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Abstract

The ability of coconut coir dust, a natural adsotbmade from dried coconut husk as a non convealtiand low
cost sorbent for the removal of Klfrom aqueous solution was examined. The adsorpépacity was found to be
dependent on the contact time and initial concéntrawhich increased along with contact time aniiahion
concentration but latter decreased with 15mg/Ltlerthree resins (coconut coir dust (CCD), carbeteg toluene
resin (CTR), and sulphonated toluene resin (STRpximum adsorption was obtained after a contack tioh
90minutes at an initial concentration of 15mg/L.eTtesults were analyzed by Langmuir and Flory-Hoggi
isotherm. The sorption process was best descrigddabgmuir isotherm which indicates monolayeredogptson
and chemisorption. Adsorption was found to follogepdo-second order kinetics with average rate anhstf
1.3287g/mg min. Adsorbents obtained from coconuatlma used as sorbent for removing metal ions frqoeaus
solution.

K eywords: Adsorption, coir dust, ion exchangefibns, kinetics, isotherms

1.0 I ntroduction

Nickel is noticeably contained in wastewater strednom industries such as mining, electroplatingtatiurgy,
pigment and ceramics industries (Akhgtral., 2004). This metal is non-biodegradable and texid may cause
dermatitis allergic, sensitization and cancer (&1j\v1997). It has therefore become very necessargrhove or at
least reduce the content of this toxic element fiodustrial effluents. A number of processes hasenbconfirmed
useful for removal of toxic substances from effliserThese include chemical precipitaion (Ku & Juggp1),
reverse osmosis (Shahalaral., 2002), nanofiltration (Murthy & Chaudhari, 2008)cation (Wanget al., 2003),
coacugulation (Wanet al., 2004), ion exchange and adsorption (Crini, 200%niawanet al., 2006). In recent
times, there has been increasing utilization ofviséste to develop sorbents for wastewater treasne3gveral
biomaterials which are discarded as waste from dtimand commercials processing such as rice hgis&lid et
al., 2000), sawdust (Argur al., 2007), orange peel (Khaletlal., 2009), pineapple leaves (Hamestal., 2009),
pine leaves (Semlt al., 2011), corncob (Shen & Duvnjak, 2005), have berplored and used as sorbents for
wastewater treatments containing coloured composodh as dye (Seet al., 2011) and metal ions (Isragl al,
2011). The use of biomaterials is a step towardsrétalization of the greenness of the environmdrithvis fast
replacing the conventional mechanical means ofisglthis environmental problem. In the present aede,
coconut coir was utilized as an eco-friendly andhtmlogical biomaterial for treating a simulatediustrial

wastewater by adsorption via ion exchange mechanfghereas adsorption is chosen due to it econoasge ef
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operation, wide variety of target pollutants, higgpacity, fast kinetics, possibly selective depegdin adsorbent
(Crini, 2005; 2008), ion exchange is given a haadanse Ni' can exchange preferentially with other ions sush a
H*, Na’, C&" (Chockalingam & Subramanian, 2004; Kweiral., 2005; Miretzykyet al., 2007). Coconut coir dust
is a lignocellulosic material of plant origin obtad from shredding of coconut husk. Coconut huskisearded as
waste in large quantities in coconut processingstries in Nigeria. Similar reports have been doentad in other
countries such as Philippines, China, Srilanka bl (Tejano, 1985; Vandam, 2002). With the avaligy if
these bio-wastes there is therefore need to imgastihow they can be converted to wealth by itkzation as
sorbent for metal ions removal. The specific oliyest of this work are: (i) prepare a cation excleangsin from
coconut coir dust (i) modify the water/acetoneraitract with toluene diisocyanate (TDI) as acrassng agent
for phenol sulphonic acid and hydroxyl benzoic agit) removing of Nf* from aqueous solutions and (iv) to
elucidate the mechanisms of removing"Ndy ion exchange and adsorption using Langmuir fiody-Huggin

isotherms at 4.
2.0 Experimental methods

21 Materials and preparation

Coconut coir dust used in this study was sourcedllpfrom coconut processing mill in Akwa Ibom &taNigeria.
It was subjected to screening according to the austhadopted by Etim et al., (2012).?Nin the form of Ni
(NQs),.6H,O was obtained from Burbidges Burgoyne & Co. Mumbadia. All reagents including Toluene
Diisocynate (TDI), 4-Hydroxybenzioc acid and 4-Ptisnlphonic acid obtained from Sigma Aldrich cheafsc

were of analytical grades. De-ionized water wasldsepreparation of solution in the experiments.

22 Extraction of coconut coir dust

(a) Water extract: Coir dust (5g) was added to lGffrde-ionised water in a beaker on hot plate stivded for 2 h

at the boiling point of water. At the end of thimé, the mixture was filtered and the filtrate evegted to dryness.
The weight of the extract was obtained.

(b) Acetone/water extract: Coir dust (5g) was adae(b0/50) V/V acetone/water mixture in the thimlof soxhlet
extractor fitted to a flat round bottom flask cantag 100ml of the solvent and heated to a tempegapf 75 —

85°C until the solution in the arm of the extractorswalourless. Extract was recovered by distillatod drying.

2.3 Characterization of coconut coir dust extract

The coir dust was characterized for lignin, celba@lpelemental contents, and cationic exchange itgpaccording
to standard methods. The presence of lignin arldiese in the coir dust was determined using therplglucinol
solution and Hierberman-Storch method (Browning9Q)9 respectively. Cation exchange capacity (CE@p w
determined using standard method of Tanigaal., (2007). The elemental analysis of coir dust base dry

weight (water extract) was carried out accordingtemdard methods [AOAC, 1975].
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24 Preparation of resins

Coir extract resin (CCD)

Mixed solvent extract (1.45g) was added to 12.%¥distilled acetone until completely dissolved &l (0.725ml)

was added with stirring until it cakes.

Sulphonated Toluene Resin (STR)
Mixed solvent extract (1.45¢g) was dissolved in ©d.5f re-distilled acetone and the mixture adde®.&bml 4-
Phenolsulphonated acid in drops and stirring. TY25ml) was later added and stirred until a braehd was

formed.

Carboxylated Toluene Resin (CTR)
Mixed solvent extract (1.45g) was dissolved in b3.5f acetone. 4-hydoxybenzoic acid (0.609ml) wddeal and
shaken for 5mins. TDI (0.725ml) was added andestitmtil it cakes.

25 Adsor ption methods

Batch adsorption was adopted for removal of' Miom solution of its aqueous solution. Adsorbeft2g) was
placed in a 250ml conical flask containing 100mpoddetermined metal ion concentrations rangingnfeel5mg/L
and stirred on a magnetic stirrer model 20-880adafor a determined equilibrium time of 90minutéke mixture
after equilibrium was filtered through Whatman-4itef paper and the filtrate analyzed for residuadtal
concentration using Atomic Absorption Spectrophatten 200A. The fraction of the metal ions adsorkets

calculated by the expression in equation 1.

Mo, —Me
Mi{=—" 1
Mo
The quantity of the metal ion absorbed by the dusats at different times is given by equation 2.
Mo, —Me
qt = o TV % V 2
M

Where M is fraction of metal ion adsorbed (no unit), ¥4 the initial metal ion (mg/L), Mresidual metal
concentration at equilibrium (mg/L), V is volume wfetal ion solution (ml), M mass of the adsorbeag)t gt is

adsorption capacity of adsorbent after time (min).

2.6 Effect of contact time
Twenty milliliter (20ml) of Nf* solution was contacted with 0.2g of the resin®2%®ml conical flask

containing 100ml of the metal solution and shakermanechanical stirrer at 140rpm for different perof time, viz:
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0.5, 5, 10, 30, 60, 90 and 120minutes, at pH 7dDtamperature 4C. After shaking the residual metal ions in the

solution was measured using Atomic absorption spplabtometer (AAS- Pye Unicam 919), Japan.

2.7 Effect of initial concentration
A fixed mass (0.2g) of the resins were added tol3frdifferent concentration (2, 4, 8, 10 and 15mgif the NF*
solution in a 250ml conical flask and shaken tijuiibrium (90mins) at pH 7.0 and temperaturé@0The residual

metal concentration was determined using AAS.

3.0 Results and discussion
3.1 Characterization of coconut coir dust

Results show that hemicellulose and lignin con88m5% and 54.3% respectively. These values age clo
to those reported earlier for the same adsorbenadl & Eduok, 2012; Israet al., 2011; Okonet al., 2012).
However, values are higher compared with that dkotingo-cellulosic biosorbents (Table 4.1). THeneental
analysis indicates that coconut coir dust contalements such as Na, K, Ca and Mg. These metats dwoellent
exchangeable properties which make exchange wétyhmetals (Pb, Cd, Zn, Fe and Ni) possible (Is€aEduok,
2012). Table 1 compares the value of celluloseligmih composition of coconut coir dust with othso-sorbents.
The cation exchange capacity (CEC) of coconut @@t obtained in the present study (2.35mmol/gpisparable
to the value obtained by Israatlal, 2011.

Table 1: comparison of cellulose and lignin cont@ntoconut coir dust with other lingo-celluloseteréals

Bio-sorbent Cellulose% Lignin% References

Coconut coir dust35.99 53.5 Israedl, 2011

Rice straw 37.20 12.2 Nadisal, 2002
Bagasse 46.2 20.2 Naetaal, 2002

Cotton stalk 42.8 27.3 Nadgal, 2002
Coconut coir dust36.5 54.3 present study

3.2 Adsorption by the resins
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Figure 1: Variation of adsorption by resins witméi at 40C

Figure 1 shows variation of adsorption of the maiak with time for the resins. The percentage gatsm of the
metal ions on the different adsorbent: coir duastboxylated toluene resin and sulphonated toluesia reveals that
the adsorption of Ni is maximum for CCD (97.5%) followed by CTR (29.0%#hile STR adsorbed least (25.5%)
(Figurel). The percentage adsorption follows théeprCCD>CTR>STR. The results indicates that raw CCD
provides more accessible surface for the attachmitite N* from the solution in exchange for those on the

surface of the resins.

3.3 Effect of contact time on adsorption of Ni** ion

Adsorption increases with increasing contact tifitee N7* uptake versus contact time curve is presentedgur €
1 for the different adsorbents namely CCD, CTR &¢R. The adsorption of Riat 0.5min is extremely low for
STR (0.4%) and increases with increase in confaw.tlt is therefore evident from the curve thatr@ase in
adsorption is a function of prolonged contact timdicating a better and enhanced sorption at higimees
(Adekoka, 2005). Increasing the contact time ineesaadsorption to equilibrium after 90minutes. Maxin uptake

of Ni?* occurs with coir dust at the same equilibrium time

34 Effect of initial ion concentration on adsorption of Ni**

One of the most critical parameter in the adsormppioocess of metal ions from aqueous solutiondtlts is the
initial ion concentration. Figure 2 shows the vioia of the ion concentration on the adsorptionawsbur of CTR
and STR. The figure shows that increase in inibal concentration leads to increase in the adsorptapacity.
Maximum adsorption of Nf ions occur at concentration of 8mg/l for the atisots. This result is in line with

report of Israekt al., (2011). Increase in the initial dye concentrati@used an increase in the loading capacity of
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the adsorbent and this may be due to the highrdyiferce for mass at a high initial dye concentrat{Bulut &
Aydin, 2006)
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Figure 2: variation of initial concentration of flwith adsorption

35 Fractional attainment of equilibrium, a

Table 2: Fractional attainment of equilibrium faisarption of Ni* at 46C

CCD CTR STR

Time Co-Ct o Co-Ct o Co-Ct o
(min)  (mg/L) (mg/L) (mg/L)

0.5 8.54 0.88 1.43 0.49 0.040.02
5 9.06 0.92 151 0.52 0.770.30
10 9.53 0.97 1.60 0.55 1.740.68
30 9.59 0.98 2.24 0.77 2.280.89
60 9.71 0.99 2.74 0.94 2.420.94
90 9.75 1.00 2.90 1.00 2.571.00

Table 2 above shows the fractional attainment oflibgium, a, of the resins, CCD, CTR and ST&is calculated
according to equation 3.
o= Co-Ct
Co-Ce
Where Gis the concentration of metal ion in solutioniatd t, G is the initial concentration of metal ion in sadut
and C is the equilibrium concentration of metal ion. Th&lue of fractional attainment approaches unityhwi
increase in time. After 90minutes maximum adsorpti@curred to the creation of some sites on theraést
surface by resin modification. Figure 3 shows tfaetional attainment of equilibrium versus timetgiar the three
18
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resins at 4%C. The value ofa (1.00) after 90minutes indicates that equilibriisncompleted after this time.
Distribution coefficient, D is non-linear showingm uniformity of partitioning with time within théulk of the
solution.
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Figure: 3: Fractional attainment of equilibrium 8" at 46C
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Figure 4: Distribution coefficient plot for Ki adsorption

3.6 Adsorption kinetics
Pseudo-first order kinetics
The pseudo-first order kinetics is expressed inaggn 4, where gand g (mg/g) are the amounts of metal ion

adsorbed at time, t and at equilibrium respectivielys the rate constant for adsorption in (/min).
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kit
2.30z

Plot of log (@-q;) versus t give straight lines (Figure 5), &d @ can be obtained from the slopes and intercepts

log(ge—qt) =logge- 4

respectively.
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Figure 5: Pseudo-first order plot for adsorptiorNiff* at 40C

The values of the rate constant (Table 3) showalabrption is independent of rate and can notsee to explain
the process.

Pseudo-second order kinetics was also applietiaatify adsorption of N by the resins. Figure 6 shows
plot of pseudo-second order kinetics. Values odig k are obtained from slope and intercepts of thealingots

respectively.

to 11, ;

qt k2 Cﬁ qe

Parameters presented in Table 3 clearly show tiefpseudo second order kinetics provides a bettéorfthe

adsorption process. Linear correlation coefficigkfy values for the three resins are larger than aingihes for the
first order models. Values are very close to uratjystification of fitness of kinetic model. Agai, values for the
second order model are in close agreement to theriexental values of 0.9591, 0.2980 and 0.267%fob, CTR
and STR respectively. The fit of the process tmrdmrder kinetic model also point hands to chemison (Etim
etal., 2012)
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Table 3: Kinetic parameters for Niadsorption from aqueous solution

Pseudo-first order kinetics

Adsorbent Line equation R Ki(/min)a(mg/g)
CCD y =-0.063x — 1.1072 0.8284 0.145 230.
CTR y =-0.015x — 0.7662 0.9846 0.042 34a.
STR y =-0.018x — 0.7336 0.8683 0.035 608.
Pseudo-second order kinetics
Adsorbent Line equation R Ks(g/mg min)  qg(mg/g)
CCD y =1.0196x + 0.3687 0.9876 2.8196 .9808
CTR y =3.3223x + 19.80 0.9889 0.5574 30Q0
STR y =3.6662x + 22.06 0.9999 0.6093 2708
400
350 -
300 -
250 - ¢ CCD
T 200 - = CTR
- 150 - STR
100 -
50 -
0 - ‘ ‘ ‘ ‘
0 20 40 60 80 100
Time (min)

Figure 6: Pseudo-second order plot for adsorptfdwit at 40C.

3.7 Intraparticle diffusion model

The rate constant for intraparticle diffusion,, Kbtained from the slope of the plot qf\ersus $°shows that the
adsorption of metal ions follows a fast step arelrtite determining step is always a slow one (\Watty, 2007).

Figure 7 shows the plot for the determination ¢faparticle diffusion constant and values obtaiasxl0.854, 0.906
and 0.953 for CCD, CTR and STR respectively. Sitheeplots do not pass through origin, the processot a

diffusion controlled mechanism. The intraparticifusions model is given as:

Q. = kat®+1 6
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Figure 7: Intraparticle diffusion plot for adsouiiof NF* at 46C.
3.8 Adsor ption isotherms

Adsorption isotherm explains the relationship betwéhe amount of substance adsorbed by an adsocabent
equilibrium concentration of species. Adsorptiortadhave been analyzed using Langmiur and Flory-ksgg

isotherm models.

Langmuir isotherm
The Langmuir equation (Langmuir, 1918) is basedtlo® assumption that the surface of the biosorbent i
homogeneous, all sites on it are identical and heyeal affinity for the sorbate, and a complete alayer is

formed when the solid surface reaches saturatiernréffaet al., 2011). Its linearized form is given in equati@in

C_1_¢Ce
0. Qb Q
where G is the equilibrium concentration (mg/L), i the amount adsorbed (mg/g) at equilibriurg,a@d b are
monolayer adsorption capacity and Langmuir constelsited to energy of adsorption calculated frongufe 8
shows the Langmuir isotherm plot for adsorptiomN&f for CCD at 46C. R values are greater than 0.9 which is an

indication of co-operative adsorption, @d b are 1.66mg/g and 0.06L/mg respectively.
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Figure 8: Langmuir isotherm plot for the sorptidi\g®* at 46C

Flory-Huggins isotherm
Flory-Huggins isotherm model (equation 8) was agpfior adsorption of Ki from aqueous solution in order to
estimate the degree of surface coverage on thesresiplot of log §/C) against log (16) is presented in Figure 9

for STR. Only this resin shows regular adsorptisingicated by its adsorption parameters.

©
Iogg =logK ey + arylog(l-0) 8

o
0 = (1- GJCo)

whereary is the number of metal ions occupying sorptioassite is the equilibrium constant of adsorption and C
is equilibrium metal ion concentration a@ds the surface coverage of the adsorbents bydberbent and is
defined as:

O = total amount of adsorbate per unit atesal surface area of the adsorbate.

The thermodynamics of the adsorption can be eltmitizitom Flory-Huggins isotherm model. The valuesiaindard

Gibb’s free energy change can be calculated from

AGO = RTanFH
WhereAG® is the standard Gibb's free energy change apgi& Flory-Huggins constant, T is the temperature in
Kelvin and R is molar gas constantG® for the process are -10.71, -35.73 d8&d24 for CCD, CTR and STR

respectively. The negativity of the valuesA®® indicates the spontaneity of the adsorption process
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Figure 9: Flory-Huggins isotherm plot for the séwptof Ni?* at 46C

Conclusion

The adsorption and ion exchange removal df Min from its salt by modified coconut coir dusarizoxylated

toluene resin (CTR) and sulphonated toluene reSiFR] has been successfully carried out via theatiari of

contact time and initial metal ion concentratioheTollowing conclusion has been drawn from theaesh.

5.0

The uptake of Ni" ion increases with an increase in contact timécatihg better adsorption at higher
contact times.

The adsorption capacity of coir dust for the remioeBNi** ion was found to be concentration
dependent.

The adsorption process followed a second ordettikiagd equilibrium sorption was better described
with Langmuir and Flory-Huggins isotherm model.

The adsorption capacity value points to the usecaf dust as an efficient low cost and non-

conventional adsorbent for ion exchange from sofuti
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