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ABSTRACT

The removal of heavy metals from indust
wastewater is of great concern as heavy metal:
non-biodegradable, toxic elements that cause se
health problems if disposed of in the surrounc
environment. The present study, Karisalang!
(Eclipta Alba) leaves were used for the adsorptiol
heavy metals like copper (Cu (IlJions. Thebio
sorbent was characterized using SEM and B
analysis. The bio sorptioexperiments are conduct
through batch system. The operating parami
studied were initial ntal ion concentration, adsorbe
dosage, initial solution pH, contact time and effef
temperature  Adsorption equilibrium is achievec
30 min and the adsorption kineticsCu (1) is found
to follow a pseudo-secomutder Kkinetic model
Equilibrium data for Cyll) adsorption are fitted we
by Langmuir isotherm model. The maximt
adsorption capacity for Cu (llpns is estimated to t
9.2 mg/g at 25°C. The experimental result shov
that the materials have good potential toaesr
heavy metalsrom effluent and good potential
an alternate low cost adsorbent. Due to t
outstanding adsorption capacities, Eclipta Albe
excellent sorbents for the removal of copper @i)s

Keywords: Eclipta Alba, heavy metal, adsorption,
pseudo first order kinetic.

1. INTRODUCTION

Industrial wastewater treatment for the remova
pollutants such as heavy metal ions remain
worldwide challenge. Heavy metal ions dischar
with industrial effluents usually find their waytm
receiving water bodies such as rivers, lakes
streamsincreasing their pollution. Copper is one
the heavy metals most toxic to living organisms
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one of the most widespread heavy metals in
environment [1]. Although some trace metals
considered as essential plant nutrients. Most h
metals a@ of considerable health and environme
concern because of their toxicity and
accumulative behavior [2}. PF**, CU/#*, F€"* and CF*
are especially common metals that tend to accum
inorganisms, causing numerous diseases
disorders [5]. Copgr is an essential trace element
human metabolism, however, it is toxic
concentrations above 2mg/L [6]. Ingestion of la
doses irritate the mucous membranes, damage th
and can cause necrotic changes in the liver
kidneys [7]. Copper is psent in wastewaters comi
from energy industries (such as PILCAM
Cameroon), the production of certain pesticidesiat
the manufacture of contraceptives in medic
Removal of metal ions from wastewater in
effective manner has become an impo issue.
Efficient methods for the removal of metals hi
resulted in the development of new separe
techniques. Precipitation, i-exchange, flocculation,
adsorption,  electrechemical processes, elec-
dialysis, nandiltration and reverse osmosis
commonly applied for the treatment of wastew.
[8]. However, these methods are either inefficien
expensive when heavy metals exist in
concentrations [9]. Additionally, these methods r
also affect the generation of secondary wastesgty
are dfficult to treat. Adsorption is an alternati
technology in which increased amount of study
been focused because of cost effectiveness;
availability & technical feasibility for the remolvaf
heavy metal ions form the wastewater [10]. In r¢
years, bio sorptionhas been suggested as be
cheaper and more effective than chemical or phly
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technologies. Low cost, high efficiency, minimizat
of chemical and biological sludge are the n
important advantages obio sorptior technique.
Moreover, bio sorbentregeneration and mel
recovery is also possible. The mechanism of bin
of metal ions by adsorbents may depend on
chemical nature of metal ions (species size antt i
charge), the type of biomass, environmel
conditions (pH temperature, ionic strength) a
existence of competing organic or inorganietah
chelators. Natural materials that are available
large quantities or certain waste productsmfl
agricultural operation may have the potential
inexpensive sorbents.

The aim of the present study is to investigatebio
sorptionof copper (Il) on Eclipta Alba leaves powd
The effect of time, initial concentration of the tale
solution pH and adsorbent dosage onbio sorption
are also studiedThe experimental data were fitted
Langmuir, Freundlich and Temkin equations,
determine which isotherm most closely correl
with experimental data. The firserder Lagrgren,
pseudo-second-order and secamnder equations wel
adopted to test the experimental dat -

2. MATERIALSAND METHODS

2.1. Chemicals

All the chemicals used were of analytical reac
grade. Copper nitrate trihydrate (((NO3)2.3H,O)
was used for preparation of stock solutic
Hydrochloric acid and Sodium hydroxide were u
to adjust the solution pH. Distilled water was u
throughout the experimental studies

2.2. Biosorbent collection and preparation

The Eclipta Alba leaves (EAyvere collected fron
Botanical garden present in C. A. College,
Bodinayakanur. The EA werevashed thoroughl
with distilled water and boiled to remove coloud:
impurities. They were dried in a hot air oven a5%D
and ground to a uniform size of 0.8 mm. So prep
EA particles were used for further stuc

Fig.1. Eclipta Alba leaves

2.3. Stock solution of metals

A stock solution (1000 mg/l) cCu (ll) was prepared
dissolving 3.802 g of copper nitrate trihydrin DD
water. Working solution was prepared by dilut
stock solution with distilled watse

2.4. Determination of Copper (I1)

The copper ion concentration in the liquid phase
determined spectrophotetrically by making
complex with sodium diethyl dithio carbam:

10 ml of the Cu (ll)solution was pipetted into
beaker, and to this 5ml of 25% aqueous citric .
solution was added. The pH was adjusted to 8.5 u
dilute ammonia. To this, 15 ml of 4 % EDTA w
added and the solution cooled to room tempera
This was then transferred to a separating funmal,
10 ml of 0.2% aqueous sodium diet
dithiocarbamate solutiowas added and shaken for
sec. A yellow brown colour developed in the solnt
20 ml of Chloroform was pipetted into the funnedl:
shaken for 30 seconds. The organic layer acquit
yellow colour. This was shaken for 15 sec and
phases were allowleto separate. The aqueous lg
was removed. To the organic layer, 20ml of

H.SO, (V/IV) was added, shaken for 15 sec, and
organic phase was separated. The absorbance
measured at 435nmagainst a bl

2.5. Characterization of bio sorbents

The bio sorbentvere characterized using a numbe
techniques including: Fourier transform infra
spectroscopy (FTR), scanning electron microsco
(SEM) and BrunaueEmme-Teller (BET) surface
area analysis.

2.6. Adsorption experiment

Batch adsorptionxg@eriments of copper was carry (
to determined the adsorption capacityEclipta Alba
at different metal concentrations ranging from &
80 mg/L and a fixed amount (100 mg/L) Eclipta
Alba in order to calculate the adsorption cons
using differem isotherms. 300 mL of differel
concentration of Cu (lIsolutions ranging from 1(-
500 mg/L were used. ThEclipta Albe (100 mg/L)
was added to flasks and agitated at 25 °C and
rpm for 180 min. The initial and final concentrais
of the solutions we measured were determined
UV — Visible spectrophotometer at the maxim
adsorption wavelength and the adsorption capax
of the adsorbent were calculated. After equilibri
was attained, the metal uptake capacity for ¢
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sample was calculated according to a mass balanceSairface properties of EA were examined through

the metal ion using equation (1): BET. The surface properties of EA was measured
shown in Fig. 3. These bio sorbents have noticeable
(C, —C. W micro pore and mesopore area with a magnitude of
g =——— 21.17nf/g. All pores of EA are mesopore (100%) and
mo 1) total pore volume was 0.03¢fg. In addition, the

mean micro pore and mesopore sizes of the EA’s
Where m is the mass of adsorbent (g), V is therwelu powder were found to be 8.71 and 40.18 A,
of the solution (L), G is the initial concentration of respectively, suggesting that this bio sorbent has
metal (mg [Y), C. is the equilibrium metal fallen within the region of mesopore based on
concentration (mg t) and g is the metal quantity IUPAC-classification. The high pore area, pore
adsorbed at equilibrium (mg/g). Experiments wen¢olume and pore sizes indicated the numerous tgndin
carried out at different initial pH values. Thetiai sites on the EA surfaces.
pH of the solution was adjusted with either HCI or

NaOH. The percent removal of metals from the
solution was calculated by the following equati@h ( 1204 s
] s
— I
(=2 on
5 >~ 1004 ;
Yoremoval = ﬁ « 100 g : /-/
. A < 804 oF
ToRR! A"J
Where G (mg/L) is the initial metal ion concentration 2 604 o
and G (mg/L) is the final metal ion concentration in < 1 .: 3
the solution. E‘ 404 /
{an <
@©
3. RESULTSAND DISCUSSION S 201 n----“"""""
3.1. SEM analysis
The surface morphology studies of bio sorbent were -
showed octahedral rod shaped crystals as shown in - <
Fig. 2. 0.0 0.2 04 0.6 08 1.0
P/P

Fig.3. BET surface area of EA

3.3. Effect of initial metal ion concentration

The initial concentration of Cu (ll) provides an
Important driving force to outweigh all mass transf
resistance of metal between the aqueous and solid
phases. Removal of Cu (ll) for various initial
concentrations (10 to 80 mg/L) by EA (100 mg) at
180 min contact time and at pH 6 has been depinted
the Fig. 4. The percentage Cu (Il) adsorbed deetkas
92 % to 20 % with increase in initial concentration
from 10 mg/L to 80 mg/L. More adsorption capacity

¥ at higher initial metal concentration may be due th
S| o] [ [t gecwee | —pme— presence of more metal ion at increasing initiatahe
AN V|3 X mm igh vacuum i R
Fig.2. SEM image of EA concentration. It reflects that the resistance tssn
transfer reduces therefore the removal percentage
3.2. BET surfaceareaanalysis decreases at higher metal concentration [11]. Based

The metal -bio sorption capacity, surface propsrti®n the experimental values, 10 mg/L Cu (Il)
and active functional groups of any bio sorbentddto concentration is selected as the optimized value fo
be explored from surface area characterizatiofrther use.
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Table-1 Table-2
2 22
10 92
3 45
20 84
4 56
30 75
5 78
40 67
6 92
50 58
7 75
60 49
8 67
70 37
9 61
80 20
100
100
o] 90+ X
50 \ 80 %
*
7 N 70
- \ *
: ] O 5 601 *
Z 804 g *
ol \ Z\: 50+ "
30 \ 404
20 1 30
" 0 10 20 30 40 50 60 70 80 50 20+
Fig.4. Effect of initial metal ion concentration 1 2 3 4 5 6 7 8 9 10
(mg/L) Fig.5. Effect of pH
3.4. Effect of pH 3.5. Effect of contact time

pH influences the surface charge of the adsortteet, The impact of contact time on adsorption of Cu (Il)
degree of ionization and the species of adsorbSaie. can pe seen from Fig.6. It is clearly depictedhia t
the pH of the aqueous solution is an importaghyre that the rate of adsorption is very highiddiy.
controlling parameter in the heavy metal adsorptlcght at later stages, the rate of adsorption deeseas
process [12]. The effect of pH on the adsorptio®of The concentration of Cu (Il) ions nearly remains
(I) by EA was shown in Fig. 5. The effect of et ¢onstant after 180 minutes. It is chiefly becaustne

pH on the adsorption of metal ions onto EA wagatyration of these active sites on the EA whicimaio
evaluated in the pH range of 2 to 9. The percentaggrmit furthermore adsorption to occur. This can b
removal of Cu (Il) increased with an increase in pkaxplained by the fact that initially, the quantitysites
The equilibrium adsorption capacity was observed g} the surface is very large which allows adsorptio
pH 6 for Cu (ll) ions. Therefore, at low pH valuegg tgke place very easily. But with the passaginug,
(PH<2.0) EA showed very low tendency for uptakgne active sites get saturated thereby reducingattee

of Cu (Il) ions due to protonation of its functidnagt which adsorption occurs. As a result, the extént
groups or competition of Hwith metal ions for copper removal decreased with increase in contact
binding sites. As the pH increased, there were rfevv[ﬁne’ which is dependent on the number of vacant
H" ions present in the solution and consequently MQiges on the surface of resin. Based on thesetsesul

negatively charged sites were made available asd thgo min was considered as the optimum time for the
facilitated greater metal ions uptake by electiista gst of the experiments [13, 14].

attraction.
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Table-3

0 20

30 37

60 49

90 58
120 67
150 75
180 92

. P /

% Rewwval

T T T T T T T T T
20 40 &0 80 100 120 140 160 480 200

Contact time [min]

Fig.6. Effect of contact time (min)

3.6. Influence of initial adsorbent dosage
The amount of adsorbent dosage was varied in tbeverage, b is related to the energy of adsorption
given rang e 100 mg/L to 500 mg/L. It was observdd/mg), K and n are the Freundlich constants.iK
from the graphs that increasing the dosage incseagelated to the adsorption equilibrium constant, n
the % removal of Cu (ll). It can be attributed ket corresponds to the number of active sites in the
increase in adsorbent sites for more adsorptiothe@f adsorbent required for metal ions to adsorb. Where
Cu (Il) at the fixed 10 mg/L [15].

Table-4
100 22
200 44
300 58
400 75
500 92

100

90

a0

70

B0

50 4

% Remwval

40

304

20 4

d

i
e

/

Fig.7. Effect of adsorbent concentration (mg/L)

T T T T T
100 200 200 400 500

Concentration of Adsorbent [mg/L)

3.7. Thestudy of adsorption isotherm models

Among various plots employed for analyzing the
nature of adsorb ate-adsorbent interaction, adsorpt
isotherm is the most significant. The results of
adsorption studies of Cu (Il) at different
concentrations ranging from 10 to 80 mg/L on adixe
amount of adsorbent are expressed by three of the
most popular isotherm theories viz., Freundlich,
Langmuir and Temkin isotherms. These isotherm
equations are as follows:

Langmuir

Ce_1 _Cc 4 J B

; _QOb do (3)
Freundlich

logq, =logK; + %log C, - (4)
Temkin

q. = RT/bInK,+ RT/bInC, ---------—----- (5)

Where G(mg L™ is the equilibrium concentration of
Cu (Il) in solution, g (mg g') is the equilibrium
adsorption capacity of EA, oq(mg g% is the
maximum adsorption capacity of EA for monolayer

is the Temkin constant related to the heat of
adsorption (J mdi and K is the Temkin isotherm
constant (L ). The slope and intercept of linear
plots of ¢/ge versus g yielded values of l{gand
1/(b-@) for Equation (3). The slope and intercept of
linear plots of In g versus In g for Equation (4)
produced values of 1/n and In K.

In this part, the results and adsorption isotherm
constants of the most common isotherms including
Freundlich, Langmuir and Temkin have been
illustrated in Table 5. Isotherm is assumed to Hee t
most important parameter in designing adsorption
systems and describes the relation between adsorbat
concentration and adsorption capacity of an
adsorbent. Regarding to Table 5 and values of dinea
regression coefficients. The amounts of
Langmuir isotherm for Cu (II) adsorption by EA were
higher than the amount of Ror other isotherms. So it
can be said with certainty that Cu (ll) adsorpthpn
EA follows this isotherm. Langmuir model estimated
that the maximum amount of Cu (Il) adsorption
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capacity (gay by EA was 9.2 mg/g. Kis a constant ]
that increases when the size of adsorbent molecules s .
increased [17]. If dimensionless parameter of R, ’
the adsorption is irreversible and if 0Og<R, the
adsorption is Favorable and if RL, the adsorption is
linear and if R>1, then the adsorption is unfavorable.
According to the results of the Langmuir isotheion f
adsorption of Cu (Il), the amounts. Ror EA was
between 0 and 1, so Cu (ll) adsorption by EA is

Favorable [18].
Table-5thelsotherm constantsfor Cu (I1)

adsor ption onto EA

R* 0.9799
Oe 9.012
Langmuir RL 0.2784
b 0.31079
R? 0.9045
. n 2.3191
Freundlich Kq 1965
R° 0.8565
. b (kd/mol) | 5.248
Tempkin 1= (Umg) | 17.89
2.3
*

2.2 1

2.1

2.0 1

1.9

1.8

log Qe

1.7

1.6

1.5

Freundlich isotherm

1.4

-14-12-1.0-08-0.6-04-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

logC,
Fig.8. Freundlich isotherm

0.04

0.03

© 0.02

CJla,

0.01 +

0.00 +

Langmuir isotherm

0 2 4 6 8
C
Fig.9. Langmuir isotherm

50

40 - n .

e

30 m

o] A

204 /
5

10 /
| n
5 . .
InC,

Fig.10. Temkin isotherm

(mg/g)

[}

q

3.8. Adsorption kinetics

Several models can be used to express the mechanism
of Cli#*adsorption onto an EA bio sorbent. The kinetic
models of adsorption were determined with two most
commonly used and known rate equations: pseudo
first order (the most reliable kinetics equatioitale

only for the rapid initial phase Equation 6) and
pseudo second order (for predicting the kinetics
behavior of chemical sorption as a rate controlling
step Equation 7) models are expressed as

K1
2303’ L T (6)

log (ge-lt) = 109 Qe

1 1

—=z— 4+t & O ©)

@ K:q¢  q

Where @ and g; are the amounts of metals adsorbed
(mg ¢ at equilibrium and at time t (min)
respectively. K (min™) is the rate constant of pseudo-
first order. The linear relation among the valudaogf
() versus t (Fig. 11) reveals the applicability of
this model. Kk and the equilibrium adsorption amount
(ge) were measured from the slope and intercept of the
plot of g versus t (Fig. 12). Where Kg/(mg min))is

the rate constant of pseudo-second order Kkinetic
model. h is known as initial sorption constant (€ab

6). The high values of Rwere recorded for the
Pseudo second order compared to pseudo-first order
model. This indicates that the adsorption kinetesw
better represented by the pseudo-second order model
for all metal ions. Therefore, the overall ratetoé
metal ions adsorption process appears to be ctadrol
by the chemical process via ion exchange and/or
complex process [19-21].
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1.0+ n

0.8 1

0.2 1

0.0 1

-30 0 30 60

90

1 1
120 150

Time (min)
Fig.11. Pseudo first order Kinetics

1 1
180 210

0 T T T
0 30 60 90

120 150

Time (min)
Fig.12. Pseudo second order kinetics

180

210

Table-6: Different kinetic model parameters

Oer exc (MO/Q) 9.2

R 0.85
Pseudo-first order mode| ki (min™) 0.0207
Oe, ca(Mmg/g) | 0.657

R’ 0.984
Pseudo-second order | h (mg/g min)| 0.1034
model k2 (g/mg min)| 0.0834

Je. cal(MQ/Q) 9.35

4. CONCLUSION

technigue. A number of experiments were performed
in order to determine this potential; equilibrium
adsorption capacity, % removal of metal ions. The
maximum adsorption capacities observed for 10 mg/L
of Cu (II). A maximum of 92 % metal ion removal
was observed for copper. Various parameters like pH
initial ion concentration, adsorbent dosage, and
contact time were studied successfully. The maximum
removal of metal ions at 10 mg/L of Cu(ll) with 100
mg/L of adsorbent dosage. The study indicates that
the Eclipta Alba is a good candidate as a low cost
adsorbent to be used for the removal of heavy etal
from wastewater.
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