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Abstract: Heavy metal ions such as Cd*, Ni** and
Pb** are highly toxic to the entire ecosystem and
are mostly produced by several industrial sectors.
This study was designed to remove the listed
heavy metal ions from an aqueous solution using
Cola nitida waste for the batch adsorption
process. The waste materials were employed in
both raw and modified forms. The results
obtained indicated that the adsorption capacity
was influenced by initial metal ion concentration
and adsorbent dose at a particle size of 250 um,
pH of 7.5, temperature of 25 °C and period of
contact. The extent of adsorption of Cd?*, Ni**
and Pb?* by unmodified and modified waste Cola
nitida waste was observed to increase with an
increase in concentration and with a decreasing
dosage of the adsorbent. At an initial metal ion
concentration of 100 mg/l and adsorbent dose of
29 and 3g, maximum adsorptions by the
unmodified and modified Cola nitida wastes were
recorded for Cd** and the values obtained were
99.800+0.418 and 99.999+0.499;
89.999+3.439 at 3g and 99.952+0.166 at 2g. The
adsorption behaviour of both the unmodified and
modified Cola nitida wastes fitted the tested
Freundlich and Temkin adsorption models best
and suggested the dominancy of the mechanism of
physisorption.
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1.0 Introduction

Continuing research and literature on the
toxicity and detoxification of heavy metals
from the environment or sources of
generation has been actively stimulated.
Environmental pollution with heavy metals
can arise through natural and anthropogenic
sources (ref ) Anthropogenic activities have
resulted in elevated concentrations of metals
in the environment (Ankley et al., 1994).
Heavy metals rank as major environmental
pollutants in wastewater both developed and
developing countries as a result of rapid
industrialization (Asuquo, 1999). The non-
biodegradability and persistent nature of
some heavy metals, can enhance their
accumulation in the environment through the
food chain and exert toxic effects on public
health (Bakkaloglu et al., 1998; Yetis et al.,
1998). For example, acute exposure to
cadmium can damage numerous tissues such
as the kidney, liver, lung, gastrointestinal
tract, central nervous system ovaries and
testes (Waalkes and Rehm, 1992; Goering et
al., 1994; Alloway and Ayres 1997). Acute
levels of nickel exposure through inhalation
are a potent precursor for headache, nausea,
respiratory disorders and death (Goyer, 1991,
Rendall et al., 1994)). Lead concentration in
blood at 40 mcg/dl has been reported to be a
likely source of damage to the central nervous
system (CNS) and is associated reduction in
nerve conduction velocities and neuritis
(ATSDR, 1993). At blood concentrations
above 70 mcg/dl, lead has been shown to
cause anaemia, characterized by a reduction
in haemoglobin levels, and erythropoiesis i.e.
a shortened life span of red blood cells
(Goyer, 1998; USEPA, 1986a). In view of
their established toxicities and continuous
generation in the environment, several
conventional methods have been tested and
found suitable for the removal of heavy metal
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ions from solutions including photocatalysis,
exchange, filtration, coagulation and others
(Eddy et al., 2022a-b). However, documented
challenges in most of these methods are (i) the
toxicity of the adsorbent before and after
usage (i) cost-effectiveness (iii)
nonbiodegradability (iv) nonaccessibility
(Eddy and Garg, 2021). Consequently, there
is a need to develop and implement cost-
effective, environmentally friendly and more
efficient technologies for the removal of
heavy metal ions from solution. Therefore,
the present study seeks to process cola nitida
wastes for the removal of Cd?*, Ni?* and Pb?*
from an aqueous solution wusing batch
adsorption technology (Okwunodulu et al.,
2016). Cola nitida husk pod has high lingo-
cellulosic nature Oladayo (2010), hence can
be used as an adsorbent. In this work, the
effectiveness of using activated unmodified
and thioglycolic acid (mercaptoacetic acid)
modified Cola nitida pod husk for the
removal of Cd?*, Ni** and Pb?* from aqueous
solutions was examined, the adsorptive
capacities of the unmodified and modified
Cola nitida pod husk were compared, the
effect of variation in the initial metal ion
concentration and particle size on the
adsorption of Cd?*, Ni?*, and Pb?'onto
unmodified and modified Cola nitida pod
husk were investigated and the adsorption
process of the metal ions adsorbed by the
unmodified and modified Cola nitida pod
husk via adsorption isotherms was explained.
Thus this research aims at finding a more
economic ways of removing heavy metals
from solutions.

2.0 Materials and Methods
2.1 Sample collection and preparation

The Cola nitida was obtained from Gariki
Market Okigwe in Imo State Nigeria and
dehusked to get the husk. The grounded tiny
particle size of the husk was obtained using a
manual grinder and sieved through a test-
sieve shaker after washing with deionized
water and drying in an oven at 50 °C for 12hrs
to get 250pum mesh sizes. Activation of the
husk was done by soaking in 2% (v/v) dilute
nitric acid solution for 24 hours, filtered,
rinsed severally with de-ionized water and
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allowed to dry in the oven at 105°C for about
6 hours and this was labelled unmodified
sample. About 10 g portion of the activated
sample was modified using thioglycolic acid
by soaking the sample into 1000 cm? of 0.3
mol thioglycolic acid for 2hrs at 25°C,
filtered, rinsed with de-ionized water and
finally dried at 50°C for 12hr and labelled
modified sample. Both were used for the
sorption batch experiments.

2.2 Effect of adsorbent dose on Cd?*, Ni?¢*
and Pb?* adsorption

To determine the effect of adsorbent dose on
Cd?*, Ni** and Pb?" sorption from their
aqueous solutions, various amounts (0.25,
0.50, 1.00, 2.00, 3.00 and 8.00) grams of
250um particle size of both unmodified and
modified samples were put in several flasks
to explore the effect of variation in adsorbent
dose on uptake levels of the metal ions from
their solutions. 50 cm® portion (of
concentration 100 mg/l) of the metal ion
solutions were also introduced to the various
flasks. The solution mixtures were shaken
intermittently with a rotating shaker for one
hour at 30 °C and a pH of 7.5. After one hour,
the solutions were filtered and the filtrate
analyzed for residual metals using Flame
Atomic Absorption

2.3 Effect of initial metal ion concentration
on Cd?*, Ni?* and Pb?* adsorption.

Spectrophotometer (Buck model 200A). For
the effect of initial metal ion concentration on
Cd?*, Ni** and Pb?" sorption from their
aqueous solutions, equilibrium sorption of
Cd?*, Ni** and Pb?" onto unmodified and
modified Cola nitida pod husk was carried
out using 50 cm?® of various concentrations
(200, 80, 60, 40, 20, and 10 mg/l) at constant
metal ion-substrate contact period of 1 hour,
the temperature of 25 °C and pH of 7.5.
1gram (250 um size) of both samples was put
into the 50 cm® of each of the metal ion
solutions of specified (varied) concentrations
and the mixture was shaken intermittently
with a rotating shaker for 1 hour. The solution
mixtures were filtered rapidly into separate
sample bottles using Whatman 42 filter paper.
The filtrates were analyzed for residual
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metals using Atomic Absorption
Spectrophotometer (Buck model 200A). The
equilibrium (final) concentration of each
metal ion was determined using Atomic
Absorption Spectrophotometer (Buck model
200A). The described procedure for the
parameters was triplicated for the sorption of
Cd?*, Ni** and Pb?* onto unmodified and
modified Cola nitida pod husk. The amounts
of Cd?*, Ni** and Pb?" were sorbed by the
unmodified and modified Cola nitida pod
husk. during the series of the batch,
investigations were determined using a
simplified mass balance equation as
expressed as (Bhatti et al., 2007)

522

Qe = o X (1)

where Q. = amount adsorbed (mg/g) by the
adsorbents at equilibrium or metal ion
concentration on adsorbent at equilibrium, Ce
= metal ion concentration (mg/l) (final
concentration) in the solution (of the filtrate)
at equilibrium while C, = initial metal ion

concentration (mg/l) in the solution used.

3.0 Results and discussion.
3.1 Effect of adsorbent dose (mass) on
adsorption

Table 1 shows data obtained for the
adsorption of different concentrations of
cadmium, lead and nickel ions by both
modified and unmodified Cola nitida waste.

Table 1: Concentrations of Cd?*, Ni** and Pb?*adsorbed by various adsorbent doses of Cola nitida

pod husk at 298K.

Unmodified Cola nitida pod husk

Modified Cola nitida pod husk

M(g)  Cd* (mg/g) Ni2* Pb2* Cd? Ni2* Pb2*
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
0.25 77.522+1.655 77.640+2.311 89.760 +0.005 99.016+ 0.216 99.157+0.100 90.024+2.141
0.50 78.530+1.243 78.860+1.813 89.800+0.011 99.038+ 0.207 99.286+0.047 90.180+2.078
1.00 78.410+1.292 77.970+2.177 89.890 +0.048 99.664+ 0.048 99.462+0.025 96.165+0.366
2.00 89.890+3.395 89.810+2.657 89.780 +0.003 99.952+ 0.166 99.692+0.119 97.227+0.180
3.00 89.999+3.439 89.870+2.682 89.720 +0.022 99.802+0.105 99.776+0.153 99.021+1.532
8.00 75.100+2.643 85.700+0.971 89.690 +0.034 99.800+ 0.104 99.036+0.149 99.000+1.523
+ =error of the mean
KPH
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Fig. 1: Plot on the effect of mass of the adsorbent on the adsorption of Cd?*, Ni?* and Pb?* by

unmodified and modified Cola nitida pod husk

Adsorption capacities of unmodified and modified
samples of Cola nitida pod husk for Cd?*, Ni?* and
Pb?* were found to be influenced by the mass of the
adsorbent. Table 1 shows concentrations of heavy
metals adsorbed by various grams of the adsorbent
at 298 K. From the results obtained, it can be seen
that the adsorption capacity of unmodified and
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modified samples of Cola nitida pod husk on Cd?*,
Ni2* and Pb?* were all favoured at low doses though
there is no significant pattern of variation between
the mass of the adsorbent and extent of adsorption
by the studied adsorption. Modification slightly
improves the adsorption capacities of modified
Cola nitida pod husk. Fig. 1 shows the variation of
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the amount of Cd?*, Ni?* and Pb?* adsorbed with a
mass of the adsorbent. The Figure revealed that the
adsorption of the studied heavy metal ions by Cola
nitida pod husk was almost independent of the mass
of the adsorbent except for the adsorption of Ni?* by
unmodified Cola nitida pod husk, which was found
to decrease with the mass of the adsorbent. From the
results obtained, it is significant to state that the
adsorption of Cd?*, Pb**and Ni?*by the unmodified
and modified Cola nitida pod husk does not display
a regular pattern of variation with the mass of the
respective adsorbent. Several researchers have
reported that the increase in the adsorbent dosage is

due to the increase in the number of adsorption sites

while the decrease in unit adsorption with an
increasing dose of the adsorbent is basically due to
biosorption sites that remain unsaturated during the

adsorption reaction (Garg et al., 2022).

3.2 Effect of initial metal ion concentration on

adsorption.

Table 2 presents data for the amount of Cd?*, Ni?*
and Pb?" adsorbed by unmodified and modified
Cola nitida pod husk from aqueous solutions
containing various concentrations of the metals at
298K

Table 2: Amount of heavy metal ions adsorbed by unmodified and modified Cola nitida pod husk
from aqueous solution, containing various concentrations of the metals at 298 K.

Unmodified Cola nitida pod husk

Modified Cola nitida pod husk

C Cd?* (mg/g) Ni2* Pb?* Cd? Niz* Pb2*
(mg/l) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

10 8.527+0.167 7.444+0.609 9.307+ 0.152  9.201+ 0.109 9.307+0.152  9.824+ 0.363

20 13.336+1.705 12.365+2.102 19.747 19.860 + 0.958  19.889 19.883+0.967
+0.912 +0.970

40 39.306+0.088 39.799+0.113 39.444+ 39.739+0.088  39.428+ 39.419+0.042
0.032 0.039

60 59.401+0.097 59.999+0.147 59.719+ 59.839+0.082  59.768+ 59.104+0.218
0.033 0.053

80 79.810+0.693 71.231+2.809 78.704+ 79.921+0.738  79.333+ 79.675+0.638
0.242 0.498

100 99.800+0.418 97.418+0.555 98.671+ 99.999 +0.499  98.247+ 98.523+0.103
0.043 0.216

+ =error of the mean

. From Table 2, it can also be seen that maximum
concentrations of Cd?*, Ni?* and Pb**adsorbed by
unmodified Cola nitida pod husk (i.e 99.800,
97.418 and 98.671 mg/g respectively) and modified
Cola (i.e 99.999, 98.247 and 98.523 mg/g
respectively) were closely related. However, from
the results obtained, it can be seen that modification
slightly increases the amount of Cd?* and Ni®*
adsorbed by Cola nitida pod husk but slightly
reduces the concentration of Pb?* adsorbed. From
the results presented in Table 2, it is evident that the
extent of adsorption of Cd?*, Ni?* and Pb?*" by
unmodified and modified Cola nitida pod husk
increases with an increase in concentration. The
relationship between the degree of surface coverage
and concentration of adsorbent at constant
temperature is often treated in terms of adsorption
isotherms. In this study, data obtained from the
study were fitted into different adsorption isotherms

and from the results obtained, the best isotherms
that described the adsorption characteristics of
Cd?*, Ni?* and Pb?* onto Cola nitida pod husk are
Freundlich and Temkin adsorption isotherms.
The expression establishing the Freundlich
adsorption isotherm can be written as follows (Foo
and Hameed, 2012),

1

Qe =  KpCJ (2)
where e is the amount of adsorbate in the adsorbent
at equilibrium (mg/g), Kr is the Freundlich
adsorption constant (mg/g) (dm%/g) related to the
adsorption capacity and C. is the equilibrium
concentration ~ of the  adsorbate  (mg/l).
Simplification and linearizing equation 2 yielded
equation 3,

1
logqg. = logKy + ElogCe 3)
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From equation 3, the Freundlich isotherm plot is
fitted by plotting values of logqge against logCe and
the slope of the plot should be equal to the
reciprocal of n while the intercept should be equal
to Kr. Figs. 2 and 3 show the Freundlich adsorption
isotherms for the adsorption of Cd?*, Ni?* and Pb?*
by nitida pod husk before and after modification
respectively.  Values of Freundlich adsorption
parameters deduced from the plots are presented in
Table 3. From the results obtained, it can be seen
that values of R? approached unity in all cases
indicating the application of the Freundlich
adsorption model for the adsorption of Cd?*, Ni%*
and Pb?* by unmodified and modified nitida pod
husk. The suitability of the Freundlich isotherm to
the adsorption of the studied ions also implies that
there is multilayer adsorption with non-uniform
distribution over the heterogeneous surface
(Adamson and Gast, 1997).  According to
Haghseresht and Lu (1998), the value of 1/n is an
index for measuring the adsorption intensity.
Generally, when the values of 1/n are in the range,
0 to 1, is a measure of the adsorption intensity or
surface heterogeneity. The surface becomes more

heterogeneous as the value of n tends toward 0 (Foo
and Hameed, 2010). On the other hand, 1/n value
less than unity suggests a chemisorption mechanism
whereas 1/n value above unity point toward
cooperative adsorption. Therefore, the adsorption of
Cd?*, Ni?* and Pb?" supports the mechanism of
physical adsorption since values of 1/n are above
unity.

It has been found that the Freundlich adsorption
constant (Kg) is related to the free energy of
adsorption according to the following equation
(Mittal et al., 2007);

AGY,s = —2.303RTlogKy 4

ads
where R is the universal gas constant and T is the

temperature. Values of AGY,, calculated from
equation 4 are also presented in Table 3. From the
results obtained, it can be seen that the free energies
are negatively less than the threshold value needed
for the mechanism of chemisorption. Therefore the
adsorption of Cd?*, Ni?* and Pb?* unto unmodified
and modified Cola nitida pod husk is spontaneous
and is consistent with the mechanism of physical

adsorption.
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Fig. 2: Variation of logge with logCe (Freundlich isotherm plot) for the adsorption of Cd?*, Ni** and

Pb2*by unmodified Cola nitida pod husk.
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Fig. 3: Variation of logge with logCe (Freundlich Isotherm plot) for the adsorption of Cd?*, Ni**and

Pb?* by modified Cola nitida pod husk.

Table 3: Freundlich parameters for the adsorption of Cd?*, Ni?* and Pb?* by unmodified and
modified Cola nitida pod husk (CnPH).

System lons Slope Intercept 1/n AG? (J/mol) R?
Cd(Um) 1.0000 0.0000 1.00 0.00 1.000
CnPH Ni(UM) 1.1616  -0.3250 0.86 -1885.51 0.983
Pb(UM) 1.0003 0.0058 1.00 33.65 1.000
Cd(M) 1.0302 -0.0556 0.97 -322.57 0.996
CnPH Ni(M) 1.0202 -0.0411 0.98 -238.45 0.987
Pb(M) 1.0202 -0.0411 0.98 -238.45 0.989

The adsorption of Cd?*, Ni?* and Pb?* unto
modified and unmodified Cola nitida pod husk was
also found to obey the Temkin adsorption model,
which can be written as follows (Foo and Hameed,
2012);

RT

qg. = —1InA,C, 5

br
Where e is the amount of adsorbate in the
adsorbent at equilibrium, R is the gas constant, T is
the temperature, bt is the Temkin isotherm constant,
Ar is the Temkin isotherm equilibrium binding
constant and Ce is the equilibrium concentration.
Equation 5 can be simplified to a linear form as
follows,

T

¢ = A, + InC, 6F
T T
rom equation 5, a plot of ge versus InCe should be
linear with slope and intercept equal to };—T and
T

i—TlnAr respectively. Fig. 4 shows the Temkin
T

isotherm for the adsorption of Cd?*, Ni?* and Pb?"by
modified and unmodified Cola nitida pod husk
respectively. R? values calculated from the plots
were very close to unity indicating the application
of the Temkin isotherm for the adsorption of Cd?*,
Ni2* and Pb?* by modified and unmodified Cola
nitida pod husk. Bt values were positive and
relatively low indicating the attractive behavior of
the adsorbent. Generally, the higher the value of br,
the higher the degree of interaction between the
adsorbate and the adsorbent. The present data
strongly point toward a relatively weak interaction,
which also supports the mechanism of physical
adsorption. The Temkin equilibrium constant can
be used to estimate the free energy of adsorption of
the heavy metal ions using the following equation,
AGY,; = —2.303RTlogA, 7
Values of AG?,, calculated from equation 7 are also

recorded in Table 4



Communication in Physical Sciences, 2022, 8(4):520-529

(i)
120
100
80 '
£ |
a 80 1
£ o i
g |
20 4
5 *
01
.20 4
00 05 10 15
logCe
Pb(UM)
120 1
100 -
80
X3
£l
-3 |
20 4
o]
30 4
05 10 20
logCe

%
3
ocaum) | £
%
Kcdim)
25
| s
-
erbiuM) | £
i T
25

120 |
100
80 '
60 |
40 :
20

=20
0.0

vt

05 10

Ni(l)

15 20

logCe

Pb(M)

05 10

15 20

logCe

526

SNi{UM)
K Nilm)

1.5

#Fb(M)

25

Fig. 4: Variation of ge with logCe (Temkin isotherm plot) for the adsorption of Cd?*, Ni?*
and Pb?* by unmodified and modified Cola nitida pod husk.

Table 4: Temkin parameters for the adsorption of Cd?*, Ni?* and Pb?* by unmodified and
unmodified Cola nitida pod husk (CnPH).

System lons Slope Intercept InAr  Ar bt AG® R?
(J/mol)
Cd(UM) 90.666 -94.799 -1.046 0.351 27.7849 -2633.98 0.9080
CnPH Ni(UM) 87.206 -01.258 -1.046 0.351 28.8873 -2636.19 0.9126
Pb(UM) 86.436 -87.140 -1.008 0.365 29.1446 -2539.66 0.9181
Cd(UM) 87.745 -88.737 -1.011 0.364 28.7098 -2547.62 0.9164
CnPH Ni(UM) 86.420 -87.051 -1.007 0.365 29.1500 -2537.54 0.9197
Pb(UM) 86.132 -86.514 -1.004 0.366 29.2475 -2530.31 0.9148
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Fig 5: Dubinin-Radushkevich isotherm for the adsorption of Cd?*, Ni?* and Pb?* by unmodified

and modified Cola nitida pod husk

From the results obtained, the free energies are
negatively less than the threshold value expected
for the mechanism of chemical adsorption, which
also confirms that, the adsorption of Cd?*, Pb?* and
Ni2* unto Cola nitida pod husk is consistent with a
mechanism of physical adsorption

Distinction between physical and chemical
adsorption can be confirmed through the Dubinin-
Radushkevich (D-RIM) adsorption isotherm,
which can be expressed according to equation
(Noor, 2009);

Inqe = Ianax - an 8
where Qmax Is the maximum surface coverage and
o is the Polanyi potential and can be estimated
from the following equation,

where R is the gas constant (8.31 Jmol*K Yy and T
is the temperature (K). From equation 8, a plot of
Inge versus o? should give a straight line with a
slope equal to a constant, ‘a’. This constant, ‘a’ can
be defined as half the square of the reciprocal of the
mean adsorption energy (i.e. a = % (1/E) 2. It has
been found that E value of less than 8 kJ/mol
supports the mechanism of physical adsorption but
E values greater than 8 kJ/mol are consistent with
the mechanism of chemisorption. Fig. 5 shows D-
RIM isotherm for the adsorption of Cd?*, Ni** and
Pb?* by unmodified and modified Cola nitida pod
husk. R? values for the plots (Table 5) were very
close to unity while the value of E (707 J/mol) was
constant (Table 5) for all the systems indicating

that the mechanism of physical adsorption is most

1

Ce

G =

Table 5: Dubinin-Radushkevich parameters for the adsorption of Cd?*, Ni*and Pb?*by unmodified
and modified Cola Fig nitida pod husk (CnPH).

System lons Slope Intercept E (3/mol) R?
Cd(UM) 0.0001 4.404 7.07E+01 0.9261

T

= Ni(UM) 0.0001 4.3881 7.07E+01 0.8693

O Pb(UM) 0.0001 4.1387 7.07E+01 0.7833
Cd(M) 0.0001 4.385 7.07E+01 0.8705

T Ni(M) 0.0001 4.3782 7.07E+01 0.8672

S Pb(M) 0.0001 4.3679 7.07E+01 0.8939
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4. Conclusion

Detoxification of toxic heavy metals from
industrial wastewater using Cola nitida pod husk
was investigated. The adsorption capacity of
unmodified and modified Cola nitida pod husk on
Cd?*, Ni?* and Pb?* were all favoured at low doses
and modification tends to enhance its sorption
capacity. The adsorption behaviour of the Cola
nitida pod husk was better described by Freundlich
and Temkin adsorption models. However, the
adsorption potential of the modified Cola nitida
pod husk was better than the unmodified Cola
nitida pod husk.
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