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ABSTRACT

Present study deals with the adsorption of Zn(II) and Ni(II) onto cloves (Syzygium aromaticum) from aqueous
solution under different process conditions. The adsorption was carried out in a batch process taking different
concentrations of the metal ion in aqueous solution with variation in adsorbent dose, pH and agitation time. The
solution initial pH values affected metal sorption. Over the pH range of 6 - 9, pH-related effects were significant.
Meanwhile, at lower pH values the percentage of metal removal decreased. The sorption was found to decrease with
increase in initial concentration and increases with increasing adsorbent dose. The equilibrium nature of Zn (II) and
Ni (IT) adsorption at different metal ion concentration were described by Langmuir, Tempkin and Freundlich
Isotherm. The equilibrium data indicates the following order to fit the isotherms: Freundlich > Tempkin > Langmuir.
In order to evaluate kinetic parameters Lagergren's first-order, pseudo-second-order, Elovich kinetic model and
intra-particle diffusion models were explored. Among the kinetic models studied, the pseudo-second-order equation
was the best applicable model to describe the sorption process. FTIR spectra of the adsorbent were recorded to
explore the number and position of functional groups available for the binding of Zn (II) and Ni (II) ions of the
studied adsorbent.
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INTRODUCTION

The release of large quantities of heavy metals into natural environment through mining, refining of ores,
combustion of fossil fuels, agricultural runoff, industrial and domestic effluents has not only intensified
environmental pollution problems but also the deterioration of several aquatic ecosystems with the
accumulation of metals in biota and flora. Although these metals are essential to life at low concentration
but may become hazardous at high concentration'.

Ni and Zn are the most common pollutants which are arising from industries such as electroplating,
mineral processing, galvanization plants, paints formulation, porcelain enameling, nonferrous metal and
vegetable fat producing industries®. Acute nickel poisoning causes headache, nausea and vomiting, chest
pain, dry cough and shortness of breath, rapid respiration, cyanosis and extreme weakness’. Zinc
participates in various body functions at low concentration but can pose various health hazards when
present at higher concentration. Abdominal pain, dizziness, lack of muscular coordination, and acute renal
failure are some of the health complication at high concentration of Zinc*>.

In India, acceptable limit of Ni and Zn in drinking water are 0.01mg/l and 3.0 mg/I respectively which the
industrial discharge limit in waste water is 2.0 mg/] for Ni and 5.0 mg/l For Zn®. Hence it is necessary to
remove Ni and Zn from the industrial waste water before being allowed to interact with the natural
environment. Several physicochemical methods such as precipitation, chemical oxidation or reduction,
electrochemical treatment, evaporation recovery, filtration, ion exchange and membrane technologies
have been widely used to remove heavy metal ions from waste water. These processes may be ineffective
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or technically limited with economical viability’"'!. Biosorption which is the ability of certain biomaterials
to bind with heavy metals from even the most diluted aqueous solutions offer a technically feasible and
economically attractive alternative to the conventional technologies for the removal of heavy metal from
the contaminated effluents.
Cloves (Syzygium aromaticum) are the aromatic dried flower buds of a evergreen tree in the family
Mpytraceae. Cloves are used in Ayurveda called Lavang in India. Chinese medicine and western herbalism
and dentistry, where the essential oil is used as an anodyne (pain killer) for dental emergencies. Cloves
are used as a carminative, to increase hydrochloric acid in the stomach and to improve peristalsis. Cloves
are also said to be a natural anti helmintic'>. A clove kills intestinal parasites and exhibit broad
antimicrobial properties against fungi and bacteria, thus supporting its traditional use as a treatment for
diarrhea, intestinal worms and other digestive ailments.
The compound responsible for the cloves aroma is eugenol. It is the main compound of cloves,
comprising 72-90% of the total which has pronounced antiseptic and anesthetic properties. Other
important constituents include acetyl eugenol, beta-caryophyllene and vanillin; crategolic acid; tannins,
gallotannic acid, methyl salicylate(pain killer); the flavonoids eugenin, kaempferol, rhamnetin and
eugenetin; triterpenoids like oleanolic acid, stigmasterol and campesterol; and several sesquiterpenes'.
EXPERIMENTAL
Biosorbent preparation
Syzygium aromaticum (cloves) was used as a biosorbent for the removal of heavy metals. Cloves was
washed with double distilled water (DDW) repeatedly to remove dust and solid impurities, dried in an
oven for 24 hr at 60°C, ground and sieved. Finally, it again washed with double distilled water several
times and dried in an air oven at 105+5°C for 6 hr and cooled to room temperature in desiccators.
Powdered material of 40-50 mesh BSS screens was used for metal sorption studies.
Preparation of Zn(Il) and Ni(ll) standards
The stock aqueous solution of Zn(II) and Ni(Il) containing 1000mg/l were prepared by dissolving 4.39
gm of ZnSO,4.7H,0 and 4.95 gm of Ni(NO;);.6H,0O in 1 liter of DDW. The stock solutions were used to
prepare dilute solutions of different working concentrations.
Analysis of metal ions
The concentration of Zn(Il) and Ni(II) ions were analyzed using Perkin Elmer AAnalyst 3100 Atomic
Absorption Spectrophotometer (AAS) using an air acetylene flame. The hollow cathode lamp was
operated at 15 mA for Zinc and at 25 mA for Nickel.
Biosorption Studies
The batch experiments are carried out in 250 ml Erlenmeyer flasks containing 0.5 g of the biosorbent in
50 ml of Zn(II) and Ni(II) solutions (100 mg/1) separately at 25 + 2 °C on a rotary shaker at 120 rpm. The
effect of pH on biosorption rate was investigated in a pH range of 2 to 9, which was regulated by micro
additions of 0.1 N HCI or 0.1 N NaOH at the beginning of the experiment. The best amount of biomass
was determined by changing the biomass dosage between 0.25g to 1 g in 50 ml of metal solution. For
optimization of contact time samples were taken at predetermined time intervals (10-120 min) for
determination of the residual metal ion concentration in the solution. Before analysis, the samples were
centrifuged at 5000 rpm to separate the biomass. The residual metal concentrations in the supernatant
were analyzed by AAS (Perkin Elmer, model 3100).

The amount of the metal adsorbed (mg) per unit mass of biomatrix was obtained by using the equation'*:

q= (Co 'Ce)
W

Where q is amount of metal ion adsorbed per gram of biomass in mg g, C, is the initial metal ion

concentration in mg I, C. is the final metal ion concentration in mg I, V is the volume of the reaction

mixture in liter, and W is the weight of biomass in the reaction mixture in g.

The percentage biosorption of metal ion was calculated as follows:

xV 1
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C,—C
Biosorption(%) = M x100 )
Co
Where C, and C, (mg I'") are the initial and equilibrium metal concentration of solution.

RESULTS AND DISCUSSION
Effect of pH
The effect of pH was found to be the highest amongst studied variables. In these experiments, the initial
pH of Zn(II) and Ni(Il) containing solution was adjusted to the desired value using either 0.1 N HCI or
0.1 N NaOH solutions. To the pH adjusted zinc and nickel solutions, clove was added. A sharp increase
from negligible to maximum values in the pH range of 2-7 for Ni(Il) and 2-8 for Zn(Il) was observed
(Fig.1). This can be explained by the fact that the pH of the biosorption medium affects the solubility of
metal ions. In the low pH (2-3) adsorption sites are more protonated and they are less attractive against
various cationic forms of metals i.e. electrostatic repulsion will be high. Electrostatic repulsion decreases
with the increasing in pH due to reduction of positive charge density on the sorption edges thus resulting
in an increase metal biosorption'”. It reaches maximum around pH 7 and 8 for Ni(Il) and Zn(II)
respectively. At pH values higher than 7-8, the amount of metallic ions taken up was decreased due to the
formation of soluble complexes of the metal ions and their competition with the active sites.
Effect of adsorbent dose
The number of available sites and exchanging ions for adsorption depends upon the amount of adsorbent
in the biosorption process. It can be observed from Fig.2 that the metal uptake was found to increase with
increasing concentration of adsorbent by keeping other parameters constant. At very low adsorbent
concentration, the adsorbent surface becomes saturated with the metal ions and the residual metal ion
concentration in the solution is large. The increase in percentage metal ion adsorption with increase in
biosorbent concentration can be attributed to increase in binding sites'®.
Effect of contact time
The rate at which adsorption takes place is of most important when designing batch adsorption
experiments. Consequently it is important to establish the time dependence of such system under various
process conditions. The experimental runs measuring the effect of contact time on the batch adsorption of
100 mg 1" at initial pH of 5 and 0.5 gm adsorbent dosage for Zn(II) and Ni(II) is shown in Fig.3.
The adsorption rate for Ni(Il) is very fast initially and it reaches plateau value with in 40 min where as the
rapid adsorption of Zn(Il) tapers off after 30 min, as equilibrium is approached. The initial high
adsorption rate is probably due to the abundance of active binding sites on the adsorbent, and with gradual
occupancy of these sites, the sorption becomes less efficient in the later stage'’.
Effect of initial metal ion concentration
Solutions containing different metal concentration were used to study the effect of initial concentration
upon metal uptake once equilibrium was attained. The extent of removal was suppressed by
approximately 18.73% for Zn(II) and 16.91% for Ni(II) when initial concentration was increased from 25
to 100mgl™ for constant pH and adsorbent dose levels as shown in Fig.4. At low metal ion/adsorbent
ratios, metal ion adsorption involves higher energy sites. As the metal ion/adsorbent ratio increases, the
higher energy sites are saturated and adsorption begins on lower energy sites, resulting in decreases in the
adsorption efficiency'® and it may also be explained by K, value. The distribution coefficient, K4 has been
used to indicate the adsorption affinity of a solid adsorbent towards a solute. In present K4 may be written

as"
(c —C ) v
K = 70 ¢ X — (3)
d C, M
Here, the metal ion adsorption mainly is attributed to ion-exchange reactions in the micropores of the
adsorbent. Fig.5 represents Ky as a function of metal ion concentration. The Ky values increased with the

decreasing concentration of Zn(II) and Ni(Il) ions.
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The data for the adsorption of zinc and nickel ions on clove has been analyzed in the light of the
Langmuir, Tempkin and Freundlich mode of adsorptions. It was found that the analyzed adsorption
isotherms were capable of describing the data over the entire concentration range studied.

FTIR analysis
Various functional groups such as amine (-NH), carboxylate anions ( -COQO" ), hydroxyl (-OH), and others
(-C=C), (-C-0), (-C=0), (-C-0), (-C-N), (-C-H) have been proposed to be responsible for sorption metal
binding by different biosorbent and their importance for metal uptake depends on factors such as the
quantity of sites its accessibility, chemical state or affinity between site and metal. The FTIR spectra of
metal unloaded and loaded forms of the biosorbent in the range of 400-4000 cm™ were taken and
presented in Table 1 to confirm the presence of the above groups in biosorbent.
FTIR spectra of metal Ni(Il) and Zn(Il)-sorbed biosorbent showed that the peaks expected at 3434, 2928,
2362, 1627, 1454, 1320, 1259, and 588 cm'l(Fig. 6 a) had shifted, respectively to 3436/3437, 2927,
2363/2362, 1628, 1517/1516, 1456, 1267,and 456/591 cm™ due to Ni(II) and Zn(II) sorption® (Fig.6 b,
c). The shift in the wavelength showed that there was a metal binding process taking place at the surface
of biosorbent.
The spectral analysis unloaded and loaded metal binding indicated that —OH, -NH, -C=0, -COQO, -C-0, -
C=C, -C-H, -CN was involved in metal biosorption. It should also be noted that FTIR results did not
provide any quantitative analysis as well as the information about the level of affinity to metal of the
functional groups presented in the adsorbents. They only presented the possibility of the coupling
between the metal species and the functional group of the adsorbents.
Adsorption isotherm
The adsorption isotherm is the relationship between equilibrium concentration of solute in the solution
and equilibrium concentration of solute in the sorbent at constant temperature™. The data of sorption
equilibrium in this work were tested with Langmuir *', Freundlich®® and Tempkin isotherms™.
Langmuir isotherm
The Langmuir equation assumes that (i) the solid surface presents a finite number of identical sites which
have uniform energy; (ii) there is no interaction between adsorbed species meaning that the amount
adsorbed has no influence on the rate of adsorption; (iii) a monolayer is formed when the solid surface
reaches saturation®.
Langmuir equation can be described as:
q — KLque 4

° 1+K,C, @
Where q. and q,, are the equilibrium and monolayer biosorption capacities of the biosorbent (mol g™)
respectively. C. is the metal ion concentration at equilibrium in the solution (mol 1) and K is the
Langmuir constant (I mol™) related to the free energy of biosorption. Equation 4 is usually linearized to
obtain the following form:

11
“- L ilc (5)

qe KLqm qm
By plotting C./q. versus C. , K. and g, can be determined when a straight line is obtained. The
applicability of the Langmuir isotherm to the adsorption of Zn(II) and Ni(II) ions onto clove was proved
by correlation coefficients R*= 0.9082 and 0.9824 for Zn(II) and Ni(II) ions respectively. Fig. 7 explains
this applicability.
The Langmuir constant, K;, can be used to determine the suitability of the biosorbent to sorbate by using
Hall separation factor (R;, dimensionless)’” and R; can be calculated as follows:

1
R = -
LT 14K, C, ©)
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Where €o is the initial concentration in the solution (mg 1), for favorable adsorption 0< R <1; while
R>1, Ri=1 and R;=0 describe unfavorable, linear and irreversible adsorption, respectively’®. The data
obtained represent a favorable adsorption (Table 2).

Tempkin isotherm

Tempkin isotherm model considered the effects of indirect adsorbate-adsorbate interaction isotherms
which explained that the heat of adsorption of all the molecules on the adsorbent surface layer would
decrease linearly with coverage due to adsorbate-adsorbate interactions’. Therefore, the adsorption
potentials of the adsorbent for the adsorbate can be evaluated using tempkin adsorption isotherm model,
which assumes that the fall in the heat of sorption is linear rather than logarithmic as implied in the
Freundlich equation.

The tempkin isotherm can be simplified by the following equation:

q.=a+blnC, 7)

Where b is the tempkin isotherm constant and can be determined by a plot of g, versus In C,,

The linear plot of the Tempkin isotherm for the adsorption data are shown in Fig. 8. The obtained
correlation coefficient (R*) for Tempkin isotherm model is 0.9447 for Zn(II) and 0.9910 for Ni(II).
Freundlich isotherm

The Freundlich isotherm is an empirical expression based on biosorption on a heterogeneous surface. The
Freundlich model is represented by the equation:

Inq, :anF+llnCe (8)
n

Where K (1 g') and n are freundlich isotherm constants being indicative of the extent of the biosorption
and the degree of non linearity between solution concentration and adsorption, respectively. The plot of In
ge versus In C. (Fig. 9) for the biosorption was employed to generate K¢ and n from the intercept and
slope values. Examination of the correlation coefficients reported in the Table 3 shows that the Freundlich
model is more applicable to clove than Langmuir and Tempkin model. The correlation obtained for Zn(II)
and Ni(Il) ions are 0.9946 and 0.9944 respectively which indicates that the experimental data fitted well
to freundlich model. The n values 3.5803 and 4.4306 are higher than 1.0 indicates that both Zn(II) and
Ni(II) is favorably adsorbed by clove at 25 °C**.
Adsorption kinetics
Information on the kinetics of pollutant uptake is required for selecting optimum operating conditions for
full scale batch process. In order to clarify the adsorption kinetics of heavy metal ions, experimental data
are mostly tested for the pseudo-first-order, pseudo-second-order, elovich kinetic and intra particle
diffusion equations.
Pseudo first-order kinetic model
The integrated form of pseudo first-order kinetic model as proposed by Lagergren®® generally expressed
as:

In(q,—q)=Inq, -Kit )
Where q. (mmolg™) and q (mmolg™) are the mass of metal adsorbed at equilibrium and at time t,
respectively, K, (min™) is the first order rate constant of adsorption. A straight line of In(ge-q) versus t
suggest the applicability if this kinetic model (Fig.10). q. and K, can be determined from the intercept and
slope of the plot, respectively. The R* values for this model at studied concentration are 0.8775 & 0.9774
as seen in Table 4. The low correlation coefficient values obtained from the pseudo first-order kinetic
model indicates that sorption is not occurring exclusively onto one site per ion™.
Pseudo second-order Kinetic model

The pseudo second-order kinetic model is expressed as*':
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t 1
q K,xq;
Where q. (mmolg™) and q (mmolg™) is the same as defined for equation 9 and K, (gmmol'min™) is the
pseudo second order rate constant of adsorption. The best fit for the experimental data of this study was
achieved by the application of pseudo second-order kinetic equation (Fig 11). The coefficient of
correlation for pseudo second order kinetic model was equal to 0.9820 (Zn) and 0.9974 (Ni) and the
estimated value of 9e also agreed with the experimental one. Both factors suggest that the biosorption of
Zn(Il) and Ni(Il) ions followed the pseudo second-order kinetic model, indicating that the rate limiting
step was a chemical biosorption process between metal ions and clove biosorbent through the exchange of
electrons between the particles involves*™*. Similar conclusions were found by Ho and McKay as a result
of an analysis of data from literature. They reported that most of the sorption systems follow a pseudo-
second-order kinetic**.
Elovich kinetic model
The Elovich kinetic model is for general application to chemisorption kinetics. The general explanation
for this form of kinetic law involves that the active sites are heterogeneous in nature and therefore exhibit
different activation energies for chemisorptions*’. The Elovich model can be expressed in the following
form:

T4 (10)

q,=o+BInt (11)

Where a is the initial adsorption rate (mgg'min") and B is the desorption constant which are obtained
from the intercept and the slope of a plot of q; versus In t. The plot should give a linear relationship for the
applicability of simple Elovich kinetics as in Fig. 12. The correlation coefficient R* are obtained as
0.7353 and 0.8146 for Zn(II) and Ni(Il) ions respectively which are found to be less than the values
calculated using pseudo-first-order kinetic model and pseudo-second-order kinetic model as shown in
Table 4.
Intra particle diffusion
The adsorbate transport from the solution phase to the surface of the adsorbent particles occurs in several
steps. The overall adsorption process may be controlled either by one or more steps, e.g. film or external
diffusion, pore diffusion, surface diffusion and the adsorption on the pore surface or a combination of
more than one steps. The adsorption rate parameter which controls the batch process for most of the
contact time is the intra particle diffusion. The possibility of intra particle diffusion resistance affecting
adsorption was explored by using the intra particle diffusion model as* which was explored by using
Weber & Morris equation®’.

q =K t"? +1 (12)

172

The slope and intercept of plot q; versus t '~ were used to calculate the intra particle diffusion rate

constant, Kiq and 1. Values of I give an idea about the thickness of the boundary layer i.e. the larger the
intercept the greater is the boundary layer effect. The deviation of straight lines from the origin, as shown
in the Fig. 13, may be because of the difference between the rate of mass transfer in the initial and final
steps of adsorption. Further, such deviation of straight line from the origin indicates that the pore
diffusion is not the sole rate-controlling step*®. It can also be concluded on the basis of I value as 10 thus
suggesting that intra-particle diffusion is not the rate-limiting step®. R? values given in Table 4 are ranged
between 0.6752 and 0.9572.
CONCLUSION

This paper presented the results of a detailed study of the adsorption process that removed Ni(Il) and
Zn(Il) ions from aqueous solution using cloves. The experimental data indicates that higher the pH of the
solution, the lower the initial metal ion concentration, and higher the adsorbent dose, more Nickel and
Zinc are adsorbed on cloves. The experimental data were evaluated by Langmuir, Freundlich, and
Tempkin adsorption isotherms. Equilibrium adsorption fitted well in Freundlich adsorption isotherm. The
pseudo first-order, pseudo second-order, Elovich kinetic and Intra-particle diffusion models were used to
test the kinetic data. Kinetics data tends to fit well in pseudo second-order kinetic model confirming the
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chemisorptions of Ni(II) and Zn(II) onto cloves. The possibility of Intra-particle diffusion has been
studied by using Weber-Morris model. The interaction between metal ions and functional groups on the
biomass surface were estimated by FTIR spectroscopy analysis. The results of the study indicated that
clove has great potential to remove Ni(II) and Zn(II) ions from aqueous solution through a low-cost and
eco-friendly way.
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Table-1: FTIR spectral characteristics of biosorbent before and after adsorption.

Frequency (cm™)

IR peak Before After adsorption ~ After adsorption  Difference in Difference in Assignment Ref.

adsorption  Ni(Il) Zn(1l) Ni(Il) Zn (1)
3434 3436 3437 +2 +3 -OH, -NH [21,22]

i ) [23,24,25,
2928 2927 2927 -1 -1 CH, -OH 26,27]
2362 2363 2362 +1 0 -CH [25]

e . [21,24,25,
1627 1628 1628 +1 +1 C=0, -COO 27.28]
1454 1517 1516 +63 +62 -C=C [23,27]
1320 1456 1456 +136 +136 -CN, -CO [26,27]
1259 1267 1267 +8 +8 -C-0, -OH [26,28,29]
1032 1032 1032 0 0 -C-0, -OH [22,25,26]
588 456 591 -132 +3 C-C, amine [21]
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Heavy Metal Concentration R ¢ Values
Zn(II) 25 ppm 0.6309
Ni(II) 0.8456
Zn(1I) 50 ppm 0.4608
Ni(II) 0.7323
Zn(II) 75 ppm 0.3629
Ni(II) 0.6459
Zn(1I) 100 ppm 0.2994
Ni(II) 0.5777

Table-3. Adsorption Isotherms

Metal Langmuir isotherm Freundlich isotherm Tempkin isotherm
U Ko R? Ky I/n R? a b R?
Zn 10.582 0.02342 0.9082 2.0675 0.2793 0.9946 2.20673 1.98436 0.9447
Ni 9.1324 0.00731 0.9824 1.3938 0.2257 0.9944 1.15546 0.90704 0.991
Table 4. Adsorption Kinetic
Metal Pseudo first-order Pseudo second-order Elovich kinetic model Intra-particle diffusion
R? K, % R? K % R’ o B R? Kig
Zn 0.8775 0.01264 42469 | 0982  0.00753  6.629 | 0.7353 2.6413 1.66 0.9572  0.3389
Ni 0.9774 0.02415 2.1055 | 0.9974 0.05918 3.2467 | 0.8146 1.6617 0.9738 | 0.6752 0.1631
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