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ABSTRACT

The objective of this study is to assess the rehudv@u (II) from aqueous solution onto coconut
Cocos nucifera L. (coir dust). The effect of vasigppgarameters has been investigated by batch
adsorption techniques. The various variables suidrelude agitation time, pH, and particle
size. The optimal time, pH, and particle size waisnél to be 60 mins, 7.5-8, and hfh
respectively. The maximum uptake of copper (Il) feasd to be 111.11 mg of copper (II) per
grams of coir dust. The equilibrium data was anatyaising Langmiur, Freundlich, Flory-
Huggins and Dubinin-Radushkevich (D-R) isotherm @gdAnalysis of the data shows that
Freundlich and Flory-Huggins described the data enappropriately than the Langmiur and
Dubinin-Radushkevich isotherms. Adsorption kinetiaga was tested using Pseudo-first-order,
pseudo-second-order, Elovich equation and intratiphe diffusion models. Kinetic studies
showed that the adsorption followed a pseudo-secoder model. Studies revealed that the
intra-particle diffusion played an important rola ithe mechanism of Copper (ll) adsorption
while the Elovich equation suggests a chemisorptborexchange mechanism for the adsorbate
onto the coir dust.

Keywords: Adsorption, Adsorption isotherm, Coir dust, Cop(@8r lon-exchange, Kinetics.

INTRODUCTION

Heavy metal is one of the important pollutants mtev and especially in wastewater, and it has
become a public health concern because of its rmdefgradable and persistent nature. The
toxicity of these heavy metals is enhanced thragiumulation in living tissues and consequent
bio magnification in the food chain [1, 2].

One of such heavy metals of concern is coppers Ipresent in the wastewater of several
industries, such as metal cleaning and platingshatfineries, paper and pulp, fertilizer, paints
and wood preservatives industries [3].
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Human body requires about 2mg/L of copper but esteesand prolonged intake of copper leads
to some fatal consequences. Copper is also toxiagtmtic organisms even at very small
concentrations [3]. There have been studies onréhwval of heavy metals from water and

wastewater using chemical precipitation, physicabhtiment such as ion exchange, solvent
extraction, reverse osmosis and adsorption [4-8e &pplication of such processes is often
limited because of the technical and economic camis [7]. As a result of these limitations of

these traditional technologies, researchers havecerrated their works on low cost,

unconventional absorbents (mostly agricultural potsl) for water and wastewater treatment.

In recent years, considerable attention has bearsén on the removal of copper from aqueous
solutions using absorbents derived from low cosienels. Several adsorbents such as sawdust,
silica, and iron oxide, wheat shell, bagasse, §ly, apent activated clay, natural kaolonite clay,
modified goethite [8-12, 6]. The present study &esion the removal of copper (Cu) from
agueous solution using coconut coir dust.

Coconut coir dust is one of the agricultural wasgproducts often used as adsorbent in waste
water treatment. It's all year round availabilitydaits abundance in the environment makes it a
good source of adsorbent for metal ion removal femmeous solution. 1t is the light, fluffy
material that falls off from the thick mesocarp @fconut (Cocos nucifera L.) fruit when
shredded during coir processing. The remarkableert@es of coir dust that enhances its
effectiveness as adsorptive / ion exchange capagcitclude good structural stability, high water
absorptivity and high porous nature [13]. Its ca@oents include lignin, cellulose, hemicelluloses
and extractives. These extractives contain tanmastins, with polyphenolic, carboxylic and
hydroxyl groups. Lignins and cellulose in the cafifords its absorptive/ion exchange properties,
the porous structure of the coir dust allows iabsorbs large amount of water but still, remain
insoluble very much like any synthetic hydrogel][14

The aim of this study was to explore the possibiit using coir dust for the removal of Cu(ll)
ions from aqueous solution. The effect of suchdects initial pH, contact time, particle size,
initial concentration were investigated. The kiogtof Copper (Il) adsorption by coir dust was
analysed by various kinetic models. Experimentaiildgium data were fitted to the Langmuir,
Freundlich, Flory-Huggins, Dubinin-Radushkevichtisrm equations to determine the best-fit
isotherm model.

MATERIALS AND METHODS

2.1Materials:

2.2Adsorbent: Unground coconutGocos nucifera L) coir dust used for the removal of Cu (Il)
ions from aqueous solution was procured from allogeonut processing mill in Uyo, Nigeria. It
was air-dried for 24 hours and in oven af®Qo constant weight. The dried coir dust was
separated into different particle sizes rangingnfr60 — 800um and stored in air tight lid
containers.

2.3 Adsorbate Solution

Stock solution of Cu (ll) was prepared (1000 mddl)dissolving the desired quantity of copper
sulphate hexahydrate Cu$O6H,O (Analytical grade) purchased from Sigma-Aldrich
(Singapore). This was used as heavy metal modd@riaktvithout any further treatment.
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2.4Characterization of Coconut Coir Dust
The coir dust was characterized for moisture, bghin, cellulose contents, pH, cation exchange
capacity, degree of swelling and solubility in sosaévents according to standard methods.

Moisture content, cation exchange capacity (CEQewtetermined using standard method of
[15], Ash content was determined according to Steshdnethod of Association of Official
Analytical Chemist [16], while degree of swellingdasolubility in solvents were determined
using the procedure of [17] on composite catiorhargers, the presence of lignin and cellulose
in the coir dust was determined using the phlormghl solution and Hieberman — Storch
method [18] respectively.

The multimetal analysis of the coir dust was deteeah by digesting 0.5 g of sample in 50 ml of
solution, and the elements determined using Atokhsorption Spectrophotometer.

3.0 Adsorption Studies

3.1 Test for Agitation Time

Each 250 ml of Erlenmeyer flasks was filled withO1ol of adsorbate (Cu) solution. Initial
concentrations of samples were measured. Five kdndilligrams of adsorbent (coir dust) was
measured and added to each of the conical flaglesflasks were then agitated at 140 rpm using
an Orbital shaker. They were removed from the shaktmperature of 29% and the residual
adsorbate analysis is after the other at 10, 30960120 minutes. The samples were filtered and
final adsorbate concentrations were measured dgmgic Absorption spectrophotometer.

3.2 Test for Optimum pH

The effect of pH on the rate of adsorption was $tigated using copper concentration of 50
mg/l at constant adsorbent dosage. The pH value2{p2) were adjusted with 0.1M HCI and
0.1M NaOH solutions. The adsorbent — adsorbateurgxtvas shaken at a temperature of 29.6
°C using agitation speed (140 rpm) for 90 mins. Thie® concentration of copper ions in
solution was determined using Atomic Absorption Gmphotometer.

3.3 Test for Optimum Particle size

Adsorbent (500mg) of different particle sizes 50660 um were taken in conical flasks

containing known concentration of adsorbate andkestngor 3 hours on Orbital shaker at
agitation speed of 140 rpm, then the samples wkesetl and final adsorbate concentrations
were measured.

3.4 Sorption Equilibrium Studies

The sorption experiments for Cu (ll) were carriagt as follows several standard solutions
concentrations, 5, 10, 25, 50, 75, 1000 and 200Lmg#re made from spectroscopic grade
standard of copper sulphate hexahydrate. Thesd swdtdions were adjusted to pH 7.0 with dil
HCI and NaOH. Hundred milliliters of the metal isras added to accurately weighed (500 +
0.01mg) of coir dust in different flasks and aggthtfor three hours to ensure that equilibrium
was achieved. At the end of the time, the suspansas filtered through Whatman No. 41 filter
paper. The supernatant were analysed for metal gongent were determined using a Buck
Scientific Atomic Spectrophotometer (FAAS) Model020
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RESULTS AND DISCUSSION

The important physico-chemical characteristics gnredmultielemental composition of coir dust
are listed in Tables 1 and 2.

4.1 Characterization and multi-elemental analysis focoir dust

The content of the coir dust including moisturdlutese lignin, ash, and extractives are listed in
Table 1. Some of the data fit well with the composal variations reported in the literature [19-
21]. For coir dust the content of lignin (35.5%)rédatively high compared to other non-wood
fibre species, e.g. flax (2.9%), hemp (3.0%) 5%al7%), jute (13.7%) and bagasse (19.9%) and
comparable to hardwood (18 — 34%) and softwood4(@®) [20], while the cellulose content
(36%) is higher compared to other fibre species bapasse (28-32%), jute (16 — 22%),
hardwood (19 — 26%) [21]. The carboxylate and phengroups of lignin, pectin and
hemcellulose are known as the main sites for mmtaling, resulting in bonds of more or less
covalent character. Due to the structure and coitiposof the coir dust it is reasonable to
suggest that more than one component within thevorkt of lignin and hemicellulose is
responsible for the bonding.

The multielemental content of metals native in to& are listed in Table 2. The values are
comparable to those reported in the literature.[ZhE content of the light metals — Na, K, Mg,
Ca is relatively higher than those for heavy meRis Zn, Cd, Cu, etc. This may be partly
attributed to source, growing the palm under satmeditions [23, 21].

Abad et al. [23] also reported variation is concatidn of metal ions in coir dust as being related
to:
I. fertilization program applied to the coconut palm.
il. the processing of the coconut husk (“retting” pssces mechanical treatment) in the
coir dust and
iii. age of the stockpiled coir dust and that of theooot palm.

4.2 Effect of Contact Time

The absorption of Cu (Il) on coir dust was alsals&d as a function of contact time in order to
find out the equilibrium time required for maximuwadsorption of Cu (ll) ion on coir dust which
was almost 90mins for initial concentration of 56/n (Fig. 1)

At the beginning, the Cu (ll) ions were absorbedthwy exterior surface of the adsorbent, and
when the adsorption on the exterior surface hadheshsaturation, the Cu(ll) ions entered into
the pores of adsorbent and were adsorbed by theiantsurface of the particles. This
phenomenon takes relatively long contact time. fémeoval of metal ions by coir dust could be
due to different sorption processes: — ion — exghaadsorption (physisorption/chemisorption),
co-ordination, complexation as a result of the aasi types of ion binding groups such as
hydroxyl, carboxylic, phenolic functional groupsdair dust.

4.3 Effect of pH on Adsorption of Copper (ll) ions:

The effect of pH on the adsorption of Cu Il by cdist is presented in Fig.2. The pH of the
agueous solution is an important controlling par@men the adsorption process [24, 25]. At
lower pH value, the Hions compete withmetal cations for the exchange sites in the system
thereby patrtially releasing the latter. The heawtahcations are completely released in extreme
acidic conditions [8]. The present adsorption isimum (69.88%) at pH 2 and increases as the
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pH is increased (Fig.2). The maximum adsorptionucecat pH 7-8 (91%) but adsorption
decreases, when pH is increased further. The mmimdsorption at low pH (pH 2) may be due
to the fact the high concentration and high mopilf H" ions, the hydrogen ions are
preferentially adsorbed compared to Cu (ll) iongh®y coir dust.

4.4 Effect of Particle Size

It is evident from Fig. 3 that the amounts of Cl) {dns adsorbed increased with a decrease in
the particle size of the coir dust, showing thatréasing sorption rate at small particle
dimension. The high sorption of metal ions by thdeaabent with smaller particle size is due to
the availability of more specific area on the aturst [26]. The amount of adsorbate adsorbed
following the order of particle sizes in microns 50>63>150>300>425>600 respectively.
Hence particle size of 56m was used throughout the study.

4.5 Studies of adsorption Isotherms
Four two-parameter equations — the Langmuir, FrieeimdDubinin - Radushkevich and Flory-
Huggins isotherms were examined for their abilityrtodel the equilibrium data.

4.5.1 Langmuir Isotherm

The Langmuir sorption isotherm is widey used foe sorption of pollutants from a liquid
solution assuming that the sorption takes placespacific homogeneous sites within the
adsorbent. It is then assumed that once an adsorbatecule occupies a site, no further
adsorption can take place at that site. Therefateration value is reached beyond where no
further adsorption can take place. The linear fofrhangmuir equation is represented as:

Ce_ 1 ,Ce ”

ge Qb Q

Ce is the equilibrium concentration (mg/Lge the amount of adsorbate adsorbed at equilibrium
(mg/g), Q. the monolayer capacity (mg/g) ahds the sorption equilibrium constant (L/mg). By
plotting CJqe versusCe (Fig.4), the adsorption coefficient, could be ctdted. TheQ, and b
thus determined from the Langmiur isotherm were.1lrhg/g and 0.16364 L/mg, respectively,
at 29.6°C with R of 0.796 (Table 3). According to Hall [27], thesestial features of the
Langmiur isotherm can be expressed in terms ofreedsionless constant (R

1

= T7bC, 2)
The value indicates the shape of the isotherm lasifs:
R. value Type of Isotherm
R.>1 Unfavourable
R =1 Linear
O0<R <1 Favourable
RL=0 Irreversible

where b is the Langmuir constant ang i€ the initial Cu (Il) ion concentration (mg/L).h&
value of R indicates the types of the isotherm to be eitimdawourable, RL > 1, linear, R= 1,
favourable, 0< R< 1, or irreversible, R= 0. The values of Rfor adsorption of Cu (Il) onto
coir dust at 29.6°C are shown in Table 4. The dimensionless cons@nties within the
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favourable limit. High values of b indicate highsadption affinity and from the findings,
adsorption of Cu (1) by coir dust occurs at lowencentrations of the metal ions.

4.5.2 Freundlich Isotherm

Freundlich is another important isotherm used m dhalysis of equilibrium studies of copper
(I ions removal from aqueous solution. The engairiFreundlich isotherm is based on the
equilibrium relationship between heterogeneousased. This isotherm is derived from the
assumption that the adsorption sites are distribebeponentially with respect to the heat of
adsorption. The logarithmic linear form of Freuctlisotherm may be represented as follows:

Log ¢ =log Ke + 1/n log G (3)

where K and n are the Freundlich constants that pointetative capacity and adsorption

intensity respectively, the constants can be debteunfrom the slope and intercept of the
Freundlich isotherm plot (Fig. 5). The values qf &d n were determined to be 5.296 (mg/qg)
and 1.65260 respectively. From Table 3 the value of greater than unity, indicating that Cu
(1N ions was favourably adsorbed on coconut costdt the temperature studied.

4.5.3 Flory — Huggins Isotherm
The Flory — Huggins model accounts for the degreesusface coverage characteristics of
adsorbate on the adsorbent and the linear formeoFlory —Huggins equation is expressed as:

log (AC) = log Ke + arn log (1-6) @)

where@ is the surface coverage of the adsorbent by adsoh= (1-G/C,)),

C, and G are the initial and equilibrium Cu (ll) ion condeations respectively. & andagy are
the Flory — Huggins constants. These constantbeabtained from the plot of lo§/C) versus
log (I-8) and are determined from Fig. 6. The equilibrivtomstants Ky andagry are shown in
Table 3, to be 3.767 and 0.252 respectively fo(l§wadsorption by coir dust at the temperature
under investigation. Furthermore the equilibriummstant K, obtained from the Flory —
Huggins isotherm model is used to compute the Gfld®s energy for the adsorption process.
The Gibbs free energy is related to equilibriumstant as follows:

AG° = -RT/In Key (5)

where R is universal gas constant 8.314 J/K/mois Bbsolute temperature (K) and-Kis
equilibrium constant from Flory-Huggins isothernuaton.

The AG® for this study was computed to be -33.334 kJ/Mbk negative value dfG° indicates
that the sorption process is spontaneous in nature.

4.5.4 Dubinin-Radushkevich

The Dubinin — Radushkevich model was chosen tonesti the characteristic porosity and the
apparent free energy of adsorption. The model asduimat the characteristics of the sorption
curves are related to the porosity of the adsorb&né linear form of the isotherm can be
expressed as follows:

Ing, =Ing, - B, (RTIn(1+1/C,) (6)
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Where @ is the theoretical maximum capacity (mol/g) i the D — R model constant (miJ)
or the porosity factor which can be obtained frém $lope of the plot of Ingersese and €=
RTIn (1 + 1/Ce),(Fig7, Table 3),& being the Polanyi potential. The mean sorptionrggnef
sorption, E (kJ/mol) was calculated using the following eqoati

E= (7

and this energy value which was calculated to B&DKJ/mol was found to be in the energy
range of physical adsorption reaction. Physisorppimocesses have adsorption energies less than
8 KJ mol* and the energy of 0.917 KJ/mol for Cu (Il) ionsmimn on coir dust indicates that the
sorption process is physisorption and the posiialee of energy (E), of sorption indicates that
the sorption process is endothermic and that higblertion temperature will favour the sorption
process. Other authors have reported both endoihema exothermic adsorption for Pb (II)
onto activated carbon prepared from coconut simellaconut copra meal as adsorbent [28, 29]
respectively.

4.6 Adsorption Kinetics

Sorption kinetic mechanics can be based on diffusitass transfer processes or chemical
reaction kinetics. The sorption kinetics of a sotbdepend on the property of the sorbate,
experimental conditions, temperature and pH vdhiaeh combination of sorbent and sorbate has
a unique metal ion — sorbent interaction. In thigdg, three different reaction kinetic models

(pseudo-first order equation, pseudo-second orgeateon and Elovich equation) were applied

to determine the reaction order and rate consthtiteoadsorption/ion exchange between coir
dust and Cu(ll) ions in solution.

4.6.1 The Pseudo-first-Order Equation

The pseudo-first order reaction equation for sbfdid sorption system was proposed by
Lagergren [30]. This equation has been traditigniddé most conventional model often used for
liquid sorption modelling. The pseudo-first-ordémdtic model can be represented by the
following Lagergren equation:

t
2.30¢

log(ge—qt) = logge-k, (8)

Where gand q are the amounts of adsorbate adsorbed (mg/gudibeiym and at contact time

t (min), respectively and;ks the pseudo-first order rate constant (Mifhe values of gand k

for pseudo-first — order kinetic model were deterea from the intercepts and slopes of the plots
of log (g ) versus t (fig. not shown) The value af,lcorrelation coefficient and.@re shown

in Table 5 as 3.556, 0.544 and 26.77 (mg/g) resmdgt The low value of correlation
coefficient suggest that the kinetics of Cu (IIsarption on coir dust did not follow the pseudo —
first order kinetic model and hence a diffusionontrolled phenomena.

4.6.2 Pseudo—second-order kinetic model.
The pseudo-second-order kinetic model can be repted in the following form:

Lo ot ©

g ko€ qt
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where k is the rate constant of the pseudo-second-ordarption (g/(mg min). The plot of t/qt
versus t is a straight line as shown in Fig. 8. Khand g values determined from the slope and
intercept of the plot are presented in Table 5 @lavith the corresponding correlation
coefficients. This procedure is more likely to potdhe behaviour over a whole range of
adsorption. The high value of the correlation degfht () of 0.972, indicate the applicability
of the pseudo-second-order kinetic model to desctie adsorption process of Cu (ll) on
coconut coir dust. It suggested that the adsorgironess was controlled by chemisorption [31].
The pseudo-second-order kinetic parameters obtaioeld be used to determine the equilibrium
sorption capacity, percentage of the removal of(lQuions, rate constants and initial sorption
rate for a reactor design.

4.6.3. Elovich Equation
The Elovich equation is one of the most useful nwder describing chemisorption which is
expressed as follows:

g = 1/BIn(ap) + 1/B1n (t) (20)

wherea is the initial adsorption rate (mg/(g min) adds the adsorption constant related to the
extent of surface coverage and activation energghemisorption (g/mg). The parameter§j1/
and (1B)In(ap) can be calculated from the slope and interceph@linear plots of ¢yersus Int.
(Fig. 9). The parametef$ a and the correlation factor calculated are showiiable 5 to be
8.621 (g/mg), 5.840 (mg/g min), and 0.919 respebtivThe parameter 3/is related to the
number of sites available for adsorption whilg3jld(ap) is the adsorption quantity whémt is
equal to zero, i.e. the adsorption quantity whenimin. This value is helpful in understanding
the adsorption behaviour of first step of sorptmncess [31]. The high correlation valué=R
0.919 also suggested that chemisorption may alsmvmdved in the adsorption of copper(ll)
ions onto coconut coir dust as this adsorbent gssdifferent types of functional groups.

4.6.4 Intraparticle diffusion

The adsorbate transport from the solution phasleetsurface of the adsorbent particles occurs in
several steps. The overall adsorption process raayobtrolled either by one or more steps, e.g.
film or external diffusion, pore diffusion, surfadéfusion and adsorption on the pore surface, or
a combination of more than one step. The rate pateanof intraparticle diffusion can be defined
as [32]:

qt = Kd t1/2 +C (11)

where kg is the intraparticle diffusion rate constant (mgig'?) and C is the intercept, gt is the
amount of Cu (Il) ions adsorbed at time t. If theeamanism of adsorption follows the
intraparticle diffusion, the plot of qt versu&*twould be a straight line andgkand C can be
calculated from the slope and intercept of the.platiues of C give an idea about the thickness
of boundary layer, i.e. the larger the intercepe, greater the contribution of the surface sorption
in the rate controlling step [33]. The value qf &nd C can be determined from the slope and
intercept of plot of gversus ¥? (Fig. 10). The regression was linear, but the didtnot pass
through the origin, suggesting that adsorption in@d intraparticle diffusion, but that, that was
not the only rate-controlling step, that some otmechanisms might be involved [34]. The k
value and C values calculated were 0.116 (mg/d’fhiend 16.48 respectively.
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4.7 Fractional Attainment of Equilibrium
The fraction attainment of equilibriunx) is the ratio of the amounts of metal ion remowdekn
sorption equilibrium is attained. Vinod and Aniraath[35] using the equation:

In(l -a) = Kqt (12)
wherea - the fractional attainment of the equilibrium

Ka - the overall rate constant

t - time

observed that the fractional attainment of equiitr (0) which can be calculated from the
eqguation is an important parameter usually obtafn@a kinetic studies. The rate of attainment
of equilibrium may either be film diffusion or paole diffusion controlled; however, these two
different mechanism cannot be sharply demarcatathgUthis equation, a linear relationship
indicates a particle diffusion controlled sorptiand the diffusivity of the metal ions onto the
biomass surface is independent of the extent giticor.
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Fig. 1. Plot of % adsorption versus time for Cu(ll)adsorption onto coir dust
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Fig. 2. Plot of % adsorption versus pH for Cu(ll)adsorption onto coir dust.

However, a non-linear plot indicates that the diifun of the ions onto the adsorbent surface is
film — diffusion controlled. From Fig 11, it can Iseen that the relationship between metal ion
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diffusivity, In (1-a), and time is linear one, and therefore a diinstontroled sorptions process
is suggested for the adsorption of Cu(ll) ionsoartir dust.

120
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50 63 150 300 425 600
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Fig. 3. Plot of % adsorption versus particle sizéor Cu(ll) adsorption onto coir dust.
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Fig. 4. Langmuir isotherm plot for Cu(ll) adsorption onto coir dust.
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Fig. 5. Freundlich isotherm plot for Cu(ll) adsorption onto coir dust.
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Fig. 6. Flory- Huggins isotherm plot for Cu(ll) adsorption onto coir dust.
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Fig. 7. Dubinin-Radushkevic (D-R) isotherm plot fo Cu(ll) adsorption onto coir dust.
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Pseudo-second-order kinetic plot for the abrption of Cu(ll) onto coir dust.
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Fig. 9. Elovich kinetic plot for the adsorption ofCu(ll) onto coir dust.
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Fig. 11. Fractional attainment of equilibrium for adsorption of Cu(ll) on coir dust.
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Table 1: Characteristics of Coconut Coir Dust

Parameter % Content

Moisture content 255

Ash 9.0

Water Extractive 28.2

Acid (dil HCI Extractive) | 41.3

Swelling in H0

1 hour 65.7

5 hour 70.8

10 hours 77.7

24 hours 85.7

Swelling in Acetone 0.934

Swelling in dil HCI 3.229

pH of coir dust in HO 6.4

Cellulose 35.99

Lignin 35.50
Alkali soluble (18% NaOH solution) 41.3
Cation exchange capacity (mmd)g 2.39

Table 2: Multielemental contents in the Coir (basedn air dried weight)
Metal | pmetal/g coir dust | Literature value pu metal/g coir
Present Study dust (Conrad and Hansen, 2007)
Na 463.20 861.0
K 711.60 3630
Ca 227.40 564
Mg 172.0 474
Pb 0.180 0.175
Cu 1.60 3.12
Cd 0.04 0.020
Cr 0.20 0.238
Zn 4.286 4.32
Fe 285.20 121.0
Mn 1.094 5.94
Mo 0.020 0.035
Co 0.060 0.054
Ni 1.00 0.715
As ND ND
Hg ND ND
V ND ND
pH = 7.0 Temp. = 29.6C, dose 0.5 g. ND = not detected
Particle size = 5Qum. Colour of coir dust = brown to light brown.
Table 3: Isotherm constants for adsorption studies
METAL MODEL  MODEL PARAMETERS
Cu(ll)  Langmuir Qmal/g) b(L/mg) R
111.1 0.164 0.796
Freundlich fKmgl/g)  1n R n
5.29 0.615 0.972 1.626
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Flory-Huggins &K (mg/g) « R
2 0.252 0.975
D-R (model)  PBp | R E(kJ/mol)
0.615 832.0 0.973 0.917

Table 4: Analysis of langmiur isotherm for Cu (Il) adsorption. R. = 1/1+bG,

Initial Conc.(mg/g) R,

of Cu(ll)

5 0.5499
10 0.3739
25 0.1964
50 0.1089
75 0.0753
100 0.0576
200 0.0296

Time: 90 mins, pH: 7, Temp.: 296, Particle size: 50 um, Dosage: 0.5 g, Shaking:rag0 rpm.

Table 5: Kinetic model values for adsorption of Cqil) onto coir dust

METAL KINETIC MODEL MODEL PAR AMETERS
cu(ll

Pseudo- first- order ¢ k (g/mg min)  gca. R?
17.00 3.56 26.90 544

Pseudo-second-order g ks (9/mg min) Hlcal. =
17.00 35.98 0.47 0.972

Elovich kinetic model B(g/mg)  1B(mg/g) o (mg/g min) R
8.62 0.12 5.84 0.919

Time: 90 mins, pH: 7, Temp.: 296, Particle size: 50 um, Dosage: 0.5 g, Shaking:rag0 rpm.
CONCLUSION

This study shows that coconut coir dust was effectis low cost adsorbent/ion-exchanger for
the removal of Cu(ll) ions from aqueous solutioheTadsorption was found to be dependent on
contact time, pH, and particle size. The maximursoggtion of Cu(ll) ions was found to be at
90 mins, pH of 7.5-8 and patrticle size of m®. The experimental results were analysed using
four two-parameters adsorption isotherm models{#regmiur, Freundlich, Flory-Huggins, and
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Dubinin-Radushkevich isotherms. Analysis of theadsthowed that the Fruendlich and Flory-
Huggins isotherm described the data more appratyidhan the Langmiur and Dubinin-
Radushkevich isotherms. Adsorption parameters veenestituted to four Kinetic models-
pseudo-first-order, pseudo-second-order, Elovichaggn and Intra-particle diffusion models.
Kinetic studies showed that the sorption of Copmpetals ions can best be described by the
pseudo-second-order and Elovich equation. The Eogguation is the most applicable model
for chemisorption ion-exchange mechanism procesgli€s also revealed that the Intra-particle
diffusion played an important role in the mechanisimCopper (ll) adsorption. The negative
value of AG® signifies that the adsorption reaction was a spmuas process. Coconut coir dust
is a renewable, low cost natural abundant adsorbatgrial and it may be an alternative to more
costly adsorbent materials.
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