1 K
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Table 2 Adsorption isotherm model parameters and awelation coefficients for the adsorption of Cu(ll) ions on AC at 305+1 K.

Freundlich Parameters
1/n 0.395

Ke (ma/g) 4.7973
R’ 0.987

From the table (2), the Freundlich constant, 1émating the intensity of adsorption indicates aofaable
adsorption since 1/n < 1 [5],[6] the adsorptionsCaf(ll) ions onto AC studied had been more favoleahhe
adsorption capacity (§ obtained for different adsorbents has been coatg@r among them AC shows highest
value of adsorption capacity.

CONCLUSION

This work clearly indicates the potential of usiagtivated carbon as an excellent adsorbent forghval of
Cu(ll) ions from aqueous solutions. The amount ofl} ions adsorbed onto the AC increased withrasrgase in
pH and dosage of adsorbent. The optimum pH wasdf@aspH 5 for the removal of Cu(ll) ions by AC. On
increasing the adsorbent dosage, the adsorpti@emp@ige also increases. The equilibrium data walyzed for the
Langmuir and Freundlich isotherm model. Among these isotherms, Freundlich isotherm fitted well hwithe
experimental data than Langmuir isotherm. This icorsf the multilayer adsorption of Cu(ll) ions on ATaking
into consideration of the above results, it carcbecluded that the activated carbon is a suitatié®dent for the
removal of Cu(ll) ions from aqueous solution imterof low cost and natural material.
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