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Adsorption of Ni(II) ion from aqueous solution on bio-carbon
prepared from Bilva (Aegle marmelos) leaf powder
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Systematic batch mode studies of adsorption of Ni(II) ion on bilva leaf powder carbon (BLPC) were carried out. Parame-
ters like initial Ni(IT) ion concentration, dosage of adsorbent, pH, agitation time and temperature are noted to test the

equilibrium data by using Freundlich isotherm phenomena. The results indicated that the adsorption of Ni(II) ion on BLPC is maxima in

acidic solutions. The effect of BLPC adsorbent was analyzed by scanning electron microscope (SEM) and justified that the adsorption is

reasonably agreed.

1. Introduction

Numerous techniques such as ion-exchange,' chemical
precipitation,” electrochemical methods® and membrane
technology” are adopted for the effluents-treatment.** Recent
years, bio-sorption has inherent advantages in effluents-
treatment; the applications of bio-sorption have been exten-
sively reviewed.”” Many adsorbents like chitosan," geothite,"
silica-gel,” red mud,**paper mill sludge* and bituminous coal
were investigated for metal and dye removal. Recently some
agricultural and forestry wastes like seed coal,"” saw dust," rice
husk,” rice shells, cotton seed shell,”stalks,”' almond shell” and
oak wood waste, corn stover,” coir,” banana pith® and jute®
have been recognized as new adsorbents. The utility of bio-
carbons in adsorption is said to be eco-friendly - easily
accessible, inexpensive and abundant in nature.

It is trusted that the bio-carbons are possessing active sites.
Secondary metabolites like alkaloids, terpenoids, chromones,
coumarins, anthocyanins, flavones and flavonoids are suggested
as active sites in plant carbons. Isolation and structural
predictions of coumarins, amides and alkaloids are successfully
explained by us in our earlier phytochemical investigations on
Rutaceae plants, Feronia limonia and Limonia crenulata.”*

Bilva, represents the wide availability of Rutaceae in the Asian
countries called as Aegle marmelos. The present investigation
focusses to study the isotherm of the adsorption of Ni(II) ion
which explores the optimum conditions for adsorption of the
metal.

2. Materials and Methods

2.1. Preparation of bio-carbon

Bilva plant leaves were collected and dried in shade for 48 hours.
The dried leaves were ground to obtain the homogeneous
powder. It was further used for the preparation of bio carbon.
Activated bio carbon of the Aegle marmelos was prepared by
treating the homogeneous powder with concentrated sulphuric
acid (Sp. Gr. 1.84) in a weight ratio of 1:1.8 (biomaterial:acid).
The resulting black product was kept in a hot air - oven at 160C
for 6 hours. A successive washing by distilled water to remove
the excess acid is followed then it was kept in oven for further 2
hours at 105C. The particle size of active bio-carbon is varied in
range between 90umand 125.

Preparation of metal solution
Analytical reagent grade 0.672 g/litre of nickel ammonium
sulphate stored in polythene bottles are used to prepare Ni(II)

ionsolutions.

Adsorption studies

A series of batch experiments were conducted to study the
adsorption mechanism and isotherm. The prologue investiga-
tions were carried out in batches at different conditions such as
by varying the parameters like pH, concentration, contact time,
the amount of adsorbent and etc. However the dye concentra-
tion is also varied between 20-100 mg/L during the study of
adsorption percentage. In each practice, 100 ml of metal
solution with known concentration was poured to a known
amount of adsorbent. The mixture was continuously shaken for
a known time. The metal removal was determined calorimetri-
cally by using photoelectric calorimeter. The percentage of
removal and equilibrium adsorption uptake q, mg/g was
calculated using equations 1 and 2 as follows

Removal% =100(C,-C)/C, Eq.1
q.=(C,-CHOV/m L Eq.2
Kinetics studies

50 ml Nesseler flask is used to carry out the kinetic experiments;
100mL of 100mg/L and 200mg/L solution concentrations are
taken as optimum concentation at ambient temperature and
predetermined time intervals (30 - 180 min). The mixture was
shaken well before collecting as sample. The mixture is analyzed
calorimetrically using photoelectric calorimeter.

Results and discussion

Characterization of the BLPC

FT-IR spectrum for the samples before and after adsorption of
Ni(II) ion (Figure 1 and Figure 2) on bio-carbon are studied.
The comparitive studues of Figure 1 and Figure 2 has shown
that remarkable shifts in streching vibrations are obereved;
whereas we concluded that the functional groups on bio-
carbons are participated in Ni(Il) ion removal process.
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Fig. 1. FT- IR spectrum of the bio-carbon before adsorption
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Fig. 2. FT- IR spectrum of the bio-carbon after adsorption

Scanning electron micrographs of the bio-carbon and Ni(II) ion
loaded bio-carbon are illustrated in Figure 3 and Figure 4. The
initial structure of the bio-carbon (Figure 3) showed the
presence of a large macro pores with various size at the surface,
however the number of macrospores are very much decreased
in the sample after adsorption of Ni(II) ion (Figure 4).
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Fig. 4. SEM photograph of bio-carbon after adsorption

Effect of contact time and initial dye concentrations

The effect of contact time on the adsorption of Ni(II) ion on
BPLC adsorbent was shown in Figure 5. The results indicated
that the dye uptake from water was dependent to concentration
and increased with initial concentration of metal ion. The
equilibrium time was found to be at 120 min. The metal ion
uptake increased rapidly in the initial stages of contact time,
then become almost constant which denotes the attainment of
equilibrium. This may be considered that, due to all active sites
on the adsorbent surface were vacant at initial stage and the
solution concentration was high. After that period, a few surface
active sites were available for adsorption, thereby a metal ion
uptake was increasing mariginally is observed.”
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Figure 5. Effect of contact time and initial dye concentrations
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Effect of pH

pH is an important parameter for adsorption of metal ions from
aqueous solution because it affects the solubility of the metal
ions, concentration of the counter ions on the functional groups
of the adsorbent and the degree of ionization of the adsorbate
during reaction.” The percentage of sorption increased from
60% at pH 3.5t0 91.6% at pH 4.2. Then it significantly decreased
with increase in pH, like at pH 6 it was around 60% . From this
study we can conclude that in pH range 4-5 the bio carbon
showed maximum percentage of bio sorption.
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Figure 6. Effect of pH

Effect of solid/liquid ratio

Solid/liquid (abbreviated as S/L) is the ratio of the mass of
adsorbent/volume of solution is an important parameter
affecting the efficiency of the metal ions adsorption. Figure 7
shows the effect of S/L ratio on the Ni(II) ion adsorbed by
BLPC.
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Figure 7. Effect of solid /liquid ratio

However the adsorption efficiency increased as the S/L ratio
increased. When S/L ratio is minimum, the active sites for
binding adsorption surface are less and the adsorption
efficiency is low; whereas adsorption efficiency is maximum
when S/L ratio increase until it reach saturation.” Figure 7
shows S /L ratio of 200 mg/ 100ml as chosen in this study.

Adsorptionisotherm

Adsorption isotherms are basic requirements for the design of
adsorption systems. These data may provide information about
the capacity of the adsorbent or the amount required for
removing a unit mass of pollutant under the system concentra-
tions. Frendlich isotherm has been tested has been tested in the
present study to analyze the equilibrium data of solute between
adsorbent and solution. Based on the assumption that all
adsorption in active sites are equivalent and adsorption active
sites is independent of whether the adjacent is occupied, the
linear form of Frendlich adsorption can be expressed as shown
in the following equation.”

Freundlich model

K,

1/n

Rz

log q.=logk+1/nlogC,

426.530

0.265

0.985

Where k;and n are the Frendlich adsorption constants, which
can be determined by the plot of logq, versus log C, as shown in

Figure 8.
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Figure 8. Frendlich adsorptionisotherm

A sit can be seen in the following table, which indicates the
adsorption of Ni(I) ion onto BPLC that obeyed Frendlich
isotherm.

Conclusion

The bio-carbon is readily accessible, environmentally friendly,
it shows large holes for adsorption and inexpensive. The pH
value had agreed influence on the adsorption efficiency,
whereas at low pH value the adsorption efficiency was relatively
high. SEM exhibited that, BPLC had a considerably numbers of
pores where, there was a good possibility for Ni(II) ion to be
trapped and adsorbed into pores. The present removal of Ni(II)
ion in the synthetic waste-water system was 91.6% with
effective bio carbon load 2.5/100ml of the sample. The
experimental results were analyzed by using Freundlich
equation. Any type of industrial effluents can be treated with
preliminary cleaning operations. This methodology can be
extended to the colour removal process in waste-water systems.
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