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ABSTRACT

Removal of heavy metals from industrial wastes has been an important environmental research area. In the present
study a mixture of two different types of biosorbent for removal of copper from water was investigated. Three types
of biosorbents were tested i.e. EG, UA and a combination of both (EG+UA). The batch scale studies were carried
out to study the effect of pH, metal concentration and contact time on adsorption capacity. Maximum removal
percentage of Cu (I1) by EG was about 99% at pH 5 UA and EG+UA got the maximum removal of Cu of about
68%, 74% at pH 8 respectively. In the metal concentration studies EG and UA adsorbed the increased
concentration of Cu (I1), the combination of adsorbents showed 79.8% adsorption for Cu at 100mg/L and for other
concentrations of 200mg/L, 300mg/L, 400mg/L and 500mg/L it showed 68.6%, 67.6%, 58.8 and 57.1% respectively.
The maximum Cu (1) removal exhibited by the EG+UA combination was 79.85% obtained for the optimal contact
time of 120 min. EG showed Cu (I1) removal was maximum up to 99% and UA showed the removal was maximum
up to 84% with the contact time 120 min. The morphology characterization of the three adsorbent systems was
investigated using the Scanning Electron Microscope (SEM). The Langmuir isotherm was found to be the best-fitting
isotherm which indicates the experimental values match with the theoretical reported values. In the kinetic studies
the higher R? values confirm that the adsorption data are well explained by pseudo second order kinetics.
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INTRODUCTION

Heavy metals are widely distributed in the enviremtnand ecologically important due to their higbeleof toxicity
for living organisms including human beings [1].Mtnnmental pollution due to the industrial wasie®ecause of
their high content of several heavy metal ions. g&wgs one of the major heavy metal ions from thaustrial
effluent. Copper is essential to human beings esceonutrient in our diets. The uptake of coppeektess doses
may lead to serious kidney failure and liver digeas humans. Water is polluted in many ways likBueht of
leather, dye, chemical and electroplating industrie reduce the environmental pollution due tohltbhavy metal
accumulation, particularly naturally existing elethen earth-copper, it is essential to decreasedheent of Cu in
various situationsindustries and sewage treatment plants releasedpger to water and make them polluted.
Different methods are available to remove heavyaisdiefore discharging into the environment [2]séugbtion is
one of the cost effective and also eco friendlyhudtfor the removal of copper ion from the wasteéensmeven at
very low concentration [3, 4].

205
Scholar Research Library



Sivaraman Jayanthi et al Der Pharmacia Lettre, 2015, 7 (3):205-213

Egg shells in the form of Calcium Carbonate (CgCi@t as an agent in the removal of heavy metals fwater and
soil. Researchers have shown that derivatives fegig shell waste can be used to effectively rem@xersal
divalent metal ions, such as lead, cadmium andegppm aqueous solution [5, 6]. Egg shell wastadd be used
as an alternative to CaG@r the immobilization of heavy metals in soil§.[Marine algae could be particularly
useful as they are quite abundant in many regibtiseoworld, have metal removal potential [8]. Merigreen algae
have various functional groups of polysaccharigeesteins and lipids on the surface of cell wall gthdetermined
the metal binding capacity [9].

The aim of this work was to evaluate the potemfaimixture of two adsorbent namely egg shell arghalas
biosorbent for Cu metal ions from aqueous solutidrfse adsorption studies were carried out as atifumof
solution pH, different metal concentration and eahtime. The equilibrium data were described leyRheundlich,
Langmuir isotherm models and Kinetics studied amnmared with experimental data. Atomic absorption
spectroscopy (AAS) and scanning electron microsd®®BM) analysis were performed to elucidate theogat®on
mechanism(s).

MATERIALSAND METHODS

Preparation of biosorbent

The eggshells wereollected from a local hatchery wasthey werewashed several times with distilled water to
remove impurities andriedit in oven at 105°C for 24 hours. This was follonwsdsoaking the dried eggshells with
0.1N concentration of sulphuric acid for 30 minut€een washed with distilled water and again diredhot air
oven at 180°C after 24 hours. The eggshells weleepmed in mortar and pestl&he eggshell powder was finally
ready to useThe second adsorbent was Algae used for the preseht.Ulva species were collected from the coast
of Mandapam (Lat.09° 17'N; Long.79° 08'E), Palk Baamil Nadu, India. Algae were washed with distillwater
and kept it for sun light for complete dry. Drielgj@e werepulverized in mortar and pestle. The final algasvder
was used for the study. The third adsorbent wadum@xof one and two in the ratio of 1:1 for the qaet study.
These three biosorbents were nanegd) shell powder ( EG)JIva sp.- marine green alga powder (UA) and a
combination of both powder ( EG+UA).

Preparation of copper solution

The solution of Cu was prepared by diluting a 1Pt stock metal ion solution obtained by dissolvihg3 g of
hydrated copper sulphate (Cug&H,O) in 1000 ml distilled waterAll the chemicals used were of analytical grade
and distilled water was used to prepare the salstio

Experimental Procedure

To determine the optimum conditions for biosorptarCu, the batch biosorption experiments were ootet with
EG powder at room temperature in 250 ml Erlenmdigesks. The effect of pH on the adsorption capacigs
investigated at pH values in the range of 2.0-b§.0sing known volume of 100mg/L (100ppm) Cu saln$.

The desired pH of the solutions were maintainedding HCI or NaOH at the beginning of the experitrand not
controlled afterwards. Adsorbent (EG, UA, 1:1 ratib EG+UA) 0.25g/100ml was added to medium and the
reaction mixture was agitated at room temperatu®@ rpm for 180 min. In the later experiments plkof the Cu
solutions were adjusted to the optimum value (5.0¢0rhe effect of contact time was studied intihee range of
5-360 min. Similarly above, metal solutions witle ttoncentration range of 100-500mg/L (100ppm-50Qppere
used to assess the effect of initial Cu ion conegions. At the end of the adsorption process ddsdrwas
separated from the solution, filtered and analyfpedCu concentration by AAS. Three replicates wesed for each
Cu biosorption experiments and the results giverewre average values.

Equilibrium Studies of Cu (I1) Adsorption

Metal solutions with the concentration range of 480mg/L (100 ppm-500 ppm) were used to assessfibet of
initial Cu ion concentrations. Final Cu concentyati were obtained from AAS. To check the appliégbdf the
Langmuir and Freundlich adsorption isotherms urg@imum conditions obtained. Adsorption quantity \@as

calculated by equation 1:
_ (ci—cf)v

Q.= (1)
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WhereCi and Cf (mg/L) are the liquid-phase concentration of copgteinitial and final, respectively (L) is the
volume of the solution antl (g) is the mass of dry adsorbent used. The Langamidr Freundlich isotherms as
shown in equation 2 and 3 were chosen for the asitim of metal adsorption.

Ce_ 1, )
Qe Qm K1.Qm
In(Q,) = In(Kz) + %In(Ce) 3)

Where Ce = adsorbent concentration at equilibriomg (*); Qe= equilibrium adsorption capacity (mg)g K.
Langmuir adsorption constant (L Mg Q= maximum adsorption capacity (md)gKg= Freundlich constant (L g
1); ne= heterogeneity factor of adsorption sites.

Kinetic Studies of Cu (I1) Adsorption
The kinetic studies were established similar tehakperiments but with various time interval from1®, 15, 30,
60, 120, 180, 240, 300, 360 min.

The linear form of the pseudo first-order rate eiquied [10] is given.
In(ge - qt) = Inge - &k 4)

where, ge (mg/g) and gt (mg/g) are the amountshefretal ions biosorbed at equilibrium and timentnj,
respectively, and k(min'l) is the rate constant of the equatiopwhas determined experimentally by plotting of
In(ge—qt) versus t.

Experimental data were also tested by the pseunmdeorder kinetic model which is given in the diprab [11]:
t 1 t

qt k2qe de

where, k (g/(mg min)) is the rate constant of the pseudmsd-order equation, qt (mg/g) and ge the amount of
metal ions adsorbed at any time t and at equilibrithe linear plot of t=qt versus t for the pseudomnd-order
model for the biosorption of Cu(ll).

SEM

The morphological investigation on the bare EG dampG sample after Cu(ll) absorption and EG corediwith
UA sample after Cu(ll) absorption has been examibgda scanning electron microscope (Model:ULTRA55
FESEM).

RESULTSAND DISCUSSION

There have been numerous studies on the sorptibeafy metals from aqueous solutions by egg shatise. In
the present study the removal of copper ions fromeaus solutions using different biosorbents wasstigated.
Three types of adsorbents viz. EG, UA and a contioinaf both (EG+UA) were tested. We observed #émult as
follows:

Effect of pH

It is well known that pH can affect the protonatiohthe functional groups on the biomass as welthasmetal
chemistry. Figure 1 illustrated that pH obviousifluenced the removal efficiency of the copper ionthe aqueous
solution. The EG maximum removal percentage of IQuMas about 99% at pH 5. The dominant speciesopper
was free Cu(ll) and was mainly involved in the agsion process when the pH was lower than 5. WihenpH
greater than 5, copper ions started to precipdat€u (OHjy, this had been confirmed [12]. UA showed about 68%
removal of copper at pH 8. In case of EG+UA, theimam removal of Cu was about 74% at pH 8 that iinkgh
the reason of precipitation (Figure 1). Effect &f pesults showed that EG have more efficient legaioval of Cu
ion compare with other two biosorbent. The EG+UAtigg better removal of Cu ion compare with UA as
biosorbent. [13] also reported that pH has an itamb role in the adsorption of lignosulfona@mpounds from egg
shell powder.
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Fig. 1: Effect of pH on % removal of copper ion by bioadsor bent

Effect of Concentration

The amounts of copper solutions concentration rarfge00-500mg/L (100ppm-500ppm) were used to agbess
effect of initial Cu ion concentrations. In the ukts showed that EG adsorbed the increased comtiemtrand
slowly decreased in the percentile level. Cu 10Qnaifowed 98.6%, 200mg/L, 300mg/L, 400mg/L and 50Amg
showed 97.2%, 96.5%, 94.6 and 93.7 respectivelyu(Ei 2). UA showed the adsorption for Cu 100mg/L184
200mg/L, 300mg/L, 400mg/L and 500mg/L showed 77.6%9, 59.4 and 54.9 respectively. In the thirdoaldsnt
mixture of both (EG+UA) showed the adsorption fon COOmg/L 79.8%, 200mg/L, 300mg/L, 400mg/L and
500mg/L showed 68.6%, 67.6%, 58.8 and 57.1% reisjgdct
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Fig. 2: Effect of Cu concentration on adsor bent

Effect of contact time

Results from the figure 3 indicated that the optimoontact time was recorded as 120 min for all three
biosorbents and it is said to have reached equilibr Beyond the equilibrium time metal removal skeodwa
decreasing trend. EG showed that percent removaCuwfions 11-99 % in the contact time of 10-120 min
respectively. From 120-360 min, the percentage x@mnof Cu remains constant (99 %), which showed tha
equilibrium was reached at 120 min. Thus the resiliistrated that the optimum contact time for maxm
removal (99 %) of Cu was 120 min. This result ipartant, as equilibrium time is one of the impottparameters
for an economical wastewater treatment system.
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Fig. 3: Effect of Contact time with different adsor bent

In the figure 4, UA showed that Cu removal was é@ased from 46-84 % with the contact time variafrom 10-

120 min. From 120-360 min, the percentage remof/@luodecreasing, this showed that equilibrium weeched at
120 min. Thus the results illustrated that theroptin contact time for maximum removal (84.41 %) of & 120
min. The similar results were got in the mixtureEB+UA maximum removal of Cu (79.85 %) in 120 mie

results showed addition of eggshell into algae wwhihited the Cu adsorption. Our results confirnfg® and UA

both were got good adsorption when it used separate

SEM analysis

The surface morphology of the selected biosorbast®btained using Scanning Electron Microscopy (BEM
shown in Figure 4. Figure 4a and Figure 4b hidltighe SEM images obtained for the Egg shell sarhpfore
and after Cu adsorption. One can clearly see fsgtggni morphological changes on both the sampléasas. EG
sample has a dense and porous surface texture aftdle interaction of EG with Cu (ll) formation afiscrete
platelets or flake like deposition is seen on tidage.

Fig. 4: SEM micrographsfor Egg shell (EG) sample before adsor ption (a) Egg Shell (EG) sample after Cu (11) absor ption and Egg shell
in combination with Ulva-marine green alga (EG+ UA) after adsor ption of Cu (I1)
Biosorption I sotherm
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This result is in accordance with the previous rigmb work [14]. Moreover the porous structure foud the
surface of EG sample totally disappeared. In cdsauqll) adsorption on EG combined withiva sp-marine green
alga (Figure 4c), the SEM micrograph depicts threniiion of aggregate particles throughout the serfadicating
more adhesive appearance of adsorbent ions

In this study, the experimental results were fittsithg two isotherm models (Langmuir and Freundjieimd the
best fit isotherm model was selected based onitlear regression correlation coefficients. The lrang and
Freundlich isotherm models were applied to the Brpental equilibrium data for Cu adsorption by #hdsorbent.
From linear plots using equation 2 and 3, the spweding linear regression correlation coefficiealue, R are
given in Table 1 and 2. From Table 1 and 2y&ues from Langmuir model were higher, rangirayfr0.973-0.995
(Figure 5 and Figure 6). The Langmuir isotherm ties found to be the best-fitting isotherm.

Table 1: Langmuir model for Cu adsor ption by differ ent adsor bent

. Estimated isotherm parameter
Isotherm Model | Adsorbent | Metal ion Qn(mg/g) | Ku(Lmg) =g
EG 172.41 0.216 0.9737
Langmuir UA Cu 113.63 0.024 0.9835
EG+UA 128.2( 0.01¢ 0.995¢

Table2: Freundlich model for Cu adsor ption by different adsor bent

Isotherm Model | Adsorbent | Metal ion Estriznated isotKhFerm Jararggxer
EG 2.020 34.284 0.9959
Ereundlich UA cu 2.417 11.347 0.9696
EG+UA 1.854 6.282 0.9861
0.03 2.5 -
0.025 5 | ’A/‘/./«‘
0.02 * 1/q 15
0.015
€y =0.0268x + 0.0058 , 1 -
0.01 - — Linear y = 0.4949x + 1.5351
R2=0.9737 05"
0.005 (1/q) : R? = 0.9959
0 T T 1 0 T 1
0 0.5 1 0 1 2
0.04 - 25 1 g
B
0.03 - .y 2 1 ‘/,/
q o .5 -
0.02 - o
Yy =0.3329x+0.0088  ___ | ear S 19 y=04137x+1.0549
0.01 - R? = 0.9835 (1/) 05 - R* = 0.9696
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Figure. 5: Langmuir isotherm for biosorption of Cu by A) EG Figure. 6: Freundlich isotherm for biosor ption of Cu by A) EG

B) UA C) EG+UA B) UA C) EG+UA

Biosorption Kinetics

The data from experiments were used to determfneaRies and rate constant for Pseudo-first orddrRseudo-
second order model as shown in Table 3 and Tabld& good straight line for Pseudo-second ordepmparison
with Pseudo-first order was shown in Figure 7 aiglife 8. The higher Rvalues confirm that the adsorption data
are well explained by second order kinetics.

Table 3: Pseudo- First order kineticsfor Cu by different adsor bent

Kinetics model Adsorbent | Metal ion | geexp (mg/g) Pksf(un(]ji?fl;: Irst 0(;:1; l((rlr?;;s parané?ter
EG 39.68 -0.0525 33.4041 0.9722

Pseudo-First order UA cu 33.76 -0.0391 18.0218 0.9854
EG+UA 31.9¢ -0.037: 17.084: 0.926¢

Table 4: Pseudo -Second order kineticsfor Cu by different adsorbent

Pseudo-second order Kinetics parameter

Kinetics model Adsorbent | Metalion | geexp (mg/g) ko(min ) qe cal (mg/g) R
EG 39.68 0.0107 51.5463 0.9704
Pseudo-second or der UA cu 33.76 0.0049 34.6020 0.9951
EG+UA 31.94 0.0052 32.2580 0.9817

Pseudo-First order Kinetics

1.4 7S

508 *EG
06 B UA
EG+UA

0 20 40 60 80
Time in mins

Fig. 7: Pseudo First order kinetics

211
Scholar Research Library



Sivaraman Jayanthi et al Der Pharmacia Lettre, 2015, 7 (3):205-213

Pseudo-Second order Kinetics
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Fig. 8: Pseudo-second order kinetics
CONCLUSION

The effectiveness of the EG, UA and EG+UA as bibsot of Cu ions was confirmed. The effect of paramselike
pH, contact time and initial concentration of bigg@n process was studied. The optimum pH for dopson of
copper was found to be 5.0. Any further increageHresulted in a decrease in percent removal wigjint be due
to the precipitation of the metal at higher hydmgen concentration. The optimum contact time wasorded as
120 min for all the three biosorbents and it isigai have reached equilibrium. Beyond the equiliforitime metal
removal showed a decreasing trend. The morpholbgyacterization of the three biosorbents was inyatstd
using the Scanning Electron Microscope (SEM). Thegmuir isotherm was found to be the best-fittisgtherm
because Langmuir model showed highév&ue, ranging from 0.973-0.995 than the Freuhdotherm model. In
the kinetic studies the highef Ralues confirm that the adsorption data followsdyzio second order kinetics. The
pseudo second order kinetics showed highevdtue, ranging from 0.9704- 0.9951 than the psefirdb order
kinetics. Among the three biosorbents EG showedhdrigemoval of Cu ions than other two biosorbehkta.
showed better results than the mixture of both (B&) This difference in the percent removal of taésosorbents
may be due to the masking of the active metal bgpndiites when used in combination i.e. (EG+UA).ukait
research is in progress to study the mechanismviedaluring the biosorption process.
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