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Abstract

Copper and nickel ions are known to be toxic to human health, despite that, everyday activities cannot but make use of these
metals for diverse manufacturing and technological purposes. This study was targeted on the adsoption of Cu (II) and Ni (II) ions
from aqueous solution using hydroxyapatite and chitosan nanoparticles blend (HCNB) as adsorbent. Chitosan nanoparticles and
hydroxyapatite nanoparticles were prepared separately using established procedures. A blend of the two nanomaterials were made
by contacting them in ratio 1: 1. Solutions of Cu (II) and Ni (II) ions of 50 mg/L concentration were prepared as adsorbates for
the adsorption process. The data generated were subjected to kinetic models such as pseudo-first and pseudo-second orders. The
data were also tested using thermodynamic and isotherm models. The results showed that the data conformed to pseudo-second
order as evident in the values of correlation coefficient, R? and maximum quantity adsorbed, Qmax. The data also fitted well into
Freundlich model indicating a multilayer adsorption system. The process was exothermic as the values of enthalpy change (AH)
were negative for both metals. The study revealed the efficacy and the effectiveness of HCNB at removing two heavy metals.
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Introduction

Toxic metal species such as Pb (II), Cu (1), Cr (VI), Cd (II), Ni
(I1), etc find their way into water body and cause contamination.
This has immensely contributed to huge medical issues [1]. Activi-
ties such as refining, metal plating, Ni batteries production and dis-
posal, mining, and paint production play a major role in introducing
heavy metals into water [2]. Contamination of water inherent from
heavy metals is a major threat because of their adverse effects on
the ecosystem. Toxic metal ions for instance Pb?, Cu?**, and Ni** are
carcinogenic even at reduced concentrations [3]. To ameliorate the
effects of these toxic metals in the environment, several methods
such as precipitation, membrane separation, ultrafiltration, electro-
chemical discharge, phytoremediation, and adsorption have been
used and documented [4,5]. Several adsorbents such as silica, chi

tin, chitosan, activated charcoal have been used as adsorptive enti-
ties. Also, the use of composites and blends as adsorbent has also
been reported [6,7]. However, much has not been reported about
a blend of hydroxyapatite nanoparticles and chitosan nanoparti-
cles. So, this study was aimed at investigating the effectiveness of
hydroxyapatite and chitosan nanoparticles blend (HCNB) for the
removal of Cu (II) and Ni (II) ions from aqueous solutions.

Methodology

Preparation of Hydroxyapatite-Chitosan Nanoparticles Blend
(HCNB)

To obtain the blend of Hydroxyapatite and Chitosan Nanopar-
ticles (HCNB): hydroxyapatite from eggshells had earlier been pre-
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pared and reported [8]. Also, chitosan nanoparticles which were
separately prepared from blue crab shells had earlier been pre-
pared and the routes for the preparation of the natural biopolymer
had been reported [9]. After the separate preparations of the two
biomaterials, a composite of hydroxyapatite and chitosan nanopar-
ticles was then made by blending the two synthesised products in
ratio 1:1.

Adsorption Process

pH Studies: Adsorption process was carried out using chitosan
nanoparticles-hydroxyapatite blend (HCNB) as adsorbent for the
removal of Ni (II) and Cu (II) ions from aqueous solutions. 50mL of
50mg/L of each solution was accurately measured and transferred
into beakers labelled from pH 2 to 8. Accurately weighed 0.5g of
HCNB was added to the beakers, this was accompanied with con-
stant agitation for 5h. The solution was filtered, and the filtrate was
analysed using AAS (Buck Scientific 210).

Contact Time and Concentration Studies: Contact time and
concentration studies were carried out simultaneously using the
optimum pH obtained from the earlier experiment (pH studies).
Time dependence studies using the following time intervals: 5,
15, 30, 60, 90, 120, 180, 240, 300, and 360 min were investigat-
ed against each of the following concentrations, 25, 50, 75, 100
and 200mg/L. 50mL of 25mg/L was transferred into ten different
beakers at each time interval, and 0.5g of HCNB was transferred
into the beakers with constant stirring. The mixture was allowed
to stand for a particular time interval and thereafter filtered, the
filtrates were analysed using AAS (Buck Scientific 210).
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Temperature Studies: Temperature studies were investigated
at 25, 35, 45, 55, and 65°C. Putting the optimal pH and time interval
into consideration: 50 mL of 50mg/L of each metal solution and
0.5g of the blend were transferred into a beaker and heated at a
particular temperature, the mixture was gently agitated, filtered,
and analysed using AAS. The quantity obtained at equilibrium was

(Cc,-C v
m

Where q, (mg/g), C, (mg/L), C, (mg/L), V (mL), and m (g) are
the ion uptake, initial concentration of metal ion, molecules not ad-

calculated as follows.

q. =

sorbed, solution volume, and the adsorbent mass.

Results and Discussion

The effects of pH variation in the adsorption of Ni (II) and Cu(II)
ions using HCNB are presented in Figure 1. For Ni (II) ion, there
was a slow uptake at low pH, this was increased considerably with
increased pH until an equilibrium was attained at pH 6. Beyond
this level, there was slight decrease in the percentage removal, this
development could be traced to further agitation after equilibrium
had been reached, which would invariably lead to the movement
of some attached ions back into the adsorbate. For Cu (II) ion, the
removal of ion was slow at the lower pH values, the adsorption
process progressed as the pH increased until an equilibrium was
attained at pH 7. Low metal uptake at lower pH could be linked to
the large number of hydrogen ions which offers strong competition
with the metal of interest [10]. Similar report has been documented
by Bhattit, et al. [11].
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Figure 1: Effects of pH on Ni (ll) and Cu (ll) ions removal using HCNB.

Contact Time Studies at Different Concentration Using HCNB

The results of the time dependence studies for Cu (II) and Ni
(I1) ions at different concentrations are presented in Figures 2&3,
respectively. There was a rapid adsorption of Cu (II) ions at 25, 50,
75, and 100mg/L in the first 120 min. The removal process at 25,
50, and 75mg/L reached an optimum at 180 min. After the opti-
mum adsorption, there seemed not to be much evidence of further
binding of the metal ions as the process appeared to be steady and
at equilibrium. It can be suggested that the available active sites

within the adsorbent had been utilized by some ionic species. At the
highest concentration of 200mg/L, there was a rapid uptake of met-
al ion at the beginning as well, the optimum uptake was observed
at 300 min. For the adsorptive removal of Ni (II) ion, the uptake at
the concentrations of 50 and 75mg/L was rapid at the early stage,
the removal progressed slowly until 120 min where equilibrium
was attained. The removal process at the concentrations of 25, 100
and 200mg/L was also rapid at the beginning as the adsorbent of-
fered so much active pores for metal binding, the pores were being
reduced as the metal ion kept binding onto them, this led to slow
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uptake with further increase beyond 300 min. It was noticed that,
as the resident time increased, the metal uptake also increased, this
shows that increase in resident time favoured the removal of Ni (1)
ion. On the other hand, it was observed that increase in the concen-
tration of metal ions with the same quantity of the adsorbent did
not lead to increase in metal ion removal. This could be attributed
to the fact that increased concentrations offered more ionic load in
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the adsorbate, and since the weight of the adsorbent was constant,
the adsorbent could not accommodate more ions into its pores, in-
dicating that increased concentration of metal ion solutions did not
favour adsorption, this is because more ionic species are available
in the aqueous solution without a corresponding increase in the ad-
sorbent dose.
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Figure 2: Plots of Cu (ll) ion removal at different concentrations using HCNB.
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Figure 3: Plots of Ni (Il) ion removal at different concentrations using HCNB.

Pseudo-First Order and Pseudo-Second Order Kinetic Models
Using HCNB

The data were evaluated using pseudo-first order, pseudo-sec-
ond order and Elovich kinetic models.

According to Lagergren [12], pseudo-first order model is ex-
ressed as follows:
p dq
—=kad (ge—qt)

dt

Where q, (mg/g) and qt (mg/g) are the uptake at equilibrium
and attime t. k_, is first order rate constant expressed in L/min. The
equation can also be expressed in a linearized form.

kad

Log(qg—qr)=10gqg—mt

The pseudo-second order in its linear form is given as follows:
t 1 1
—= +—t
q k.qe q,

Where q, (mg/g) is the ion uptake at equilibrium and K, (g mg’
'min?) is the rake constant of pseudo-second order Figures 4&5
show the plots of pseudo-first order plots for Cu (II) and Ni (II)
ions, respectively, while Figures 6&7 show the pseudo-second or-
der plots for the removal of Cu (II) and Ni (II) ions, respectively. The

lines of best fit of the plots were used to obtain the slopes, inter-

cepts, and correlation coefficient, R% The values of various kinetic
parameters for the adsorption of Cu (II) and Ni (II) ions from their
metal solutions are presented in Table 1. R? values in pseudo-first
order kinetic model for Cu (II) ion ranged across the five different
concentrations from 0.025 - 0.594 while the R? values for Ni (II)
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ion ranged from 0.194 - 0.874. The closer to unity the R? value, the
higher the conformity to the model. The R? values for Cu (II) ion at
25,50, 75, and 100mg/L were below 0.50, indicating no conformity
to pseudo-first order model, but a fair conformity was observed at
200 mg/L where R? value was 0.5941. For Ni (II) ion, R? values at
25 and 75 were below the conformity level. However, some levels
of conformity were observed at 50, 100, and 200 mg/L having R?
values of 0.558, 0.724, and 0.874, respectively. Nevertheless, high
correlation coefficient (R?) is not enough to claim that pseudo-first
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order model has been obeyed. Therefore, there is a need to com-
pare the Q_ obtained on experimental and estimation bases. Q """
mental for Cu (II) ion at 25mg/L was 2.077 while Q #tm at the same
concentration was 0.098 mg/g. Q ® for Ni (II) ion at 25mg/L was
2.113 while Q " at the same concentration was 0.212 mg/g. So, this
implies that there was a wide gap between Q *” and Q ™' values,
and so there was no conformity to pseudo-first order kinetic model.
Similar behaviours were also noticed in other concentrations under
investigation.
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Figure 4: Pseudo-first order for Cu (Il) ion at different concentrations using HCNB.
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Figure 5: Pseudo-first order for Ni (Il) ion at different concentrations using HCNB.
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Figure 6: Pseudo-second order plot for Cu (Il) ion at different concentrations using HCNB.
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Figure 7: Pseudo-second order for Ni (Il) ion at different concentrations using HCNB.

In pseudo-second order kinetic model, the values of R? for Cu
(II) ion at different concentrations ranged from 0.9973-0.9998; for
Ni (II) ions, the R? values ranged from 0.9804-0.9989, both indicat-
ing strong conformity to pseudo-second order as the values were
tending to unity. In a similar development, for Cu (II) ion, the Q ™
ranged from 2.077 - 11.742 while Q * ranged from 2.028 - 11.947
mg/g; for Ni (II) ion, the Q ** ranged from 2.113-11.787 while Q *

ranged from 2.151-11.976. As the two variables across the differ-
ent concentrations were compared, it was observed that the val-
ues of Q,»” and Q_** were close to one another, this indicated that
pseudo-second order kinetic model was fully obeyed in the removal
process of both ions. Billah, et al. [6] reported that the kinetic data
conforms to pseudo-second-order model when chemical bonds are
established between metal and composite adsorbent (Table 1).

Table 1: Kinetic parameters for the removal of Ni (Il) and Cd (Il) ions using HCNB.

Pseudo-First Order Parameters Pseudo-Second Order Parameters
T I R T B L B B
25 2.077 0.098401 0.001612 0.0253 2.027575 -1.69983 0.9998
50 4.043 0.992887 0.009903 0.2989 4125413 0.02326 0.9973
Cu (I 75 5.247 0.608836 0.005758 0.1869 5.192108 0.059753 0.9993
100 6.498 1.324952 0.005067 0.4504 6.381621 0.027689 0.9978
200 11.742 3.169567 0.00737 0.5941 11.94743 0.007808 0.9983
25 2.113 0.455932 0.004606 0.2124 2.150538 0.045114 0.9989
50 4.041 1.010416 0.005527 0.5578 3.897116 0.03494 0.9977
Ni (II) 75 5.144 1.342456 0.003915 0.1943 5.405405 0.009521 0.989
100 6.741 2.915412 0.005527 0.724 6.958942 0.005639 0.9874
200 11.787 5.575708 0.006909 0.8741 11.97605 0.007112 0.9804

Elovich Kinetic Model
Elovich model is expressed follows;
qt = Bln(ap) + Blntsss

Where o represents sorption rate in mol/g min and 3 connotes
the desorption constant in g/mol. The model can be simplified us-
ing the following conditions aft << 1; qt=0; t=0 to generate a linear
equation.

qt = BIn(ap) + Blnt

The constants, « and § can be extrapolated from the intercept
and slope of the plots of g, versus In(t).

Figures 8&9 show the plots of Cu (II) and Ni (II) ion removal

using HCNB. Table 2 shows the Elovich parameters for the removal
of Cu (I) and Ni (II) ions. The correlation coefficient (R?) values for
Cu (II) ion at different concentrations ranged from 0.7409-0.9006.
Since the values were above 0.5000, it means that Elovich kinet-
ic model was fully obeyed. For Ni (II) ion, the correlation coeffi-
cient (R?) values ranged from 0.7654-0.9756. The highest R? val-
ue (0.9756) was recorded at 25 mg/L which tended to unity the
most, this means that Elovich model was strongly obeyed. R? values
across other concentrations were above 0.5 showing some degree
of conformity to the model as well.

Isotherm Studies

Langmuir Isotherm: Isotherm models such as Langmuir, Fre-
undlich, Temkin, and Dubinin-Radushkevich were used to test the
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veracity of the adsorption data with a view to establishing which  given as follows: q. K,C
_ dmax"*L e
of the models was best obeyed. The original Langmuir equation is qge= 1+K.C
L™ e
14
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Figure 8: Elovich plot for Cu (ll) ion at different concentrations using HCNB.
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Figure 9: Elovich plot for Cu (ll) ion at different concentrations using HCNB.
Table 2: Elovich parameters for Cu (II) and Ni (Il) ions using HCNB.
Metal C, (mg/L) o B R?
25 3261.717 0.0479 0.7409
50 1602.817 0.3308 0.9006
Cu (I 75 188443.7 0.3134 0.8856
100 7725.88 0.4561 0.8537
200 357.8111 0.9912 0.9549
25 4143219 0.8192 0.9756
50 208.1559 0.3859 0.8551
Ni (1) 75 43.03546 0.5587 0.7654
100 19.56743 0.7332 0.8309
200 34.20525 1.1367 0.7939
Where g, and q, _are solid phase adsorbate concentration at equi-  often employed for metal ion uptake during adsorption, it suggests

librium (mgg™') and maximum adsorption capacity (mgg?'), Ce is
the adsorbate concentration at equilibrium (mg/L) and K, is the
Langmuir constant (L/mg). Langmuir isotherm is a model that is

that a certain adsorbent possesses a definite number of active pores
with similar energy level for monolayer coverage [13]. The original
Langmuir equation can be expressed in a linear form as follows:
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Ce 1 C,
= e

ge bq, q,

Where g, (mgg") and b (mLmg™) are the maximum adsorption
capacity for monolayer coverage and Langmuir constant.
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Cu (II) and Ni (IT) where the values of q and b were extrapolated
from the intercepts and the slopes. An important quantity of the
Langmuir isotherm is the separation factor (R)), a dimensionless
constant also known as equilibrium parameter which was de-

scribed by Weber and Chakraborti [14].
1

R=—
Figures 10&11 show the Langmuir plots for the adsorption of L o1+aC,
18
€5 min
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Figure 10: Langmuir plots for Cu (Il) ion at different time interval using HCNB.
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Figure 11: Langmuir plots for Ni (Il) ion at different time interval using HCNB.

Where C represents the initial metal concentration in mg/L. If
R is 0, it implies irreversible process; it is favourable ifO<RL<1; not
favourable if R>1; linear if R =1 [15]. In Table 3, the values of R, at
different time interval for Cu (II) ion ranged from 0.4545-0.6803.
These values were less than 1 but greater than 0, the implication
is that the adsorption process was favourable. Also, the monolayer
saturation capacity, g, _for Cu (II) at different time intervals ranged
from 10.5820-16.3132 mg/g. The values of separation factor R,
across different time intervals ranged from 0.3872-0.5253. The re-
sults imply that the adsorption process was favourable since the
R, values were less than unity. The R* values across different time
interval ranged from 0.8179-0.9321. The fact that the R? values

were close to 1 showed that Langmuir isotherm was obeyed. The
monolayer saturation capacity, g, _for Ni (II) ion removal at differ-
ent time interval ranged from 10.2987-16.7785 mg/g. This showed
that the monolayer coverage of Ni (II) ion onto the particles is con-
firmed, it also revealed that there was homogenous distribution of
active sites round the adsorbent. The result was in line with the re-
port submitted by Thanh, et al. [7]. Separation factor R, focusses on
the favourability of the adsorption process, the values of R, across
all the time intervals were between 0-1. Since the R, values were
below one and higher than zero. It can be adduced that the adsorp-
tion process was favourable. The R? values across different time in-
terval ranged from 0.7219-0.9756, if the values are tending to one,
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then Langmuir isotherm is obeyed. The results in this study showed
that the experimental data conformed to Langmuir isotherm.

Freundlich Isotherm: The Freundlich isotherm, according to
Kamari and Ngah [16] is based on the assumption of reversible ad-
sorption in heterogeneous setup.

Logq, =logK,. +ilog C,
nF

K in mgg" is the Freundlich constant and 1/n, (also known as
b,) is Freundlich heterogeneity factor. The heterogeneity of the sol-
id phase is more pronounced when the values of b, tend to zero
[17]. Constants, k, and 1/n, (or b,) can be estimated from the in-
tercepts and slopes of Freundlich plots. Figures 12&13 show the
Freundlich plots of Cu (II) and Ni (II) ion removal. The Freundlich
isotherm describes reversible adsorption which is not restricted
to monolayer formation only [18]. Table 3 shows the isotherm pa-
rameters of Cu (II) and Ni (II) ions removal using HCNB. For Cu (II)
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ion removal at different time intervals, the b, values ranged from
0.4817-0.5693. The surface tends to be more heterogeneous as b,
tends to zero. The correlation coefficient R? across different times
ranged from 0.9580-0.9886. The R? values from the experimental
data all tended to unity, this means that the experimental data con-
formed to Freundich isotherm. For Ni (II) ion removal, the b, values
across different time intervals ranged from 0.4353-0.6399, a partic-
ular surface is more heterogeneous when the Freundlich constant
b, approached zero. Freundlich isotherm mathematically predicts
the infinite surface coverage indicating a multilayer system of ad-
sorption [19]. Another parameter that determines the conformity
of experimental data to Freundlich isotherm is correlation coeffi-
cient (R?). The R? values for Ni (II) ion removal at different time
interval ranged from 0.8077-0.9956. Since these values were close
to unity, it can therefore be ascertained that Freundlich isotherm
was obeyed by the adsorption system.

12
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1 Q15 min
30 min
0.8 )
& X &0 min
F, 0.6 X 90 min
na 120 min
+ 180 min
0.2 =240 min
n =300 min
0 0.5 1 15 2 2.5%360mn
log Ce
Figure 12: Freundlich plots for Cu (ll) ion at different time interval using HCNB.
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Figure 13: Freundlich plots for Ni (ll) ion at different time interval using HCNB.
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Table 3: Isotherm parameters for Cu (II) and Ni (Il) ions using HCNB.
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Langmuir Parameters Frieundlich Parameters Temkin Parameters

i | g | " R | by | ® | amm | by | ® A BLE
5 10.582 0.019 0.5126 0.9048 0.6682 0.4978 0.9809 0.2625 4.5584 0.8869
15 11.8624 0.018 0.5253 0.8757 0.6965 0.5087 0.9748 0.2658 4.9438 0.8656
30 11.48101 | 0.0225 0.4705 0.837 0.836 0.4817 0.9611 0.3256 4.9045 0.8454
60 12.0048 0.0252 0.4421 0.9321 0.8845 0.4918 0.9883 0.3504 5.1833 0.9058
Cu (I 90 14.2248 0.0209 0.489 0.8181 0.8927 0.5086 0.9695 0.3358 5.7216 0.8288

120 14.8588 0.0244 0.4501 0.9142 0.8989 0.5419 0.9886 0.3371 6.3879 0.9
180 14.2653 0.0317 0.3872 0.9296 1.077 0.5152 0.975 0.4154 6.3216 0.9214
240 14.9477 0.0285 0.4127 0.9271 0.9847 0.5407 0.9665 0.3673 6.6634 0.9222
300 16.3132 0.0239 0.4553 0.8609 0.8925 0.5693 0.9646 0.3228 7.1096 0.8871
360 16.1812 0.0238 0.4568 0.8179 0.9122 0.5597 0.958 0.3299 6.9813 0.8621
0.8825
5 11.6959 0.0095 0.677 0.8603 0.2891 0.6399 0.9934 0.1291 4.9335 0.8953
15 11.0988 0.012 0.6251 0.8581 0.3646 0.6037 0.9764 0.1522 49022 0.8958
30 11.9617 0.012 0.6247 0.7529 0.4309 0.5794 0.9681 0.1664 5.0605 0.837
60 11.8064 0.0147 0.5757 0.7455 0.607 0.5163 0.9513 0.2245 4.8307 0.806
] 90 10.3842 0.0214 0.4827 0.7219 0.8929 0.4353 0.8077 0.363 4.2689 0.7338
NLD 120 10.2987 0.0351 0.3627 0.9352 1.0297 0.4509 0.9256 0.4491 4.6758 0.9243
180 11.0375 0.0383 0.3432 0.9756 1.0967 0.4609 0.961 0.4754 5.026 0.9659
240 15.748 0.0234 0.4608 0.8904 0.8758 0.5598 0.9897 0.3205 6.7784 0.894
300 16.7785 0.0233 0.4619 0.8649 0.9307 0.5593 0.9916 0.3427 6.9715 0.8717
360 15.8479 0.0262 0.4328 0.9232 0.9799 0.5455 0.9956 0.3696 6.7349 0.9023

Temkin Isotherm: Temkin model points to the even distribu-
tion of the energies available for binding in all the active sites. The
original Temkin equation is given as follows:

RT
q. :71”(19@)
The model is usually applied in its linearized form [20].

RT

q, =Blog A+ BlogC, ; B=7

Where A and B are Temkin isotherm constant (equilibrium
binding constant) and Temkin constant attached to heat of adsorp-
tion (J/mol). The parameter, b (J/mol) is a constant related to heat
energy available in sorption, R is gas constant (8.314 ]/molK) and T
is the absolute temperature in Kelvin.

Figures 14&15 show the Temkin isotherm plots for the removal
of Cu (II) and Ni (II) ions at different time intervals. Table 3 shows
the Temkin parameters for the removal of Cu (II) and Ni (II) ions.
The Temkin constant (A) values for the removal of Cu (II) ion at
different time intervals ranged from 0.2626-0.4154. This showed
that the adsorption potential increased with time. The Temkin con-
stant, B (heat of sorption) ranged from 4.5584-7.1096 k] /mol. The
values obtained in this study indicated some levels of interaction
between the adsorbent and the adsorbate, pointing to an ion-ex-
change mechanism. The correlation coefficient R? values ranged
from 0.8454-0.9058. It can be concluded that the experimental data
conformed to Temkin isotherm. For Ni (II) ion removal, the Tem-

kin constant (A) values ranged from 0.1291-0.4754, the Temkin
constant, B ranged from 4.2689-5.0260 kJ/mol.,, and the R? values
across different time intervals ranged from 0.7338-0.9659 indicat-
ing the conformity of the experimental data to Temkin model.

Dubinin-Radushkevich Isotherm: Dubinin-Radushkevich
isotherm is generally applied to express the adsorption mechanism
onto a heterogeneous surface [21,22]. The model is often applied
in adsorption system to distinguish between physical and chemical
adsorption of metal ions [23,24].

The linearized Dubinin-Radushkevish (D-R) equation is ex-
pressed as follows:
Ing, =ngq, —ZBDRTln[1+éj

Where, B, is the free energy of sorption, q, is the Dubinin-Radu-
shkevich constant, R is known as gas constant (8.314 Jmol*K?), and
T is the absolute temperature in Kelvin. The Dubinin-Radushkevish
isotherm was chosen to estimate the characteristic porosity of ad-
sorbent and the adsorption energy [25].

Figure 16 shows the plot of Inq, against RTIn(1 + 1/C) for Cu
(IDand Ni (II) ions removal. Both q, and B, were calculated from
the intercepts and slopes of the plots. The enegy (E) of the adsorp-
tion system is expressed as follows:

E=
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Figure 14: Temkin plots for Cu (ll) ion at different time interval using HCNB.
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Figure 16: Dubinin-Radushkievich plots for Cu (II) and Ni () ions using HCNB.

Table 4 shows the Dubinin-Radushkevich isotherm parameters.
The parameter, E suggests the type of adsorption process, if the val-
ues of E are below 8 kJ/mol, then it is physical adsorption. It was
observed in this study that the values (0.289 and 0.316 k kjmol?*; Cu
(I1) and Ni (II) ions) of E were less than 8 kjmol?, this indicates that

physical adsorption was involved. The R? values for of Cu (II) and Ni
(IT) ions were 0.790 and 0.571, indicating some level of conformity
to the model. This is similar to the report of Temkin and Phoyez
[26]. The adsoption capacity, q, values were 2.494 and 2.570, the
higher the values of q,, the higher the adsorption capacity.
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Table 4: Dubinin-Radushkievich parameters for Cu (Il) and Ni (Il) ions.
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B, (J?/mol?) q, (mg/g) E (KJ/mol) R?
Cu (II) 6x10° 2.4943 0.2887 0.7900
Ni (1) 5x10° 2.5966 0.3162 0.5712

Temperature Dependence Studies

Figure 17 shows the percentage removal of Cu (II) and Ni (1)
ions at different temperature from aqueous solutions. In the case
of Cu (II) ion, at the lowest temperature of 301K, 83.54% was ad-
sorbed; at 308 K, 83.06% was adsorbed, at the highest tempera-
ture of 338 K, 44.24% of the metal ion was adsorbed. For Ni (II)
ion, 85.76% adsorption was obtained at the lowest temperature

of 301 K; 68.74% was adsorbed at 308 K; at the highest tempera-
ture of 338 K, 40.64% was adsorbed. It was observed that increase
in temperature resulted to decrease in the percentage removal of
the metal ions. Abdul-Raheim, et al. [3] reported that at increased
temperatures could lead to desorption because high temperature
would likely shrink the adsorbent and then release some of the ions
already adsorbed. It can therefore be concluded that increased tem-
perature does not favour adsorption.

85.76

a0 .54 83.06

&0 68.7 63.42

- : G464 51_553.14
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[
FEF 50 e .24
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Figure 17: Dubinin-Radushkievich plots for Cu (lI) and Ni (Il) ions using HCNB.

Thermodynamic Studies: The thermodynamic expression as
postulated by vant’ Hoff was used to estimate the thermodynamic
parameters for the removal of Cu (II) and Ni (II) ions. The mathe-
matical expression is given as follows.

K, A8 _AH
R RT

AH (enthalpy change) and AS (entropy change) can be obtained

from the slope and the intercept of the plot of InK, against 1/T as
presented in Figure 18. R is 8.314 kJ/molK, T is Temperature (K),
and K, is the thermodynamic equilibrium constant.

C, is the amount of metal ion bound and Ce is the amount of
metal unbound when equilibrium has been reached.

e ﬂ.ﬂa
(DR LY,

0.00305 0.0031 0.00315 0.0052 0.00325 0.0053 0.00335
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gQCuill) ion

Figure 18: Vant'Hoff plots for Cu (II) and Ni (Il) ions using HCNB.
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The Gibbs free energy (AG) equations can be expressed as fol-

lows:
AG =—RTInK,
Or
AG = AH —TAS

The thermodynamic parameters as calculated from the slopes
and intercept of vant'Hoff plots are presented in Table 5. The results
showed that AS for both Cu (II) and Ni (II) ions removal process
were negative, this implies there was an association of metal ions

Copy@: Ayodele O

onto the adsorbents, the negative values also suggested that the de-
gree of randomness was negligible as it offered little restriction for
the adsorbate species to adhere onto the active sites of the adsor-
bent. The values of AH were negative, indicating exothermic system.
AG values for Cu (II) ion at 301, 308, 318, 328 K were negative in-
dicating spontaneous reaction but positive at the highest tempera-
ture, 338 K. For Ni (II) ion, AG values were negative at 301, 308, and
318 K, but were positive at high temperatures of 328 and 338 K.
However, that AG values were positive at some points do not mean
that the reaction was not feasible, simple agitation can however ini-
tiate the reaction process.

Table 5: Thermodynamic parameters for the removal of Cu (IlI) and Ni (ll) ions using

AG (K] mol?)
HCNB.Metal |\ (gymolt) | AS (J mol K1)
1on 301K 308K 318K 328K 338K
Cu (II) -43.0432 -128.568 -4.3443 -3.4443 -2.1586 -0.8729 0.4127
Ni (1) -41.3422 -124.544 -5.5341 -3.8921 -1.5464 0.7793 3.145
Conclusion 6. Billah R El K, Ayouch I, Abdellaoui Y, Kassab Z, Khan MA, et al. (2023) A

The efficacy of HCNB to remove heavy metals from aqueous
solution was investigated. The research revealed the levels of ef-
fectiveness of the adsorbent. The kinetics of the removal process
showed that the data fitted well into pseudo-second order kinetic
model, while the isotherm studies showed that the data generated
fitted most into Freundlich isotherm. The thermodynamic studies
revealed that both AH and AS were negative, indicating exothermic
process and reduced entropy. The Gibbs’s free energy (AG) values
were negative for most of the processes and positive at some. The
negative AG showed that the process was spontaneous, while the
positive AG showed that the process was not spontaneous, but fea-
sible when external factors such as gentle agitation are applied.
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