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Kinetic and thermodynamic studies for the adsorption of
Nickel (I1) by Basil seeds in aqueous solutions
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Abstract :

Environmental pollution as a result of a heavy metal presence led to serious health problems.
Inthis study, the adsorption by swollen Basil seeds were determined. The adsorption behavior of
Basil seeds with respect to Nickel (Il) has been studies by batch method to consider its
application in this field. The effects of various experimental parameters like contact time, dosage
of Basil seeds, initial concentration of the metal ion, pH of solution, and temperature have been
investigated .The removal percentage is a pH dependent and decrease with increase in
temperature, The best removal were at 20°C. The equilibrium adsorption experimental data were
found to fit Freundlich isotherms for Nickel (I1). The pseudo-first and second order kinetic
model both fitted the kinetic. The thermodynamic parameters, (A°G) was found to be positive and
become negative at low temperature (below 10°C), A°H is negative that means exothermic
adsorption process and A°S is negative also which indicate the increase in the order at the solid-
solution interface.

Keywords :Heavymetals , pollution, thermodynamics, Kinetics, isotherms, Adsorption, Nickel
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1.Introduction:

There are around thirty chemical elements that play a pivotal role in various biochemical and
physiological mechanisms in living organisms, and recognized as essential elements for life. The
intake of metal ions can be a double edged sword [1].

Majority of the known metals and metalloids are very toxic to living organisms and even those
considered as essential can be toxic if present in excess. Concentration of several toxic metal and
metalloids have been largely increased as a result of human activities.They can disturb important
biochemical processes, constituting an important threat for the health of plant and animals
[2].Nickel 11 is an environmental carcinogen, nephrotoxic and hepatotoxic heavy metal[3, 4].Its
toxicity is dependent on the route of exposure and the solubility of its compound[5].Ni(ll) cannot be
metabolized by the body, it accumulates especially in kidney and liver [4, 6].Removal of Nickel and
other heavy metals can be accomplished by processes such as chemical precipitation, cementation,
solvent extraction, reverse osmosis, ion-exchangeand adsorption[7, 8].
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Adsorption is a quite selective effective and is able to remove very low levels of heavy metal
from aqueous solutions[9].Agricultural byproducts have been widely studied for metal removal,
these include peat, wood, pine bark, banana pith, peanut shells, rice husk, wool, orange peel,
compost and leaves[10].Basil seeds can serve as a source of agriculturally-based
exopolysaccharides. The seeds swell upon wetting and once swollen consist of a hard core with a
porous swollen outer layer. The mucilaginous layer of the swollen seeds is a pectinous matrix,
consisting of considerable amounts of unesterified galacturonic acid with a large capacity of
hydration[12] .

The goals of this study isusing basil seeds as an adsorbent for the removal of nickel (1) from
aqueous solution;study the influence of specific parameters such as, initial concentration of Ni(ll),
pH of solution,contact time, adsorbent dose andtemperature for the maximum removal of nickel
from its aqueous solutions;determined the kinetic equation best describe the data
obtained;calculated the activation energy for the practical application of basil seeds;determined the
adsorption equation which best describe the equilibrium uptake and finally to calculate the
thermodynamic parameters (A°G, A°H and A°S) for the practical implementation of basil seeds.
2.Experimental :
2.1.Materials :

Basil seeds were purchased from the local market, the plants producing these seeds grown
extensively in Irag. Analytical grade nickel nitrate [Ni(NOs),.6H,0] was used for the preparation
of metal stock solution of 500 mg/L, by dissolving 0.1g of Nickel nitrate in 200 mL of distilled
water.

A series of solutions were prepared by fresh diluting of the stock solution[11].The required
quantity of seeds were washed with distilled water then allowed to swell for 30 min and directly
used as adsorbentFigure(1):
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Figure -1: Basil seeds a- dry seeds Figure-1:b- socked in distilled water for 30 min .
2.2.Methods :

The adsorption experiments were carried out by batch equilibrium method.Swollen seeds were
taken in 250 ml round bottom flask containing 200ml of Nickelnitrate solution. The flasks were
placed on a rotary shaker (BS-11; Korea) and shaken at 150 rpm at 20°C.At the end of pre-
determined time intervals, adsorbent was removed by centrifugation at 150 rpm and the super natant
was analyzed for the residual Ni(ll) concentration by atomic absorption spectrometer[Perkin
Elmer,model 500,US]with air-acetylene flame.
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Metal uptake by the adsorbent at equilibrium (ge) was calculated using the following equation
(D3] : )
Co—C)V
Ge = ——— M
Where:q, is the amount of metal ion adsorbed inmg/g , c, is the initial metal ion concentration
inmg/l, c, is the concentration at equilibrium in mg/landV is the total volume of solution in Litre
and w is the mass of the adsorbent ( basil seeds ) used in gram .

Removal percentage or adsorption percentage were calculated using equation (2)[4]:

(R%) = @ x 100 )

o

Results and Discussions :
Characteristics of the adsorbent :

The chemical nature and pore structure of the adsorbent generally determines the sorption
activity. The infrared spectrum of the dried mucilage part of basil seeds was tested using KBr
technique. (figure-2), this figure shows the presence of the following groups ( table-1) .
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Figure - 2: Infrared spectra of dried mucilage of Basil seeds .
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Table -1: Main functional aroups observed with IR-

Wave number cm™ Vibration type
3191-3481 Stretching vibration of OH
2902 Symmetric a Asymmetric stretching vibration of C-H
1616-1649 Vibration of C=0 and C-N (amide I )
Stretching vibration of C-N and deformation vibration of N-H
1560 (amide I1)
1454 Deformation vibration of CH,
1419 Stretching vibration of C=0
1234 Deformation vibration of C=0
1151 Stretching vibration C-O-C (polysaccharide)
1039-1079 Stretching vibration of OH

3.2.Effect parameters of Adsorption:
3.2.1.Effect of contact time :

The mixture of Basil seeds (0.5 g) and (200mL) volume solution withinitial concentration of
Nickel(20ppm) were agitated 20°C for different time (5, 10, 15, 20, 30, 40, 50, 60, 70 and 80 min),
and centrifuged. Nickel concentration were determined as above the effect of the contact time on
the adsorption of Nickel (I1) are shown in figure -3.The equilibrium was attained aftershaking for 40
min therefor 40 min was accepted as optimal time for adsorption of Ni(ll) on Basil seeds , further
increase in contact time did not show any increase in adsorption due to a saturation in a surface
sites[12].
3.2.2.Effect of adsorbent dose :

Initial Ni(ll) concentration of(20 mg/l) were used in conjunction with different amount of
swollen Basil seeds of (0.1, 0.2, 0.3, 0.5,0.7,0.9, 1, 1.1, 1.2 and 1.3 ) g,the other parameters were
kept constant; contact time 40 min,agitation speed 150 rpm; temperature 20°C, and pH = 6.22.
Nickel uptake was found to increase with increase in B.S dosage up to 1.3 g. The higher dose cause
screen effect of dense outer layer, blocking the binding sites for metal ions , resulting in lower metal
removal[13].Therefore optimum B.S. dose was chosen as 1.3g for the subsequent experiment.
3.2.3.Effect of initial metal concentration :

The experimental values for adsorption of different concentration of nickel ion (2, 4, 6, 8, 10,
12, 14, 16, 18, and 20) mg/l are shown in figure -5.As the concentration of metal ion increase,
more and more surface sites are covered and hence at higher concentration, the capacity of the
adsorbent get exhausted due to non-availability of the surface sites [11].
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3.2.4.Effect of pH :

Nickel ion uptake was found to depend on pH of the solution; shown infigure—6, solutions were
pH adjusted at(2,3, 4, 6, 8, 9, 10 and 12).Nickel uptake was found to be maximum atpH= 6[14]
4.2.5.Effect of temperature :

Experiments were carried out at different temperature 20, 25, 30, 35, and 40°C in conjunction
with the optimum other parameters, contact time 40 min, adsorbent dose 1.3 g, agitation speed
150rpm and pH =6.

figure -7 shows that at 20°C there are the best Removal % and so this temperature was chosen
for further experiments .
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adsorption of Nickel (I1) onto Basil seeds . Nickel (11) onto Basil seeds .

139



Journal of Kerbala University , VVol. 13 No.3 Scientific . 2015

0 T T T 1

20 25 30 35 40
temperature

Figure (7) :Effect of temperature on the

removal of Nickel (I1) onto Basil seeds .

3.3.Adsorption isotherms :

To determine the adsorption capacity and potential for selecting theadsorbent for the removal
of metal ions, the study of adsorption isotherm is essential in selecting the adsorbent. From all the
batch experiment carried out, the optimum parameters selected were; pH 6 ,Basil seeds dose 1.3g,
contact time 40 min and agitation speed 150rpm [15].Adsorption isotherm study was carried out by
five different temperature which were 20, 25, 30, 35 and 40°C.Two most common isotherm models
were employed for describing the adsorption data, which were Langmuir and freundlich isotherm.
The equilibrium values obtained are depicted in table -2.

Table -2: Equilibrium parameters for the adsorption of Nickel (11) onto Basil seeds .

~ Temperature °C
= g 20 25 30 35 40

© Ce(mg/L) Qe(mg/g) Ce(mg/L) Qe(mg/g) Ce(mg/L) Qe(mg/g) Ce(mg/L) Qe(ma/g) Ce(mg/L) | Qe(mg/g)
2 1.22 0.120 1.29 0.109 131 0.106 1.41 0.091 1.53 0.072
4 2.45 0.239 2.59 0.217 2.63 0.211 2.84 0.178 2.98 0.157
6 3.59 0.371 391 0.321 3.96 0.314 4.29 0.263 4.58 0.218
8 4.98 0.465 5.23 0.426 5.29 0.417 5.76 0.345 6.11 0.291
10 6.24 0.578 6.41 0.552 6.64 0.517 7.29 0.417 7.67 0.358
12 751 0.691 7.93 0.626 7.98 0.619 8.98 0.465 9.22 0.428
14 8.68 0.818 9.28 0.726 9.46 0.699 10.29 0.571 10.62 0.52
16 10.15 0.9 10.64 0.825 10.86 0.791 11.88 0.634 1241 0.552
18 11.66 0.975 12.17 0.897 12.22 0.889 13.39 0.709 13.83 0.646
20 12.96 1.220 13.56 0.991 13.91 0.937 14.58 0.834 15.66 0.668

3.3.1.Langmuir isotherm :

The Langmuir isotherm is valid for monolayer adsorption on to a surface with a finite number
of identical sites. It is based on assumption of adsorption homogeneity, such as equally available
adsorption sites, monolayer surface coverage and no interaction between adsorbed species[12].
According to the Langmuir adsorption isotherm, the adsorption process can be expressed as :[12].
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Ce Ce K d

Qe qm  9m

(3)

Where C, (mg/l) is the equilibrium concentration of Ni(ll) in solution, Q.(mg/g)is the
amount adsorbed per unit weight at equilibrium, g,,(mg/g) the maximum adsorption capacity
andk is the effective dissociation constant .

The linear plots of C./Q, VS C, suggest the applicability of the Langmuir isotherm; (figure -
8) .The values of gq,, and K; were calculated from the slope and intercepts of the plots are listed
inTable-3. Langmuir constants relates to the adsorption capacity and rate of adsorption ,
respectively .

Table -3 : Langmuir and , freundlich isotherm modelparameters and their correlation

coefficient for the adsorption of Nickel (I1) onto Basil seeds.

Dimension less

Langmuir isotherm Freundlich isotherm separation

Results Results fagtor R

Temperature L
c° q K R? ke n Rz | Meul

m L ionCo(20mg/L)

20 8.9686 | 0.0112 | 0.4994 | .0944 1.076 0.9959 0.817
25 6.4977 | 0.0134 | 0.8091 | o887 1.0630 0.9976 0.789
30 57339 | 0.0147 | 0.8832 | 0854 1.0691 0.998 0.773
35 4.2955 | 0.0149 | 0.6421 | 0.0676 1.0944 0.9968 0.770
40 3.8834 | 0.01295 | 0.458 0.0512 1.0464 0.996 0.794

The essential characteristic of the Langmuir isotherm can be expressed by a dimensionless
separation factor (R.) , and were determined by the following equation[16] .
1

R, =——— 4
L7 1+ K,C, )

Where: K, is the Langmuir constant (L/mg).C, is the initial concentration (mg/l).The value
of R_ indicates the shape of the isotherm to be either unfavorable (R, >1), linear (R =1), favorable
(0<R_< 1) or irreversible (R .= 0). Since R, values lies between 0 and 1 for all the five temperature
studied, it indicates that the adsorption is favorable, favorable sticking of adsorbate to adsorbent-
physisorption mechanism predominant[17].
3.3.2.Freundlich isotherm :

Batch isotherm data fitted to the linear form of the freundlich isotherm which is commonly
expressed by the following equation [18].

1
InQ, =InkK; + Eln C. (5)

The values of Kr and n are calculated from figure (9) and the data are provided in Table -
3.These are the indicators of the adsorption capacity and adsorption intensity, respectively.The
linearity of the plots (0.996— 0.998) at different temperature is evident from figure-9. This supports
the applicability of freundlich adsorption isotherm indicating that the adsorption by swollen Basil
seeds may be govern by physisorption. From the values of the regression coefficient R? listed in
Table-3, Freundlich isotherm gave good and better fit to the experimental data than Langmuir
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Figure -8: Langmuir adsorption Figure -9 : freundlich adsorption
isotherm for the adsorption of isotherm for the adsorption of
Nickel (I1)in aqueous solution onto Nickel(Il) aqueous solution onto
Basil seeds at 20C°. Basil seeds at 20C° .

3.4.Adsorption thermodynamic :
Thermodynamic parameters, change in Gibbs free energy A°G, enthalpy change A°H , and
entropy change A°Swere calculated according to following equation:

AG®° = —RT In Keq (6)

Keq = Qsolid/Cliquid (7)
AOS AOH

InK,, =———

Where:

K. is the equilibrium constant, Q. is the solid phase concentration at equilibrium (mg/g), Ce
is the liquid phase concentration at equilibrium (mg/l) and T is an absolute temperature , and R is
the gas constant [19].A°HandA°S values were obtained from the slope and intercept of vant Hoff

plots Figure (11) ,and are given in table- 4 .
Table- 4: thermodynamic parameters of Nickel (11) sorption onto Basil seeds.

Tem%ir)at“re Keq Inkeg | A°GE.MoIY) | AH@moIY) | A°S@.molK?)
293 0544 | -061 148596
298 0475 | -0.745 | 181482
303 0438 | -0.83 2021.88 -24159.99 -87.19311
308 0372 | -0.99 241164
313 0277 | -1283 | 312539

When the temperature of the system increase, the extent of adsorption decrease,this become obvious
from the values of K., which decrease with increase in temperature, that means the process is exothermic,
this is confirmed by the negative values of A°H. The negative value of entropy change A°S suggest a high
degree of the order at the solid-solution interface during the adsorption process .The positive value of A°G
indicate that the adsorption is non-spontaneous and become spontaneous at low temperature, at 10C° and
below.
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Figure -10 : vant-Hoff plot of l/T VSInK,,

for the adsorption of Nickel onto Basil seeds .

3.5.Adsorption Kinetics:

In order to investigate the adsorption kinetics of Nickel ion onto swollen basil seeds, the pseudo —
first order equation of lagergreen equation and,pseudo second order equation[19]. were applied to
the experimental data :

In(qe — q:) = Inq, — kit 9)
t _ 1 + t
9. K.q% q.

(10)

Where:q, and q,is the amount metal ion adsorbed at equilibrium and at time t respectively.k,
is the first — order rate constant (min™).K, is the second —order rate constant (g/mg . min ) and t is
the time in min.The parameters obtained by the application of the two kinetic models were reported
in Table-5.

Table - 5 : Parameters of kinetic models for
adsorption of Nickel (1) onto Basil seeds at 20C°.

Metal ion Pseudo first order Pseudo second-order
mg/L = 2
Kl R Kz R
2 0.0405 0.8353 0.0427698 0.9668
4 0.0602 0.9099 0.0462443 0.9891
6 0.0558 0.9918 0.090149 0.9946
8 0.0458 0.9843 0.04780 0.9764
10 0.0429 0.9903 0.09558 0.9978
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Figure-11:  First-order  kinetic equation model for adsorption of
equation model for adsorption of Nickel(11) onto Basil seeds at 20C°.

Nickel (I1) onto Basil seeds at 20C°.

The value of the rate constant calculated from the first-order and second order kinetic equation
are found to be similar, therefore any one of these kinetic equation can be employed to calculate the
rate constant for the adsorption process of nickel(ll) onto Basil seeds, Liner plots were obtained
with high correlation coefficient (R?), suggesting that the interaction between the adsorption and the
metal ion follow the pseudo-second order mechanism.
4.Conclusions:

This study confirmed that Basil seeds can be used effectively for the removal of Nickel (I1)
from aqueous solution. The removal efficiency reaches 90% in some instances. the adsorption
process based on solution pH and effect of temperature.

The process of adsorption was best fitted by Freundlich model, and pseudo-first and Second
order model both fitted the kinetics. according to the results, Basil seeds is recommended as an
available and safe Biosorbent to the removal of toxic metal ions.
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