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ABSTRACT

Carbon produced from agricultural wastes could be a great adsorptive material in removal of metals
from water. This study was conducted to remove Cadmium ion from water using activated carbon
produced from palm kernel shell (PKS). Cd ion were adsorbed using various masses of PKS for a
varied temperature, time and pH. The concentration of Cd adsorbed were determined using Atomic
Absorption Spectrophotometer (AAS). The results showed that the adsorption of Cd can be optimize
within 2hrs when allowed to equilibrate with gentle agitation (80 rpm) at pH 2. The results obtained
were further subjected to Langmuir, Freundlich and Temkin adsorption isotherms. It was found that
the value for gm were 2000, 2.203 and 0.906 respectively indicating that the most suitable isotherm
for Cd adsorption is Langmuir. This study indicates another way of utilizing PKS which is a common

waste in rural area.
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INTRODUCTION

The presence of metal ions is of special
concern as they can accumulate in different
components of the environment. It is well
known that heavy metals can damage nerves,
liver and bones and also interfere with the
normal functioning of various metallo-
enzymes. Cadmium and its compounds are
commonly used in battery manufacturing,
electroplating, pigments, tanneries, metal

finishing, fertilizers, and plastic
manufacturing ' 2. As a result, Cadmium is
found in industrial effluents, which
eventually accumulates in soil. The source of
cadmium in soil is not limited to effluent
discharges but majorly due to application of

fertilizers. The human exposure route of
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cadmium is through food intake, inhalation of
fine cadmium powder and ingestion of its
soluble compounds. Cadmium is very toxic
and carcinogenic even at low concentrations®.
Activated carbon is a form of carbon that has
been processed to make it extremely porous
to have a very large surface area available for
adsorption of metals®. The activated carbon
has the strongest physical adsorption forces
of the highest volume adsorbing porosity of
any material known to mankind®. Some
vegetable wastes (orange barks, olive cores
and olive wastes) and seed (Abelmoschus
esculentus) were used to remove cadmium
and dyes respectively from aqueous solution
by adsorption®’. The adsorption process was

affected by several parameters such as
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contact time, adsorbent mass, initial
concentration of cadmium, and initial pH of
the solution and particle size of the adsorbent.
Granular red mud was used to remove
cadmium ions from aqueous solutions. The
experiments were conducted and equilibrium
isotherms at different temperatures were
determined and analyzed with a Freundlich
model®. Studies of the adsorption of Cd (1l)
by sawdust was investigated and the results
were best fitted to the Langmuir isotherm®.
Activated carbon produced from Ceiba
pentandra hulls was used to remove copper
and cadmium in aqueous solution and a good
sorption potential were recorded®®. Sugarcane
bagasse, maize corncob and Jatropha oil cake
was used for the removal of Cd (1) from
aqueous solution®?.

Adsorption isotherm can describe the
interaction between adsorbent and adsorbate
at equilibrium. Adsorption isotherms also
express the surface properties and capacities
of adsorbent. Isotherm models that are
commonly used are Langmuir and Freundlich
isotherms. The Temkin isotherm takes into
account the effect of adsorbate -adsorbate
interaction on adsorption. It proposes that the
heat of adsorption of all the molecules in the
layer would decrease linearly with the
coverage due to these interactions*?. The
adsorption is characterized by a uniform
distribution

of binding energies. The
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linearized Temkin isotherm equation can be
expressed as:
e = BInAr + BInCq .ooovviviiin 4)

A graph of plot of ge versus InCe yield B
which is the constant related to the heat of
adsorption and equilibrium  binding
constant, A: (I/g). Cadmium is a heavy
metal with high toxicity and very soluble
in water. Cadmium accumulate in the
human body and especially in the kidney.
High exposure can lead to lungs cancer
and prostate cancer. The objective of the
present study is adsorbed Cd?* ion from
aqueous solution using carbon produced

from palm kernel shell.

MATERIALS AND METHODS

Materials

The palm kernel shell used were collected
Okitipupa area of Ondo state, Nigeria and it
was sun dry for thirty days. It was activated by
the addition of 0.5 M H.SO4 and carbonized in
an oven to become activated carbon of palm
kernel shell (APKS). All reagent used were of
analytical grade supplied by Sigma Aldrich
and were used without further purification. An
atomic absorption spectrophotometer (Bulk
scientific  model) was wused for the
determination of metal concentration.
Methods

Stock solutions of Cd were prepared from its

salt (CdCl; salt, 0.124 g/L). Other solutions
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were prepared by serial dilution of the stock to
give (10, 50, 100, 200, 500) ppm. Adsorption
studies were carried out by equilibration in a
water bath and agitated steadily.
Effect of Effect of
concentration was determined by measuring
20 ml of (10, 50, 100, 200, 500) ppm

cadmium ion solutions into various conical

concentration:

flask after which varied masses (0.1 — 1 g) of
adsorbent (APKS) was added. The mixtures
were agitated for 2 hr at 80 rpm after which
it was filtered and the filtrate were analyzed

for Cd concentration.

Effect of mass of adsorbent: The effect of
adsorbents masses was determined by
adding varying amount of APKS (0.1 g, 0.3
0,059,19,1.5gand2g)to 100 ppm of Cd
solution, allowed to attain equilibrium,
agitated for 2hrs, filtered and the filtrate was

analyzed for Cd concentration.

Effect of pH: Effect of pH was determined
by adjusting the pH with using 0.1M HNOs
and 0.1M NaOH respectively to read pH
values 2, 4, 7, 8 and 10.

Effect of temperature: Effect of temperature
was determined by adjusting the temperature
to (25, 30, 35, 40 and 50) °C while effect of
agitation time was determined by varying the
time (1, 2, 3, 4, 5) hrs using 20mL of 100
ppm of Cd ion solution.
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The % adsorbed was calculated with the
equation

PA = (Ci— Cy/Ci x 100
1)

Where Ci is the initial Cd concentration before

adsorption, Cs is the final Cd concentration
after adsorption and PA is the % adsorbed.
The sorption capacity was determined by
Qe=Ci-Cdm XV ----------- 2
Where Qe is sorption capacity (mg g™1); V is the
volume of solution (L); m is the mass of
material (g), and C; and Cs are the initial and
final (equilibrium) concentrations (mg L™Y).
The sorption process between solid phase and
solution was described by Langmuir®®:
Langmuir isotherm model is used for the
sorption of molecules to the surface of solid
sorbent. It assumes that the adsorption occurs
in monolayer nature where the adsorption
takes place at specific homogeneous sites
within the adsorbent surface. There is no
further adsorption can take place at that site
once the dye molecule occupies the active
site’*. The linearized equation of Langmuir

isotherm is shown as below:

where e is sorption capacity (mg g%); gm is
maximum sorption capacity (mg g%); K. is
Langmuir adsorption constant related to the

affinity of binding sites (L g%); and Ce is
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equilibrium concentration (mg L) and
Freundlich equation®

A graph of plot of Ce/ge against Ce, gives the
adsorption coefficient by the slope and
intercept of the straight line. The graph plot
should show a straight line with the slope of
1/gm and intercept of 1/KL gm. The essential
characteristic of the Langmuir isotherm is that
it could show a dimensionless constant which
expressed by means of R. 1°. The expression

of RL is as follows:

Where the nature of adsorption processes is
unfavourable if Ry higher than 1. The
adsorption is linear when R equals to unity.
The adsorption is favourable when ( is in the
range of 0 to 1. The adsorption process is
irreversible when Ry is close to zero.
Linearized Freundlich isotherm can be
express as:

Ing. = InKp + niFlnCe ................. 3)

where Ce is equilibrium concentration
(mg L™); ge is adsorption capacity (mg
g Y; Kr is the adsorption capacity of the
adsorbent which represents the quantity
adsorbed onto adsorbent for a unit
equilibrium concentration. On the other
hand, the constant 1/nr in range from 0O to
1 showed surface heterogeneity. It
becomes more heterogeneous as it gets

closer to zero'®. A value for 1/nr above

Nigerian Journal of Chemical Research

https://dx.doi.org/10.4314/njcr.v26i2.5

one is indicative of cooperative
adsorption while 1/nr below one indicates
a normal Langmuir isotherm!’. The
values for Freundlich constant Kr and
1/nr were calculated from the slope of Inge

versus Ince..
RESULTS AND DISCUSSION

Effect of initial concentration
The higher the concentration of Cd solution,
the more % Cd ion adsorbed by APKS with
the maximum value recorded for 1 g of the
adsorbent (Figure 1). This may be due to
availability of more active adsorption sites for
Cd> at higher adsorbent concentration® 2°,
The result from this study is consistent with
the results previous study using coconut
husk to remove Cr and Ni ions from
simulated waste water?®. Higher initial
concentration occurred due to creation of
required driving force to overcome liquid

resistance®!.

80 -
60
g ¢ 10ppm
S 40 M 50ppm
<
R 50 100ppm
X 200ppm
0 ' 500ppm

Dosage g (X10-1)

Figure 1: Effect of concentration of Cd?* on
% adsorbed
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Effect of mass adsorbent

The effect of mass of APKS dosage was
studied by varying its amount from 0.1to 2.5
g/l, while keeping other parameters (pH,
agitation speed, and contact time) constant.
The percent Cd adsorbed were shown with
the removal efficiency of the adsorbent
increases with increasing dosage (Figure 2).
Below 0.5 g, there was no appreciable
increase in % adsorbed due to non-
availability of enough site for adsorption.
After 1.5 g of the adsorbent were added,
there was no significant increase in
adsorption. Using 100 ppm solution of Cd
ion, between 0.5g and 1g of APKS, a jump
in % adsorbed from 20 % to 60 % was
observed, however, between 1.5g and 2g, a
marginal increase from 65% to 67 % was
observed (Figure 3). This suggests that the
higher the dosage of adsorbents in the
solution, the more sites available for
exchangeable ions up to the point of
saturation. It also shows that after the
saturation point, only part of the active sites
are occupied by Cd?*, leading to a lower %

adsorption?2.
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Figure 2: effect of mass of adsorbent on %
adsorbed with concentration of 100ppm
Cd?".

Effect of Contact Time

The effect of contact time was investigated
using different Cd ion concentration (10 ppm -
500ppm) and time ranging from 30 minutes to
7 hours. Other parameters such as dose of
adsorbent, pH of solution, agitation speed and
temperature were kept constant, while
temperature was kept at 25°C.It was observed
that as the time increases the % adsorbed
increases for various concentrations (Figure
3). The binding capacity increases with time
up to 4hours, after 4hours, there was no

appreciable increase in % adsorbed.
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Figure 3: Effect of agitation time on %
adsorbed

Effect of solution pH

The pH affects the solubility of the metal
ions and concentration of the counter ions on
the functional groups of the adsorbent during
adsorption reaction differently, therefore, it
is very important to know the percent
adsorbed at various pH values. The pH was
varied between 2.0 to 9.0 and % adsorbed
was optimally recorded at pH 2 (Figure 5).
The uptake of free ionic Cd depends on pH,
as the pH increases the efficiency of the
removal decreases. This is in consistence
with results obtained by, who reported
optimal metal removal efficiency in acidic
pH (pH 5). The pH of maximum adsorption
is the pH at which acidic (or basic)
functional groups no longer contribute to the
pH value of the solution?3,

It can be deduced that activation of PKS with

sulphuric acid yielded acidic surface.
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Figure 4. effect of pH variation on %
adsorbed (using concentration of 100ppm
Cd2+)

The increase could be due to the fact that at
low pH, Cd exist as Cd?* and can therefore
be better adsorbed by the C=O functional
group on the adsorbent since oxygen is
electronegative and can attract ions that are
positively charged®. At low pH, there is
presence of a large number of H* ions, which
in turn neutralizes the negatively charged

adsorbent surface®.

Effect of Temperature

The effect of temperature was investigated at
temperature of 298 K, 308 K, 318K, 328 K
and 338K using concentration of 100 ppm
Cd?* and 1g of adsorbent APKS (Fig 5).
Increase in temperature decreases %
adsorbed. The optimum temperature for the
adsorption of Cd ion is 298K above which
there is no appreciable increase in %
adsorbed. This is similar to results obtained
in adsorption of Cu using pods of Acacia

nilotida.
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Figure 5: Effect of temperature variation on
% adsorbed
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The Langmuir, Freundlich and TemkKin
isotherm models (Figs 6, 7 and 8) were used
to investigate the fitness of adsorption with
the data shown in Tablel. The Langmuir
theory is based on the assumption that
predicts monolayer coverage of the
adsorbate on the outer surface of the
adsorbent.

Table 1: Adsorption Isotherm constant for

the present study

Langmuir Freundlich Temkin

ge =2x10* n= 0.665 B =1.916
R?=0.019 R?=0.666 R?=0.729
Ki=1.63x107 Kr=4.755 A=1572

y=5x10%x +0.326  y=1.504x -1.623

gm = 200 Om = 2.203

y =1.916x + 3.620

Gm = 0.906

The Langmuir isotherm can be described by the
dimensionless constant separation term K to
determine high affinity adsorption?’. K
indicates the type of isotherm to be irreversible,
if KL= 0, favorable, K_= between 0 and 1, linear,
KL> 1 unfavorable. The results shows that Ki =
1.63x10° which implies that it is very close to
linear. The Freundlich isotherm which was

based on multilayer adsorption on heterogeneous
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surface. The 1/n values indicates the type of

isotherms. If 1/n = 0, the adsorption

is irreversible, if 1/n is between 0 and < 1, it is
favorable, if 1/nis > 1 it is unfavorable. From the
present study the 1/n value is > 1 (1/n = 1.504)
which indicate unfavorable adsorption reaction.
The R? value for Langmuir, Freundlich and
Temkin are 0.019, 0.666 and 0.729 respectively.
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The maximum adsorption capacity was qm are

8 -
200, 2.203 and 0.906 respectively. The results 7
showed that Langmuir adsorption is the best fit i |
isotherm for the reaction between the Cd and Q4 -
activated palm kernel shell. 3
, &
0.6 - L
05 ¢ . 0 ; ; .
0 1 2 3
o 04 _0/ InCe
< 03 - ¢ g :
o Figure 8: Temkin Isotherm plot for
0.2 - * adsorption of Cd using carbonized palm
2
01 4 kernel shell
O T T 1
0 500 1000 1500
Ce CONCLUSION
Activated palm kernel shell can be used to

Figure 6: Langmuir isotherm plot for adsorption remove Cd ion from aqueous solution. This can

of Cd using carbonized palm kernel seed be achieved optimally at lower pH, room

temperature, high Cd concentration and

3.5 - . moderate quantity of the adsorbent dosage.
37 £ Large variation in parameters listed above will
2.5 -
- reduce the efficiency of the adsorbent.
)
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Figure 7: Freundlich Isotherm plot for
adsorption of Cd using carbonized palm
kernel shell.
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